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25 Claims:

This invention relates to telephone systems
and, more particularly, to switching devices for
interconnecting equipments of different charac-
ters in such systems.

The present invention relates to automatically
operable links having a common group of select-
able; adjustable link cortrol circuits associated
therewith which may be seized for temporary
service by the links for selecting different char-
acters of equipment under the direction of the
links or trunks of the office or other control de-
vices and for connecting said different chiaracters
of equipment to said trunks or for connecting
said equipments together through trunk conduc-
tors.

The object of the invention is, therefore, to
simplify the operaticons required ‘in. a telephone
office, to obtain economies in the operation of the
apparatus in a telephone office and in the space
required for telephone equipment by providing
a universal automatically operable switching
mechanism available for interconnecting - the
majority of the operating equipments of the tele-
phone office.

A feature of this invention is a system in which
a link and a variably operable link control circuit
are automatically responsive to different circuit
connections with incoming and outgoing trunk
cireuits for successively selecting different char-
acters of equipment, the circuit connections in
the trunk circuit for signaling the link and link
control circuit being varied responsive to its char-
acter of use.

Another and related feature is a systémin which
a link and link control circuit are automatically
responsive to different circuit connéctions with
trunk circuits for selecting any of a plurality of
different characters of equipment according to
the circuit connection established and for con-
necting the equipment selected with the signaling
trunk circuit.

Another and related feature is a system in
which a link and link control circuit are arranged
to successively select different characters of
equipment responsive to successive signals from
a trunk circuit and successively associate the dif-
ferent equipments. with the trunk circuit.

Another and related feature is a system in
which a link is arranged to successively select a
link control circuit for successively selecting dif-
ferent characters of equipment for a calling in-
coming trunk and a selected outgoing trunk for
the same telephone connection.

Another and related feature is a system in
which a link has primary switches with ‘mdting
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55

contacts connected to a plurality of trunks and a
plurality of choices of secondary link switches
with the mating contacts of the secondary link
switches connected to a plurality of different
characters of equipment, said link having access
to a plurality of variably operable link control
circuits for selecting idle equipments and for op-
erating said primary and said secondary switches
and said trunks having means. for directing the
operation of the link and link control circuits for
selecting particular characters of equipment.

- Another and related feature is a system in a
telephone office for selecting. voice current am-
plifying repeaters as-directed by a marker which
has means responsive to- registrations providing
the character of the calling incoming-trunk and
the character of the outgoing trunk required for
a telephone connection and a second means re-
sponsive to the actuation of said first means for
automatically determining whether a repeater
is required for the telephone connection for con-
trolling the actuation of a link for the selection
of said repeater.

Another and-related feature is a system in
which: links which are selectable by trunk circuits
have switches connected with a plurality of dif-
ferent characters of equipment and adjustable
link control circuits selectable by said links also,
connected with said plurality of different char-
acters of equipment; said control circuits being
adjustable as directed by the trunk circuits for
selecting an equipment of any particular char-
acter by testing a large plurality of such equip-
ments and for operating the link sw1tches con-
nected therewith.

These and other features will be dlscussed more
fully in the following description.

To illustrate the features of the invention, ref-
erence may be had to the accompanying draw-
ings in which: ‘

Figs. ‘1 and 7 illustrate a two-way incoming
and outgoing intertoll trunk circuit, Fig. 3 an out-
going intertoll trunk circuit and Fig. 2 the auto-
mati¢ switches for interconnecting the trunk cir-
cuits for a telephone connection;

Figs. 8, 12 and 13 illustrate link switches and a
link connector;

PFigs. 17, 18, 19, 22, 23 and 24 111ustrate a link
control circuit;

Figs. 4, 5, 9 1¢-and 11 illustrate. an incoming .
sender;

Figs. 15; 16, 20 and 21 111ustrate an outgomg
sender;

.. Fig. 14 illustrates voice amplifying repeater for
four-wire trunk;
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Fig. 6 illustrates in detail the apparatus of a
marker for determining whether a repeater is re-
quired for a telephone connection and illustrates
other apparatus diagrammatically which are as-
sociated with the repeater controlling apparatus;
and

Fig. 25 illustrates the elements of the link and
link control system diagrammatically.

The drawings, when arranged as shown in

Fig. 26, illustrate the detail structure of this link

system.
General description

The general organization of circuits and equip-~
ment is shown diagrammatically in Fig. 25 in
which a call from a distant toll office 2501 en-
ergizes the apparatus of an incoming intertoll
trunk circuit 25902. The energization of the in-
coming trunk circuit causes the selection of a link
2510 and link control circuit 2549 for associating
an incoming sender 2515 with the incoming trunk
through a primary switch 2511 and a secondary
switch 2512 of the link. The incoming sender is
equipped with registers which are set by impulses
transmitted from the distant toll office 2501.
These impulses may be used for setting the code
registers of the incoming sender or where neces-
sary impulses are transmitted for setting both the
code and numerical registers of this sender. The
energization of the incoming sender associates a
marker 2516 therewith and causes the transfer of
the code registers from the sender to this marker.
In response to the energization of the code reg-
istering -equipment in the marker other equip-
ment is operated for causing the selection of an
idle outgoing trunk to the desired distant office
such as 2508. The outgoing trunks extending to
this office are associated with trunk block relays
shown diagrammatically as 25{1. The marker
selects an idle outgoing trunk and causes the.en-
ergization of switchés 2503 to.2506 inclusive, for
connecting the incoming and outgoing trunks to-
gether. The idle outgoing trunk selected is in-
dicated as 28507. For calls requiring the trans-
mission of numerical digits an outgoing sender is
selected and the numerical registrations of the
incoming sender are transmitted to a selected out-
going sender such as 2518 or 2520. The outgoing
trunk energizes a circuit exteriding to a link and
link control circuit causing the selection of this
outgoing sender which after it is selected is con-
nected through primary and secondary switches
of the link circuit to the outgoing trunk. The
numerical digits are transferred from the incom-
ing sender 2515 through secondary switch con-
tacts on level No. 2 through a ‘seconidary and a
primary vertical of the link switches over level
No. 1 of the primary switch through the:incoming
trunk 2502, switches 2503, 2504, 2505 and 2506,
outgoing trunk circuit 2507 level No. 0 of the pri-
mary switch, over a vertical in the primary and
secondary link switches to the registers of the
outgoing sender 2518. The numerical registra-
tions received by the outgoing sender are trans-
mitted to the distant office 2508 over a level of a
secondary link switch, a vertical of the secondary
and primary switches level 0 of the primary link
switeh, over the outgoing trunk conductors to the
distant office.

A voice amplifying repeater is required for high
quality transmission when the incoming trunk
extending from the distant office 2501 to this toll
office and the-outgoing trunk extending from this
toll office to the distant office 2588 are long
trunks. This requirement is automatically reg-
istered by a class of trunk signal given to the
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marker by the incoming trunk and by the reg-
istrations from the calling distant office 2561
which gives the routing for the outgoing trunk
to be selected. When these registrations are re-
ceived by the marker the repeater selecting ap-
paratus in the outgoing trunk is actuated before
the incoming sender and marker are disengaged
from the link switches. For this purpose the
marker transmits a signal through the incoming
sender and link switches to the incoming trunk
2502 thence over the switches 2583 to 2506, in-
clusive, to the outgoing trunk. This energizes
a repeater selecting relay in the outgoing trunk
which is automatically locked to await the selec-
tion of an outgoing sender before indicating that
a repeater is required. This outgoing trunk may
have a single start lead which is successively en-
ergized for first, causing the selection of an out-
going sender and second, causing the selection of
a repeater. In this case both the repeater and
the outgoing sender may be engaged through the
same primary link switch. The outgoing sender
and repeater may be engaged through the same
secondary link switch or through separafe sec-
ondary link switches as shown. In certain in-
stances the traffic load is sufficient to warrant a
separate frame of link switches for the selection
of repeaters. The link switch frame 2518 would
then have incoming senders and outgoing send-
ers associated therewith and connected to the
different levels of the secondary link switches or
different secondary link switches. The frame
2530 would contain separate primary and sec-
ondary link switches for the selection of repeaters
only.

The intertoll trunk 2502 illustrated in Figs. 1
and 7 is a two-way intertoll trunk diagram-
matically shown at 2502 in Fig. 25. This trunk
may be used either as an incoming trunk from the
distant office shown in Fig. 1 or an outgoing trunk
for connecting calls from this office to the dis-
tant office. In the system disclosed herein this
two-way intertoll trunk circuit is used only as
ah incoming trunk operated from signals trans-
mitted by the distant office associated therewith.
The energization of this incoming trunk estab-
lishes a start circuit for a link 2510 and a link con-
trol system 2640 for associating an incoming send-
er and marker with this incoming trunk. The en-
ergization of this start circuit establishes a cir-
cuit for apparatus in Figs. 13 and 12 known as a
link connecfor and link connector control. This
apparatus governs the selection of an idle link
control circuit 2540 more fully illustrated in Figs.
17, 18, 19, 22, 23 and 24. The multicontact re-
lays in the lower portion of Fig. 12 are energized
for associating the circuit paths from the idle
control circuit 2540 to a large plurality of incom-
ing senders 2515 or 2838, such as shown in Figs.
4,5,9,10 and 11.

The link control circuit, Figs. 17 to 19 and 22
to 24, inclusive, may be used for selecting either
an incoming sender, an outgoing sender, cr a
repeater. The type of equipment to be selected
is governed by the intertoll trunk circuit. For
example, when the two-way intertoll trunk cir-
cuit, Fig. 1 and Fig. 7, is used as an incoming
intertoll trunk, a class signal is transmitted to
the control circuit 2548 indicating that an idle
incoming sender is required.  The control circuit
is then associated with a large plurality of in-
coming senders which are connected to certain
levels of the secondary cross-bar switches 2512,
2513 or 25!4 shown more in detail in the right-
hand portion of Fig. 8. Each control circuit
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2540 may be connected to a different plurality
of senders; some of which are the same as those
connected to other control circuits. Assuming
that there are one hundred and fifty incoming
senders and ten control circuits, the one hundred
and fifty senders are divided among the eontrol
circuits in any manner desired. An example may
be assumed in which thirty senders may be' si=
multaneously tested by the control circuit, which
thirty senders are connected to thirty different
levels of the secondary switches. An arrange-
ment is provided, however; to prevent the test
of senders which are busy. This busy condition
is indicated by a ground connected to the hold
magnet of switches associated with busy senders.
When an idle sender is chosen the select magnet
of the proper switch level is operated and the
hold magnets- of the proper verticals in both the
primary link switch in the left portion of Fig. 8
and the secondary link switch in the right por-
tion of Fig. 8 are operated. The incoming in-
tertoll trunk of Fig. 1 is thus connected through
the primaiy and secondary link switches to the
idle incoming sender selected. * A signal is trans-

mitted to the distant calling operator that pulses

may now be transmitted for setting the registers
of the sender. During this period the dapparatus
of the incoming sénder is energized for selecting
an idle marker. This is accomiplished through
the energization cf a markeér connector in the
manner fully described in. patent application
Serial No. 295,010 to King-McKim-Myers, filed
Sept. 15,1939, issued as Patent 2,236,246, March
25, 1941, Different class signals are transmitted
to the link control circuit for causing the selec-
tion of. an outgoing sender or a repeater when
the two-way trunk, Figs. 1 and 7, is'used as an
outgoing trunk. The selection of outgoing send-
ers or repeaters is made in the same manner as
the selection of an incoming sender but over
different classified channels. )

In the connection. being described both code
and numerical pulses are transmitted for setting
the registers of the incoming sender ‘for making
an outgoing call which requires: the transmission
of numerical digits. The code registrations are
transmitted from the incoming sender to the
marker for designating the character of the in-
coming call and the office or station to which
connections should be. made. This determines the
group of outgoing trunks to be tested for select-
ing an outgoing trunk to the designated  office.
When the marker seizes an idle trunk in the
manner fully described in the aforementioned ap-

plication King et al., the cross-bar switches of

Fig. 2 are energized for connecting the incom-
ing trunk to the idle outgeing trunk selected.
The idle outgoing trunk for the connection being
described is shown in Fig. 3. This trunk is an
outgoing toll switching trunk extending to an of-
fice which is a long encugh. distance away to
require a repeater. The office also requires nu-
merical pulses. for indicating the wanted sub-
scriber’s station. .

As previously stated, circuits are established
in the markeér responsive to registrations and
through the energization of apparatus or the
absence of energization of apparatus establish
the character of the incoming and outgoing trunk
50 that the marker may automatically determine
whether a. voice amplifying repeater shall or shall
not be inserted in the telephone line connection.
If a repeater.is required the circuit is established
by the markér which extends throtigh the in-
coming sender, the link switches of Fig. 8, thi€
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3
incoming intertoll trunk, thence over the cross-
bar switches of Fig. 2 for operating the repeater
relay in the outgoing trunk. This repeater relay
locks in. prepatration for the selection of a re-
peater circuit following the selection. of an- out-
going sender. The repeater selection is, there-
fore, under the automatic control-of the marker
and the signal for this repeater selection is given
immediately following  the  selection of an idle
outgoing trunk-and the operation of the switches
of Fig. 2 so that the marker may be released at
the earliest moment. ‘The voice amplifying re-
peaters: which are inserted in the talking con-
ductors of the outgoing trunk are disclosed in
Fig. 14. This repeater - circuit' is arranged for
afour-wire toll system having transmission over
a two-wire channel through & unidirectional re-
peater such as 411 in one direction and éver a
second two-wire channel and a unidiréctional
repeater such as 412 in the opposite direction.
These voice amplifying repeaters may be of any
well-known type known in the art. Pad circuits
are also shown in Fig. 14 for use as required
with the repeaters according to the trunk with
which they are associated. This repeater circuit
will - be more fully described in the detailed" de-
scription.

