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1

This invention relates to automatic telephone
systems and has for its object increased flexi-
bility in the operation of such systems.

More specifically, the invention is concerned
with telephone systems employing cross bar
switches and is directed to the simplification of
the switching arrangement by the use of a
single very flexible common control circuit.

Former cross bar telephone systems have in
general employed a separate train of switches
for the originating end and the terminating end
of a telephone connection with separate control
circuits for setting up the two ends of the con-
nection.

In accordance with the present invention a
single train of switches is employed with a com-
mon control circuit which may be seized to serve
either an originating or a terminating call and
operates a train of switches in the same manner.
to complete either call. To assist the common
control circuit a plurality of types of registers
are provided from which the control circuit ob-
tains information as to the identity of the cir-
cuits to be connected through the train of
switches and of the type of register whereby the
control cireuit is prepared to receive the informa-
tion in different forms according to the type of
register from which it is to be received.

Subscribers’ lines all appear at one end of
the switch train while trunk circuits of all types
generally appear at the other end of the switch
train. When the control circuit or marker is
connected with either type of register, it re-
ceives an identification of the type of register
and information from that register from which
it may derive the location of one line and one
trunk and operate the switch train to connect
the one line and the one trunk.

In the case of an originating call an originat-
ing register is employed in which" the identity
of the calling line is recorded in the form of its
location on the primary line switch which forms
one end of the train of switches and the identity
of the trunk is recorded in the form of an office
code registration individual to the point at which
the trunk terminates. The marker in response
to an indication that it has been connected with
an originating. register prepares to receive this
information in the form registered and to em-
ploy the line identification in the form received
to reach the proper primary switeh. It also is
prepared to employ the office code registration
to. identify. the route corresponding thereto: to
select an idle trunk associated with' that route
and to receive from the trunk the information
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necessary to identify the secondary trunk switch
on which the selected trunk is located. Having
identified the primary line switch associated
with the line and the secondary trunk switch
associated with the trunk, the marker proceeds
to select and operate a connecting path through
the train of switches by which to connect the
line and the trunk.

In the case of a terminating call an incoming
register is employed which is associated with an
incoming trunk and in which the identity of the
called line is recorded in the form of a numerical
designation and the identity of the trunk is
recorded in the form of a registration of a frame
designation and an individual connection be-
tween the register and the trunk. The marker
in response to an indication that it has been con-
nected with an incoming register prepares to re-
ceive this information and employs the trunk
frame designation and the individual connection
to reach the proper secondary trunk switch. It
also is prepared to employ a translating circuit
called the number group ecircuit to translate the
numerical designation of the called line into an
identification of the location of the called line
which it then employs to reach the proper pri-
mary line switch after which the selection and
operation of a connecting path through the
train of switches is performed.

In addition, the marker is controlled in cer-
tain auxiliary operations by information re-
ceived in accordance with the route identified.
It the route identified requires all or a part of
the information to be transmitted to an out-
going sender, the marker is given an appropriate
indication in response to which it selects an out-
going sender and transmits the required informa-
tion to that sender in the form required there-
by. If the route identified indicates that the
call is to be completed locally, the marker is
given an appropriate indication, in response to
which it selects a trunk having two terminations
in secondary trunk switches, identifies the loca-
tion of one of said secondary switches and the
location of the called line and sets up one con-
necting path between the trunk and the called
line after which it identifies the location of the
other of said secondary switches and the loca-
tion of the calling line and sets up a second con-
necting path between the trunk and the calling
line, thereby connecting the calling line and the
called line together through the selected trunk.

These and other features of the invention will
be more clearly understood from a consideration
of the following description in connection with
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the drawings in which Figs. 1, 2, 5, 6, 9, 10, 13,
14, 21, 22, 37 and 38 show a plurality of lines
with their associated line link frames and line
link frame connectors.

Figs. 3, 4, 7 and 8 show an incoming register
link switch and-associated circuits;

Figs. 11, 12, 15, 16 and 23 show an incoming
register; ‘

Figs. 17, 18, 19, 20 and 25 show a number group
circuit;

Figs. 26 to 36, 42 to 52, 58 to 68, 74 to 84, 90 to

2,585,004
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101, 107 to 118, 124 to 139, 145 to 160, 166 to 181

and 187 to 202 show the marker;

Figs. 39, 55, 71, 87, 104, 121, 142, 163, 184, 204,
218, 219 and 220 show an originating register;

Figs. 40, 41, 56, 57, 72, 73, 88, 89, 105, 122 and a
part of Fig. 24 show the line link marker con-
nector for two line link frames;

Figs. 53, 54, 69, 70, 85, 86, 102, 103, 119, 120, 140,
141, 161, 162, 182, 183, 203 and 217 show a trunk
link frame and a plurality of associated trunks as
well as a ringing switch;

Figs. 106, 143, 164, 185, 205 and part of Fig. 24
show the incoming register marker connector;

Figs. 123, 144, 165, 186, 206 and part of Fig. 24
show the originating register marker connector;

Fig. 207 shows the outgoing sender link.

Figs. 208 to 212 and 221 to 226 show the out-
going sender;

Figs. 213 to 216, 227 to 234 show the outgoing
sender connector;

Figs. 235 and 236 are a schematic showing of
the system as a whole;

Fig. 238 is a diagram showing the arrangement
of Figs. 1 to 234; and

Fig. 238 is a diagram similar to Fig. 237 but in-
dicating the location of the various elements of
the system in the drawing.

In the detailed circuits of Pigs. 1 to 234 the
equipment has been given letter designations rep-
resentative of functional characteristics followed
by a number in parentheses which indicates the
figure in which the piece of equipment is located.
Conductors are given numerical designations.
Where several conductors are grouped into cables,
the cables in general have been given a designa-
tion made up of the numbers of the figures be-
tween which they extend connected by a hyphen,
the lower number in all cases preceding the
higher number. An exception to this arrange-
ment occurs in the case of the cables extending
to the master test frame and connector and to
the automatic monitor which extend to a large
number of figures and have been given ordinary
numerical designations.

Referring first to Figs. 235 and 236, a switching
arrangement employing twenty line link frames
and ten trunk link frames is shown. Each lne
link frame includes switches arranged in ten
horizontal groups. Each switch unit includes
twenty verticals, the line switch as shown in-
cluding one complete switch unit and the left
half of a second switch unit. The second half of
the latter switch unit serves as a line Junctor
switch. The verticals of the line switch are con-
nected to subscriber lines while the horizontals
are connected to line links which are arranged
so that there is one line link connecting each line
switch with each line junctor switch. If the
traffic permits, additional switch units may be
connected to the line switch with the horizontals
connected in multiple throughout.

Each trunk link frame has ten trunk switches
and ten trunk junctor switches each having
twenty verticals divided into right and left halves.
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The verticals on the left half of the trunk junctor
switches are connected by trunk links to the ver-
ticals on the left half of the trunk switches.
Similatly trunk links are connected between the
right halves of the trunk junctor and the trunk
switches. These links are arranged so that each
trunk switch is connected to each trunk junctor
switch. The trunk junctor switches are split ver-
tically and the horizontals of the left halves are
connected by line junctors to verticals on even-
numbered line link frames while the horizontals
of the right halves are connected by line junctors
to the verticals on odd-numbered line link frames.

The trunks connect to the horizontals or levels
on the trunk switches. Two trunks appear on
each level for levels-2 to 9 in the ten trunk
switches. The two appearances are obtained by
using a six-wire switch and operating the select
magnets A or B of the levels 0 or 1 in addition to
the select magnet of the level on which the trunk
appears. The A or B select magnet controls the
cross-point which connects the trunk link to one
or the other of two vertical multiples each con-
consisting of a tip, ring and sleeve, thereby ob-
taining sixteen trunk appearances for each
switch. Appearances connected by an A select
magnet are called A appearances and those con-
nected by the B select magnet are called B ap-
pearances.

The trunk switch gives access to incoming
trunks, outgoing trunks, local or intraoffice
trunks and originating registers as well as special
types of outgoing trunks, such as tone trunks, ete.
which are not shown. Intraoffice trunks require
two appearances, the ealling end being located on
an A appearance in one trunk switch and the
called end on a B appearance in the same level
of a different switch on the same trunk link
frame. Trunks, such as intraoffice trunks and
incoming trunks are connected to individual ver-
ticals in a ringing switch, the horizontals of
which are connected to the various ringing
sources.

All switching operations are under the control
of common markers to which connection is made
by a variety of connectors. Each line link frame
has an individual line link marker connector and
a line link frame connector, the line link marker
connector operating under the control of the line
link frame to connect the line link frame with
the marker and the line link frame connector op-
erating under control of the marker to connect
the marker with the line link frame. Each trunk
link frame has an individual trunk link connector
by which the marker obtains access to the asso-
ciated trunk link frame.

To assist the marker and to shorten the time
during which it has to be employed with each
call, originating registers, incoming registers
and outgoing senders are employed for receiving
and transmitting line designations. Originating
registers are connected with the calling line in
response to an originating call and may be of
two types according to the type of pulses they
are equipped to receive, namely, dial pulses or
multifrequency pulses. An originating register
marker connector is employed to connect any one
of a group of originating registers with any idle
marker. Incoming registers are attached to in-
coming trunks over an incoming register link and
are arranged to receive the numerical designa-
tions from the distant office, different incoming
registers being employed to receive revertive
pulses, dial pulses, or multifrequency pulses ac-
cording to the nature of the distant office and
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different links being employed to connect the dif-
ferent types of register with their assocéh"}ted
trunks. An incoming register marker conn tor
is employed to connect any one of a group of
incoming registers with any idle marker. The
line link marker connectors, originating register
marker connectors and incoming register marker
connectors are arranged in that order in a prefer-
ence chain.

Outgoing trunks to offices requiring the trans-
mission of the line designation to the distant of-

fice are connected with outgoing senders by means’
of an outgoing sender link. These outgoing.

senders are also of a plurality of types in accord-
ance with the type of pulsing required by the dis-
tant office and are seclected by the marker
through an outgoing sender connector in accord-
ance with the type of trunk selected.

To further assist the marker, a plurality of
number group circuits are provided which
translate the numerical designation of the local
called line into the location of the line on the
line link frame. .

For maintenance purposes theer are also pro-
vided a master test circuit, an automatic monitor
and a trouble recorder and a master test con-
nector through which the master test circuit, the
marker and the automatic monitor obtain access
to the trouble recorder.

In general, calls in an office of this type may
be classed as intraoffice calls, outgoing calls and
incoming calls. .

When s subscriber originates a call, the line
link frame engages an idle marker over the
line link marker connector and identifies tself
to the marker, the connector informing the
marker that a dialing connection is to be estab-
lished. The marker now proceeds to select a
trunk link frame having idle registers and con-
nects to the frame through the trunk link con-
nector. The marker then selects an idle register
and connects to it. As soon as the trunk link
frame has been seized, the marker connects with
the line link frame through the line link frame
connector and completes the identification of the
calling line, a part of which was obtained through
the line link marker connector. When an idle
register has been seized, the marker selects one
of ten channels which may be used to connect
the calling subscriber with the register, operates
the select and hold magnets of the switches to
complete the channel, passing the identity of the
line link employed in the channel to the originat-
ing register, and releases. The subscriber then
dials the designation of the wanted line into the
originating register.

When registration has been completed, the
originating register seizes an idle marker through
the originating register marker connector and
transmits to the marker the calling line location
and the dialed number. From the office code the
marker determines whether an intraoffice call is
desired or an outgoing connection.

Assuming that an intraoffice connection is in-
dicated, the marker tests for and seizes a trunk
link frame having idle intraoffice trunks and calls
in a number group circuit to determine the loca-
tion. of the called line and the ringing combina-
tion required. The marker then sets up a con-
nection between the intraoffice trunk and the
called line and sets the ringing switch. The
marker then releases its connection with the line
link frame of the called subscriber and proceeds
to select the line link frame of the calling line

2,085,904

10

15

20

25

30

35

40

45

50

60

65

70

76

6 .
after which it sets up the call back or originating
channel, employing the line link used in the dial-
ing connection if necessary. The marker then
releases the register and itself leaving the ring-
ing and supervision under the control of the trunk.
If an outgoing call is indicated, the marker also
learns from the office code whether or not a
sender is required and, if so, selects an outgoing
sender of the proper type to transmit the called
number to the distant office, selects a trunk link
frame and an outgoing trunk to the distant office,
connects the trunk with the sender over the out-
going sender link switch, connects itself with the
sender through the outgoing sender connector
and transfers the called number to the sender,
1t then sets up & connection between the calling
line and the outgoing trunk and releases. The
outgoing sender then transmits the required num-~
ber of digits to the distant office and releases.
‘An incoming call from a distant office causes
the seizure of an incoming trunk which responds
by connecting to an incoming register through
the incoming register link. The distant office
transmits the numeriecal designation of the called
line to the incoming register. The register also
records the trunk link frame number and trans-
mits that number to the marker, in response to

‘which the marker seizes the trunk link frame on

which the incoming trunk appears. It thereupon
calls in a number group circuit to determine the
Jocation of the called line and the line link frame.
The marker sets the ringing selection switch as-
sociated with the incoming trunk and after the
called line location has been obtained intercon-
nects the incoming trunk and the called line over
an idle channel and releases.

DETAILED DESCRIPTION
Dial tone connection originating call

When the subscriber at substation 100 ini-
tiates a call, the removal of the receiver at the
substation completes a circuit from battery
through the winding of line relay L00(5), contact
2 of hold magnet LH00(5), over the switchhook
contact of the line at substation 100, contact |
of hold magnet LHO00(5), to ground. Line relay
1.00¢5) operates in this circuit and connects
ground to conductors 500 and 501. The connec-
tion of ground to conductor 501 is ineffective at
this time.

The connection of ground to conductor 500
completes a circuit through resistance 0 and the
winding of vertical group relay VGS0(2) to bat-
tery. Relay VGS0(2) is individual to the zero
vertical group of fifty lines on frame 0 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 subroup has an individual
conductor, such as conductor 500, and an in-
dividual resistance, such as resistance 0 or 9,
through which any one of the five lines in that
horizontal subgroup may operate the correspond-
ing vertical group relay. The subgroup conduc-
tors are used subsequently to identify the hori-
zontal group to the marker. Relay VGS0(2) at
contact 4 closes an obvious circuit for relay
DT(2).