The outgoing trunk, Fig. 3; energizes a circuit
for establishing connection with an outgoing
sender. This circuit energizes apparatus of Fig.
13 for connecting the outgoing trunk with a link
control circuit; such as Figs. 17, 18; 19, 22, 23
and 24. In this instance the apparatus shown
in Fig. 13 may be the same as actuated by the
incoming trunk or it may be a different eircuit.
The control circuit, Figs.-17 to 19, Figs. 22 to 24,
inclusive, may be the same as used by the in-
coming trunk or another link control circuit in:
this :common group. of control circuits. When
the link control circuit is associated with the out-
going trunk a signal circuit is established which
causes the link control circuit 2540- to .test a
plurality of outgoing senders such as senders
2518, 2520 and 2537 in order to find an idle out-
going sender. The outgoing senders tested are
associated with a ‘particular plurality of levels
of the secondary link switches such as 2512, 2513
and 25t4, the same as. described “for incoming
senders. - When ah idle outgoing sender is found,
the proper select magnets and hold magnets of
the primary link switch 2511 and the seecondary
link switch 2512, 2513 or 2514 are operated. 'This
associates an outgoing sender with the outgoing
trunk- of Fig. 3 and since the incoming trunk
is. connected to an incoming sender, circuits are
completed at this time for connecting the in-
coming sender to the outgoing sender. The cir-
cuits of the incoming sender are connected
through cone level and one horizontal of a second~
ary switch and one level and one horizontal of
the primary switch shown in Pig. 8 through the
circuit paths of the incoming trunk circuits of
Figs. 1 and 7 over the cross-bar switches of Fig. 2,
the outgoing trunk of Pig: 3, thence through a
different level and horizontal of a primary and
a secondary switch, Pig. 8, to the outgoing sender.
A signal is given from the outgoing sender to the
ineoming sender that the connection has been
completed and the numerical pulses are imme-
diately transmitted for setting the registers of
thé outgoing sender. This ordinarily completes
the services of the incoming sender and at-this

- time this sender may be released, which releases

the hold magnets of the switches, Fig. 8;-whichr
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associated the incoming sender with the incom-
ing intertoll trunk.

The intertoll trunks are arranged for successive
operations for the selection of outgoing sender
and repeater when required. After the pulses
have been transmitted, a relay in the outgoing
trunk circuit is released which establishes a sec-
ond circuit over the outgoing trunk start lead
for again obtaining the services of a link and link
control circuit for selecting an idle repeater and
associating this repeater with the line connec-
tion. The start circuit energizes the apparatus
such as shown in Fig. 13, as previously described,
which causes the selection of an idle control cir-
cuit, Figs. 17 to 19, 22 to 24, inclusive. A signal

"is transmitted from the outgoing trunk to this
control circuit which arranges the control circuit
for the selection of a repeater. The difference in
class signals is established by successive rear-
rangement of the apparatus in the outgoing trunk
for successively causing the selection of the out-
going sender and later a repeater. A plurality of
repeater circuits are tested in an effort to find
-an idle repeater in the same manner as previously
described. The repeaters are connected to par-
ticular levels on secondary switches, Fig. 8, which
are the same repeaters tested by the control cir-
cuit. When an idle repeater is found a second-
ary level and vertical are connected together by

the operation of a select magnet and a hold mag- 3

net. The select magnets for the primary switch,
Fig. 8, and the secondary switch, Fig. 8, are
separately operated but the hold magnets are
operated over a common circuit. When an idle
repeater has been found apparatus in the out-
going trunk circuit is operated for extending the
talking conductors through this idle repeater.
After the insertion of this repeater the line con-
nection is completed and conversation may be
started.
Detailed description

The following detailed description describes
the interconnection of a toll line or trunk incom-
ing from a distant toll office 100 over the two
channels of a four-wire system through an out-
going trunk extending to the telephone office 338
which is reached over a trunk long enough to
require a voice amplifying repeater in each chan-
nel for talking transmission. As previously
stated, various types of intertoll trunks are used
with the circuit disclosed, incoming and out-
going from and to other toll offices and offices
within the area of the toll office disclosed. These
intertoll trunks are connected with toll offices
using ring-down equipment, dial pulsing equip-
ment or manually operable equipment. The ar-
rangement of the circuit and apparatus disclosed
is for receiving a call from a dial pulsing office
in which a signal is originally transmitted from
a distant office and thereafter pulses are trans-
mitted for setting the registers in the equipment
disclosed, which operates an automatic toll
switching office in accordance with the character
and number of the pulses transmitted. The in-
tertoll trunks, such, for example, as shown in
Figs. 1 and 7 or Fig. 3, may be one-way tiunks
or two-way trunks. A one-way incoming trunk
cannot be used as an outgoing trunk. A two-way
trunk, such as shown in Figs. 1 and 7, may be
used either as an incoming or an outgoing trunk.
In this disclosure the trunk circuit (Figs. 1 and
7) is-used as an incoming trunk actuated in
response to an incoming call from the distant
toll office 100 but the features of the two-way
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trunk are incorporated to disclose its associatioi
with the link switches of Fig. 8 to demonstrate
its adaptability in selecting either an incoming
sender, an outgoing sender, or a repeater through
the same switching structure.

A call from the distant toll office 100 is initiated
by the transmission of a signal to the incoming
intertoll trunk circuit which enters the office on
line conductor 113 and is extended over lead 120
for the operation of relays 704 and 719. This
signal may enter the office through a simplex
signaling circuit (not shown) for placing a
ground on lead 120 which extends through con-
tact 9 of relay 7122, contact T of relay 116, con-
tact | of relay 108, thence through the winding
of relay 719 to battery. A branch of this cir-
cuit extends through contact 3 of relay 1709,
winding of relay 104 to battery, operating both
relays 104 and 719. The operation of relay 704
disconnects ground from lead 12f and connects
battery through lamp 702 to this lead. This may
extend through a simplex signaling circuit (not
shown) over the line as a signal over lead 112 to
the office 108 for supervision and to prevent the
apparatus in the office 109 from transmitting
dialing impulses until an incoming sender has
been selected and in readiness to receive the
dialing impulses. Relay 719 through its contact
T connects class lead 155 to class lead 753 to pre-
pare a class indication for governing the opera-
tion of the link circuit, to be described later, so
that this link circuit will select an incoming
sender. Relay T19 also operates relays 786 and
187. The circuit for relay 706 is obvious and
need not be described. The circuit for relay
{87 is also obvious since it extends directly to
ground on contact 6 of relay 706. Relay 716 is
operated through contact 3 of relay T19. The
above relays are operated to open the short-
circuiting paths for relay 104 extending to the
talking conductors which later allow the marker
to control circuits over these leads. Relay 107
also supplies ground from contact 5 to contact
i2 of the splitting relay 104 to lead 204 for later
use in holding and completing switching con-
nections, and connects battery through the wind-
ing of relay 184 to lead 125 of the link circuit.
Relay 119 is now cohnected directly to lead 120,
extending this signaling circuit path independent
of relays T16 and 709 which are later operated.
This circuit may be traced from battery through
the winding of relay 719, contact 3 of relay 106,
contact 9 of relay 722, lead 720 to ground in
the distant office over the signaling path. Relay
716 when operated establishes a locking circuit
for itself through its contact 4. The release of
this relay is now under the control of the ionic
tube 712 and the ionic tube timing circuit. Relay
716 also establishes locking circuits for relays
106 and 107 and supplies ground over lead 750
for later use by the marker and to establish this
circuit as busy to other markers. This ecircuit
may be traced from ground associated with con-
tact 8 of relay 7122, contact § of relay 716, con-
tact 4 of relay 109, contact 2 of relay 710, thence
over relay 759 acting as a busy ground to all
markers. This is required in a trunk of this
character since markers may at any time test
this trunk for use as an outgoing trunk, The
above operations necessarily precede the ener-
gization of a link circuit which now takes place
from ground on contact 6 of relay 116 extend-
ing through contact 5 of relay 1719 over lead 151,
contact 2 of relay 1310, winding of start relay
1311 to battery.
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The operation of relay 1311 establishes cir-
cuits for- energizing a connector unit for con-
trolling this connection in an effort to associate
the incoming trunk with a link control circuit
shown in Figs. 17, 18, 19, 22, 23 and 24, inclusive,.

The control circuit shown in the latter figures
is used for the selection and operation of a com-
bination  of link switches shown ‘in: Pig. 8 for
connecting an incoming trunk with an incoming
sender or when this same trunk is used as a two-
way trunk, the switches are selected for con-
necting -the trunk with an outgoing sender or a
repeater. - The control circuit may be used suc-
cessively by a trunk cireuit acting in the capacity
of an incoming trunk and later; if idle, by the
same trunk acting in the capacity of an outgoing
trunk circuit. - 'This makes possible the use of a
common group of such control circuits for use
with any type of circuit entering the office or any
type of circuit-used for establishing connections
to an ouigoing :office. The  cross-bar switches
of the link disclosed in Fig. 8 are representative
of the switches used for making various con-
nections between trunks and senders or repeater
circuits. The switching contacts 800 to 806, in-
clusive, .comprise - a -portion of a primary link
switch.. Each switch of this character ordinarily
has. ten-separate levels; two of which are shown,
and a large-plurality of verticals, three of which
are-shown. .. In this instance, the incoming trunk
is connected to the lower vertical and the switch
is-arranged-to-connect this incoming trunk to a
secondary switch by the operation of select mag-
net 807 and the hold magnet 810. In practice
this incoming trunk may be associated with vari-
ous secondary switches. through a number of
different. verticals.on this switch, making a-large
plurality of -choices -of apparatus for extending
a call from the incoming trunk to the apparatus
of the switching office. Other verticals may be
operated by the hold magnets -for associating
this trunk with an outgoing sender or repeater
if the trunk is used as an outgoing trunk. This
arrangement of associating the. apparatus of
the two-way trunk with the apparatus .of the
telephone office. will: be clearly understood by a
later explanation of the association of. the con-
nections - made - between - the outgoing trunk
(Fig. -3) through .this switch to an outgoing
sender and: a repeater. The secondary verticals
820, 823 . and 826 may be on a single cross-bar
switch. or on .separate cross-bar switches, de-
‘pending upon the choice of connection which. is
best suited for use.
points shown .may therefore be considered as
one level of any vertical on a single cross-bar
switch or one level of any vertical on any of a
large plurality of cross-bar switches.

The multicontact relay (314, the multicontact
relay 1286 and the relays shown in the upper por-
tion-of Fig. 12 constitute an arrangement for giv-
ing an incoming trunk a plurality of choices in
oblaining the- services of a link -control circuit
which may be associated therewith. by the oper-
ation of the multicontact relay {2071 which must
test idle before seizuire.  There-are a plurality of
relays- 1314 for each group of incoming trunks.
This plurality of relays. are connected to a plu-
rality of relays 1208 which are interconnected
.when. strapped as shown. There are a plurality
of relays. 1207 for each connector extending be-
tween the contacts of relays (314 and the con-
tacts of relay 12087.. Each control circuit has a
representative relay in each connector so that
any one of the control circuits may be associated
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when idle with any of the connectors between the
trunk groups and the control circuits.

The operation of start relay 1311 by a-circuit
established in the incoming trunk previously de-
scribed, initiates the selection of an idle control
circuit. A circuit is first established from battery
through resistance 1313, contact | of relay 13i{,
contact 3 of relay {315, contact of relay 1316,
winding of relay 1201, to ground through con-
tact I of relay 1202, There is a chain of such
relays used to prevent the actuation of a connec-
tor by more than one trunk. The energization of
relay 1201 seizes an idle connector and. makes
this connector busy to other trunk circuits until
such time as it has finished its services in select-
ing an idle cross-bar switch connection. A c¢ir-
cuit is also established from ground through con-
tact 2 of relay 1311 for use when the multicon-
tact relays 1206 and 1287 have been operated. ‘A
third circuit is established through contact 3 for
energizing timing relay 1317 which associates the
timing interrupter with a timing circuit 1340 in
order to release a control circuit-in trouble., This
is diagrammatically shown and may operate in
the same manner as many timing circuits. The
energization of relay 120f establishes a circuit
for relay 1205 from ground through its winding,
contact 8 of relay 1201, resistance 1284 to bat-
tery. Relay 1205 establishes an obvious circuit
through its contact | and contact 2 for energiz-
ing the magnet 1206 which controls the armatures
of the multicontact relay. 'The energization of
relay 1206 establishes a circuit through its con-
tact | for relay 1208 which  establishes circuits
through the apparatus shown in the left portion
of Fig. 12 for associating the connector with an
idle" control circuit. For this purpose a circuit
is-first established from the relay 128{ which is .
assumed to be operated in the chain control cir-
cuit.* This circuit may be traced from battery
through resistance 1283, contact 4 of relay 1201
and: through the winding of relays 1289, 1218 or
124 1,-whichever relay is associated with an idle
control circuit. It will be seen that this circuit
is extended  through contact [ of relays 1212,
1213 or 1214, which represent three of a large
plurality of -relays in a chain equivalent to the
number-of control circuits used. If relay 1212 is
normal, the circuit extends through the winding
of relay 1289, contact 2 of relay 12i0 to ground
on contact 2-of relay 1211, Relay 1212 when op-
erated shows that the confrol circuit associated
therewith has been taken for use through an-
other connector and the circuit from battery on
contact 4 of relay 1281 then extends through con-
tact | of relay 1212, contact 1 of relay 1213 nor-
mal; winding of relay 1210 to ground on contact
2. of relay 1211 to obtain the services of another
control circuit. In this instance it may be as-
sumed that relay 1212 is normal and the circuit
extended through the winding of relay 1209 to
ground, operating relay 1209. This establishes
an obvious circuit for the operation of the mul-~
ticontact relay 1207 for associating a control cir-
cuit with the apparatus of the incoming trunk.
The energization of relay 1207 establishes a cir-
cuit for the make-busy relay 118! of the control
circuit from battery through its winding, lead

- 1221, contact & of relay 1287 to ground. The en-~

ergization of the make-busy relay 1761 associ-
ates ground with a plurality of conductors equiv-
alent to:the number of relays used in the chain
circuit of the upper left portion of Fig. 12. These
ground: circuits extend through the upper wind-
ings of dll of the relays (212, 1213 and 1214 which
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all operate with the exception of the one asso-
ciated with the control circuit in use. The oper-
ation of relay 1212 associated with the control
circuit in use is prevented by a shunt circuit ex-
tending from contact | of relay 1207 to a point
connecting resistance 1216 to the winding of re-
lay 1212, thus shunting the battery connection
from the winding of this relay and maintaining
it normal. The control circuit taken for use is
therefore not available to other connectors. It
may thus be assumed that the control circuit
(Figs. 17, 18, 19, 22, 23 and 24) is prepared to
operate for testing cross-bar switches to make
the connection between the incoming frunk and
an incoming sender.

The organization of the link switching ar-
rangement and the control circuits is such that
a choice is made from a large number of senders
or repeaters associated with the apparatus of
the control circuit. In some instances a num-
ber of idle senders or repeaters are simultaneous-
ly associated with the control circuit and only
one of these is selected. This slection is made
by signaling the control circuit which level of a
particular secondary link switch is connected to
a preferred idle sender or repeater. Fundamen-
tally, the arrangement is as follows: A class sig-
nal is transmitted to the control circuit for the
selection of an incoming sender, an outgoing
sender or repeater, which operates a class relay
combination for directing the control circuit.
In the control circuit relays 2201, 2203 and 2205
are each associated with a different switch com-
bination comprising a vertical on a primary
switch and a vertical on a secondary switch, each
having a plurality of levels. A plurality of ver-
ticals on the primary switch are connected to
verticals on a plurality of secondary link switch-
es. The verticals of the secondary link switches
have associated therewith a plurality of levels
each of which is connected to a different sender
or repeater. The hold magnet of a vertical on
a primary link switch and the hold magnet of a
vertical on a secondary link switch are in mul-
tiple so that they may be operated simultane-
ously. Each relay, such as 2201, has as many con-
tacts, such as 3 and 4, as there are levels on a
secondary link switch connected to senders or re-
peaters to be tested. There are as many relays,
such as 2202, as there are secondary link switch
levels in a switching combination connected to
senders or repeafters to be tested. This plurality
of relays, such as 2202, are operable through the
plurality of contacts on each relay, such as 2201.
In view of the above, the operation of any par-
ticular relay 2202, 2204 or 2206, of which there
are a large plurality, indicates the association of
the control circuit with an idle sender on a par-
ticular level of a secondary link switch of a par-
ticular switching combination. Relays 18085,
1809 and 1810 are operated according to the
switch level on which the idle sender or repeater
is found. There are, consequently, as many of
these relays as there are levels on any secondary
link switch. Relays 1320, 1321, 3122, 1323 and
1324 also are operated according to the level on
which the idle sender or repeater is  found.
There are as many of these relays as there are
levels on any secondary switch. Relays 1330,
1331 and 1332 are operated according to a class
indication transmitted to the link control circuit.
The contacts of relay 1330 are connected to a
large plurality of outgoing senders, contacts of
relay (331 are connected to a large plurality of
incoming senders and the contacts of relay 1332
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are connected to a large plurality of repeaters.
It will be noted that there is a direct circuit be-
tween the link control circuit and the senders or
repeaters through the contacts of these relays
which is for testing purposes to determine
whether the sénders or repeaters are idle or busy.
All of the idle senders or repeaters which are
found may be connected to an equivalent number
of relays 2202, 2204 and 2206 and operate all such
relays. There is a chain circuit running through
the latter relays so that a particular idle sender
or repeater may be selected. This chain circuit
arrangement may be different in each control
circuit having the same senders or repeaters con-
nected thereto in order that different senders or
repeaters are constantly selected for use. The
circuit arrangement is such that if an idle sender
is indicated to the control circuit and instanta-
neously this idle sender is seized by another con-
trol circuit, a busy indication is immediately
transmitted to the link control circuit so that the
next idle sender connected to a relay in the chain
circuit may be selected. After a particular send-
er or repeater is indicated to the control circuit
as being idle, one of the relays (320 to 1324 is
operated corresponding to the level on which the
idle sender or repeater is found and a secondary
test of this sender or repeater is made and, if sat-
isfactory, the sender or repeater is seized for use.
The combination of circuits and equipment as
described for the control circuit is such that
signals have been transmitted indicating the
level of a particular secondary switch to which
this sender is connected and a circuit is imme-
diately established to operate the select magnets
of the primary and secondary switches corre-
sponding to these levels and also the circuit is
established for energizing the hold magnet of
the verticals.in the primary switch and the ver-
tical in the secondary switch corresponding to
this switch combination. In this manner a par-
ticular idle sender or repeater is chosen from
a large group and connected to an incoming or
an outgoing trunk circuit.

Relay 1207 in operating connects a large num-
ber of leads between the link control circuit and
the other apparatus of the office and ground is
connected over three leads 1220, 1221 and 1222.
An obvious circuit is established over lead 1220
for. energizing relay 1902. 'The circuit over lead
1221 operates relay 1181, The circuit established
over lead 1222 establishes a locking circuit for
relay 1703 which is used after this relay has been
operated as explained later. The operation of
relay 1701 completes a circuit for the operation of
relays 1213 and 1244 for marking this control cir-
cuit busy to all other connectors as previously
explained. The operation of relay 1902 estab-
lishes an obvious circuit for relay 2404 and an
operating circuit for relay 1709 from battery
through resistance 1912, contact 4 of relay 1902,
contact § of relay 1903, contact 3 of relay 1809,
contact 4 of relay 1918, winding of relay 1709 to
ground on the contact of relay 1881. Relay 1709
locks to ground on its contact 3. This control
circuit has now been actuated for controlling the
selection of available facilities for establishing a
connection between the calling incoming toll
trunk circuit, Figs. 1 and 7, and an unavailable
incoming sender under the control of the incom-
ing trunk circuit.

A group of links and link control circuits serve
a plurality of groups of trunks which may be
known as subgroups of trunks within the larger
group. When a particular trunk within a sub-
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group of trunks actuates a link circuit; it is nec-
essary to identify the subgroup with which it is
associated. The link control circuit is therefore
provided with a plurality of relays 2214 to 2212
equivalent to the number of trunk subgroups
“served through the contacts of the. associated
connector relays. .In this instance it may be as-
sumed that a.circuit is established for the group
relay 2214 to show the subgroup of trunks re-
quiring service. 'This circuit may be traced from
battery through the winding of relay 2214, con-
tact | of relay 2305, lead 1249, contact of the
multicontact relay 1207 and corresponding con-
tact 29 of relay 1206 to ground on contact 2 of
relay 1311. Relay 2214 in operating locks through
contact 2 to lead 1249. It should be noted that
the locking circuit does not extend through the
contact of relay 2385. A circuit is now estab-
lished for relay 2213 extending from. battery
through its winding, contact I of relay 2214 to
the locking ground for relay 2214. Relay 2213
in operating establishes an obvious cireuit for re-
lay 2305 which locks to ground on relay 2214.
The operation of relay 2305 opens the operating
circuit for relays 2214 to 2212 and relay 2214 re-
mains operated over its holding circuit. A cir-
cuit is thus established for the multicontact relay
i314 which may be traced from ground through
its winding, contact. 21 of multicontact relay 2208
and a corresponding contact on relay 2207, thence
over lead 1247 through contact 4 of relay 2214,
contact | of relay 2213, resistance 2216, contact
2 of relay 1704, contact 4 of relay 2305 to battery.
There are a plurality of trunks in each subgroup
served by the same start relay 13f1. These are
represented in the control circuit by relays 1706
to 1719, It will be remembered that a start
ground was placed on the conductor 151 of the
incoming trunk by the operation of start relay
i86. This ground originally operated start relay
13{1 but at the same time extends ground
through all of the contacts in multiple on relay
1310 associated with the subgroup. These leads
extend through an equivalent number of contacts
on relay 1314 represented by the contacts 8 and
9 of this relay. The circuit also extends through
contact 15 of relay 1314 to energize the relay 1705
in the control circuit. The trunk subgroup re-
lays 1706 to {710 representing all the trunks in
the group are also energized.  Relay IT05 is en-
ergized over lead 1236 which extends through
the. contact of the multicontact relays 1207 and
1206 to ground in the incoming trunk’ circuit
through contact 15 of relay 1314. The circuits
for relays 1706 to 1710-are traced from battery
through their windings, contacts 3 and 4 of relay
1111, leads 1229 and 1230 extending through the
contacts of multicontact relays 1207 and 1206 to
contacts T and 8 of relay 1314, contacts { and 2
of relay 1310 to ground on the start conductor
151. All'of the relays 1706 to 1710 now operate
and are locked over their associated operating
circuits independent of ‘the contacts on relay
{711. Relay 1782 now operates from battery
through its winding over a series circuit through
contact I of relays IT10 to 1706, contact of relay
1705, contact 5 of relay 710 to ground over lead
1228. The operation of relay. 1703 establishes a
circuit for relays 1102 and 1310 from battery and
contact 2 of relay 1183, winding of relay 1702,
lead 1223, contacts of relays 1207 and 1206, con-
tact 2 of relay 1314, winding of relay- 1310 to
ground. The operation of relay (310 individual-
izing the incoming trunk ground circuit. so. that
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remains - operated, this ground bheing extended
from lead 151 to contact 8 of relay 1314, lead
#229 which locks relay 1710 in position. All of
the other relays release since their locking cir-
cuits were opened. It is therefore - established
that the trunk associated with relay {110 is the
calling - incoming trunk with which a sender
should be associated. This establishes the level
of the primary switch to which the incoming
trunk-is connected. The operation of relay 1310
also -opens the operating circuit for relay 1705
which now releases and establishes a circuit for
relay 1707. This circuit may be traced from bat-~
tery-through.its winding, contact 4 of relay 1103,
contact of relay 1765 to ground on the locking
circuit of relay I1T116. Relay 1707 establishes an
obvious operating circuit for relay 1711 through
its contact 2 and also partly establishes an oper-
ating circuit for relay 2304 which will be com-
pleted later. )
Since ‘the control circuit serves to select either
an incoming sender, an outgoing sender or g re-
peater, it is necessary for a class signal to be
transmitted from the trunk circuit to indicate
what character of equipment should be selected.
In the description of the incoming trunk when
the call was originated, the operation of relay
719 established the class of circuit to be connected
with this incoming trunk by associating lead 753
with lead 785 which now operates a class relayin
the control circuit which in this instance is class
relay 1806, The circuit for this relay may be
traced -from battery through its winding over
lead 1234 through the contacts of multicontact
relays 1207 and 1206 to contact 3 of relay 1314,
thence over lead 7153 through the contacts of
relay T19 returning over lead 155 through con-
tact I8 of relay 1314, contacts of the multicon-
tact relays 1206 and 1207 to lead 1231 which ex-
tends: through contact T:of relay 1710, contact
2 of relay 17111, contact 2 of relay 2303 to ground.
This operates.relay 1806 and- indicates to the
control cireuit that an incoming sender shall be
connected with the incoming trunk. In the cir-
cuit traced for the class lead it should be nofed
that each trunk has an individual class lead car-
ried through the contacts of the windings {706
to 1110 to the operating circuit for the class re-
lay. These individual leads from the trunk cir-
cuit’ may be used simultaneously by different
trunks if they are associated with different con-
trol eircuits in the common group of control cir-
cuits.. Other c¢lass relays in the control circuit
will be explained later, for example, relay (804
is another class relay which when operated by an
outgoing trunk circuit indicates that an outgoing
sender shall be associated therewith. Relay 1210
is also a class relay and when operated indicates
that a repeater shall be associated with the trunk
circuit which may be a two-way trunk or a one-
way trunk extending to a called station. A large
plurality of leads are now connected between the
control circuit and an equivalent plurality of in-
coming senders in. order that these senders may

~ be tested to find an idle sender for association

with the incoming trunk.. This connection: is
made by the operation of relay 1331 which has.
the test conductors of this large plurality of send-
ers connected to its contact and extends these
test leads from the senders to the control -eir-~
cuit. The circuit for operating this relay may be
traced from ground through the winding of re-
lay 1321, contact [T of relay 1314, contacts.of the
multicontact relays 1206 and 1207 to conductor
1238 which extends through contact 5 of relay:
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1709, contact 2 of class relay 2210, which is nor-
mal, contact 2 of class relay 1806 which is op-
erated, contact | of class relay 1804 which is
normal, and thence through contact 4 of relay
2304 to battery on contact 10 of relay 2402.

As previously stated, a large number of senders
are simultaneously associated with the link con-
tro} ‘circuit for test. The operating circuits of
these senders are connected to a plurality of
switch levels on a plurality of secondary link
switches. Each secondary link switch is asso-
clated with a different vertical of the same pri-
mary link switch connected with the calling in-
coming trunk. This makes available a large
number of senders for an incoming call so that
if a plurality of the senders are busy one may be
found which is idle. Usually more than one of
the available senders are idle but the first idle
one in the choice is seized. The combination of
secondary and primary switches in links is such
that the hold magnets controlling verticals on
the primary switch are connected to hold mag-
nets of the vertical on a secondary switch and
all of the incoming senders connected to the lev-
els of these secondary switches are available for
connection to the incoming trunk, if idle. The
ineoming senders to be tested may be connected
to any number of the levels in these secondary
verticals and may be connected to all such levels.
Certain verticals of the secondary switch may
have incoming senders associated with several lev-
els, outgoing senders associated with other levels,
and repeaters associated with other levels. The
above-mentioned verticals and levels of the

switches are available to other link control cir- 3

cuits and, therefore, when a test is made to ob-
tain the services of an idle:sender, a check must
be made to ascertain which links are available
for tests, that is, which links have not been taken
for use by other control circuits. When g link
has been taken for use by another control cir-
cuit, a ground would have been applied to the
winding of the hold magnet to operate the hold
magnet of the primary and secondary switches.
The leads from all of the hold magnets are car-
ried from the link switches through contacts,
such as 3, 4 and % of relay 1314 and similar con-
tacts on the multicontact relays 1206 and 1207
to conductors, such as 1224, 1225 and 1226. In
each case there are as many such leads as there
are available links for use in selecting senders or
repeaters and these leads from all such hold
magnets are carried through the contacts of re-
lay 2306 to the left windings of relays, such as
2201, 2203 and 2205. If any verticals have
ground associated with their hold magnets, a
circuit for such busy links establishes an oper-
ating path for the aforementioned relays 220l,
2203 and 2205 to prevent a test of the senders
associated with busy secondary switches. The
operation of any of these relays opens the oper-
ating circuit for relays, such as 2202, 2204 and
2206. There are as many of the latter relays as
there are senders available, but only those as-
sociated with unoperated relays 2201, 2203 and
2205 are tested. Assuming that relays 2201, 2203
and 2205 remained normal, all relays, such as
2202, 2204 and 2206, are associated with an op-
erating path extending over the test circuit to
incoming senders. One such circuit may be
traced from battery through the left winding of
relay 2206, contact of relay 2295, conductor 1260,
thence through the contact of relay 1207 and
associated contact 40 of relay 1206, contact 2 of
relay. 1331, to the busy test lead of an incoming
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sender. It will be remembered that relay 1331
was operated over g circuit established by class
relay 1806 of the control circuit, indicating that
incoming senders are the ones to be tested. If
all of the rleays 2201, 2283, 2205 and other similar
relays remain normal, a large plurality of send-
ers are tested. If, however, all relays, such as
2201, 2203 and 2205, are operated, indicating that
all available paths are busy, a ground is connect-
ed from contact | of relay 1903 over a chain cir-
cuit through the contacts 2 for operating a tim-
ing circuit under the control of relays 1806 and
1807. This ground extends through contact 2 of
relay 2205 to contact 6 of relay 2408, contact | of
relay 2402, contact 5 of relay 2307 to the arma-
ture of interrupter 18{i. The operation of relays
1906 and 1907 will ultimately establish a circuit
for releasing the control circuit in a manner to
be described later if an idle link does not become
available in a given period of time. Circuits for
relays 2204 and 2202 and similar relays are es-
tablished to paths over circuits as traced for re-’
lay 2206 using conductor 126! or 1262 or similar
conductors extending through other contacts of
relay 1381 to incoming senders. Since only one
incoming sender is disclosed in this drawing, one
test lead is carried through contact 2 of relay
1331 to this sender. This incoming sénder is
shown on Sheets 15, 16, 18, 19 and 20. The lead
from contact 2 of relay 1331 is connected to con-
tact | of relay 948. When this sender is in use,
relay 918 is operated and, therefore, a busy send-
er is indicated by an open circuit and an idle
sender is indicated by ground associated with the
lead connected to the contacts of relay 133(. If
there are a number of idle senders associated
through the contacts of relay 1331, g circuit is
established for an equivalent number of relays
2202, 2204, 2208. The circuit for relay 2206 was
traced through the contact of relay 1331 and
from there is extended to ground on contact |
of relay 918.