At contact 3 relay VGS0(2) connects ground
to conductor 200 and at contacts | and 2 connects
battery through resistance ST(2) over contacts
{ and 2 of relay L0(2), contacts | and 2 of relay
VGS0(2) to start conductors 201 and 202 of the
line link marker connector individual to line link
frame 0.
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Connection to marker-line link marker connector

Each line link frame has a line link marker
connector individual thereto, comprising a con-
trol circuit and a plurality of multicontact re-
lays. The control circuit for line link frame 0 is
shown in Fig. 105 and the multicontact relays for
that connector are shown in Figs. 41, 57, 73 and
89. There is a set of multicontact relays for each
marker to which the line link frame may be con-
nected. Multicontact relays MAI1(41) and
MBI (567) are individual to the first marker which
is that shown completely in Figs. 26, etc. Mul-
ticontact relays MA2(73) and MB2(89) are in-
dividual to an intermediate marker, called marker
2, and shown as a box on Fig. 89, while multicon-
tact relays MA3(73) and MB3(89) are individual
to a third marker also shown as a box on Fig. 89.

The start circuits for the line link frame con-
nector of frame No. 0, closed by the connection

of batery to conductors 201 and 202 as above de- -

scribed may be further traced through cables
2—105 and 38—86 and thence to contacts 3 and
8 of relay Z(105). At the same time the opera-
tion of relay VGS0(2) closes a circuit from ground
over its contact 4, contact 4 of relay 1.0(2), con-
ductor 204, through cables 2—105 and 38--86,
contact 6 of relay MK(105), contact 8 of relay
TRS(105) to the winding of relay TM(105) and
battery. Relay TM(105) at contact | closes a
circuit through resistance B2, winding of relay
TMI(105) and battery. Relay TMI(105) oper-
ates and locks over its contact 3 to ground at con-
tact { of relay TM(105). Relay TMI(105) in op-
erating opens the short circuit normally closed
over contact | of relay TMI(105) and contact 2
of relay MK(105) around condenser A and con-
nects condenser A in a circuit extending from
48-volt negative battery through the upper wind-
ing of relay CA(105), contact 2 of relay CA(105),
contact 2 of relay TMI(105), contact 2 of relay
MK(105), condenser A, resistance A to positive
120-volt battery. Condenser A starts to charge
in this circuit to measure off a time interval dur-
ing which the line link marker connector should
operate to connect an idle marker with line link
frame zero. '

In order to distribute tlie use of the markers
with any one line link frame, relays W and Z
are provided which are operated and released
on alternate calls so that a different marker pref-
erence relay is used on successive calls. Assum-
ing that relay Z(105) is unoperated at the present
time, conductor 28{ will be extended over con-
tact 3 of relay Z(105), contact | of relay
TRS(105), contact 6 of relay TC(105), conductor
10508 (through cables 24—IC5 and 24—{05B
which is shown cross-connected to the upper
armature of relay CB1i(24). When relay Z(105)
is operated, conductor 202 is extended over con-
tact T of relay Z(105), contact T of relay
TRS(105), contact 6 of relay TC1(105) to conduc-
tor 10503 which is cross-connected to the upper
armature of relay CB31(24). Each connector
has a chain busy relay CB and a marker start
relay MS for each marker. While three markers
have been indicated in the drawing and several
more markers may be used in an actual instal-
lation, only two chain busy relays have been
shown for the line link marker connector of
frame 0 with their associated marker start re-
lays. Each connector control circuit has its two
start leads cross-connected to the armatures of
two CB relays, preferably at separated points in
the chain of CB relays. However, since only two
chain busy relays CB have been shown associated
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with the line link marker connector, conductor
10500 to which battery was connected as above
traced with relay Z(24) normal, is shown cross-
connected to the armature of relay CBI1 and the
second start circuit which is open with relay
Z(105) normal, is cross-connected to the arma-
ture of relay CB31.

Assuming that relay CB!1 is not operated, the
start circuit previously traced to conductor
10500 extends over contact I of relay CBI1(24),
winding of relay MSI1(24), contact [ of relay
MS12(24), contact I of relay MS!3, conductor
2401, cable 24—166, cross-connection 16600 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 control
circuit for which is shown in Fig. 123 and the
multicontact relays for which are shown in Figs.
144, 165, 186 and 206. The chain busy and
marker start relays for the originating register
marker connector are shown at the center of
Fig. 24 and may be identified as relays CBl2(29),
CB32(24), MS12(24), and MS32(24). Relays
CBI2(24) and MSI2(24) relate to the marker
shown compiletely in this drawing whereas relays
CB32(24) and MS32(24) relate to marker No. 3
shown in Fig. 89. The corresponding relays for
marker No. 2 have been omitted. Similarly, the
incoming register marker connector comprises
the control circuit shown in Pig. 106 and the
multicontact relays shown in Figs. 143, 164, 185
and 205. Relays CB13(24), CB33(24), MS13(24)
and MS33(24) relate to the incoming register
marker connector, relays CB13(24) and MS(3(24)
being associated with the marker shown in full,
while relays CB33(24) and MS33(24) relate to
marker No. 3 shown in Fig. 89. The CB relays
for each connector are arranged in a continuous
chain so that, irrespective 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 conductor {0500 connected to
the armature of relay CBI{(24), if the first
marker is busy, resulting in the operationi of
relay CBI1(24), as described hereinafter, the
circuit will be extended over contact 2 of relay
CBI11(24) to the armature of relay CB31(24) and
over the back contact of that relay, if that marker
is idle, to the winding of relay MS31(24). On
the other hand if the second start circuit is
closed which extends over conductor 10503 to
the armature of relay CB3i(24) and the asso-
ciated marker is busy, so that relay CB3{ is op-
erated, the start circuit extends over contact 2
of relay CB31(24), to the armature of relay
CBl1(24) and thence to the winding of relay
MSH1(24). It will be understood, of course, that
there will be a plurality of CB relays, one for
each marker, with contact 2 of each relay con-
nected to the armature of the subsequent relay
in the chain.

Similarly, the marker start relays MS are
arranged in a chain individual to each marker
and are so arranged that the line link marker
connectors have preference over the originating
register marker connectors and the originating
register marker connectors have preference over
the incoming register marker connectors. The
cross-ccnnections at {6600 may be used to re-
arrange the order of preference for any individual

78 marker.
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Relay MSI1(24) operates in the above traced
circuit locking over its contact 2 to ground.

When the marker is idle, circuits are closed
over the contacts of the associated MS relays
in all of the various connectdrs to hold operated
relays MAK(166), MCK(166) and MSK(166) in
the marker. The circuit for holding relay
MCK(166) operated may be traced from battery
through the winding of relay MCK(166) through
the cross-connections 6600, conductor 16603
through cable 24—1686, contact 6 of relay
MSi3(24), contact 6 of relay MS12(24), contact
6 of relay MSil(24), conductor 16604 through
cable 24—166 to ground in the marker. A similar
circuit is closed from battery through the wind-
ing of relay MAK(166), cross-connection 16600,
conductor 16602 through cable 24—I166, contact
4 of relay MS13(24), contact 4 of relay MSi2(24),
contact 4 of relay MSI(i(24), conductor 16605
through cable 24—166 to ground over cross-con-
nections 16660. The circuit for relay MSK(166)
extends over cross-connections (6600, conductor
16601, through cable 24—I166, contact i of relay
MS11(24), contact | of relay MSi2(24), contact
| of relay MS{3(24), conductor 2401, through
cable 24—166, cross-connections 16600 to ground.

When relay MSi1(24) operates, as previously
described, all of these circuits are opened and
relays MCK.(166), MAK(166) and MSK(166) all
release, each connecting ground to conductors
16606 and 16607. Ground on conductor 16606
completes a circuit extending through cable
166—197 to the winding of relay STX(197) and
battery. Relay STX(197) disconnects ground
from conductor 19700 and opens one circuit for
relay MXT(197). At contacts 3 and 4 relay
STX(107) disconnects battery through the wind-
ing of relay XCH from conductor i9701 and con-
nects direct battery thereto, completing the
battery supply for the channel test relays shown
in Fig. 82. Ground on conductor 16807 completes
a circuit through cable i66—172, contact 4 of
relay SFT(192), conductor 192i{, contact 6 of
relay TRST(171), conductor {Ti0f to the wind-
ing of relay TM(192) and battery. Relay
TM(192) starts a timing operation which will be
described hereinafter.

With relay MSIi{(24) operated, a circuit is
closed from ground at cross-connection (6600,
conductor 16604 through cable 24—I166, contact
§ of relay MS!((24), conductor 2403 to the wind-
ing of relay MAI(41) and battery. In addi-
tion, relay MSI1i(24) closes a circuit to tell the
marker that it is to serve a dial tone connection,
which circuit may be traced from ground,
through cross-connection 16600, conductor 16605,
cable 24—166 contact 3 of relay MS1(24), con~
ductor 2404 through cable 51—I113 and cable
166—111 to a cross-connecting terminal 9403.

There is a cross-connecting terminal, such as
terminal 9403, for each line link frame and these
cross-connecting terminals are in turn connect-
ed to terminals 9400, 940f and 9402 in accord-
ance with the type of line connected to that
frame. If all of the lines on the frame use
dials, terminal 9403 will be connected to terminal
9401 to operate relay D(94). If, on the other
hand, all of the subscribers whose lines ap-
pear on a particular line link frame have multi-
frequency dialing arrangements, the terminal
corresponding to terminal 9403 will be connected
to terminal 9402 operating relay MF(94). If both
types of lines appear on a frame, the terminal
corresponding to terminal 9403 will be cross-con-
nected to terminal 9400 operating relay MLF(94) .
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In the case of line link frames which serve both
dial and multifrequency lines, determination of
the type of line is made by means of cross-con-
nections on the vertical group relays of Figs. 26
and 42, that is, with the link frame relay MLF(94)
operated, circuits are prepared over contacts | and
§ of relay MLF(94) by which relay D(94) and
MF(94) may be operated by means of cross-con-
nections at the vertical group relays when these
relays are operated, as will be described herein-
after. In general, relays D(94) and MF(94)
perform similar functions but operate different
route relays which serve to distinguish the type
and location of the originating register to be
selected in accordance with the type of pulses
which they are designed to receive.

Relay MA((41), when operated as above de-
scribed, closes a plurality of contacts for asso-
ciating the marker 1 with line link frame 0. In
addition, relay MAI(41) closes a circuit from
ground over its contact 3, to the winding of relay .
MBI (57) and battery, to further connect the
marker 1 with the line link frame 0.

Relay MA{(41) closes a circuit from ground at
contact 4 over conductor #10{ through cable
56105 to the winding of relay MK(105) and
battery. Relay MK(105) operates as an indica-
tion that the marker has been connected to the
line link frame and opens at contact 6 the cir-
cuit of relay TM(105), thereby causing that relay
to release and stop the marker selection timing
operation previously mentioned. At its contact
42 relay MA{(41) closes a circuit extending
from ground over conductor 4102 through cable
56—105, contact | and winding of relay W(105),
through resistance Gi to battery. Relay W(105)
operates in this circuit and locks over its con-
tact 2 to ground. It also closes a circuit from
battery through resistance G2, winding of relay
7.(105), contact 2 of relay W(105) to ground.
However, relay Z(105) cannot operate in this
circuit since it is shunted by ground over its
contact 5 from conductor 4102 over which relay
W(105) was operated.

In addition, relay MAI(41) closes a circuit
from ground over contact I, conductor 16613,
through cable 40—166, in parallel through the
winding of relay MCB{(166) to battery at con-
tact | of relay FA{(166) and over contact  of
relay MB(166), conductor {6622 through cable
166—112, contact | of relay OATI(173) through
the winding of relay OAT(173) .to battery. Re-
lay MCB1(166) operates in this circuit and at
its contacts 2, 3 and 4 closes circuits over con-
ductors 16618, 16619, 16620 through cables 88—166
and 24—88, through the windings of relay

CBI1(24), CBi2(24), CBi3(24), to battery
through resistances Bi1(24), B{2(24) and
Bi3(24), respectively, to mark this mark-

er busy in all the connectors. However, in
the connector associated with line link frame 0,
the operation of relay MAI{(41) has already
closed g circuit from ground at contact § of relay
TR(105) or contact | of relay TRL(105) over
conductor 10506, through cable 56—105, contact
8 of relay MAI (41), conductor 4100 to resistance
Bi{(24) and battery in shunt of the winding of
relay CBI1(24) thereby preventing the opera-
tion of relay CBI1(24) and preventing the open-
ing of the circuit of relay MSt1(24). In all other
connectors, due to the operation of the relay CB
associated with marker 1 a start circuit clesed
by any such connector will be advanced to the
next marker. Relay MCBi(166) also closes a
ciruit from ground over its contact I, conduc-
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tor 16615, cable 166—1987 to the winding of relay
BX(196) and battery. Relay BX(196) in operat-
ing closes bias circuits for a number of cross-
detecting relays. Relay OAT(173) operates in
the previously traced circuit and locks to con-
ductor 16622 independent of relay OATI(173)
and at contact § closes an obvious circuit for
relay OATI((173) which is slow to operate to per-
mit relay OAT(173) to lock before its operat-
ing eircuit is opened. Relay OAT(173) starts
an over-all timing operation, while relay
OATI(173) in operating starts a heavy traffic
timing operation. Both of these timing opera-
tions will be described hereinafter.