Since there may be a number of idle circuits
available, it is now necessary to select one such
idle sender. The operation of any of the relays
2202, 2204 or 2206 establishes a circuit from
ground through contact 3, winding of relay 2307
to battery. The operation of this relay estab-
lishes a circuit for relay 2406 from battery
through its winding, contact 10 of relay 2402 to
ground through contact 4 of relay 2301. The
operation of relay 2387 also establishes a circuit

from ground through its contact 2, winding of

relay 1882 to battery which operates the latter
relay. A circuit is also established through con-
tact  of relay 2307 for operating relay 220617.
When an idle incoming sender has been found,
relay 2406 is operated as previously described
which establishes circuits for operating all of
the relays 2201, 2203 and 2205, including other
relays of this character. This establishes a cir-
cuit for relay 2211 which may be traced from bat-
tery through its winding, contact 6 of relay 24086,
contacts 2 of relays 2205, 2203 and 2281 to ground
on contact | of relay 1983. 'The operation of re-
lay 2211 establishes a circuit for a relay corre-
sponding to the level of the secondary link switch
connected to the idle sender. In this case it may
be assumed that this is the zero level and a cir-
cuit is established for relay (805 which may be
traced from battery through its winding, contact
| of relay 1904, contact | of relay 2206 to ground
on contact 2 of relay 22(1. Relay 2209 was op-
erated from battery associated with contact 2 of
relay 1709 and a circuit is now established for
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‘making a double fest of the sender which has
been, found idle. . For. this purpose a.circuit is
established for relay 1320 which ‘may be traced
from ground through its winding, contact 3T of
relay 1206 and the corresponding contact .gf re~
lay 1281, over lead 1251, contact.l of relay 2289,
contact 3 of relay 1805, contact § of relay (805,
contact ! of relay 1809, thence through confacts
of other similar. relays corresponding ‘to other
secondary switch levels through contact I7of relay
1819 to battery. The operation of relay 1320
connects a. testing circuit in the link:control ‘¢ir-
cuit with the idle irncoming sender and:also ¢on-
nects ground to.a test circuit relay (801 in‘the

cantrol circuit. The circuit:for relay (981 msy be :

traced from ground on contact 4 of relay 1329,
contact 29 of relay 1286 and a similar coritact on
relay (281, lead 124f, winding of relay 1981 to
battery. The control test circuit is associated
with relay 918 in the sender, -extending from the

centrel éircuit-to the armature and associated
contacts on -this relay. Wlth reldy 918 normal,
indicatirig the incoming sender to be 1dle ‘bat-
tery is agsociated with the test lead. When the

incording sender is busy ground is assomated with -

this lead -since relay §I8 is operated. This lead
extends through contact 3 of relay- 1328, ‘contact
34 ‘of reldy 1288-and a similar contact of relay
1287 to lesd- K254 in the control eircuit, thehce
through -eontact 6 of relay ‘2296, contact I of
relay 22{1, winding of test relay 2403, tube 2410
to battery through contact 4 of velay 1991, The
winding of test ‘relay ‘2465 .is also connected in
this tube tésting eircuit. 'This ‘may be traced

from battery through contact 4 of relay 2402, -

winding of relay. 2405, contact. 1 of relay 2406 to
the tube 2419. * At this point the test relays of
the tube testing circuit in Fig.'24 are conuected
to the sender for making a test. The seénder léad
presents battery voltage .of . particular value to
the tube of such character that if ‘no other con-
trol circuit is. attempting to. select this sender,
the "plate resistance of ‘tube 2419 ‘will instantly
drop, causing the operation of relays 2403 and
2485. If at this time another control cireuit is
attempting o seize ‘this sender or-his seized the
sender, relay 2808 will' not. operdte. "Assuriing
that this relay operates, a circuit is established
for relay 2602 from battery through its winding,
contact of relay 2485 to ground.. A circuit is
also closed for-locking relay 2206 which may be
traced from battery through the right winding
of relay 2206, contact 9 of relay 2211 to ground
through the contact .of relay 2485. Upon the
operation of relay 2402 this locking ground is
substituted through contact 5§ of relay 2402 to
contact & of relay.2486 and ground connected
thereto. If relay 2483 of the testing circuit op~
erates and relay 2485 does not operate, a gircuit
is not established for relay 2402 but a circuit is
established for the timing interruptler. extending
from ground on contact 3 of relay 2492, contact
of relay 2493 to the armature of interrupter 911,
This establishes a. circuit for operating relays 1906
and (587 which after a pericd of time operates

alarm’ circuit. - However, under normal cir-
cumstances a different incoming sender would be
taken for test. When two control circuits at-
tempt to seize the same sénder, the tube circuits
in both control circuits do not function until one
of the circuits has seized the sender. When this
sender is seized, a ground is removed from. the
lead ex Lendmg to ‘one of the .relays 2202, 2204
or 2286 and in this instance will be removed from
relay 2206 which would release.  If there are
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other 1dle uenders assocxated w1th the control cir-

in operatmg the t1m1ng circuit from the contact
of relay 2203 .is to transier the facilities of the
control ‘circuit for a second choice when the test
of ‘orie control circuit conflicts with another, The
‘operation. of tlhie vacuwmn. tube 2410 is instanta=
neous and sueh- irregularities are very rare.
Assuming that the test originally made was
successfil, the incoming sender disclosed herein
is made. busy by the operation of the vacuum
tube 2410 andis seized through the switch con-
tacts. as:follows. = The operation of relay 2402

_establishes circuits-for select magnets associated

with the level conhected to this incoming sender,

Relay 2402 -establishes a -circuit for relay 1803,

which circuit may be traced from battery through
its winding, contact 2 of relay 1802, contact 4 of
relay 2402, contact 3 of relay 2303 to ground.
Relay 2802 also opens the circuit for class relay
at. its contact 10, causing the release of relay 1331
which: disconnects the large group of senders
from the control circuit. . This opens all of the
circuits for relays 2202, 2204, 2206, which con-
stitutes a number of relays equivalent to the
number of senders associated with the control
circuit. Relay 2206 remains. opetrated since it is
locked locally. in the control circuit, as previously
described. A -circuit is established for relay 2306
from. battery through -its winding, contact 8 of
relay 2402 to ground on contact 3 of relay 1903.
A ‘circuit. is -established for relay 1708 from
ground through its winding, contact | of relay

1709, contact | -of relay 2207 contact & of relay

2402 to battery on contact T of relay 1983. The
circuit for relay 2403 is also opened at contact
3. of relay 2402 in order to make relay 2403 in-
effective. Relay 1803, in operating, establishes a
holding ‘circuit for the trunk relay 1710 so that
it will not release when its operating circuit is
opened.. Relay 1803 establishes a circuit for the
operation of the primary select magnet 8287 for
connecting the incoming trunk ecircuit to the
proper secondary link switch level. This circuit
may be traced from ground through the select
magnet 807, contact 23 of relay 1266 and a cor-
responding . contact of relay 1281, thence over
conductor 1243 to-contact 3 of relay 1882, con-
tact [ of relay I803 contact 2 of relay 1110 to
battery through res1stance 1730, A circuit is
also establlshed for the operation of the second-
ary switch select magnet-associated with the level
of the secondary switch which is connected to the
incoming sender chosen. In this case it may be
assumed as select magnet 821 which is energized
from ground through its' winding, contact 31 of
relay 1206 and the corresponding contact of re-
lay 1207, thence over lead 125!, contact 3 of re-
lay 2201, contact 8 of relay IV108, contact T of
relay 1865 to battery on contact 5 of relay 1901.
With the primary select magnet operated a cir-
cuit is-established for relay 2302. This may be
traced from ground on contact of select magnet
801, contact 25 of relay 1205 and a similar con-
tact of relay 1207, thence over conductor 1245
to the winding 2302 to battery. The operation of
the secondary select magnet establishes a circuit
for relay 2381, traced from battery through its
winding over lead 1246, contact of relay 1201,
cchtact 26 of relay 1205 to ground through the
contact of select magnet 821. With relays 2301
and 2302 operated, ‘a circuit is established for
the hold magnets of the link switch combination
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selected. This circuit may be traced from battery
through the winding of hold magnet 818 and the
winding of hold magnet 822 in parallel through
contact 8 of relay 1314, contact 3 of relay 1206
and the corresponding contact of relay 1201, over
lead 1224, contact 3 of relay 2306, which is now
operated, contact 2 of relay 2206, contact 6 of
relay 2211, contact 2 of relay 2301, contact |
of relay 2302 to ground on confact 1 of relay
23083. The operation of the select magnets and
the hold magnets closes the cross-point of pri-
mary switch 886 and the cross-points of second-
ary switch 820 for connecting the incoming
trunk with the selected incoming sender. This
establishes a circuit for relay 2364 in the control
circuit and relay 918 in the incoming sender.
The ground applied to the windings of the hold
magnets for their operation now extends through
contact 3 of secondary switch 820 over lead 842
through the winding of sender relay 918 to
battery operating the latter relay. This ground
also extends through contact 3 of primary switch
886, contact 6 of relay 1314, contact 6 of relay
1206 and corresponding contact of relay 1207,
thence over lead (227 through contact 6 of relay
1710, contact { of relay (181, winding of relay
2304 to bhattery, operating the latter relay. A
circuit is then established for relay 2303 from
battery through its winding, contact 2 of relay
2402, contact | of relay 23081, contact 2 of relay
2302 to ground and contact 2 of relay 2304. A
locking circuit is established for relay 2303 traced
from battery through its winding contact 2 of
relay 2402, contact 3 of relay 2303 to ground. ‘The
operation of relay 2303 releases relays 1806 and
1803 which opens the operating circuit for the
primary select magnet 807 which disassociates
ground from the select magnet contact and causes
the release of relays 2302 and {710. Referring to
the incoming sender the operation of relay 918
disconnects ground from contact | which indi-
cates to other control circuits that the sender
is busy. Contact 4 of relay 9¢8 disconnects bat~
tery from the armature and connects ground to
the armature which extends over the test cir-
cuit to the link control circuit. Relay 924 of this
sender is now energized by a circuit extending
through the incoming trunk, Figs. 1 and 7. 'This
circuit may be traced from battery through the
winding of the splitting relay 104, contact T of
relay (07, contact b of relay 105, lead 125 through
the contacts of the primary and secondary link
switches to lead 845, contact ! of relay 812
through the right and left windings of relay 924,
contact 3 of relay $20 to ground on contact 2 of
relay 918. Relay %24 operates in the circuit
traced but the high resistance of this relay pre-
vents the operation of relay 104. The operation
of relay 924 establishes a circuit for relay $21
traced from battery through its winding, contact
of relay 924 to ground and contact | of relay 428.
The operation of relay 921 establishes an obvious
circuit for relay 9822 and an obvious circuit for
relay 8§28 which locks to ground on contact 2
of relay 918. The operation of relay 921 places
ground on lead 842 for maintaining the hold
magnets of the primary and secondary switches
operated and also connects ground through its
contact 2 to lead 851 for operating the incoming
trunk relay 708. This circuit may be traced from
ground on contact 2 of relay 821 through con-
tacts 12 of the secondary and primary switches
to lead 131, contact & of relay 188, winding of
relay 709 to battery. The operation of relay 709
opens the link start circuif lead 75!, causing the
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release of relay 1701 in link control circuit,
which causes the release of relay 2304. Relay 918
of the sender, as stated, opened the test circuit,
causing the release of relay 2485 which now
establishes a circuit for the control circuit release
relay 1903. The circuit for this release relay
may be traced from battery through its winding,
contact | of relay 2304, contact of relay 2401,
contact of relay 2405 to ground. The operation
of relay 1903 establishes a locking circuit for
itself through the contacts of all relays which
now remain operated and also causes the pro-
gressive release of these relays, which releases
relay 1903 after the other relays have been
released, preparing the link contrel circuit for
seizure by another incoming trunk, outgoing
trunk or repeater.