Preparation of marker

In addition, relay MA(41), when operated as
previously described, closed a eircuit from battery
through the windings of relays CKG3(97) and
CKG2(97), conductor 9100, contact 3 of relay
DISI(114), contact 3 of relay TRLA(114), con-
ductor 11401, through cable 57—I113 to ground
at contact 2 of relay MAI1(41). Relay CKG2(97)
closes a circuit from ground over its contact 2,
conductor 8181, contact 2 of relay GT2(90), con-
ductor 9000, winding of relay GT3(107) and bat-
tery. Relay CKG3(97) closes a number of cir-
cuits, one of which may be traced from ground
over contact T of relay CKG3(97), conductor 9702,
contact 9 of relay DIS2(114), conductor (1402,
winding of relay CKG6(97) and battery. A sec-
ond cireuit is closed from ground over contact 2
of relay CKG3(97), conductor 9708, winding of
relay CKGS5(68) to battery. Relay CKGS5(68)
prepares circuits for the channel timing relay
CHT(68) and also for the per cent load indicat-
ing relay PL(68). At contact 5, relay CKG3(97)
closes a circuit over conductor 9415, through
cable { 12—128, contact 2 of relay RAV2(149), con-
tact 12 of relay RCY(149), conductor 14900, con-
tact 6 of relay GP2(150), conductor 15000 to the
winding of relay CKG4(93) and battery. Relay
CKG4(93) closes a number of circuits which
will be traced hereinafter. In addition, relay
CKG3(97) closes a circuit from ground over its
contact 4, conductor 9705, contact T of relay
GTI1(107), conductor 10700 through cable 108—
118, the winding of relay ONX(174) and battery.
Relay ONX(174) provides biasing circuits for
cross-detecting relays XJS(174) and XTS(174).
With relay CKG3(97) operated, a circuit is closed
from ground, over contact 11 of relay RCY(149),
contact 10 of relay RAV{(149), conductor (490f,
through cable (12—129, contact 12 of relay
CKG3(97), conductor 9708, contact 2 of relay
TRLA(114), contact 8 of relay DISI(114), con-
ductor {1404, through cable 112—1172, contact 9 of
relay MRLI (172), conductor 17200, through cable
112—172 to the windings of relay TLC{(113) and
relay TLC2(113) and battery. These relays sup-
ply battery and ground for the trunk link control.
Relay CKG6(97), when operated as above de-
scribed, closes a circuit from ground over its con-
tact 1, conductor 9703, winding of relay BG(117)
to battey. Relay BG(117) operates in this circuit
and supplies battery and ground to circuits to be
traced hereinafter.

When relay CKG#4(93) is operated, as previ-
ously described, it closes a circuit over its con-
tact 2, conductor 9300, contact 5 of relay LK ((92),
conductor 9200, through cable |10—187, contact
€ of relay OV(188), conductor 8800, contact ¢
of relay DISI(114), contact 8 of relay TRLA(114),
conductor 11405 through cable |12—i72, contact
8 of relay MRY(172), conductor 17201 through
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cable 1§2—{72, in series through the windings of
relays LLCI1(96) and LI.C2(96) and thence over
conductor 9601 to the winding of relay ONW (111)
and battery. Relay CHG4(93) also closes a ecir-
cuit from battery through the winding of relay
HMC(109), conductor 10905, contact T of relay
CKG4(93), conductor 930{ through cable {10—172
and either over the contact 3 of relay TRB(193)
or over contact | of relay TR{(173), conductor
171310 and contact 5 of relay TRLI(194) and
thence over conductor 19301, contact ! of relay
MRL(173), conductor 11300, contact 5 of relay
TRTR(192), conductor {9200, through cable
149—172, contact 6 of relay FMP(128), conductor
12801, contact 1 of relay RAVI(149) to ground.

Response to dial tone connection indication

Relay D(94) at contacts 1, 3, 4,5, 6, 8, 9, 10, 1
and 12 connects ground to conductors 9404, 9408,
8407, 9408, 9409, 9411, 9412, 9413, 9414, and 9418,
respectively. Ground connected to conductor
8408 completes a circuit through cable 60--98,
contact 8 of relay FML(59), conductor 5900 to
the winding of relay BCA(76) and battery.
Ground on conductor 8409 completes a circuit
through cable 6095, contact 6 of relay FML(59),
conductor 5901, the winding of relay BC(76) and
battery. Relays BC(76) and BCA(76) prepare
for the selection of a trunk link frame. Ground
on conductor 9406 completes a circuit through
cable 43-—95 over contact f of relay VTK(43) and
conductor 4312 to the windings of vertical group
gating relays VGGI(27) and VGG2(43) and bat-
tery. Relays VGGI(27) and VGG2(43) prepare
the marker for receiving the vertical group identi-
fication of the calling line. Ground on conductor
9411 completes a circuit through cable 44—85,
contact | of relay HTK(44), conductor #4400
through cable 48—399, contact 2 of relay DTK(98),
conductor 9800 through cable 44—89, to the wind-
ing of horizontal group gating relay HGG(44) and
battery. Relay HGG(44) prepares the marler to
receive the horizontal group of the line identifi-
cation. Ground on conductor 9414 completes a
circuit through the winding of relay DTI(111),
conductor {1100, winding of relay DT2(109), con-
ductor 10900, winding of relay DT3(76) to bat-
tery. Ground on the remaining conductors serve
circuits which will be traced hereinafter. In ad-
dition, relay D(94) completes a circuit from
ground on contact | of relay RCY1(96), conductor
9600, contact 2 of relay D(94), conductor 94085,
through cable 47—85, contact 2 of relay FTK(47)
conductor 4100, to the winding of vertical file gat-
ing relay VFFG(31) and battery. Relay VFG(31)
prepares the marker to identify the vertical file
in which the calling line is located. At contact
1 relay D(94) completes a circuit from ground
over contact 8 of relay DISi(114), conductor
11400, contact 7 of relay D(94), conductor 9410,
through cable 112—I135, over cross-connection
13500 to the winding of route relays R6(135)
and battery, Route relay R(135) starts the
marker in its operation of finding an idle origi-
nating register.

It may be noted that relays D(94) and MF(94)
at contacts | to 6 and 8 to (2 close identical cir-
cuits, whereas relay D(94) at contact T operates
route relay R6(135) and relay MF(94) at con-
tact T closes a similar circuit for a similar route
relay, not shown. The route relay operated by
relay MF'(94) would control the selection of an
originating register which would receive multi-
frequency impulses.
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When relay DTI(111) was operated as previ-
ously described, it closed a circuit from ground
-over its contact 2, to conductor {1116, which ex-
tends through the winding of relay LOT(98) to
battery and in parallel therewith through cable
33—95, through the winding of relay CBD(33)
to battery and through the winding of relay
CBDI(33) to battery. Relay DTH(111) also
closes a circuit from ground over contact 10 of
relay CKG2(97), conductor 9706, contact 4 of
relay RK3(111), contact 11 of relay DT (11D,
conductor (1101, contact 9 of relay CKG6(9D),
conductor 9707, winding of relay GTL(111) and
battery. Relay GTL(111) operates in this circuit
and closes a circuit from ground over contact i
of relay DIS2(114), conductor 11403, contact 4
of relay GTL(111), conductor t1102, through
cable §2—95 to the windings of relays GTL3(51),
GTLAGG1) and GTL2(50) and battery. The
functions of these relays will appear hereinafter.

When relay DT2(109) operates as above de-
scribed, it closes a circuit from ground over its
contact 8, conductor §0907, contact | of relay
GLHI (90), conductor 8001 to the winding of re-
lay RCTA(107) and battery. It also closes a cir-
cuit from ground over its contact 3, conductor
10908, contact 4 of relay PBXA(107), conductor
10703 to the winding of relay CGT(90) and bat-
tery.
Preparation for operation with trunk link frame

When relay TLCI(113) operates as above de-
seribed it closes a circuit from battery over its
contact 3, conductor 130, winding of relay
HMTI (109), normally closed contact 2 of relay
HMT(109), conductor 10901, contact § of relay
CKG2(97) to ground. Relay TLC2(113) also
closes a circuit from ground over contact 1 of re-
lay TERI(128), conductor 12800, through cable
112—129, contact # of relay TLC2(113), conduc-
tor (1300, contacts 3 of relays TS0(62) to
TSI9(78), winding of relay TSEI(78), conduc-
tor 7800 through cable 78—183, contact 1 of relay
MT1(193), conductor 19300, through cable
18—193, through the winding of relay TSE2(62),
conductor 6201, winding of relay TSE3(78) to
battery. Relays TSE2(52) and TSE3(78) supply
battery to the windings of trunk test relays
TTO0(61) to TTI(TD). )

Preparation for operations with line link frame

Relay LLCI(96) when operated closes a circuit
from ground over its contact 4, conductor 9602,
contact 2 of relay MN(170), conductor (7000
through cable (10—IT70, contact { of relay
CHA(109), conductor (0904 to the winding of
relay CHE(92) and battery. With relays
CHE(92) and HMTI(109) operated, a circuit is
closed from battery through the winding of re-
lay LXP1{(109), conductor 10912, contact b of re-
lay CHE(92), contact 2 of relay TK(92), con~
ductor 9201, contact 2 of relay CHT(68), con-
ductor 6800, contact 3 of relay HMTI1(109), con~
ductor 10906, contacts 12 of relays CHO(67) to
CH9(83), conductor 8300, contact 4 of relay
FMP(128), conductor 9602 through cable
112—129, contact 4 of relay LL.CI(96) to ground.
Relay LXP{(109) operates in this circuit and
locks over its contact 2, contact 2 of relay
LXP(109) conductor 9602, to ground at contact
& of relay LLCI(96). Relay LLC2(96) closes a
circuit from ground at its contact |, conductor
9603, contact 2 of relay FCG(90), conductor 3903
to battery through the winding of relay
FCGA(107). Relay ONW(111) in operating,

closes a circuit from ground over its contact 2,
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conductor 11110, contact 2 of relay STP(79), the
winding of relay. STPi(79) to battery. Relay
STPI(79) operates in this circuit and prepares
the trunk link frame test circuits.- )

Scveral biasing circuits are also closed at this
time to prepare for the future operation of the
associated polarized relays. Relays TLC2(113)
and LLC2(96) close a circuit from batiery over
contact 5 of relay TLC2(113), conductor 11302,
through the middle and lower windings of relay
JT(109), conductor 10909, contact 2 of relay
LLC2(96) to ground. Relay TLCI(113) also
closes a circuit from ground over contact {4 of
relay CKG#4(93), conductor 9302, through the
upper winding of relay GT(90), conductor 9002,
contact 2 of relay TLCI(113) to battery to bias
relay GT(90). Other biasing circuits closed at
this time will be described in connection with the
operation of the associated relays.

Sequence control

Means is provided in the marker to sequen-
tially advance the preference for successive calls
to different horizontal and vertical groups on the
line link frame, to different junctors and to dif-
ferent trunk link frames, For this purpose, two
sets of sequence relays aré provided, as well as
a special trunk frame memory arrangement.
For controlling the preference among groups of
lines on the line link frame, the sequence relays’
of Figs. 30 and 46 are provided. For controlling
the junctor preference, the junctor sequence
relays of Fig. 63 are provided and for trunk frame
preference the relays of Fig. 60 are provided.

5 When the marker is first put into service, two

circuits exist for the operation of relay SQA(111).
One of these circuits may be traced from ground
over contact 4 of relay LE(46), contact 4 of relay
1.0(46), conductor 4300 through cable 46—95,
contact 8 of relay ONW(111), conductor 6301,
to the winding of relay SQA(111) and battery.
The second circuit extends from ground over
contact 5 of relay JLE(63), contact 3 of relay
JL.0(63), contact 6 of relay MTB(63), conductor
6300, contact 3 of relay ONW (111), conductor
{1103, contact 4 of relay MT8(63), conductor
6301 to the winding of relay SQA(111) and.
battery. Relay SQA(111) operates in these cir-
cuits, closing a circuit from ground over contact
tt of relay ONW(11l), contact § of relay
SQA(111), conductor {1105 through cable §6—95,
contact 2 of relay L0(46), contact 2 of relay
LE(46), conductor 4602, to the winding of
the first sequence relay SQ0(30) and battery.
Relay SQ0(30) locks over contact 6 of relay
sQ0(30), conductor 3006, contact { of relay
LE(46) to ground and closes a circuit from
ground over its contact 5, conductor 3003, con-
tact | of relay SQTI(46), winding of relay
SQTO0(46) to battery. Relay SQTJ(46) operates
in this circuit. Relay SQO0(30) also closes a
circuit from ground over its contact 9, conductor
3000, winding of relay L0(46) to battery. Relay
1.0(46) operates in this circuit and opens one
of the above operating circuits for relay
SQA(11D). : o

Relay SQA(111) also closes ‘a circuit from
ground over contact | of relay ONW(111), con-
tact 3 of relay SQA(111), conductor 11104, con-
tact | of relay JLO(63), contact | of relay
JLE(63) to the winding of relay JSQ08(63) and
battery. Relay JSQO(63) operates in this circuit.
and locks over its contact 5, contact 3 of relay
JLE(63), contact -1 -of relay MT8(63) to ground.’
Relay JSQ0(63) also closes a circuit from
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ground over its contact 7 to the winding of relay
JLO(63) and battery, operating relay JL0(63)
and thereby opening the other circuit of relay
SQA(111) which now releases. When relay
SQA(111) operated, it opened the normally
closed circuit for relay SQAi(111) but relay
S5QAI(111) is slow to release and normally does
not close its contacts if the marker operates
satisfactorily. Following the first operation of
relay ONW(111), relay SQA(111) can operate
only if a trouble condition arises in one of the
sequence circuits since at no time thereafter,
during normal operation, are relays L0(46) and

5

LE(46) or relays JL8(63) and JLE(63) both re- -

leased.

When now relay ONW(111) operates as above
described, it closes a circuit from ground over its
contact 8, conductor 11108 through cable 46—85,
contact 3 of relay L8(46), contact | of relay
SE(46), the winding of relay S0(46) and bat-
tery. Relay S0(46) operates in this circuit and
connects ground over its contact 6 to conductor
11108 providing a locking circuit for itself inde-
pendent of relay ONW(111). Relay ONW(111)
also closes a circuit from ground over its con-
tact 6, conductor 11109, contact 2 of relay
JLO(63), contact | of relay JSE(63) to the wind-
ing of relay JS0(63) and battery. Relay JS0(63)
operates in this circuit and connects ground over
its contact 6 to conductor ({108 thereby locking
itself independent of relay ONW(111).

Prior to the first operation of the marker,
frame memory relay FMI9(60) is operated in a
circuit from battery through its winding, con-
tact § of the remaining FM relays including re-
lays FMI0(60) and FMO0(60), conductor 6000,
contact T of relay TFKI{(59) to ground. With
relay FM{9(60) operated, a circuit is closed from
battery through the winding of relay FMK (59),
conductor 5802, contact 2 of relay FMI(9(60),
conductor 9404 to ground at contact {0 of relay
CKG4(93) or through cable 60—85 to ground at
contact | of relay D(94). Relay FMK(59) in
operating closes a circuit from battery through
the winding of relay FMG(59), contact 9 of re-
lay TFKI(59), contact 2 of relay FMK (59), con-
ductor 9415 through cable §0—85, contact 12 of
relay D(94) to ground. Relay FMG(59) oper-
ates in this circuit and locks over its contact 3,
contact 2 of relay FMK(59) to ground on con-
ductor 9415 independent of relay TFKI{(59).

Calling line identification

The foregoing operations, which are performed
as a result of the operation of the marker start
relay MSI1(24) in the line marker connector,
serve to place the marker in condition to handle
a dial tone connection. While these operations
have been in progress the marker has also been
recelving an indication of the location of the
calling line so that it may seize the proper line
link frame when it is ready to connect the line
with a selected idle originating register.

To completely identify the calling line, in-
formation is required which will identify the
line link frame on which the calling line ter-
minates and the location of the calling line ter-
mination on the line link frame.

Each subscriber’s line terminates on one cross
bar switch vertical unit of a line link frame line
switch. Therefore each vertical unit of this
line switch may be associated with a particular

- subscriber’s line and the identification of the
calling line switch vertical unit will identify the
calling line on that line link frame. For the
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purposes of line identification the line switch
vertical units are grouped as follows:

A. Verlical groups—The line link frame line
cross bar switches are mounted on ten hori-
zontal switch levels on the line link frame. Each
switch is divided into subscriber 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 maximum number of
vertical groups on any one line link frame will
be fourteen.

B. Horizontal groups—The vertical units
within the same horizontal switch level are
designated a horizontal group. One horizontal
group will consist of a minimum of thirty ver-
tical units to a maximum of seventy vertical
units. On any line link frame there will be ten
horizontal groups. )

C. Vertical files—The ten vertical units lo-
cated in the same position on each of the ten
horizontal switch levels are designated a vertical
file. One vertical file will consist of one switch
vertical unit in each of the ten horizontal switch
levels. There will be flve vertical files within one
vertical group.

Line link frame identification

When the line link marker connector which is
individual 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 indicated 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
diglt may be identified as conductors 5120, 5721,
§722 and 5723 while the units conductors which
may be grounded by the line link marker con-
nector may be identified as conductors 5710,
5711, 5712, 5114 and 5711. The code according
to which the units conductors are grounded is
such that for the digits 1 to 9, the sum of the
units digit of the conductor numbers is equal to
the units digit of the frame number. For ex-
ample, to indicate frame units digit 5, conductors
5711 and 5714 would be grounded. For a units
digit 0, conduetors 5714 and 5717 are grounded.

Since it has been assumed that the marker is
connected to line link frame 0, the operation of
relay MBI(57) grounds units conductors 57(4
and 5717 and tens conductor 5728. These con-
ductors extend through cable 51—57 to the con-
tacts of relay GTL2(50). When relay GTL2(50)
operated as previously described, conductors 570
to 5717 and 5720 to 5723 were connected over
conductors 5010 to 5017 and 5020 to 5723 to the
windings of relay FUB(34) to FUI34) and
PT0(33) to FT3(33), respectively. Since con-
ductors 5714, 5717 and 5720 are grounded, relays
FT0(33), FU4(34) and FUT(34) operate.

Vertical group identification

When the vertical group relay VGS0(2) on
the line link frame operated as the result of
the operation of the line relay L90(5), it
grounded conductor 200 which extends through
cable 8—56 to the contact of relay MAI(41).
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Since the marker is equipped to serve frames
having a maximum of fourteen vertical groups,
relay MAI1(41), in operating, extends fourteen
vertical group identifying conductors such as
conductor 200 to the marker where they are con-
nected to contacts of relays VGGI(27) and
VGG2(43). The operation of these relays as
above described further extends the vertical
group identifying conductors to the windings of
the vertical group test relays VGTO0(26) to
VGTI3(42). Conductor 200 is extended over
contact 2 of relay MAI(41), conductor 4120,
contact 2 of relay VGGI(27), conductor 2100, to
the winding of relay VGT0(26) and battery.
Relay VGT0(26) operates in this circuit to iden-
tify the calling line as located in the zero vertical
group. If at the same time some other line on
line link frame zero is also calling the corre-
sponding vertical group test relay would also be
operated.

When the marker is ready to receive the line
identification, that is, with the gating relays
VGGI(27), VGG2(43), HGG(44) and VFG(31)
operated, a circuiit for checking their proper
operation is closed, which may be traced from
ground at contact 5 of relay TRI(105), conduc-
tor 10516 through cable 56—I105, contact 41 of
relay MAI((41), conductor 4103, through cables
57—113 and 166—iTt, contact 5 of relay
TR2E(114), conductor 11406, through cables
43—95 and 43—92, contact (1 of relay
HMSI(92), conductor 9205, through cables
43—92 and 43—41, contact | of relay VFG(31),
conductor 3100, contact 11 of relay HGG(44),
conductor 4402, contact 9 of relay VGG2(43),
conductor 43tl, contact 9 of relay VGGI(27),
conductor 2720 to the winding of gating check
relay GK(43) and battery. Relay GK(43) oper-
ates in this circuit if the gating relays are oper-
ated and locks over its contact 1 and conductor
9205 to its operating ground independent of the
gating relays.

With relay GK(43) operated, the operation
of relay VGTO0(26) closes a circuit from battery
through the winding of relay VGR(43), contact
3 of relay GK(43), conductor 4302, contact 3 of
relay VGT0(26), conductor 4120 to ground over
the previously traced operating circuit for re-
lay VGT0(26). A parallel circuit for relay
VGR(43) extends over the contacts of any other
vertical group test relay which may be oper-
ated. Since the circuit of relay VGR(43) is
under the control of the line relay L00(5) this
relay serves to monitor for disconnection by the
subscriber.

Relay VGR(43) closes a circuit for locking the
operated vertical group test relay, or the pre-
ferred relay if more than one such relay is
operated. On the line link frame all lines re-
quiring special attention are included in ver-
tical group 2 and that group is given preference
over all other groups. The preference among
the other groups is controlled by the sequence
relays of Figs. 30 and 46 where it may be as-
sumed that relay SQ0(30) has been operated as
above described. It will also be -assumed that
no other vertical group test relay has been oper-
ated. Therefore the locking circuit of relay
VGTO0(26) may be traced from ground at contact
4 of relay D(94), conductor 9407 through cable
43—95, contact | of relay VGR(43), contacts
2 and 7 of relay TR2D(43), conductor 4303, nor-
mally closed contact T of relay VGT2(26), con-
ductor 2600, contact 4 of relay TR2D(43), con-
ductor 4304, through cable 27—30, contact | of
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relay SQ0(30), conductor 3001, thiough cable
2130, contact T and winding of relay VGT0(26)
to battery. If some other VGT relay had been
operated, the locking circuit for that relay would
have extended over the normally closed contact
6 of relay VGT0(26). Therefore with relay
VGTO0(26) operated no other VGT relay can be
locked.

With relay VGR(43) operated, a circuit is
closed from battery through the winding of the
vertical group test check relay VTK(43), con-
tact 3 of relay VGR(43), conductor 9406 through
cable 43--95 to ground at contact 3 of relay
D(94). Relay VITK(43) operates in this circuit,
locking over its contact 2 fo grounded conduc-
tor 9406. At contact 3, relay VTK(43) closes
a supplementary locking circuit for relay
VGTO0(43) in parallel with contact | of relay
VGR(43) and at contact | opens the operating
circuit for relays VGGI(27) and VGG2(43).
Relays VGGI(27) and VGG2(43) release, open-
ing the vertical group test circuits, releasing any
non-locked VGT relays and preventing the sub-
sequent operation of any other vertical group
test relays.

A check is now made that one and only one
VGT relay is operated and that relays VGGI (27)
and VGG2(43) have released. For this purpose
a circuit is closed from battery through the
winding of relay VTKI{(43), contact 5 of relay
VGG2(43), conductor 4305, contact § of relay
VGGI(27), conductor 2122, contact § of relay
VGTI3(42), contacts 6 of relays VGT12(42) to
VGTi(26), contact § of relay VGT0(26) to
ground.

When relay VTK(43) operates, it closes a lock-
ing circuit for relay MSI1(24) which may be
traced from ground over contact 2 of relay
MS11(24), winding of that relay, contact | of re-
lay CBI1(24), conductor 10500, contact 6 of relay
MAI (41), conductor #1141, through cable 57—183,
contact 10 of relay MRLI(172), conductor 17204,
through cable 112—I172, contact & of relay
DIS1(114), conductor | {408, through cable 43—95,
contact 5 of relay VTK(43), conductor 4309,
through cable 43—95, winding of relay OC(111)
and battery. Relay OC(111) operates in series
with relay MSI1i(24) and closes acircuitfrombat-
tery through the winding of relay OCI(111), con-
tact I of relay OC(111), conductor 16616, through
cable 112—166 to ground at contact 5 of relay
MCBI(166). Relay OCI(111) operates in this
circuit and locks to conductor 16616 independent
of relay OC(111). Relay OCI(111) in operating
connects ground to conductors 11112 and (fitt
which extend through cables 51—f13 and
166—111, contacts 25 and 26 of relay MBI(57),
conductors 5132 and 5733 through cable 56—105
to battery through the windings of relays
TC(105) and TCI(105). Relays TC(105) and
TCI1(105) operate in these circuits, relay TC(105)
Jocking over its contact 3, contact 3 of relay
W(105), which was operated as previously de-
scribed, to ground at contact 10 of relay Z(105).
Relay TC(105) opens the operating circuit for the
marker start relay MSi{(24) but that relay is
held operated in the circuit above traced through
the winding of relay OC(111). Relay TCI(105)
does not lock since its locking circuit is open at
contact 4 of relay W(105), but opens the alter-
nate marker connector start circuit. Relays
TC(105) and TCI(105) also perform other func-
tions in connection with the connector traffic
control circuit of Fig. 122 which will be described
hereinafter.
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With relay VTIKI(43) operated, a circuit is

closed from battery through resistance lamp
VGA(196), winding of cross-detecting relay
XVGA(196), conductor 19600, through cable
{12—I116, contact 10 of relay DISI(114), conduc-
tor 114017, through cable 43—395, contact 3 of relay
VTKI(43), conductor 4306, contact 2 of relay
VGTO0(26), conductor 2610, contact 27 of relay
MA{(41), conductor 4110, through cable 6—>56,
to the winding of the vertical group auxiliary re-
lay VGAO(6) and ground. Relay VGAO0(6) pre-
pares the circuits for identifying the horizontal

10

group in which the calling line is located. The -

circuit closed by relay VTKI(43) extends in mul-
tiple to contact 2 on each of the vertical group
test relays, so that the vertical group auxiliary
relay on the line link frame corresponding to the
operated vertical group test relay in the marker
will be operated in response to the operation of
relay VIKI(43).

It may be noted that relay VTKI(43) also
closes a circuit from ground over its contact 5,
conductor 4307 to the lowermost armatures of the
vertical group test relays, the front contacts of
which are cross-connected to conductors 4200 and
420f for the purpose of operating either relay
MF'(94) or relay D(94) over contacts of relay
MLF(94) in the case of a mixed frame as men-
tioned previously.

Horizontal group identification

With relay VGA0(6) operated, conductor 500,
grounded by line relay L00(5),isextended, togeth~
er with nine other similar conductorsindividualto
the vertical group zero in the nine other hori-
zontal levels to contacts of relay MB{(57) and

thence over contacts of horizontal group gating

relay HGG(44) to the windings of the ten hori-
zontal group test relays HGT0(29) to HGTI9(45).
Ground connected to conductor 500 completes a
circuit over contact 10 of relay VGAOQ(6), con-
ductor 681, through cable 6—586, contact (3 of
relay MBI (57), conductor 57130, through cable
45—517, contact | of relay HGG(44), conductor
4403 to the winding of relay HGT08(29) and bat-
tery. Relay HGTO0(29) operates in this circuit.
If some other line in the vertical group zero, but
in a different horizontal group is also waiting for
8 dial tone connection, the corresponding hori-
zontal group test relay will also be operated.

With relay GK(43)operated as previously de-
scribed the operation of relay HGT0(29) closes a
circuit indicating that at least one horizontal
group test relay has been operated, which circuit
may be traced from battery, through the winding
of relay HGR(44), conductor 4404, contact 4 of
relay GK(43), conductor 4308, contact 2 of relay
HGT0¢(29), to conductor 57130 and thence to
ground at the contact of the line relay L80(5), as
previously traced. Relay HGR(44) operates and
monitors for a subscriber disconnect within the
selected horizontal group of the selected vertical
group.

If two or more horizontal group test relays
have operated, one of these relays and the asso-
ciated horizontal group will be preferred by means
of a preference circuit controlled by the sequence
relays of Figs. 30 and 46. With relay SQ0(30)
operated as previously assumed, the operation of
relay HGR(44) closes a circuit from ground at
contact 9 of relay D(94), conductor 34i2 through
cable 44—395, contact 3 of relay HGR(44), con-
ductor 4405, through cable 30—44, contact 2 of
relay SQ0(30), conductor 3002, through cable
30—44 and contact 9 winding of relay HGT0(29)
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to battery. Relay HGT0(29) is locked in this cir-
cuit, opening the locking circuit for any other
horizontal test relays which may have been
operated.