Incoming sender

The apparatus of the incoming sender which
was operated according to the description in the
preceding paragraph is that used for releasing
the control circuit and starting the operation of
the selected sender. The circuits and apparatus
of the incoming sender are now operated in
preparation for receiving code and numerical
digits from the calling distant toll office. The
operation of the primary link switch 82§ and
the secondary switch 820 connects leads 849, 841
and 843 to 851, inclusive, from the sender to leads
121 to 131 of the incoming trunk. Lead 842, as
previously described, extends from the incoming
sender to the hold magnets of the link switches
and to the control circuit. One circuit is estab-
lished at this time to energize relay 9986. This
circuit may be traced from ground on contact 5
of relay 107, through contact 12 of relay 104,
contact 3 of relay 105 over lead 128, thence
through contact 9 of the primary and secondary
link switches, lead 848, contact 3 of relay 918,
contact 2 of relay 1003, winding of relay 996 to
battery. Relay 906 locks to ground cn contact
I of relay 920 and extends this ground over the
circuit traced through leads 848 and 128 to con-
ductor 204 for maintaining ground on this con-
ductor whenever relay 104 is operated. The op-
eration of relay 921, as previously described, es-
tablishes an obvious circuit for relay 913. The
operation of relay 913 arranges the sender for
receiving optional class information. Battery
through contact | of relay 943 extends through
the windings of relays 915, 810, 907, resistance
1802, contact 6 of relay 1900, lead 846 through
contact T of the secondary and primary link
switches, lead 126, contact {8 of relay 195, con-
tact 6 of relay 184, contact § of relay 108, resist-
ance 124 to ground. Battery may also be traced
from contact 2 of relay 913, windings of relays
8i6, gt{ and 908, resistance {604, contact | of
relay 1000, lead 847, contact 8 of the secondary
and primary link switches, lead {27, contact 9 of
relay 185, contact & of relay (64, contact i of
relay 186, resistance 785 to ground. Relay 913
establishes a holding ground for relay 818 and
the class information relays and connects ground
to lead 851, which supplements the ground ap-
plied to this lead by relay 821 extending through
the winding of relay 709, as previously described.
Relay 1011 is operated from ground on the con-
tact of relay 915 and relay 1048 is operated from
ground on the contact of relay 8i{5. Either of
these relays may be operated over the circuits
traced, depending upon tha class of the incoming
trunk used for the call, and, consequently, on
the connection to contacts | and 6 of relay 785,
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Either of these relays . wheén operated establishes
a locking circuit for itself to ground on contact
3 of relay 913. The operation of either one of
these relays -establishes the type.of marker to.be
used for the connection, as will be described
herein. The operation of either relay also estab-
lishes a circuit for relay 1009 traced from battery
through its winding, contact 2 of relay 1010 or
contact 2 of relay 1011 to ground of relay 915 or
§16, depending upon the relay operated. The op-
eration of relay 1009 causes the operation .of
relay 914 from battery through its winding to
ground on contact 3 of relay 1009. Relay 914
now -short-circuits the high resistance winding
of relay- 924, . The. short circuit extends from
ground on contact: 1 .of relay. 921, contact I of
relay 914 to the mid-point between the two wind-
ings of relay-924. The opposite side of the left
winding has. ground -associated therewith also
through -contact. -1 of relay 921. This removes
the high resistance path from the circuit previ-
ously traced through the winding of the incom-
ing trunk relay 104 which now causes the opera-
tion of the latter relay. 'The operation of relay
104 opens. the circuit for relays 915 and 9i6
which release. ' 'The release of relays 915 and 916
removes -the shunt from the winding of. relay
1309 which now -operates in -series. with relay
1369. This circuit may be traced from ground
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tact 7 of relay 105,.contact 4 of relay 106, contact
3..of relay 106, contact 9 of relay 122 to the ring
conductor 113 extending from.the distant office
100 and:from contact 4 of relay 106 to battery
through the winding of relay 719, thus establish-
ing. an operating circuit for relay 1004. Relay
1064 locks to battery on. its contact 2 and con-
nects pulsing relays: 915, 910 and 907 to the tip
lead 840 and pulsing relays 9i6, 91if and 901
through the ring lead 841. These leads extend
through contacts 1 and 2 of the secondary and
primary link switches fto leads 121 and 122 of
the incoming trunk circuit and thence to the tip
and ring conductors to the distant office. Relay
1064 also opens the path from the tip and. ring
leads 840 and 841 through resistance 904 and
‘condenser 905.  On all classes of service a .code
pulse is transmitted -and, therefore, on all classes
of service relays 514 and 515 are operated as soon
as ‘the sender is seized. The circuit for these
relays was previously traced.

The pulses are transmitted from the dlstant
office 108 by impressing 48~volt battery or ground
through either high or low resistances, which is
transmitteq to the sender over leads 849 and 841
for selectively operating relays 815, 910, 991, 916,
Gil.and 908. These relays operate the registers
shown in Figs, 5.and 11, according to the follow-
ing. chart.

ABC | DEF |- -1 TOV

Register relays.... .

H- indicates low resistance ground.
H-—indicates low resistance 48 v. battery.

L+ indicates high resistance ground.

L,—"indicates high resistance 48 v. battery.

X indicates-relay operated.
on contact §-of relay 813, winding of relay 1000,
contact & of relay 1089, winding of ‘relay 1009 to
battery:  'The operation :of relay- 1000 connects
the contacts of relays 915 and 916 to the contacts
of steering  relays 914, 516, 518, 522, {1{0 and
{114, The -operation of relay 1000 also closes a
circuit for the operation of relays-5i4 and 515 in
preparation for recording the incoming ‘pulses
from: the distant office and disconnects leads 846
and 84T from relays 815 and 916 and the other
pulsing relays ‘in series therewith. - The circuit
for relays ‘514 and 515 may be traced from bat-
tery through -the windings of both relays in
series, contact | of relay 511, contact 2 of relay
9238 to ground, and contact 3 of relay 1500. Re-
Iay 544 locks to ground over its operating circuit
through" its contact 2 connected” directly to
ground on relay 1000. Relay 514 establishes an
‘operating circuit for -relay 923 from - battery
through the winding of relay 923, contact 2 of
relay 5i4 to ground on contact 3:of relay 1000.
The operation of relay 923 establishes a circuit
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for relay 1004 from ground to contact 2 of relay .

622, contact | of relay 923, winding of relay 1804,
contact 2 of relay 1084, contact 4 of relay 903,
contact | of relay 981, lead 841, thence through
contact 2 of the secondary link switch and con-
‘tact 2 of the primary link switch to lead 122 of
the incoming trunk circuit, thence through con-

%

The A register relays comprise relays 502, 533,
504 and 505, relay 502 being designated in the
chart as the first register relay and relay 505 as
the fourth. The B register relays comprise re-
lays-506, 507, ‘508 and ‘509 and the C register re-
lays ‘comprise relays 510, 5t1, 512 and 513. The
foregoing A, B and C registers comprise the code
registers of the sender. The numerical registers
are shown in Fig. 11. Only two numerical regis-
ters are shown, the first numerical register com-
prising relays 1100, 1161, 1162 and 1103, and the
last numerical register comprises relays .1i04,
1105, 1106 and (107, 'There may be as many
numerical registers as required, the intermediate
registers are the same as the first and last regis-
‘ters and therefore need not be shown. The steer-
ing relays for transferring the pulse leads from
one register to another comprise the relays shown
in-the left portion of Figs. 5 and 11 connecting
with the various register relays. Let it be as-
sumed, for example, that pulses are transmitted
from the distant office 100 for registering the code
and number CH3-1379. - The transmission of a
pulse for operating register 2 is first transmitted
to.indicate the code letter C. 'This connects high
resistance 48-volt battery to the tip lead 849
which causes the operation of relays 915 and 997.
Relay 915 operates steering relay 5i6. Relay 547
does 'not operate at this time as it is short-cir-
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cuited. Relay 907 operates the A register relay
503 which locks to off-normal ground on contact
2 of relay 922. When this imptulse has termi-
nated, relays 815 and 967 are released. Relay 915
removes the short circuit from relay 517 which
cperates in series with relay 516, The operation
of relay 5{7 opens the locking circuit for relays
‘814 and 515 which release. Relay 517 when oper-
ated closes the leads from the contacts of relays
907, 948, 908 and 811 to B register relays 596 to
509, inclusive. The release of relay 514 closes the
circuit from the contacts of relays 815 and 916
to the relay §18. The release of relay 515 opens
the leads from contacts of relays 967, 910, 808 and
811 extending to the A register relays. A pulse
is now transmitted for the letter E which is the
same as for the numeral 4. This connects high
resistance ground to the tip conductor 840 and
high resistance 48-volt battery to the ring con-
ductor 841. This causes the operation of relays
915, 9i6 and 9%98. The operation of relays 9{5
and 916 establishes a circuit for relay 518 and
the operation of relay 918 operates B register re-
lay 588 which locks to off-normal ground. Relay
518 operated prepares a path for operating relay
519 which operates when relays 215 and 997 re-
lease at the termination of the impulse. The
transmission of impulses continues for operating
the C code registers and numerical registers as
described. The value of battery or ground im-
pulse transmitted for these digits is apparent by
reference to the above chart and need not be de-
scribed therein.

After the transmission of the code and nu-
merical impulses is completed the start impulse
is transmitted over the tip conductor connecting
high resistance 48-volt hattery to the ring con-
ductor which causes the operation of relays 915,
916, 910 and 91f. It will be noted that relay 8117
is permanently connected to the contacts of re-
lays 810 and 928 so that relay 917 will respond
whenever relays 908 and 818 operate. When re-
lay 91T is operated a circuit is established for
relay 969. Relay 989 locks to ground on contact 2
of relay 922. When the start relay impulse has
ceased, relays 917 releases which establishes the
circuit for the start relay {806. The operation
of relays 910 and 208 operate the start registers
1128 ang (12! which lock to ground on contact
2 of relay 922.

Upon the completion of impulse transmission
from the distant office, a readjustment of the cir-
cuit and apparatus at the distant end takes place
and polarized relays are connected across the tip
and ring conductors of the distant office. The
operation of relay 1806 operates relay 90{. The
operation of the Ilatter relay connects battery
through resistance 892 to the conductor 841
which extends over the trunk conductor to the
distant office. The right winding o6f relay 1885
js also connected to conductor 840 extending over
the trunk conductor to the distant office... This
energizes polarized relays in .the. distant office
but relay 1005 does not operate under this con-
dition since it is marginal and will not -operate
in series with the polarized relays in the distant
coffice. The polarized relays operate as an indi-
cation to the pulsing circuit in the distant office
that the incoming sender has operated satisfac-
torily. When the polarized relays in the distant
office operate they associate a direct ground with
the sender on conductor 848 which operates relay
{085. Relay 253 now operates in series with-the
left winding of relay 1885 to sround on contact 4
of relay 1809. The operation of relay 908 causes
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the release of relay 801 which reconnects the ter-
minal resistance and condensers 994 and 985
across the tip and ring conductors. This signals
the distant office that the closing impulse was
properly transmitted from the distant office to
the incoming sender.

Marker

After the registers of the sender have been
set a marker connector is actuated and an idle
marker selected for finding an idle trunk and for
setting the switches between the calling incom-
ing trunk and the selected outgoing trunk.
Apparatus in the marker is also operated for sig-
naling the outgoing trunk whether a repeater is
required in the telephone connection. Prepara~
tory to selecting an idle marker connector, dia-
grammatically shown as 610, relay 522 is operated
in the steering relay circuit after the third code
register has been set. The circuit for relay 522
may be traced from battery through its wind-
ing contact | of relay 518, contact | of relay
516, contact | of relay 515, contact 2 or 5 of
relay 1600 to ground on the contact of either
relay 915 or 916. A circuit is thus established
for relay 413 which may be traced from battery
through the winding of relay 413, contact 2 of
relay 522, contact | of relay 423, contact 2 of
relay 419 to ground through contact | of relay
922. Relay 413 locks through the winding of
relay 414, contact 3 of relay 415 to ground on
contact | of relay 922. The operation of relay
413 releases relay 422 which was previously
operated from ground on contact | of relay 922
and locks relay 413 through the winding of re-
lay 414, contact 4 of relay 413 to ground on con-
tact | of relay 922. Relay 415 is operated from
battery through its winding, contact 2 of relay
417, contact 2 of relay 413 to ground on the
contact of relay 422. Relay 413 also associated
battery through its contact | and contact | of
relay 416 to the winding of relay 4/1 which
operates if the preferred connector is busy since
ground is associated with the upper winding of
relay 411 when a busy connector is encountered.
Assuming that relay 411 remains normal, a cir-
cuit is established for starting the energization
of the marker connector 610 which operates in
the same manner as fully described in the afore-
mentioned Patent - 2,236,246 to King-McKim-
Myers. The sender is arranged for selecting
either a toll marker or a marker which is used
for completing connections within the area of
the toll office by the operation of relay 1122 or
relay 1123 which are under the control of relays
f010 and 1011 selectively operated by circuits
established in the calling incoming trunk cir-
cuit as previously described. When a combined
toll and terminating marker is used a single
start circuit is employed. For this circuit ex-
planation let it be assumed that the toll relay
1123 is energized because relay 1010 was ener-
gized by a calling incoming trunk and that a
start circuit is established through the contact
of this relay. When relay 415 is energized this
start circuit may be traced from battery through
contact I of relay 415, contact 4 of relay 416, con-
tact of relay (123 over conductor 1131 to a start
relay in the marker connector. A large plurality
of leads are now connected from the incoming
sender to the selected marker. ’

When the sender and marker are first con-
nected together a plurality of leads are grounded
so that all of the marker register relays con-
nected to the sender leads are operated. This
causes a chain circuit to be closed through regis-
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tering apparatus in the marker for operating
the -marker start relays.. This opens -a -common
operating -circuit and releases all marker relays
except- those -which -are- operated: over leads
grounded. in the sender -by ‘apparatus selectively
operated by the calling incoming  trunk. : 'The
effect of operating all-the relays in-the marker
and then releasing those which are not desired
is to check all-of the leads for continuity and: for
freedom from  extraneous grounds: or- crosses.
The code registrations and other registrations
are now transferred from the sender to- the
marker- to supply- the  marker- with -data for
selecting . an idle outgoing trunk extending to a
particular -office. A particular route relay is
selected according to these registrations and:the
switches shown-in Fig, 2 are-set for connect-
ing- the incoming trunk to the outgoing trunk
selected. - Two of the- registrations- transferred
from the incoming sender to the marker indicates
whether a repeater is requlred for this telephone
connection,

Repeater selection by the marker

As previously stated a voice amplifying  re-
peater is required for good -transmission when
the incoming trunk is a long trunk and.the out-
going trunk is also g long trunk and consequent-
ly the marker requires a signal indication of the

character of both theé incoming and the outgoing .

trunks for automatically détermining whether a
repeater should be selected and introduced in the
outgoing trunk falking conductors. In the-sys-
tems disclosed, uni-directional .voice amplifying

repeaters are shown for each-channel in the four-

wire transmission system extending through the
equipment of the office. These two.channels
may be connected to a two-wire toll line or trunk
extending to a distant office through windings-of
hybrid coils as shown in the left portion of-the
outgoing trunk circuit Fig. 3 or the.two.channels
of the system may be -connected. directly to the
equipment of the distant-toll office in which case
the hybrid coils are not required. ' As previously
stated, voice amplifying repeaters are inserted in
each transmission channel of the outgoing trunks
under the control of the marker when the trunk
lines connected  together are .of sufficient length
to redquire voice. amplification. . When- shorter
trunks are connected together voice amplifying
repeaters are not required and consequently the
marker indicates that repeaters-shall not be in-
cluded in the talking conductors of the trunk.
The system is adaptable to a two-wire transmis-

sion system as well as the four-wire transmission :

system disclosed. A long incoming trunk has
ground as shown, connected on contact 9 of relay
104 for establishing a circuit to the sender: giv-
ing the character of trunk associated therewith.
The following series of operations take place as
soon as the. link switches -of Fig. 8 have estab-
lished- a connection between the incoming trunk,
Figs. 1.and 7 and the incoming sender, Figs: 4 5,
9, 10 and 11. A circuit is thus-established for
relay 520 of this incoming sender known ags the
long incoming trunk relay. This circuit .extends
from ground oh cohtact 9 of the incoming trunk
relay 104, contact | of relay 105; lead 123, through
contact 4 of the primary-and secondary link
switches to conductor 843, contact 2. of relay 814,
winding of the long incoming trunk relay 520 to
battery. Relay 520 establishes the locking: cir-
cuit to ground on contact I of relay 922. It will
be remembered that relays 104 and 914 were nor-
mal when the sender was: seized by the link and

o

i0

13

connected with the incoming trunk but were
later operated. - The operation of relay 814 opens
the operating circuit for relay 529 but the latter
relay remaing operated over its locking circuit.
After the seizure of an idle marker, a circuit is
completed . to the marker for- operating relay
600 also known as the long incoming . trunk relay.
This circuit is traced from contact 2 of relay 520
through the marker connector to lead 618, wind-
ing of relay 600 to battery. Subseguently the
registers of the marker are operated according
to -the- registrations transmitted to the -sender