With relay HGR(44) operated, horizontal test
check relay HTK(44) operates in a circuit from
battery through its winding, contact I of relay
HGR(44), conductor 9411 through cable 44-—95
to ground at contact 8 of relay D(94). Relay
HTK (44) operates in this circuit and locks over
its contact 2 to ground on conductor 84{i. At
contact {, relay HTK(44) opens the operating
circuit for relay HGG(44), causing the latter re-
lay to release and disconnect the horizontal group
test relays from the line link frame to release any
non-locked horizontal group test relays which
may have been operated and prevent the sub-
sequent operation of any other horizontal group
test relays which might interfere with the hori-
zontal group to be served by this marker. At its
contact 3 relay HTK(44) closes a supplemen-
tary locking circuit for relay HGT08(29) in parallel
with contact 3 of relay HGR(44). With relay
HGG(44) released, relay HGT0(29) locked and
the remaining horizontal group test relays re-
leased, a circuit is closed to check the com-
pletion of these operations, which may be traced
from battery through the winding of relay
HTK1(44), contact (2 of relay HGG(44), con-
ductor 4407, contact 4 of relay HGT8(45), con-
tacts 5 of relay HGT8(45) to HGTI(29), contact
4 of relay HGTO0(29) to ground. Relay
HTKI (44) operates in this circuit.

Further identification of the calling line takes
place after the marker has seized the line link
frame through the line link frame connector,
which operation is delayed until the marker has
selected and seized a trunk link frame having one
or more idle originating registers. The purpose
of this delay is to prevent two markers from.
competing simultaneously for the same line link
frame and trunk line frame and thereby block-
ing the operation of both markers.

Selection of trunk link frame

In the selection of an idle originating register
for connection with a calling line, the marker
performs five chief functions, namely, identifies
the type of originating register required, tests
for and selects an idle trunk link frame connect-
ing with one or more idle originating registers of
the required type, connects with the selected trunk
link frame, tests for and selects an idle originating
register of the required type and connects the
calling line with the selected register.

The type of originating register required is
indicated by the operation of relay D(94) or relay
MF'(94). 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 a dial or a multifrequency gen-
erating keyset. 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(94) or relay MF(94) is delayed until
after vertical group identification has taken
place. In the present disclosure, it has been as-
sumed that line link frame 0 serves only
lines having dials and that relay D(94) was
operated in response to the operation of relay
MSi1(24).

After the marker has determined the type of
originating register required, it will connect with
two leads extending to each trunk link frame,
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One lead from each frame is designated th
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 associ-
ated with that frame. 'The marker tests all of
these leads simultaneously and by its preference
arrangement selects a frame from among those

10

accessible to the marker and having idle registers

of the required type. )

When relay D(94) was operated, relays BC(76)
and BCA(76) were operated as above described.
These relays extend the trunk frame busy test
leads from a maximum of twenty trunk link
frames to the windings of the frame busy relays
FB0(60) to FB19(60). Whenever a trunk link
frame is busy with a marker, the multicontact
relays comprising the trunk link frame connector
are operated, grounding the corresponding trunk
frame busy test conductors. For example, in the
trunk link connector shown in Figs. 85, 86, 102
and 103, the operation of relay MCA(85) grounds
conductor 8500 leading to marker 1 and the other
odd-numbered markers and conductor 8561 lead-
ing to the even-numbered-markers. These con-
ductors also extend through cable 85—118 to the
make-busy jack TMB(119) where they may be

grounded by the insertion of a plug in the make- 3

busy jack when the frame is to be removed from
service. Relay BC(76) connecis conductor 8500
over its contact | and conductor 1601 to the
winding of relay FB0(60) and battery. Similar

circuits are closed for the other frame busy relays :

including relays FB10(60) and ¥FB19(60). Those
relays connected to busy trunk link frames will
be operated. Assuming that the trunk link frame
shown is idle, relay FB0(60) will not be operated.

As previously described, relay D(94) operated
route relay R6(135) associated with dial pulsing
originating registers. Relay R6(135) in operat-
ing closes a circuit from ground over contact 1 of
relay RCY(149), conductor 14902, through cable
129—134, contact 3 of relay R6(135), conductor
13502, winding of relay NS0(100) to battery as
an indication that no outgoing sender will be
required in connection with this call. Relay
R6(135) also closes a circuit for the frame con-
necting relays FC(60) and FCA(60). This cir-
cuit may be traced from battery through the
windings of relays FC(60) and FCA(60) in paral-
lel, conductor 6001, through cable 76—i151, con-
tact 4 of relay R6(135), conductor {3501, through
cable 129—i34 to ground at contact 9 of relay
RCY(149). Relays FC(60) and FCA(60) extend
to the marker one trunk link frame test lead from
each trunk link frame for the purpose of testing
for idle originating registers associated with the
corresponding trunk link frame. An idle orig-
inating register, such as the register shown in
Figs. 39, 55, 71, 87, 104, 121, 142, 163, 184, 204,
218, 219 and 220 is marked idle by ground
connected to the frame test conductor 22002,
over contact 3 of relay MB(220), conductor
16300, through cable 163—220A, contact 12 of
relay PD(163), conductor 22000, through cable
163—220A and contact 7 of relay ON(220).

Fach trunk or register connected with a par-
ticular trunk link frame has an individual cross-
connecting terminal such as terminal 20300 on
that frame to which its frame test conductor is
connected. At each trunk link frame there is a
cross-connecting terminal, such as terminal 20301
for each route for which a trunk or register is
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connected to that frame and each of these cross-
connecting terminals is connected to a contact on
the FC or FCA relay corresponding to that route
in each marker. The individual terminals of the
trunks or registers belonging to each route are
connected in multiple to the corresponding route
terminals. In the marker there is a frame test
relay FTC for each trunk link frame, but the
frame connecting relays are arranged to con-
nect up only those FTC relays which correspond
to frames having trunks or registers belonging to
the same route as the operated frame connecting
relay. As a rule there will be at least one
originating register on each trunk link frame and
relays FC(60) and FCA(60) will connect ali of
the relays FCT0(60) to FTCI9(60) to the corre-
sponding frame test conductors on each trunk
link frame. Specifically, with relay FC(60) oper-
ated, the frame test conductor 22002 belonging
to the originating register shown and the multiply
connected corresponding conductors of any other
dial pulsing registers appearing on the same trunk
link frame will be extended over terminals 20300
and 20301, conductor 6002, over contact | of relay
FC(60) to the winding of relay FTC0(60), contact
i of relay MT3(60) to battery. Similar circuits
are closed for-the other FTC relays extending to
other trunk link frames (not shown). Assuming
that the originating register shown is idle, relay
FTC0(60) will be operated together with any
other FTC relay which is connected to a trunk
link frame having idle originating registers.
With relay FTC0(60) or any other FTC relay
operated, a circuit is closed from ground over
contact 3 of relay FTC0(60), conductor 6005,
through cables 60—16 and 16—15(, contact 3 of
relay MT1(193), conductor 18302, through cable
60—112, to the winding of the frame test check
relay FITCK(59) and battery. .

To check that relays FC(60) and FCA(60) have
operated, relay FC(60) closes a circuit from
ground over its contact (i, conductor 6003 to
the winding of frame connecting check relay
FCK(59) and battery. Similarly, relay FCA(60)
closes a circuit from ground over its contact 11,
conductor 6004, winding of relay FCKA(59) and
battery.

When relays FCK(59) and FCKA(59) operate
both relays connect ground over their contacts |
to conductor 5905, completing a circuit over con-
ductor 5905, through cable 60—{28 to the wind-
ing of relay SNK(128) and battery. Relay
SNK(128) supplies locking ground for relays
which have not been operated as yet and also
connects ground to conductor 16622 to hold relay
MCBI(166) operated.

It will be remembered that, as previously de-
scribed, relays FPMG(59) and FMI3(60) have
been operated and locked. Relay FB0(60) was
not operated as the result of the non-busy con-
dition of the trunk link frame connector and
relay FTC8(60) has been operated in response
to the presence of an idle originating register on
the corresponding frame. Therefore the opera-
tion of relays FCK(59) and FCKA(59) closes a
trunk link frame selection circuit which may be
traced from ground over contacts 3 of relays
FCK(59) and FCKA(59), contact | of relay
MT9(59), contact 5 of relay TFKI{(59), contact
5 of relay FMG(59), conductor 5903, contact |
of relay FMO(60), contact { of the intermediate
FM relays including relay FMIi0(60), contact |
of relay FM{9(60), contact 2 of relay FTC0(60),
contact | of relay FB0(60) winding of frame se-
lection relay FS0(60) to battery. If no idle origi-
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nating register were available on frame 0 as in-
dicated by the non-operation of relay ¥FT'C0(60)
the frame selection circuit above traced would be
extended to the upper armature of the next FTC
relay. Similarly, even though there were idle
originating registers available, if the trunk link
frame connector were in use by another marker
as indicated by the operation of relay FB0(60),
the frame selection circuit would be extended to
the next FTC relay to bring about the selection
of a different trunk link frame.

There is a trunk link connector circuit in-
dividual to each trunk link frame. In each trunk
link connector there is one marker preference re-
lay asscciated with each marker circuit to which
the trunk link frame has access. In order to
secure access to a trunk link frame, a marker
will operate its preference relay in the selected
trunk link connector. Therefore when relay
PS0(60) operates as above described, it closes a
circuit from battery, through resistance lamp
TFS(176), contact 4 of relay SP(176), conductor
17602, through cable 112—1176, contact 5 of relay

TLC((113), conductor {1304, contact 3 of relay
NS0(100), conductor 10000, contact { of relay
TSE3(78), conductor ‘1305, contact | of relay
TSE2(62), conductor 6200, contact 8 of relay
FTCK(59), conductor 5908 contact 2 of relay
MT8(59), conductor 5904, contact 2 of relay
FSB(60), conductor 6006, contact 3 of relay

TRI(140) to the winding of marker preference
relay MPI(140) individual to the first marker.
Assuming that no other marker is attempting to
seize this trunk link frame at this time, the cir-
cuit for relay MP{(140) extends over contact §
of the intermediate marker preference relays,
such as MP2(140), to ground at contact 4 of
relay MP3(140). Relay MPI{(140) operates in
this circuit, locking to ground at its contact 6.
Relay MPI(140), when operated, renders the
marker preference relays associated with other
markers ineffective and closes a circuit to informm
the marker that it has been operated. This
circuit may be traced from ground at contact 2
of relay MPI(140), contact § of relay TRI(140),
conductor 14000,- through cables 103128, 103—
1658 and 166—169, contact 10 of relay TER(128),
conductor 12802, thrcugh cable 60—128, wind-
ings of relays TFKI1(59) and TFK2(59) to bat-

tery. The operation of relays TFKI{(59) and ;

TFK2(59) indicates to the marker that the
marker preference relay in the selected trunk
link frame has been operated. Relay TFKI(59)
at its contact 8 connects conductor 5908 to con-

ductor 1§304, providing a holding circuit for re- ;

lay MPI(140), independent of relays TSE2(62)
and TSE3(78).

Relay MP1(140) also closes a circuit from
ground over its contact 4, contact | of relay
TR1(140), conductor (4004, winding of relay
MC(85) to battery. Relay MC(85) operates in
this circuit, closing circuits for multicontact re-
lays MCA(85), MCB(86), MCC(102) and
MCD(103). The windings of these relays are
connected to ground, and relay MC(85) at its
contacts | to # extends the circuits for these
relays over conductors 8503, §504, 8505 and 8506,
through cables 85—11(3, 103—165B and 166—17{,
contacts {0 to T of relay TLCI(113) to battery

through resistance lamps TBS1(113), TBS2(113), 7

TBS3(113) and TBS4(113). Relays MCA(85),
MCB(86), MCC(102) and MCD(103) prepare a
plurality of circuits connecting the marker with
the trunk link frame. Relay MCA(85) at its
contact 25 grounds conductor 8500, completing
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& circuit for relay FB0(60), as previously traced.
This circuit extends in multiple to all markers
to indicate that the frame 0 is busy.

The foregoing operations in testing for and
seizing a trunk link frame are also disclosed and
claimed in the copending application of R. E.
Hersey, Serial No. 57,396, filed October 29, 1948.

When relay FM19(60) was operated as pre-
viously described, it locked over its contact 3 and
conductor 6007 to ground at contact [ -of relay
TFKI(59) and contact 4 of relay FMG(59). Re-
lay FM19(60) in operating closes a circuit from
battery through the winding of relay FMK(59),
conductor 5902, contact 2 of relay FMI(8(60) to
ground over conductor 9404 through cable 60—395
and contact | of relay D(94). Relay FMK(59)
closes a circuit from battery through the winding
of relay FMG(59), contact 9 of relay TFK{(59),
contact 2 of relay FMK(59) to ground over con-
ductor 9415 through cable 60—95 and contact (2
of relay D(94). Relay FMG(59) closes a locking
circuit for itself over its contact 3, contact 2 of
relay FMK(59) to ground on conductor 9415,
independent of relay TFK1(59). Relay FMG(59)
opens one locking circuit for relay FM19(60).

When relay TFK | (59) is operated as above de-
scribed, it opens both the operating circuit and
the second locking circuit for relay FMI9(60)
and that relay releases. Relay FM19(60) in re-
leasing opens the circuit of relay FMK(59) and
that relay also releases, in turn releasing relay
FMG(59). With relay TFKI((59) operated and
relay FMG(59) released, the operation of the
frame select relay, in this case relay ¥FsS0(60),
closes a circuit from battery through the asso-
ciated frame memory relay FM0(60), contact
3 of relay F'S0(60), conductor 6008, contact 4 of
relay FML(59), contact | of relay FMG(59), con-
tact 2 of relay TFKI(59) to ground. Relay
FMO0(60) operates in this circuit to record that
trunk link frame 0 was used by the marker for
setting up the present connection, and locks over
its contact 4 and conductor 6007 to ground at
contact 4 of relay FMG(59). Relay FMO0(60)
at its contact 3 closes a circuit for relay FMK(59)
to ground on conductor 9404, similar to that
closed by relay FM19(60). With relays FMK(59)
and TFK((59) operated and relay FMG(59) re-
leased, a circuit is closed from battery through
the winding of relay FML(59), contact | of relay
FMK (59), contact 2 of relay FMG(59), contact
4 of relay TFKI(59) to ground. Relay FML(59)
operates in this circuit, locking in a circuit from
battery through its windinz and over its contact
5, contact | of relay FMG(59) to ground at con-
tact 2 of relay TFKI(59). Relays TFKI{(59) and
FML(59) also connect ground to conductor 5305
to hold relay SNK(128) operated. With relay
FML(59) operated, the circuits of relays BC(76)
and BCA(76) are opened and these relays re-
‘leasz, opening the frame busy test circuits and
releasing relay FB3(60).

It may be noted at this time that there is a
marker preference relay as well as a set of multi-
contact relays individual to each marker having
access to the trunk link frame. Relay MP2(140)
is individual to marker 2 shown in Fig. 89, while
relay MP3(140) is individual to marker 3 also
shown in Fig. 89. The multicontact relays for

these two markers are shown in Fig. 120.

As a further check that the multicontact re-
lays of the trunk link connector have operated,
relay MCA(85) closes a circuit from ground over
contact 38 of relay MCA(85), conductor 8508,
through cables 103—1 {8, 103—(§5B and 166—113,
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to the winding of relay MAKI(118) and battery.
1n addition, relay MCD(103) closes a circuit from
ground over its contacts 45 and 48, conductor
10303, through cables 85—113, 103—165B and
166111 to the winding of relay MDK(111) and
battery.

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 circuit to the selected trunk link
frame.
trolled by the marker to further extend one of
these busy test leads to each originating register
of the required type associated with a selected
frame. The marker then tests for an idle origi-
nating register of the desired type and selects
the register to serve the calling line. Before the
marker can test for an idle register it must de-
termine the location of all of the originating reg-
isters of the required type.

In each trunk link frame there are 160 termina~

tions to which originating registers or trunks -

may be connected. The trunks and registers as-
sociated with any 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 trunk link frame all

dial pulsing originating registers will be placed
within one twenty-block group, although the °

same twenty-block group may also contain multi-
frequency originating registers or trunks. The
twenty-block group and the location of the reg-
ister of the desired type within the group are de-
termined by the route relay.

Route relay R6(135) identifies the twenty-block
group by operating one of the group of twenty-
block relays TB0(133) to TB5(133) and identifies
the location of the registers within the twenty-
block group by operating one of a group of test
group relays TGO0(133) to TGI9(133). On the
trunk link frame the sixty routes are numbered
from 00 to 59 and there are six trunk block re-

lays numbered from 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, ground is con-
nected to the busy test conductor when the trunk
or register is idle, this connection including the
winding of the frame relay. . The frame conduc-
tors of all trunks belonging to routes having the
same units digit are cross-connected to the cor-
responding units terminal. The busy test con-
ductors of all trunks or registers corresponding
to routes having the same tens digit are connected
individually to contacts on the correspondingly
numbered trunk block relay. The trunk-block

The trunk link connector will be con- .
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conductors are in use for other routes. For ex-.
ample, suppose that one route has nineteen
trunks on a particular trunk link frame. These
nineteen trunks will be connected to the contacts
of the twenty-block relay corresponding in num-
ber to the tens digit of the route number. There-
fore there will be only one busy test conductor
left to be associated with the other nine route
numbers having the same tens digit. One of
these route numbers may be associated with this
additional trunk while the remaining eight routes
cannot be assigned on this trunk link frame. If
one route requires more than twenty trunks on
one frame, so that there are not enough contacts
on a trunk-bloek relay to accommodate them all,
two successive route tens numbers are assigned
and two successive trunk-block relays are used.
The same units digits will be used with both
trunk-block relays. It may also be noted that
the same route number may represent different
routes on different frames since the route relay
in the marker determines not only the route num-
ber but also the trunk link frames which are to be
tested. .

When route relay R6(135) operated, in addition
to the circuits already traced, it closes circuits for
operating relays TB0(133) and TG0(133). The
cireuit for relay 'TG0(133) may be traced from
battery through the lower winding of cross de-
tecting relay XTG(175), conductor 17509,
through cable 133—i715 , winding of relay
TG0(133). cross-connected at rack 13300 to con-
ductor 13304, contact | of relay R6(135), con-
ductor 13503, through cable 129—i34 to ground
at contact 4 of relay RCY(149). The circuit for
relay TB0(133) may be traced from battery
through the lower winding of cross-detecting re-
lay XTB(175), conductor 17502, through cable
133—115, winding of relay TB0(133), cross-con-
nected at rack 13302 to conductor (3303, contact
2 of relay R6(135), conductor 13504 through cable
129—138 to ground at contact 3 of relay
RCY(149).

Relay TB0(133) in operating closes a circuit
from battery through resistance lamp TB(133),
contact 2 of relay TB0(133), conductor 13304
through cables 85—133, 166—174 and 103—165B,
contact 10 of relay MC(85), winding of relay
TB0(85) to ground. Relay TB0(85) operates in
this circuit, extending the busy test leads from
the registers and trunks belonging to the routes
having the tens digit 0 associated with the trunk
link frame 0 to the contacts of multicontact relay
MCA(85). Relay TB0(85) at its contact 2{ closes
a circuit to indicate to the marker that it has
been operated. This circuit may be traced from

. ‘ground over contact 2{ of relay TB0(85), con~
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relay extends twenty such busy test conductors

toward the marxer.

Anctors may be assigned to one route. However,
there can be no more than ten routes assigned to
one t—enty-block relay because each such route
“must have a separate units digit. Also it may be
noted that some of the route numbers may be-
come unavailable because all of the busy test

Any number of these con-"
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tact 22 of relay MCA(85), conductor 8809 through
cables 103—116, 103—165B and 166—173, to the
winding of relay TBK(118) and battery.

With relays TBK(118) and MAKI(118) oper-
ated to indicate that the multicontact relays and
the trunk-block relay have operated in the trunk
link connector, relay TG0(133) closes a circuit
from ground over contact 5 of relay DCTI(92),
conductor 9202, contact 6 of relay CKGA4(93),
conductor 9303, contact of relay TBK(118), con-
tact 2 of relay MAK{ (118), conductor 11808, con-
tact 2 of relay TGO0(133), conductor 13306
through cables 85—133, 166—1714 and 103—165B,
contact 23 of relay MCA(85), conductor 8510
through cables 85—203A and 85—203, 70—203 to
cross~-connecting terminal 20304, which is cross-
connected in multiple to terminals such as ter-
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minal 20305 connected to the frame test con-
ductors of the registers and trunks associated
with routes identified by numbers having the
units digit 0. Since relay TBO0(85) is operated,
only those circuits associated with route 00, that
is dial type registers, are connected with the
marker over their frame and busy test conductors
as a result of the operation of relays TB0(133)
and TGO0(133). As previously mentioned, in idle
registers the frame and busy test conductors are
connected together. In the originating register
shown, which is associated with terminal 20308,
the circuit above traced extends over conductor
20306, through cable 203—220, contact & of relay
MB(220), conductor 22004, through cable 163—
220A, contact | of relay TMI1(163), contact 3 of
relay PD(163), conductor 16301, through cable
163—220A, contact 6 of relay ON(220), winding
of relay ¥(220), conductor 22005, through cables

203—220, 85—203B and 85—203, contact 2 of ;

relay TB0(85), contact 2 of relay MCA(85), con-
ductor 8512 through cable TT—85, through the
winding of trunk test relay TTI(61), conductor
6112, contact 3 of relay TSE2(62) to battery.
Relay TTI(61) is a sensitive polarized relay and
operates in this circuit but is of sufficlent re-
sistance to prevent the operation of relay ¥(220)
in the originating register. Any other ones of
the TT relays which are also connected in simi-
lar circuits with idle dial type originating registers
will also operate. Assuming, for convenience, that
relay TT1(61) is the only test relay operated, with
sequence relays SQ0(30) and SQT0(46) operated
as above described, a circuit is closed by the oper-
ation of relay TTI(61) which may be traced from
ground at contact T of relay TERI(128), con-
ductor 12800, through cable {12—129, contact 4
of relay TLC2(113), conductor 1300, contact 5
of relay TSEI(78), conductor 7802 through cable
46—61, contact 2 of relay SQT0(46), conductor
4603, contact 1l of relay SQ8(30), conductor
3004, through cable 46—61! and thence over the
normally closed contacts of relays TTO0(61),
TTI0(77), ‘TTS(61), TTIS(TT), TT2(61),
TTI2(77), TTI61), TTIT(TT), TTAGL),
TTI4(T7), TTI(61) and TI9(7T7) and over the
operated contact | of relay TTI(61), conductor
8101, to the winding of relay TS{(62) and bat-
tery. Relay TSI(62) operates in this ecircuit,
locking over its contact 4 and contact 3 of relay
TS0(62) to ground on conductor (1300 as above
traced. After relay TS1(62) closes its locking
circuit at its contact 4, it opens, at its contact 3,
the operating circuit over which relays TSE{(78),
TSE2(62) and TSE3(78) were operated and these
relays release. The release of relays TSE2(62)
and TSE3(78) removes battery from the windings
of relays TTO0(61) to TTI18(77) to prevent the
subsequent operation of a prior preferred one of
these relays and to release any less preferred one
which may have been operated. The operation
of relay TSI(62) selects the corresponding orig-
inating register for service.

Timing for trunk link frame selection and origi-
nating register section

Relay TBT(59) is normally energized to hold
its contact 1 closed by two circuits which extend
from battery over contact 8 of relay MT9(59),
through the lower winding of relay TBT(59) and
resistance TFT(59) to ground at contact 8 of re-
lay TFK2(59) and through the upper winding of
relay TBT(59) to conductor §911 and ground at
contacts 2 of relays FCK(59) and FCKA(59). A
branch of the latter circuit extends through re-
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sistance TBT(59) and condenser TBT(59) to
ground over contact | of relay TFK2(59).

When relays FCK(58) and FCKA (59) operate
in response to the operation of relays FC(60) and
FCA (60), they disconnect ground from con-
ductor 5911 to open the shunt around condenser
TBT(59) but the upper winding of relay TBT(59)
continues to be energized by the charging current
for condenser TBT(59) to measure a time in-
terval during which the marker makes the test
for a trunk link frame having an idle register as
above described. As soon as one FTC relay oper-
ates, in turn operating relay FTCK (59), ground is
connected over contact { of relay FML(59) and
contact T of relay FITCK to conductor 59(( in
shunt of condenser TBT(59) to stop the timing
operation.

When relays TFKI (59) and TFK2(59) operate,
following the seizure of the preferred trunk link
frame, relay TFK2(59) transfers the operating
circuits for relay TBT(59) from ground over its
contacts § and 8 to ground over its contacts 2 and
1. Relay TFKI(59) releases relay FMG(59) and
thereafter operates relay FML(59) as above de-
scribed. The operation of relay FML(59) opens
the shunt around condenser TBT(59) and relay
TBT(59) measures a time interval during which
the originating register is selected as above de-
scribed. When relay TSEI(78) releases, follow-
ing the selecting of a register, it connects ground
at its contact 6 to conductor 5311 to terminate
the timing operation.

If relay TBT(59) completes its timing opera-
tion and closes its contact 2, it completes a cir-
cuit from ground on conductor 9404 to battery
through-the winding of relay TBTA(59). Relay
TBTA(59) at its contact | connects ground to
conductor 5905 to hold relay SNK(128) operated.
At its contact 2 it conneets ground over conduc-
tor 5912 through cable 60—1172, contact 9 of relay
MTI(193) conductor 18342 through cable
180—193, contact | of relay GPI1(150), conduc-
tor 12809, windings of route advance relays
RAVI(149) and RAV2(149) to battery. These
relays serve to bring about the connection of the
calling line to a tone trunk, or, when operated at
other stages of a call, to set up an alternate route
or otherwise to dispose of the call.

At its contact 3, relay TBTA(59) closes a cir-
cuit from ground at contact T of relay MT13(171),
conductor 17100 through cable 60—{172, contact 3
of relay TBTA(59), conductor 59¢3 through cable
108—129, contact 6 of route relay R6(135), con-
ductor 13510 through cable 156180 to the traffic
register and group busy circuit indicated in Fig.
156, to indicate to that circuit that all of the orig-
Inating registers are busy. The operation of the
group busy circuit in shortening the time inter-
vals measured by the originating registers in re-
sponse to this signal is disclosed and claimed in
the copending application of J. W. Dehn et al.,
Serial No. 57,399, filed October 29, 1948, which
issued as Patent No. 2,542,800, February 20, 1951.

When relay TSEI (78) releases, it connects bat-
tery through low resistance D§(78) over its con-
tact 4, conductor 1803, contact { of relay TS8(62),
contact 2 of relay TS1(62) to conductor 8512 in
shunt of the winding of relay TTI(61), there-
by completing a low resistance circuit for
relay ¥(220) in the selected originating register.
Relay F(220) operates in series with this lowered
resistance, closing a locking circuit for itself over
its contact 4 to conductor 20306 to which ground
is connected from the marker as above traced.
Relay F(220), when operated extends a number




2,585,004

29

of circuits from the originating register to the
trunk link connector and closes a circuit from
ground over its contact [, conductor 22009,
through cable 39—220 to the winding of relay
F1(39) and battery. Relay FI1(39) operafes in
this circuit preparing for the reception of the
calling line designation. Relay F(220) also closes
a circuit from ground over its contact 8, conduc-
tor 22008, through cables 203—220, 70—203 and
86—162, to the winding of relay FA1(70) and
battery. Relay FAI(70) operates in this circuit,
in turn closing a circuit from ground over its
contact 3, conductor 7000 to the winding of level
relay LV2(69) and battery. Relay LV2(69) oper-
ates in this circuit.

As has been pointed out previously, each cross-
point of a trunk switch closes contacts 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 relay
PAL(70) or relay FBI(70) which serves to asso-
ciate the individual trunk and its contacts in the
trunk switch with the marker. There are eight
levels of cross-points in each switch connected to
trunks or registers, the remaining two cross-
points being employed to extend the trunk junc-
tor to either the A or B appearance trunk or reg-
ister. There is a level relay such as relay LV2-
(169) individual to the eight switch levels on
which trunks and registers appear and each re-
lay, such as relay FAI[(70), operates the level re-
lay corresponding to the level in which the asso-
ciated trunk or register appears. With relays

FAI(70) and LV2(69) operated, a plurality of °

circuits are extended through the trunk line con-
nector to the marker.