~ from the calling incoming trunk and a route Te-
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_for repeater sslection.

lay, such as 602, is selected-through the contacts
of the registers diagrammatically shown as 60f.
The route relay selected: indicates the character
of the oulgoing trunk to be used for completing
the telephone connection by -either establishing
8 circuit -for relay 698 through the contact: of
relay-600 or by leaving this circuit open. .Con-
sequently, we have the character of both trunks
now' indicated to the marker. The e¢ircuit con-
nections from this route relay (not shown) may
be assumed as the same as that established in
the aforementioned patent application of King et
al., with the exception of the contacts shown for
completing the repeater selecting circuit, when a
repeater is required. If the outgoing trunk used is
not long enough to require a repeater this repeat-
er selecting circuit is not established by the route
relay thus relay 680 may be opsrated to indicate
a-long incoming trunk but if a shori outgoing
trunk is used for completing the connection, the
repeater selecting cireuit remains dlsestabhshed

In the present instance it may be assumed that
a repeater is required for the telephone lines or
trunks to be connected together and an obvicus
circuit is established for relay 698 from ground
through the contacts of relays 682 and 630 to
battery: to the winding of relay: 686. As.de-
seribed in the aforementioned pabtent to King
et al. connector- circuits are used betweén the
marker and the primary and secondary switches
such as shown in Fig..2, in order to select an idle
path between the switches connected with the
selected outgoing trunk and the calling incoming
trunk. = Until such time as an idle outgoing trunk
has. been found and seized and paths created for
its proper operation certain circuits of the marker
are maintained open. As shown in Fig. 6 one
such- eircuit extends between the outgoing link
connector 604  to what is known as an cutgoing
relay 603. This circuit: is, however, established
as soon as an idle outgoing trunk ig found and
made busy for use in a telephoneé connection. ‘A
circuit is thus established for relay 605 to operate
a relay in the culgoing trunk circuit later used
The marker thus. auto-
matically creates a start circuit for the selection
of a repeater. This circuit may be traced from
battery through both windings of relays 698, con-
tact of relay 606, both contacts { and 2 of relay
605, thence over conductors 620 and 621 through
the incoming sender, the incoming trunk to the
outgoing trunk. Lead 620 may be traced through
the marker conhector, contact 2 of relay 4283, lead
843, through contact 4 of the secondary and pri-
mary link switches to lead 123 of the incoming
trunk, contact I of relay 105, contact 18 of relay
104 thence over lead 203 through the incoming
and outgoing primary and secondary connecting
switches 219, 211, 213 and 214, lead 303, contact
5 of outgoing trunk relay 386, lower winding of
retard coil 861, contact 6 of relay 368, contact-2
of repeater relay 322 to ground through its lower
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winding. This circuit is simplexed and over the
tip and ring talking conductors and therefore,
lead 621 should also be traced through the mark-
er connector to the incoming sender, contact 3
of relay 423, lead 844, contact 5 of the secondary
and primary link switches to lead 124, contact 2
of relay 105, contact 8 of relay 104, conductor 202,
thence through the connecting switches 210, 211,
213 and 214, lead 302, contact 8 of relay 306,
upper winding of retard coil 307, contact 6 of
relay 308, contact 2 of relay 322, lower
winding of relay 322 to ground. In the cir-
cuit above ftraced the oufgoing trunk relay
322 does not operate due to the high re-
sistance of the lower windings of relay 608. Re-
lay 608, however, operates in the circuit traced
and associates an operating circuit with relay 607
from battery through the winding of the latter
relay, contact of relay 608 to ground on contact
2 of relay 663. The operation of relay 607 estab-
lishes a locking circuit for itself through its con-
tact 2 and a short-circuiting path through its
contact 1. The lower winding of relay 608 is thus
shunted and a circuit is established from battery
through the upper winding of relay 608, contact |
of relay 607, contact of relay 606 to leads 620
and 621 which causes the operation of the re-
peater relay 322 in the outgoing trunk circuit.
The latter relay in energizing establishes a lock-
ing circuit for itself from battery through its
upper winding, contact 3 of relay 308 to ground
on contact 4 of relay 319 which operates as soon
as this outgoing trunk is seized. The operating
circuit for relay 319 extends from battery through
its winding, contact 3 of relay 320, contact T of
relay 305 thence over test conductor 340, trunk
block relays 609 of the marker to ground over
the trunk testing circuit of the marker as ex-
plained in the aforementioned patent to King
et al. - As will be seen by later description a pro-
gressive circuit arrangement is provided in the
outgoing trunk circuit, Fig. 3, so that on outgo-
ing sender and a repeater may be successively
selected. The repeater relay 322 remains locked
until after the outgoing sender has been selected
by the link circuit and has transmitted the im-
pulses to a distant office. This succession of
operations is injected into the system-in order
that the marker and incoming sender may be
released at the earliest possible moment. The
marker having transmitted a signal to the out-
going trunk operating apparatus which will cause
the selection of a repeater has completed its
functions since previous to this the outgoing
trunk was selected and the switches operated be-
tween the calling incoming trunk and the out-
going trunk. As soon as an outgoing sender has
been associated with the incoming sender through
the outgoing trunk circuit and the numerical dig-
its have been transmitted from the incoming
sender to the outgoing sender, this incoming
sender may be released. :

Link selection serving outgoing trunk

As previously stated the marker tests a plu-
rality of oufgoing trunks over trunk test leads
such as 340. When an idle trunk is found the
marker connects a low resistance ground to this
lead for making the trunk busy and for operat-
ing relay 319. The circuit for operating this re-
lay is as previously traced. The operation of
relay 319 immediately associates ground with the
start circuit of a link for finding an outgoing
sender. This circuit is established before the
marker has finished setting the switches of Fig. 2.
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The link start circuit may be traced from ground
on contact 3 of relay 319, contact 3 of relay 320
thence over lead 331, confact [ of relay 1310,
winding of link start relay 1311 to battery. The
class signal for directing the operation of the link
is established through contact 4 of relay 320 when
this relay is normal, thus leads 333 and 334 are
connected together which later operate apparatus
in the link control circuit directing it to select an
outgoing sender. This will be described in detail
after the link control circuit has been selected.
The operation of relay 1314 establishes circuits
for energizing a connecfor unit in an effort to
associate the outgoing trunk with an idle link
control circuit shown in Figs. 17, 18, 19, 22, 23
and 24, inclusive. The control circuit in the lat-
ter figures is used for the selection and operation
of a combination of link switches shown in Fig. 8
for connecting the outgoing trunk with an out-
going sender, in the same manner as described
for the selection of an incoming sender and the
association of this incoming sender with the in-
coming trunk. The outgoing trunk, Fig. 3, as
disclosed is connected with one of the horizontal
levels of a primary link switch which may be
operably associated with a secondary link switch
by the operation of the select magnet 803 for this
horizontal level and the operation of the hold
magnet 809 controlling a certain vertical. The
primary switch may have a plurality of verticals
associated with different secondary switches for
connecting this outgoing trunk with an outgoing
sender. One primary vertical is shown for con-
necting this outgoing trunk with the level 823 of

5 the secondary switch controlled by the hold mag-

net 825 of a particular vertical. This will be
known herein as a switch combination which was
fully described in connection with the selection
of an incoming sender.

The operation of the start relay 1311 establishes
a circuit for finding an idle control circuit as
previously described which ultimately operates
multicontact relays 1286 and 1207 for associat-
ing an idle control circuit with the outgoing trunk
circuit, Fig. 3. The energization of relay 1207
establishes a circuit for make-busy relay 1701 in
the control circuit which associates ground with
a plurality of conductors equivalent to the num-
ber of relays used in the chain circuit in the
upper left portion of Fig. 12. As previously de-
scribed, the control circuit selected is now indi-
cated as busy to all other connector circuits and
is taken for use to connect the outgoing sender
with the outgoing trunk. The organization of
the link switching arrangement and the control
circuits is such that a choice is made from a large
number of outgoing senders associated with the
apparatus of the control circuit. In some in-
stances a number of idle outgoing senders are
simultaneously associated with the control cir-
cuit but only one of these outgoing senders is
selected for use. This selection is made by sig-
naling the control circuit which level of a par-
ticular secondary link switch is connected to a
preferred idle outgoing sender. As stated earlier
in the description the control circuit relays 2201,
2203 and 2205 are each associated with a different
switch combination comprising a vertical on a
primary switch and a vertical on a secondary
switch each having a plurality of levels. The
contacts of these relays are connected with the
large plurality of outgoing senders. The wind-
in_gs of relays 2202, 2204 and 2206 are connected
with this large plurality of outgoing senders to
the contacts of relays 2201, 2203 and 2205. There
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are as many relays 2202 2204 and 2205 as there
are outgoing senders s1multanetously assoc1ated
with the control circuit and all such relays a5s80~
ciated with idle outgoing senders are operated,
This operation, however, takes place after the last
indication has been transmitted from the outgo-
ing trunk to the control eircuit. -

‘When a particular trunk within the subgroup
of trunks actuates a link, it is first necessary to
identify the subgroup with which it is associated.

10

The link control circuit is provided with a plu- .

rality. of relays 2214 to 2212 equivalent to the
number of trunk subgroups In this instance
the -outgoing trunk is-in the same subgroup as
the .incoming trunk, Figs. 1l and 7 .and thus re-
lay 2214 is operated fo indicate the subgroup of
trunks requiring service. 'The circuit for this
relay is the same as previously described. A cir-
cuit. is: thus established :for the mulficontact
relay 1314 which is the relay serving this. sub-
group-of trunks. There are a plurality of trunks
in each subgroup served by the same start relay
i311. .These are represented in the control cir-
cuit by relays 1108 to 1710, -The start ground
which operated relay 1311 extends through all
of the contacts of relay 1310, - After the opera-
tion of relay 1314 this ground extends through as
many contacts of relays. 1310 and: 1314 as there
are trunks in the subgroup. - This ground . also
extends through contact 15 of relay 1314 to en-
ergize the start relay 1705 in the control circuit.
The trunk subgroup. relays 1706 to 1Ti9 repre-
senting all the trunks in the group are now ener-
gized. Relay 1703 now operates over a -chain
circuit through the contacts of relays IT10 to
{706 which establishes a circuit for relays 1702
and 1310... The operation of relay 1318 removes
the start circuit ground from all conductors and
all contacts except the contact of relay 1314 as-
sociated with the start ground in the outgoing
trunk. being served: which causes the release of
all relays {706 to 1718 except the one associated
with the outgoing trunk circuit, Fig. 3, which is
represented by relay (708, The latter relay is thus
locked ‘in position. The operation of relay 1319
also opens the operating circuit for relay (799
which - now releases and establishes a: circuit for
relay 1707,

Since the control circuit may select either an
incoming sender, an outgoing 'sender or a.re-
peater, o class signal must be transmitted from
the trunk to direct the character of equipment to
be selected by the link control circuit.” This class
signal is.given over outgoing trunk leads 333 and
334, Lead 334 .is individual to .the trunk being
served.  Lead 833 is associated with a particular
class ‘of service felay in the link control circuit.
In this instance. the. class relay operated.is 1804
and the circuit for this relay may be traced as
follows: Battery through the winding of relay

{884 over lead (233 through the contacts: of .

relays 1207 and 1208, contact 12 of relay. (314,
lead:2333; contact 5 of relay 320, lead 334, contact
Il of relay 1314 thence through the contacts of
the multicontact relays 128§ and 1207 to the
lead 1232 which extends through: contact T of
relay 1108 operated, through similar contaets of
the normal relays for other trunks,.contact 1 of
the normal relay 1710, contact 2 of .relay 1111
which is operated; to ground through contact 2
of relay 2303. The class of circuit to be selected
is thus given to the link control circuit which in
this case is an. outgoing sender. represented-by
relay 1834. A connection is:now -made for asso-
ciating a large plurality of outgoing senders with
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testing the outgoing sender.

15
the contr »c1rcu1t by the operatmn of relay 1330
A cireuit. for operatmcr this relay may- be, traced
from ground to:the winding. of relay 1330, con- -
tact 16 of relay 1314, contacts of relays 1206 and
1207, conductor I231 contact 4-0of relay 1702
which s operated, contact 3 -of class relay 2219
which is normal, contact 3 of class relay 1806
which is normal, contact 3 of class relay 1804
which. is operated -contact 4 of relay 2304 Wh1ch
is.normal to battery. to contact 9 of_re_lay_zlm’
which. is normal. Relay 1339 is operated-in.the

-circuit-traced for associating the test leads of a
: large plurahty of .outgoing senders with-the ap-

paratus of the control. 01rcu1t One of these
testmg c1rcu1ts is: shown . connected to contact
i.of relay 1330 extending, over lead 1588 through
contact. 8 of relay, 1500 in the outgomg sender.
Relay I500 is normal in an idle. outgoing sender .
and operated in a.busy oubtgoing -sender; ‘there-
fore, lead 1538 is either. associated. with ground
on contact 1 ef, relay i501 when the circuit is
idle,-and open when:it is busy.. Relay-1539-is a
second test lead. which . is associated with. bat-
tery. through contact 2 of relay:1501 and resist-
ance 1502 when the circuit is idle and-associated
with ground on contact | of relay. 1500 when the
circuit .is busy. These two leads- are . -used- in
The operating: cir-
cuits: for the -senders. tested are- connected to a
plurahty of switch levels on -4 plurality of sec-
ondary link switches such as 823. Each second-
ary link switch-level.is.associated. with -a. differ- .
ent -vertical of a primary. link.switch-which -is
connected to .the-outgoing: frunk,;. This.makes
available a large number of outgoing senders for
selection so'that or dmarﬂy one Or more are found
to-be. idle. . .