With relay FA{(70) and relay LV2(69) oper-
ated, a circuit is closed to indicate to the marker
that these relays have been operated. This cir-
cuit may be traced from ground at contact 2 of
relay FA1(70), conductor 100, contact { of relay
1.V2(69), conductor 6902 through cable 69—86,
contact 9 of relay MCB(86), conductor 8600
through cables 86—1i10, 103—165B, {66—168, con-
tact 6 relay ITR2(93), conductor 9304, winding of
relay FAK(109), conductor {0910, through cable
{10—116, lower winding of cross-detecting relay
XAB(196) to battery. Relay FAK(109) operates
in this circuit, but relay XAB(196) being margi-
nal, operates only in the case of a false ground or
the operation of more than one frame appear-
ance relay, such as relay FAI(70). Relay
PAL1(70) also closes a circuit from ground through
the winding of link connector relay LC0(54), con-
ductor 5801, contact 4 of relay FAI(70), conduc-
tor 71002, contact 2 of relay L.V2(69), conductor
6963, through cable 65—86, contact {0 of relay
MCB(86), conductor 8602 through cables 86—1(180,
103— (658, and 166—I168, contact 10 of relay
ITR2(93), conductor 9305, contact 10 of relay
LK ((92), conductor 9203, through cable {10—I16,
lower winding of cross-detecting relay XI.C(175),
contact 6 of relay TX(175), through resistance
lamp LC(175) to battery. Relay LCO0(54) oper-
ates in this circuit, preparing circuits for the
operating magnets of the trunk switch having
access to the selected register. In addition, it

closes a circuit to inform the marker that it has
been operated, which circuit may be traced from
ground over contact 2 of relay LC0(54), conduc-
tor 5402, contact 60 of relay MCB(86), conductor
8603, through cable 16—102, through the wind-
ing of relay LCK(76) and battery. The marker
has now established the necessary connections

10

15

20

30

“—
»t

hlt]

1

64

30
with the selected trunk link frame by which it
may determine the channel to be used in connect-
ing 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 calling line is located through the
line link frame connector. As soon as relay
TFK2(59) operates to indicate that the marker
has seized and been connected with the trunk
link frame, a circuit is ‘closed from battery
through the resistance lamp LF'S(176), contact 3
of relay SP(176), conductor 17603, through cable
{12—176, contact 6 of relay LLCI(96), conductor
9604, through cable 60—95, contact 5 of relay
TFK2(59), conductor 5936, through cables 60—899,
51—116, 166—173, contact 5 of relay MAI(41),
conductor 4112, through cable §—56 to the wind-
ing of the marker preference relay MP#(9). As-
suming that no other marker is attempting to
seize line link frame 0 at this time, the circuit
of relay MPI1(9) will extend over contacts 3 of
the other marker preference relays such as relays
MP2(9) and MP3(9) to ground.

Relay MP{(9) operates.-in this circuit, locking
to ground over its contact 4 and at contact 2 con-
nects ground to conductor 900 completing a cir-
cuit for relay MCA{I(6). Relay MCAII(6)
closes circuits from ground through the windings
of relays MCBI(2) and MCA21(6) over contacts
29 and 30 of relay MCAI((6), conductors 602 and
603, through cables 6—22, 22—({2, 38—86,
103—I165B and (686—169, contacts 9 and 8 of re-
lay LLCI(96) to battery through resistance
lamps L.BS6(96) and LB31(96). The operation
of relays MCAI1(6), MCA21(6) and MCBI(2)
extends a large number of circuits from the line
link frame circuit to the marker circuit which
are required for vertical file identification, class
of service identification and other necessary
functions. As soon as relay MCAI{(6) operates,
it closes a circuit from ground over its contact
26, conductor 605, through cables 6—22, 22—11(2,
38—86, 103—1658, 166—169, through the wind-
ing of relay LFK(111) to battery. Relay
LFK(111) operates but has no special function
in connection with a dial tcne connection. The
various methods of connecting markers with line
link frames has also been disclosed and claimed
in the copending application of E. L. Erwin, Se-
rial No. 57,389, filed October 29, 1948, which is-
sued as Patent No. 2,531,615, November 28, 1950.

When relay HTKI((44) operated as above de-
scribed, following the operation and locking of

relay HGT0(29), to select horizontal group 0 for

service, it connected battery through resistance
lamp HGB(96), contact T of relay LLCI(96),
conductor 9605, through cable 44—95, contact §
of relay HTKI (44), conductor 4408, contact 5 of
relay HGO0(29) to conductor 2801. The opera-
tion of relay MCAI1(6) completes the circuit
from battery on conductor 280f, which extends
through cables 22—45 and 6—22 over contact
15 of relay MCAI1(6), and conductor 695 to the
winding of the corresponding one of the ten hori-
zontal group relays, namely relay HGO(5) and
ground. Relay HGO(5) operates in this circuit
to prepare circuits for testing the line links, for
operating the select magnets and for operating
the line group relay. As an indication to the
marker that the horizontal group relay has been
operated, relay HGO(5) closes a circuit from
ground over its contact 42, conductor 502, con-
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tact 28 of relay MCAI1(6), conductor 607,
through cable 6—22, winding of relay HGK(76),
conductor 1602, through cables 108—i68 and
168—196, winding of cross~detecting relay
XHG(196), resistance lamp HG(196) to battery.
Relay HGK(76) operates in this circuit.

When relay VIK{(43) operated as above de-
scribed, following the operation and locking of
relay VGTO0(26) to select vertical group 0 for
service, it connected battery through the resist-
ance lamp VG(196), winding of cross-detecting
relay XVGB(196), conductor {960, through
cables 168—196 and 108—168, contact 4 of relay
VTKI(43). conductor 4310, contact 8 of relay
VGT0(26), conductor 2630, through cables
22—42 and 6—22, contact 1 of relay MCAII(6),
conductor 608, winding of the corresponding one
of fourteen vertical group relays, namely, relay
VGBO(2) to ground. Relay VGBO(2) operates
in this circuit and prepares circuits for transmit-
ting to the marker an indication of the class of
service to which the calling line belongs, which
will be described hereinafter.

The operation of one vertical group relay and
one horizontal group relay in the line link frame
connector will identify the group of five lines
within which the calling line is located. With
relay VGBO0(2) and relay HGO(5) operated, a
circuit is closed for the line group relay individual
to the line group of the calling line. This circuit
may be traced from ground through the winding
of line group relay LGO0(6), conductor 604, con~
tact 43 of relay HGO(5), conductor 503, contact
i of relay VGB0(2), conductor 205, contact 25 of
relay MCAI{(6), conductor 609 through cables
6—22, 22—112, 38—86, 103—165B, and {66—169,
contact 10 of relay LLCI(96), conductor 9606,
contact | of relay HGK(76), conductor 7603,
through cables 108—168 and 168—196 to battery
through the winding of cross-detecting relay
XLG(196) and resistance lamp LG(196). Relay
LGO0(6) 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(5) when operated, grounded the
individual conductor 501 which is extended by
the operation of relay LG0(6) over contact § of
relay L.GO(6), conductor 610, contact 12 of relay
MCBI (2), conductor 206, through cables 2—I4
and 14—31, contact | of relay MTI1I1(47), con-
ductor 4701, contact 3 of relay VFPG(31), to the
winding of vertical file test relay VFT0(31) and
battery. Relay VFTO0(31) operates in this cir-
cuit. If any other line in this group of five lines
were also awaiting a dial tone connection at this
time, the corresponding vertical file test relay
would be operated.

As soon as relay VFT0(31) operates, a circuit
is closed from battery, winding of relay FR(47),
conductor 4702, through cable 4347, contact 2
of relay GK(43), conductor 4313 through cable
43—A1, contact & of relay VFT0(31), to conductor
4701 and ground at the contact of the line relay
1.00(5) as previously traced. Relay FR(47) oper-
ates in this circuit and monitors on a subscriber
disconnect within the selected vertical file, ver-
tical group and horizontal group.

With relay FR(47) operated, one of the ver-
-tlcal files is preferred for service under the con-
trol of the sequence relays of Figs. 30 and 46.
With relay SQ0(30) operated as previously as-
sumed, relay VFT0(31) locks over its contact 8,
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conductor 3{01, contact 10 of relay SQ0(30), con-
ductor 3005, contact I of relay FR(47), conductor
9413, through cable 47395, to ground at contact
10 of relay D(94). Relay VFTO0(31) at its con-
tact § opens the locking circuits for the other
vertical file test relays so that even though an-
other one of these relays may have been operated,
it cannot be locked.

Relay FR(47) also closes a circuit from battery
through the winding of relay FTK(47), contact
2 of relay FR(47), conductor 9405, through cable
47—395, contact 2 of relay D(94), conductor 9600,
Relay
PTK(47) locks over its contact 3 to ground on
conductor 9405 independent of relay FR(47) and
closes at its contact | an alternate connection be-
tween conductors 9413 and 3005 in parallel with
contact | of relay FR(47).

Relay FTK(47) at its contact 2 opens the op-
erating circuit for relay VFG(31) 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 VFTO0(31) op-
erated alone. As soon as relay VFG(31) and the
vertical file test relays have released, a circuit
is closed for relay FTKI(47) extending from bat-
tery through the winding of that relay, conductor
4703, contact T of relay VFG(31), contact 3 of
relay VFTA(31), contacts 4 of relays VFPT3(31),
VFT2(31) and VFTI(31) to ground over con-
tact 3 of relay VFT0(31).

Relay MDK(111) was operated following the
operation of relay MCD(103) in the trunk link
connector to indicate that the marker had been
connected with the originating register and relay
Fi(39) in the originating register was operated.
With these two relays and relay FTKI{(47) op-
erated, a circuit is closed from battery through
the winding of relay GTLI(47), contact 2 of
relay FTKI(47), conductor 4706, through cable
47—85, contact 2 of relay MDK(111), conductor
{1114, contact 3 of relay DCTI1(92), a conductor
8204 through cable 86—110 contact 41 of relay
MCD(103), conductor 10304, through cables
39—103 and 38868 to ground at contacts { and
2 of relay Fi(39).

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 one office and
on any one line link frame. Calling subscriber
lines with different classes of service may be
grouped on the line link frame in any manner
subject to one limitation, namely, that all sub-
scriber lines terminating 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 identifica-
tion relays, but for convenience only ten such
relays have been shown. These relays are used
to determine the class of service by being con-
nected to class of service cross-connections on
the line link frame, and in turn operate relays
in the marker to indicate the type of line.

When relay VGB0(2) was operated as above
described it prepared the five class of service
identification ecircuits for the five vertical files
to which the lines included in the corresponding
vertical group belong. When relay FTKI{(47)
operated as above described, the class of service
circuit associated with the vertical file, which has

78 been selected to be served, is closed from ground,
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contact 3 of relay DTI(111), conductor {1113,
through cable #41—85, contact §& of relay
MT{{(47), conductor 4704, through cable 4185,
contact 2 of relay LLC1(96), conductor 9607,
through cable #471—85, contact 5 of relay
FTKI(47), conductor 4105, contact 8 of relay
VFT0(31), conductor 3102, through cables 14—31
and 2—14, contact 17 of relay MCBI (2), contact
2 of relay VGB0(2), conductor 208, cross-con-
nected at rack 208 to conductor 210, contact 38
of relay MCBI(2), conductor 21, through cables
214, 14—52 and 38—86 winding of class relay
CS8(52), conductor 5200, to battery through the
windings of cross-detecting relay XCS(196). Re-
1ay CS9(52) in operating closes a circuit for re-
lay A0(36) extending from battery through the
winding of relay A0(36), conductor 360, con-
tact 4 of relay CS9(52), conductor 5§20, con-
tact 2 of relay GTL4(51), conductor 5101,
through cable 41—5{, to ground over contact 8
of relay GTLf(47). Relay A0(36) operates in
this circuit to indicate that the line is of no
special type, that is, that it is neither coin, party
nor manual, and locks over its contact 3 to con-~
ductor 5101 independent of relay CS8(52).

Transfer of calling line identification to originat-
ing register

The marker is now ready to transfer the calling
line identification, including its class, to the orig-
ination register for storage.

When the frame relay F(220) of the register
operates, it closes a, circuit from ground at con-
tact | of relay TOG2(93), conductor 9308,
through cables 86—110, i166—168 and 103—165B,
contact 4 of relay MCB(86), conductor 8604,
through cable 69—86, contact (6 of relay
LV2(69), conductor 6904 through cables 69—I183
and 203—220, contact 6 of relay F(220), winding
of relay S1(220) to battery. Relay Si(220) op-
erates, closing at contact 3 a circuit through the
winding of relay ON(220) which operates, pro-
viding off-normal ground for the originating reg-
ister circuits. Relay ON(220) at contact 6 opens
the operating circuit for relay F(220) and dis-
connects ground from terminal 20300 to mark
the originating register busy and it also initiates
the operation of the register timing circuit shown
in Fig. 163 which will be described hereinafter.

In order to transmit the line identification to
the originating register, the marker will ground
11 out of 33 conductors leading to the originating
register and at the same time will operate 11 out
of 33 relays in the marker so that the marker
may check the operation of the recording relays
in the originating register.

With relay GTLI(47) operated as above de-
scribed, a circuit is closed from ground at contact
2 of relay OCi(111) conductor (11t1, through
cable 47—95, contact 5 of relay GTLI(47), con-
ductor 4107 through cable 41—51 to the winding
of relay GTU(50) and battery. Relay GTLA 4D
provides the grounds for transmitting the line
identification to the originating register and relay
GTU(50) closes circuits for transmitting the
frame identification to the originating register.

It will be remembered that the calling line
is located on line link 0, in horizontal group 0,
vertical group 0 and vertical file 0 and belongs
to class 9. In consequence, frame tens relays
T0(33), frame units relays FU4(34) and

FU1(34), horizontal group test relay HGT0(29),
vertical group test relay VGTO0(26), vertical file
test relay VFT0(31) and class relay CS9(52)
were operated.
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‘When relay GTU(50) operates, it connects the
conductors, grounded by the line link marker
connector for identifying the line link frame to
the marker, to the trunk link connector. It will
be remembered that conductors 5§714, 5T(T and
§720 were grounded by the operation of relay
MBI (57). With relays GTL2(50) and GTU(50)
operated, these conductors are extended over
contacts 4, 5 and 6 of relay GTL2(50), conductors
5014, 5017 and 5020, contacts 9, 10 and 2 of relay
GTU0), conductors 5034, 5037 and 5040,
through cable 50—(03, contacts 19, 20 and 12 of
relay MCB(103), conductors 10374, 10317, 10380,
through cable 39—103 to the originating register
and over contacts 35, 34 and 1 of relay F((39)
to conductors 3974, 3977 and 3980. Conductors
3974 and 39771 extend to the windings of relays
FUA(B5) and FUT(55) and battery. Conductor
3980 extends through cable 39—11 to the wind-
ing of relay FT0(71) and battery. Relays
FTO(71), FU1(55) and FU4(55) operate in these
cireuits, locking over their contacts 3 and 4,
conductor 1102 through cable 38—220 to ground
at contact 12 of off-normal relay ON(220). The
locking ground for these relays holds operated
relays FT0(33), FU4(34) and FU1(34) in the
marker.

When relay GTL1(47) operates, it closes two
out of a possible six circuits under the control
of the vertical group test relay VGT0(26), one
of which extends from ground and contact 3 of
relay GTLI(47), conductor 4711, through cable
43—41 over contact 9 of relay VGTO0(26) to
conductor 2657 and the other of which extends
from ground and contact 4 of relay GTLI(47),
conductor 4712, through cable 43—A41, contact
10 of relay VGT0(26) to conductor 2654. Con-
ductors 2651 and 2654 are further extended
through cable 21—34, over contacts 10 and 9
of relay GTL3(51), to conductors 517 and 514,
to the windings of relays VG1(34) and VG4(34)
and battery, and in parallel therewith through
cable 50103, contacts 271 and 28 of relay
MCD(103) on the trunk link frame, conductors
§0317 and (0314, through cable 39—103 to the
originating register where they extend over con-
tacts 43 and 12 of relay Fi(39), conductors 397
and 3914, through cable 33—17( to the windings
of relays VG1(71) and VGA(71) and battery.
Relays VG1(34) and VG4(34) in the marker
operate as well as relays VGT(71) and VG4(7TD
in the originating register. The latter relays
close locking circuits for themselves over their
contacts 3 and 4 to conductor 7100 which ex-
tends through cable 39—220 to ground at contact
i1 of relay ON(220). This ground also serves
to hold relays VG1(34) and relay VG4(34) in
the marker operated.

Relay GTLI (47) at contacts | and 2 closes two
out of a possible 5 circuits under the control of
the horizontal group test relay HGT0(29), one
of which extends from ground at contact | of
relay GTLI(47), conductor 4713, contact 1 of
relay HGT0(29), to conductor 2914 and the other
of which extends from ground at contact 2 of
relay GTLI(4T), conductor 4714, contact 6 of
relay HGT0(29) to conductor 2817. Conductors
2614 and 2917 are further extended through
cable 35—45, over contacts 4 and § of relay
GTL3(51) and conductors 5134 and 5137 to the
windings of relays HG4(35) and HGT(35) ana
battery and in parallel therewith through cable
50—103, contacts 2 and 21 of relay MCD(103) on
the trunk link frame, conductors 10334 and (0337
through cable 38—103 to the originating register
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where they are further extended over contacts
32 and 33 of relay Fi(39), conductors 3934 anhd
3937 to the windings of relays HG4(55) and
HGT1(55) and battery. Relays HG4(35) and
HG1(35) in the marker operate as well as relays
HG4(55) and HG1(55) in the originating regis-
ter. Relays HG4(55) and HGT(55) lock over
their contacts 3 and 4 to ground over conductor
7100 as previously traced, holding relays
HG4(35) and HG1(35) operated.

At its contacts 8, 10 and (I relay GTLI4D

closes three circults in coopgration with the class

relay CS9(52). The first of these circuits ex-
tends from ground over contact 9 of relay
GTLI (47), conductor 4115, through cable 47—51,
contact 3 of relay GTL4(51) conductor 5102,
contact 3 of relay CS9(52) to conductor 5220.
The second of these circuits extends from ground
over contact 10 of relay GTLI(47), conductor
4716, through cable 41—51, contact 4 of relay
GTLA(51), conductor 5103, contact 2 of relay
CS9(52) to conductor 5211. The third of these
circuits extends from ground over contact Il
of relay GTL{(47), conductor 4117 through cable
41—-51, contact 5 of relay GTL4(51), conductor
5104, contact | of relay CS9(52) to conductor
5212. Conductors 5220, 5217 and 5212 extend
to the windings of relays CT0(36), CU1(36) and
CU2(36) and battery and in parallel therewith
through cables 52165 and 103—165A, contacts
52, 53 and 55 of relay MCD(103) on the trunk
link frame, conductors 10350, 10347 and 10342,
through cable 33—1{03 to the originating register
where they extend over contacts 39, I8 and 16 of
relay F1(39) to conductors 3950, 3947 and 3942.
Conductor 3950 extends to the winding of relay
CT0(55) and battery. Conductors 3947 and 3942
extend through cable 39—Tf to the windings of
relays CUT(71) and CU2(7) and battery. Relays
CT0(36), CUT(36) and CU2(36) in the marker
operate in the above-traced circuits. Relays
CT0(55), CUT(71) and CU2(71) in the originat-
ing register also operate in these circuits and
lock over their contacts 3 and 4, conductor 71014
through cable 39—220 to ground at contact 10 of
relay ON(220), their locking ground serving to
hold the corresponding relays in the marker op-
erated.

It will be observed that the class identifica-
tion 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, in the case where
a complete set of thirty class indications is used,
the class tens indication is necessary.

At its contact {2 relay GTLI{ (47) closes one out
of a possible five circuits in cooperation with the
vertical file test relay VFT0(31), which may he
traced from ground over contact 2 of relay
GTLI((47), conductor 4718, contact T of relay
VFT0(31), conductor 3110, through cable 41—51,
contact 6 of relay GTL4(51), conductor 5140
through cable 35—5f to the winding of relay
VF0(35) and battery and in parallel therewith
through cable 50-—103, contact 32 of relay
MCD(103), conductor 10360 through cable 39—
103 to the originating register where it extends
over the contact 23 of relay F1(39), conductor
3960, through cable 38—1711 to the winding of
relay VF0(71) and battery. Relays VF8(35) and
VFO0(71) operate, relay VF0(71) locking over its
contacts 3 and 4 to ground on conductor 7100.
The locking ground for relay VF0(71) serves to
hold relay VF0(35) operated.

These and other designation transfer opera-
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tions have been disclosed and claimed in the
copending application of A. O. Adam, Jr., et al.,
Ser. No. 57,383 filed October 29, 1948, which issued
as Patent No. 2,535,661, December 26, 1950.

Selection of connecting path or channel

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 a 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 links and the selected trunk links
may be connected, test for and select an idle chan-
nel comprising an idle line link, an idle junctor
and an idle trunk link and transmit to the origi-
nating register the identity of the channel se-
lected.

As above indicated, the number of line links
to which the calling line has access and the num-
ber of trunk links having access to the selected
register or trunk is fixed by the nature of the
cross bar switch. Similarly the total number of
Jjunctors outgoing from any one line link frame
and the number of junctors incoming to any one
trunk link frame is fixed by the arrangement of
the switches on the frames. However, the num-
ber of junctors connecting a particular line link
frame with a particular trunk link frame will
vary in accordance with the size of the office
as determined by the number of such frames
furnished. In the present type of telephone sys-
tem, there are twice as many line link frames
as there.are trunk link frames and the size of
the office with which the control equipment is
designed to function 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 out-
going from each line link frame and two hun-
dred junctors incoming to each trunk link
frame, the number of junctors in the group con-
necting a particular line link frame with a par-
tiular trunk 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 on the line link frames and the trunk
link frames so that in no case will there be less
than ten junctors connecting a particular line
link frame with a particular trunk link frame. If
there are more than ten junctors in a junctor
group, they are subdivided into subgroups of ten
junctors or less.

Within a junctor subgroup containing ten
junctors, there will be one junctor connecting g
horizontal termination on each line junctor
switch to a horizontal termination of the like
numbered frunk junctor switch. The junctors
constituting a subgroup will be connected either
to the right section or the left section of the
trunk junctor switches. The junctors of a sub-

group are all connected to the same horizontal
level in the ten trunk junctor switches.

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

The marker is equiped 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 it is possible to
test for an idle channel, the marker must de-
termine which ten channels in the office should
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 channel
is the same as the designation of the line link,
which is the same as the designation of the level
in the line switch to which the line link is con-
nected and also the same as the numerical desig-
nation of the line junctor switch to which the
line link extends.

The group of line links associated with the ten
channels to be tested is determined by the lcoa-
tion of the calling subscriber line, being the line
links which terminate in the same horizontal
group on the same frame as the calling line.
When relay HG0(5) was operated, following the
operation of the line link frame connector relays
MCAL1(6), MCA21(6) and MCBI(2), a pair of
test circuits for each of the line links were closed.
The primary test circuit for line link zero may be
traced from the sleeve conductor of that link,
namely conductor 518, over contact {0 of relay
HGO(5), contact of jack JS0(5) conductor 520,
contact 21 of relay MCA21{(6) conductor 620,
through cables 6—21, 21—66 and 38—86, contact
6 of channel relay CHO(67), conductor 6710, in
paraliel either over contact 3 of relay L1.71(68) or
over contact 8 of relay LL4(68), and thence over
conductor 6810, winding of line link test relay
TLL0(82), conductor (9701, contact 3 of relay
STX(197) to battery. The primary test circuit
for line link 9 may be traced from the sleeve
conductor of that link, namely conductor 519,
over contact | of relay HGO0(5), contact of jack
Js8(5), conductor 529, contact 30 of relay
MCA21(6), conductor 629 through cables 6—21,
2{—66 and 38—86, contact 6 of channel relay
CH9(83), conductor 8319, in parallel either over
contact 2 of relay LLT(68) or over contact | of
relay LL2(68), and thence over conductor 6819,
winding of line link test relay TLL9(82) to bat-
tery over conductor 1970(. Similarly, test circuits
are closed for the other eight line links. When
a line link is busy, its sleeve conductor will be
marked with ground and the corresponding line
link test relay will be operated. Assuming that
line link 0 is idle, relay TLL0(82) will not be
operated.

The secondary test circuit for line link zero
may be traced from the sleeve conductor 510, over
contact 20 of relay HGO(5), conductor 530, con-
tact | of relay MCA21(6), conductor 630 through
cables 6—21, 21—866 and 38—86 to the winding
of link busy relay LB0(66) and battery. Simi-
larly secondary test circuits will be closed from
the sleeve conductors of the other line links to
the windings of relays LBI(66) to LB9(67). The
functions of the link busy relays will appear
hereinafter.
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As previously mentioned, the number of junce
tors in a junctor group will vary from a maximum
of fifty junctors to a minimum of ten junctors.
Since the marker is equipped to simultaneously
test a maximum of ten channels and therefore to
test a maximum of ten junctors, each junctor
group is subdivided into junctor subgroups con-
sisting of ten or less junctors. Therefore, the
marker will select those junctors within one junc-
tor subgroup when testing for an idle channel.
The selection of the subgroup of ten or less junc-
tors will in general be determined by the follow-
ing factors: the office size of the installation, the
numerical designation of the line link frame
involved, the numerical designation of the trunk
link frame involved, the junctor sequence relay
operated during this connection, and the junctor
step relay operated, which will normally be relay
STPI(79). . .

When the trunk link frame is connected to the
marker circuit, the selection of the subgroup of
junctors and the identification of the office size
will be initiated. The office size associated with
the junctor distribution of the selected trunk link
frame will be identified by determining if the
trunk link frame is a non-paired or a paired trunk
link frame, by determining the number of trunk
link frames in an office associated with the junc-
tor distribution of the selected trunk link frame.

When extension switches are used, the frurnk
link frames are arranged in pairs and the junc-
tor distribution differs somewhat from that used
with non-paired frames. Therefore the first de-
termination is whether or not the selected trunk
link frame is one of a pair. In the trunk link
frame connector, two cross-connecting terminals
are provided, identified as terminals STF(102)
and PR(102). If the associated frame is one of
a pair, terminal PR(102) is connected to ground
while if the frame is not paired, terminal
STF(102) is connected to ground. Since it has
been assumed that no extension switches are
employed in the office of the present disclosure,
terminal STF(102) will be grounded as shown,
completing a circuit over contact 24 of relay
MCC(102), conductor {0281, through cable 14—
102, through the winding of relay STF(75) to
battery. In an office where all frames are paired
or where certain frames are paired during growth
of that office, terminal PR(102) is grounded by
the paired frames and relay PR(75) is operated.

To determine the junctor distribution associ-
ated with the selected trunk link frame, each
trunk link frame is provided with three cross-
connection terminals SZA, SZB, SZC as shown in
Fig. 102, one of which will be cross-connected to
ground. These terminals are connetced by the
operation of relay MCC(102) to three conductors
which lead to the marker where they may be
cross-connected to the windings of one of the
relays 2TLF(79) to (O0TLF(79) in accordance
with the number of trunk link frames corre-
sponding to the junctor distribution of the se-
lected trunk link frame. Normally terminal
SZA(102) is grounded and is conected to the
winding of the relay corresponding to the office
size. However, when the office is in the process
of expansion from one office size to another office
size, the redistribution of the junctors cannot be
made instantaneously and there will be periods
during which certain trunk link frames have the
junctor distribution associated with the original
office size, other frames having the junctor dis-
tribution associated with the new office size, and
still others having the junctor distribution asso-