-~ Certain Vertlcals of the sccondary 11nk sw1tches
may have outgoing senders assocmted w1th sev-
eral levels, incoming- senders assocxated ‘with
other levels and repeaters associated with .other
levels and may be. associated.with.the primary
switch through respective mating contacts. The
above-mentioned, vertical--and ‘horizontal  levels
of the switches are available to-other link: control

-circuits and therefore when a- test is - made to ob-
tain. the service -of an:idle--outgoing sender, a

check-is made to ascertain which links are avail-
able for test, i, e.; which links have not been taken
for: use by other control-circuits... When a link
has been taken -for-use by:another control cir-
cuit- a-ground- is-.applied to the  winding of the
hold magnet to-operate the hold magnet of the
primary and-secondary link switches. . The leads
from allof the hold magnets are-carried -from the
link switches through-contacts, such-as 3, 4 and:5
of relay 1314 and-similar-centaets-of the multi-
contact relays 1206:and 1207 to:-conductors, such
as 1224, 1225 and '1226;  In each case there:are
as many such-leads as there are .available links

for use in selecting outgoing senders, and these

leads from all -such. hold magnets: are -carried
through the contacts of relay 2386 to the-left
windings:.of irelay such as-2201; 2203 and 2205.
If any verticals have ground asscciated with their
hold magnets.a circuit for such busy links es-
tablishes-an operating path -for the .aforemen-
tioned relays 2201, 2263 and 2205 to prevent a;test
of .the senders associated :with. busy secondary
switches,  The operation of any of these'relays
opens the operating circuit for relays 2202, 2204
and-2206. There are as many;of the latterrelays
as:there are outgoing senders available-for. test
but: only those associated with unoperated. re-~
lays 2201, 2203 and 2205 are tested. Assuming
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that none of these relays are operated, relays
2202, 2204 and 2206 are associated with the test
leads extending to the outgoing senders and all
relays associated with idle senders are operated
by ground from relays such as {501 in the out-
going senders connected over circuits such as 1538.
This eircuit may be traced through contact 2 of
relay 1330, contacts of multicontact relays 1206
and 1207 to lead 1261 to contact 3 of relay 2203,

left winding of relay 2204 to battery. Circuits for

other similar relays are established to paths over
circuits as traced using conductors such as 1260
and 1262 extending to other contacts of relay 1339
to outgoing senders. A chain circuit through the
contacts of relays such as 2202, 2204 and 2206
automatically chooses the idle sender to be se-
lected. When this idle outgoing sender has been
chosen relay 2406 is operated over a circuit previ-
ously described which establishes circuits for

operating all of the relays such as 2201, 2203 and

2205. This establishes a circuit for relay 2211 as
previously traced to ground on contact | of relay
19063. The operation of relay 22{1 establishes a
circuit for a relay corresponding to the level of

the secondary link switch connected to the idle .

sender. This circuit may be traced from ground
to contact 2 of relay 2211 over a chain circuit
through contacts I of the unoperated relays 2202,
2204 and 2206 to contact | of the first operated

relay in the chain which in this case may be as- -

sumed as relay 2204 which extends the circuit
through contact 2 of relay 1801, winding of relay
1809 to battery which represents the level of the
secondary switch to which the outgoing sender is
connected. Relay 2209 was operated from bat-
tery associated to contact 2 of relay 1709 and a
circuit is now established for making a double test
of the sender which has been tested as idle, For
this purpose a circuit is established for relay 1321

which may be traced from ground through its -

winding contact 38 of relay (206 and a similar
contact of relay 1207 over lead 1258, contact 2 of
relay 2209, contact 3 of relay 1809, contact 2 of
relay 1805, contact 5 of relay 1895 which is nor-
mal, contact 5 of relay 1809 which is operated to

battery through contact | of relay 1810 which is

normal. Relays 1321 and {809 correspond to the
level of the secondary link switch connected to
the idle sender. The operation of relay 1321
connects ground through its contact 4 to the con-~
trol circuit for operating relay 1901. Relay 1889
is connected from the outgoing sender through
contact 2 of relay 1321 to a testing circuit in the
link control circuit. This test circuit comprises
vacuum tube 2410 and relays 2405 and 2403. The
sender associates a voltage of particular value
with the tube 2410 in the control circuit of such
character that if no other control circuit is at-
tempting to select this outgoing sender the plate
resistance of the tube will instantly drop causing
the operation of relays 2403 and 2405. Assuming
in this case that the outgoing sender is idle and
that no attempt is being made by another control
circuit to seize these sender relays 2403 and 2405
may be assumed as operated establishing a cir-
cuit for relay 2402. Upon the operation of relay
2402 a locking ground is established for relay
2406, If the outgoing sender, which was tested
and found idle, is seized by another control cir-
cuit before this double test is made, another idle
outgoing sender is selected in the same manner
as described for incoming senders.

A circuit for relay 1803 is now established as
previously described for the operation of the pri-
mary select magnet 803. This circuit may be
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traced from ground to the secondary switch
magnet 803, contact 24 of relay 1298 and a simi-
lar contact of relay (287, conductor [244, contact
4 of relay 1802, contact 2 of relay 1853, contact 2
of relay {7108 operated to battery cn contact 3
of normal relay (7i0. A circuit is also estab-
lished for the operation of the sccondary switch
select magnet associated with the level of the
secondary switch connected to the outgoing
sender chosen. In this case it may be assumed
that select magnet 824 is operated from ground
through its winding, contact 32 of relay 1205
and a similar contact of relay 1287, conductor
1252, contact 4 of relay 2207 which is operated,
contact 2 of relay 1768 which is operated, contact
T of relay 1809 which is operated to indicate the
horizontal level of the secondary switch, contact
6 of relay 1895, normal contact 5 of relay 1981
to battery. The circuits established through the
contacts of the primary select magnet and sec-
cndary select magnet are the same as described
for the incoming sender selection for establishing
operating circuits for relays 2302 and 2301. With
the latter two relays operated, a circuit is estab-
lished for the hold magnets of the link switch
combination selected. This circuit may be traced
from battery through the windings of hold mag-
nets 809 and 825 in parallel through contact 4
of relay 1314, contacts of relays 1206 and 1207
to lead 1245 of the control circuit thence through
contact 2 of relay 2308 operated, contact 2 of
relay 22084 operated, contact 2 of relay 2208 nor-
mal, contact 6 of relay 2211 operated, contact 2
of relay 230!, contact | of relay 2352 to ground
on contact f of relay 2303. The operation of the
select magnets and the hold magnets close the
cross-points or mating contacts of the primary
switch 881 and the secondary switch 823 for con-
necting the outgoing trunk circuit, Fig. 3, with
the select outgoing sender.

The ground applied to the windings of the hold
magnets for their oeperation now extends through
contact 3 of the secondary switch 823 over con-
ductor 1532, winding of relay 1520 to battery
which operates this relay and replaces the busy
ground held on the contact of this relay by the
control circuit. The operation of relay 1500 as-
sociates ground with lead 1538 and opens lead
1538 so that the outgoing sender is made busy
independent of the control circuit. The ground
applied to the hold magnets also extends to con-
tact 3 of the primary switch 804, contact T of
relay 13t4, contacts of relay {285 and a corre-
sponding contact of relay 1207 over lead 1223
through contact & of relay 170§ which is oper-
ated, contacts of other normal relays and through
contact 6 of relay 1710 normal, contact | of relay
1707 winding of relay 2304 to battery operating
the latter relay. A circuit is then established
for relay 2383 from battery through its winding
to ground on contact 2 of relay 2384 and a lock-
ing eircuit is established for relay 2383 to ground
on its contact 3. The operation of relay 2303
opens the operating circuit for the primary select
magnet and releases other relays including relay
1706,

Referring now to the operation of apparatus
in the outgoing sender as it relates to the link
control circuit, the operation of relay 1500 dis-
connects battery from lead (539 and conneects
ground thereto. This reverses the current in the
test circuit of the control circuit and releases
relay 2425. The link start circuit is opened by
the outgoing trunk circuit by the operation of
trunk relay 320 as explained Iater. A circuit is
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thus established for the control circuit release
relay 1983 which may be traced from battery
through its winding, contact | of relay 2364, con-
tact of relay 2401, contact of relay 24085 to ground.
The operation of the control circuit release relay
1803 establishes a locking circuit for itself and
causes the control circuit to restore to normal
so that it may be seized for establishing another
connection. A circuit for relay 1508 may be
traced from ground through its winding, con-
tact | of relay (514, contact 2 of relay 1512, con-
tact 2 of relay 1589 thence over lead 1533 to
contact 6 of the secondary and primary link
switches 828 and 801(, lead 355 contact 6 of out-
going trunk relay 32(, winding of relay 386 to
battery. Relay 1569 operates in a circuit traced
but the high resistance of this relay prevents
the operation of relay 806, Circuits are estab-
lished by operation in the outgoing sender which
takes place progressively after the sender is
seized and other relays operated, for example,
the operation of relay 15%9 ccnnects ground to
its contact 2, winding of relay 1584 to battery
also connects ground to its contact 1 for locking
relay 15090. Relay 1585 is eperated from ground
on contact 2 of relay 1584. Relay 1581 is oper-
ated over an obvious circuit to contact 6 of relay
1500. Relay 1513 is operated from battery
through its winding, contact 3 of relay t812, con-
tact 1 of relay 1584 to ground on contact 1 of
relay 1583; thus the circuit is established for
relay 1514 from battery through its winding, con-
tact 3 of relay 1513 to ground on contact I of
relay 1581, At this time relay 328 in the out-
going trunk is operated over a circuit which may
be traced from battery through its winding, con-
tact T of relay 321, lead 359 through contacts 12
of primary switch 881 and secondary switch 823,
lead 1537 to ground on -contact 2 of relay 15(4.
The operation of relay 1320 over the circuit
traced opens the start circuit for the link. ex-
tending through its contact & and establishes a
locking circuit for itself to ground on contact 3
of relay 318.
Outgoing sender

Relay 1509 connects battery to circuits includ-
ing the windings of relays 2989 to 2013, inclu-
sive, for receiving class information from the out-
going trunk to determine the class of service re-

quired. 'The circuit from these relays extends to.

contacts | and 2 of relay 1524, resistances 1522
and 1523, contacts | and 5 of relay 1521, contacts
2 and 3 of relay 1596, thence over leads 1834 and
1525, contacts T and 8 of the secondary and pri-

mary link switches, leads 857 and 388 of the out- -+

going trunk, contacts 3 and B of relay 321 to con-
tacts | and 4 of relay 288. In this instance, the
class of the trunk is indicated by ground con-
nected through resistance 325 to contact 4 of re-
1ay 596 which establishes a circuit over lead 357.
The other circuit traced remains open. Relay
20085 in the outgoing sender is therefore operated
to indicate the class of the outgoing trunk con-
nected thereto. This establishes a circuit from
ground through its contact, contact. | of relay
1517, winding of relay 2800 to battery which op-
erates and locks to ground on contact & of relay
1508. There are a large plurality of -classes of
trunks to be indicated to the outgoing sender
which accounts for the relays 2806 to 2085 which
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relay 2000 to ground through the contact of relay
2006. An obvious circuit is established for relay
1524 to ground on contact 2 of relay 1513, Relay
1524 opens the circuit extending over leads 1534
and 1585 and thus releases the class relay 2006
operated over this circuit. Relay 1511 operates
in series with the locking circuit for relay 1510,
from battery through the winding of relay 15190,
contact 3 of relay 1510, winding of relay 1511 to
ground on contact 6 of relay (538. Relay 1511

- establishes a circuit for relay 1511 from battery
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are operated under different conditions through

the contacts of relays 2068 to 2098 and 2010 to
2012, inclusive. A circuit is established by relay
2000 for operating relay 1519 traced from battery

through the winding of relay 1540, contact 1 of i

iy
[

through the winding of the latter relay to ground
through contact | of relay 1511 and the operation
of relay 1547 transfers a plurality of leads ex-
tending from the contacts of relays 2006 to 2013,
inclusive, to the contacts of the steering relays
and to the register relays of Fig. 16.. A class reg-
istration is now made through the contact of re-
lay 2000 which was locked in position. In this
case the class registered was for loop dialing and
a circuit was established for relay 2113 from bat-
tery through its windings, contact 3 of relay
2000, operated, and over a series circuit through
the contacts of relays 2001, 2002, 2003, 2304, 2005
which are normal, to ground on contact 2 of re-
lay 1511. Relay 2113 in operating establishes a
circuit. for relay 2100 which int operating connects
ground to its contact B through the winding of
relay 2026 to battery for operating the latter
relay. This relay establishes an obvious circuit
for relay 2025. Relays 1600 and {801 are operated
over a circuit including contact 3 of relay 2024
normal and contact 2 of relay 2025 operated as

later traced. Relay 2024 is operated from battery

through its winding, contact 2 of relay 1588 to
ground on contact 2 of relay 1505.

A circuit is now established for relay (589
through its low resistance right winding for op-
erating relay 885 in the outgoing trunk circuit
in order to disconnect the class information leads
and establish pulsing circuits from the incoming
sender as will be described. The circuit for the
right winding of relay 1509 is traced from ground
through contact { of relay 2024, contact | of re-

5 lay 2025, winding of relay 1509, contact 3 of relay .

1569, contact 2 of relay 1512, contact 3 of relay
1580 thence over lead 533 as previously traced
to battery through the winding of relay 306 of
the outgoing trunk circuit. It will be remem-
bered that when relay 385 was first connected to
the left winding of. relay 1569, relay 1539 op-
erated but relay 306 .did not operate due to the
high resistance of the left winding of relay 1599.
Relay 308 now operates and establishes several
circuits, one of which connects the winding. of
relay 805 through contact & of relay 808 to the
simplexed circuit through retard coil 304 over
the conductors 329 and 361, The switches of
Fig. 2 having been operated by the marker, a cir-
cuit is now established for relay 885 over leads
200 and 391 through the switches of Fig. 2, con~
tacts 3 and 5 of relay 104, operated, leads 128 and
127 thence through the link primary and second-
ary switches to leads 848 and 847, contacts of
relay 1690 in the incoming sender, contacts 3
and 8 of relay 912, lower winding of relay 403
to ground. Incoming sender relay &69 operates
but relay 383 does not operate due to the high
resistance of the lower winding of relay 469. The
operation of relay 489 establishes a circuit for
relay 410 to ground on contact 8§ of relay 416. Re-
lay 840 locks to its operating ground and con-
nects ground through the upper winding of relay
469 over the circuit traced to the outgoing trunk
relay 383 which now operates since the upper
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- winding of relay 409 is of low resistance. Relay
305 in operating opens.the circuit for relay 409
which now releases and in releasing establishes
a circuit for relay 423 from battery through the
winding of relay 423, contact of relay 414, contact
| of relay 424, contact | of relay 425, contact 2 of
relay 410, contact of relay 409 to ground on con-
tact 6 of relay 416. Relay 423 connects the in-
coming sender pulsing circuit to leads 844 and
845 extending to the outgoing sender as will be
traced later in establishing the pulsing circuit.
With outgoing trunk relay 305 operated battery
is connected through resistance 328, contact 3 of
relay 305, contact 8 of relay 321 thence over lead
353 through contact 9 of the primary and sec-
ondary link switches to lead 1536 in the ouigoing
sender, winding of relay 1588 to ground operating
the latter relay. 'The operation of relay 1508 in-
dicates that the outgoing trunk and the outgoing
sender are in readiness for the transmission of
impulses from the incoming sender to the out-
going sender and now establishes a circuit for
relay 1515 from the circuit also established in the
incoming sender by the operation of relay 423.
Relay 423 connects battery through resistance
1026, contact 3 of relay 1018, contact 2 of relay
423 to lead 844 which extends through contact
4 of the incoming secondary and primary
switches to lead 124, contact 2 of relay 105, con-
tact 8 of relay 104, lead 202 to lead 302, contact
4 of relay 306, contact 5 of relay 321 thence over
lead 357 through the outgoing primary and sec-
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windings of the steering relays for starting the
outgoing pulses from the numerical register.
The outgoing pulses start from the register relays
for various areas depending upon the last sfeer-
ing relay which was operated for transmitting
registrations to the marker. Assuming that re-
lay 413 was operated through contacts of relay
522, as earlier described, for a three digit code,
relay 522 operates for closing a circuit to operate
relay 921, These relays are associated with the
successive register relays. When relay 521 op-
erates it locks and closes a circuit for the opera-
tion of relay 41{9. Relay 419 locks and opens the
operating ground for relay 521 which prepares-a
path for the operation of relay 1620 and connects
ground from contact 3 of relay 1689 through con-
tact 1 of relay 419 to the pulsing generating cir-
cuit. The steering relay associates the outward
pulsing relays 4080, 40), 486 and 408 of the in-
coming sender with the first register relay to
transmit pulses to the outgoing sender, such for
example as the first horizontal row of registers
shown in Fig. 11.

The common outward pulsing relays 498, 481,
496 and 408 are associated with all of the steer-
ing relays and register relays and are used for
decoding the combinations as registered, into
high and low resistance ground and 48 volt bat-
tery pulses via leads 843 and 844 to operate re-
lays in the outgoing sender circuit. The relay
combinations and pulses transmitted for various
digits are as follows:

Digit

4 Start

Pulses lead 843
Transmitted lead 844

Register relays.

H-- indicates low resistance ground.
H-— indicates low resistance 48 volt battery.
L+ indicates high resistance ground.
L— indicates high resistance 48 volt battery.

X indicates relay operated.

ondary link switches, lead 1535 to the outgoing
sender, contact 2 of relay 1506, contact 3 of relay
1515, winding of relay 1515, contact 3 of relay
1507, contact 4 of relay 1506, contact of relay
1508 to ground on contact 3 of relay 1505 which
operates relay 1515 and indicates that all circuits
are prepared for transferring the impulses from
the incoming sender to the outgoing sender. Re-
lay 1515 locks under control of relays 15905, 1595
and 1507.

The operation of relay 1515 connects the pul-
sing relays 2085 to 2013 to pulsing leads 1534 and
1535. Battery is connected to lead 1534 from
relay 1509 for operating relay 1018 in the incom-
ing sender. This circuit extends through relays
2010 to 2913 but none of these relays operats in
the circuit traced. This circuit enters the in-
coming sender on lead 843, extends through con-
tact 2 of relay 423, winding of relay 16{8 to
ground on contact 2 of relay 922. Relay 1013
locks to battery through resistance 1026 and op-
erates relay 1819 over an obvious circuit. This
extends the pulsing leads 843 ang 844 to the con-
tacts of pulsing relay 1028. The operation of the
aforementioned relay 423 transfers the leads
which are normally associated with relays 516,
518 and 521 for the operation of relay 413 to the
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Relay 1815 is a non-biased condenser-timed
polarized relay. It cannot be said to operate or
release, but it closes its front contact when ener-
gized in one direction by its primary winding or
closes its back confact when energized in the
opposite direction by its primary winding. It
also may remain on either or neither contact
when not energized. When current is first closed
through the primary winding in either di-
rection its force is neutralized by an op-
posing current in the secondary winding. The
source of the opposing current is the charge or
discharge from the timing condenser 10827,
When the condenser has been charged or dis-
charged current ceases to flow in the secondary
winding. The primary winding then causes the
armature to move from one contact to the other.
The time of operaticn averages approximately
.065 second per single operation. When relay
015 closes its front contact with relay 1021 op-
erated, it shunts the 300 ohm battery associated
therewith and starts opposing currents in the
two windings. When this condition is startedq the
effect of the secondary winding is stronger and
the front contact is held closed but as the con-
denser discharges its current the value of cur-
rent in the secondary winding decreases until the
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effect of the primary winding becomes. stronger.
The relay then breaks its-front: contact and closes
its back contact. With the relay contact in this
position battery to 300 chmg establishes a cur-

19

transmitted to the outgoing sender. This signal
may be transmitted with relays 408 and 496 op-
erated:. A circuit is established for the operation
of the final pulse relay {887 which locks and op-

rent in the two windings in directions which are 5 erates synchronizing relay (688, When the puls-
the registration. from the previously: established. ing relay" i915 operates following the traunsmis-
Under this circuit condition the value in the sec- sion of the final pulse ifs pulsing circuit through
ondary winding is stronger at first and the back its. front contact is opened at the contact of relay
contact is held closed, The condenser is now 1068, consequently condenser (9271 will remain
charged which diminishes the current in the sec- 10 charged and relay 1615 will cease pulsing.
ondary winding until the value in the primary When. the oulgoing sender receives the final
winding becomes stronger than the value in the pulse, it establishes a. circuit as explained later
secondary winding. The relay then breaks its for- operating polarized relays (813 and {8{4 as-
back contact and closes its front contact. This sociated with the inceming sender pulsing leads.
cycle continues in a successive order. 15 When both of these relays are operated a cir-
The pulse generating circuit consists of pulss cuit is established for operating relay 18{2 which
start relay 1021 and pulse generating relays (@15 locks and connects ground to the cutgoing sender
and 1020. In sending out pulses the relay 1848 via lead. 843. The outgoing sender as later de-
operates as previously described with relay 1828 seribed in detail opens both pulsing leads result-
operating each time relay 1015 closes its back 20 ing in the release of relays 1018 and i18{4. The
contact: The pulsing must start with the timing release.of relay (814 operates relay 424 indicating
condenser 1827 discharged and with relays 1815 that the outgoing sender has accepted the final
and 1020 in a definite condition, 10i5 having its pulse signal.
back contact, closed and 1020 should be operated. s oyt ; i X
This is accomplished by discharge of the con- 25 Registrations in outgoing sender
denser when battery is applied to the resistance The pulses transmitted from the incoming
when a sender is seized. Relay (015 closes its sender are recorded by the cutgoing sender as
back contact immediately after relay 418 iz oper- cutlined in; the foliowing- description. After the
ated and causes the operation of relay mzu. The operation of the loop dizling relay 2188, as here-
operation, of relay 1020 extends leads 842 and 844 30 inbefore deseribed;, a circuit is established for
to relay 1021 which extends these leads to the relays 1688 and 1681 of the control of a succes-
outward pulsing relays 480, 40i, 436 and 428, sion of steering relays. This circuit may be
Relay 1021 opens a path for shun_ting its own traced from battery through the winding of re-
winding and closes a lead from ground to the lay 1600, winding of relay 681, contact I of re-
front contact of relay 1020 for advancing the 35 1a¥: 1629; contact 2 of relay 2189, contact 3 of re-~
steering relays and starts continuous pylsing from lay 2628 normal, contact 2 of relay 2825 oper-
relays 1015 and 1020, ated to.ground on contact 2 of relay 1538, Re-
The outward pulsing relays 400, 481, 406 and lays #589. and 1684 close the pulse registration
408 are now operated for the first puloe from leads from relays 2011, 2812, 2897 and 2088 to
the numerica] register shown in the upper hori- 40 the register relays 1692, 1693, 1624 and {685. Re-
zontal row in Fig. 16. And the contacts of these lay: 1608 locks through its confact 2 to ground on
relays connect high or low battery or ground to contact 2 of relay 1605 and establishes an coper-
leads 843 and 844 when relay 1020 is operated.  ating: circuit for relay 2824 as previously de-
At the same time the steering lead from relay scribed. As previously stated, relays 1868 and
1020 operates the next succeeding steering relay 45 1800 after operation are maintained independent
assoclated with the next set of register relays. of relay 2024 so as o prevent their reoperation
When relay, 1020 releases the next succeeding after being released by the next successive steer-
steering relay operates in the manner previously ing relay following the first registration of digits.
described in series with the upward steering re- When. the incoming sender closes the pulsing
lay thereby releasing the preceding relay used 50 circuit, circuits are established from £8 volt bat-
for transmitting from the first set of register tery. over ground through either high or low re-
relays. During the open period of pulsing, re- sistances which: are connected to the outgoing
lays. 400, 401, 406 and 488 take their settings for sender over leads 1534 and (535, operating the
the transmission of the next digit. Pulsing con-- pulsing relays in accordance with a tahle given
tinues in this manner until the pulsing relays 55 below. These relays operate register relays also
recognize a signal that the pulses have been gceording to the table given below.
Key
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H+ mdlcates 10W reslstance ground,

— indicates low resistance 48 volt battery.
L+ indicates high resistance ground.
L~ indicates high resistance 48 volt-battery:

4 indicates relay operated.
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As previously assumed, number {379 is given
as an example of the registration. The closure
of the numerical pulse | in the incoming sender
will connect low resistance ground to lead (534
and operate relays 2000 and 2912. Relay 2810,
when operated, operates the next steering relay
following relay (660, This relay is in a chain
and may be assumed to be the same as relay 1608.
A steering relay, such as 1689, does not operate
at this time as it is short-circuited by the con-
tacts of the preceding steering relay. Relay 1229
operates the register relay 1662 which locks to
ground on contact 2 of relay (585. When the
pulse is removed from the pulsing lead, relays 2813
and 2012 release. The release of relay 200 re-
moves the short circuit from a steering relay,
such as relay 1609, allowing it to operate in se-
ries with a steering relay such as 1608. When
the relay, such as 1699, is operated, it opens the
locking circuit for relays 1600 and 180{ which
release. The relay, such as 1609, also closes the
leads from the contacts of the pulsing relays 2666,
2013, connecting them to the second horizontal
row of register relays. When relay 1600 re-
leases if closes the leads from the contacts of re-
lays 2006 and 2019 to the steering relays, such as
1688, The release of relay 1601 opens the leads
from the contacts of the pulsing relays extending
to the first horizontal row of register relays.
The closure of pulse 3 in the incoming sender
connects low resistance battery to lead 1534
which causes the operation of pulsing relays
2010, 2611 and 2012, The registrations proceed
in this manner until the numerical registers of
the outgoing sender are set according to the
pulses transmitted from the incoming sender.
When the incoming sender has completed trans-
mitting pulses, a special pulse of low resistance
ground is connected to lead 1534 and a high re-
sistance 48 volt battery to lead 1534 to signal the
outgoing sender that the pulses for setting the
registers of the outgoing sender have all been
transmifted. This special pulse operates relays
20i0, 2006, 2012 and 2007. The operation of the
latter relay establishes a circuit for relay 20622,
This relay is connected to the contacts of relays
2042 and Z807 so that the operation of both re-
lays establishes a circuit for relay 2022. The
operation of relay 2022 establishes a circuit for
operating relay 2023 which locks to ground on
contact | of relay 1505. When the special pulse
is opened, relay 2022 releases which now estab-
lishes a circuit for operating the start relay 1520
for sending outward pulses from the outgoing
sender over the trunk conductors to a distant
station.

The operation of relay 1520 establishes a cir-
cuit for operating relay (506 which releases relay
1515 which, it will be remembered, was operated
as a pulse receiving signal for the outgoing send-
er. Relay 1866 also connects the windings of
relays 2827 and 2028 to the pulsing leads 1534 and
1585. This establishes circuits for the polarized
relays 1613 and 18{4 in the incoming sender, as
previously explained, to indicate to the incoming
sender that the final pulse signal was properly
received by the outgoing sender. Relays 2021
and 2028 in the outgoing sender are marginal and
do not operate under this condition. 'The polar-
ized relays in the incoming sender operate and
transmit a signal to the outgoing sender. 'This
is a direct ground signal over lead 1535 and 1534,
operating relays 2828 or 2027 which establishes
a circuit for relay 1507. Relay 1507 operates and
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doing releases relay (586. The release of relay
1595 opens the pulsing leads 1534 and 1535 from
relays 2827 and 2623, releasing them. The in-
coming sender pulse equipment is now discon-
nected from the pulsing leads 1534 and 1535,

Outward pulses to distant office

Locop dialing puises are now transmitted over
leads §938 and {531, which pulsing circuit may be
traced through the secondary and primary link
switches 823 and €81 to leads 369 and 361, thence
through contacts | and 2 of relay 321, to the tip
and ring conductors of the outgoing trunk ex-
tending to the telephone office 330. As previous-
ly stated, relay 2130 is operated for loop dialing
either over an intertoll or a toll switching trunk
and, therefore, relay 215 operates from battery
and ground over the outgoing frunk conductors.
Relay 2115 operates relay 2{14 which operates
relay 18856. The operation of relay 1698 estab-
lishes an operating circuit for relay 2019 which
opens the shunt from relay 1607, causing its op-
eration. This establishes a circuit for relay 2014
which operates and connects ground to relay 2017
to cause its operation and start selections and
pulsing to the distant office. Relay 2617 in op-
erating also establishes a circuit for operating
relay 20§6. 'The operation of relay 2017 removes
ground previously applied to the winding of re-
lay 2120 which is connected in a network for op-
erating and releasing this relay in this timed net-
work. Relays 2118 and 2119 are in series with
relay 228 which operate and release in unison
with relay 2120. Relay 2019 when initially op-
erated operates relay 2112 and when it releases
establishes an operating circuit for relay 2(1f.
The operation of relay 2128 again operates relays
2{19 and 21i8. Relay 2119 in operating operates
relay 2417 and also one of the common relays
2146, 2144, 2142, 2140, 2138. Relay 2107 in op-
erating arranged the contacts of relay 2118 so
that relays 2118 and 2{{6 are removed from the
pulsing circuit. Assuming that relay 21482 was
operated when relay 21{9 initially operated, the
successive release and reoperation of relay 2119
will cause the operation of relay 214! and then
2144 and 2443 ultimately operating 2146 and
2145, The operation of relay 2145 prepares a
circuit path for the operation of relay 2105 as
soon as relay 249 reoperates, thus removing the
contacts of relay 2118 from the pulsing circuit so -
that further operation and release of relay 2118
will not affect the frunk conductors. Relays
2115 and 2(15 are also connected across pulsing
leads 1539 and 1531.

After relay 2145 operated, the next operation
and release of relay 219 operates relays 2127
and 2138 and, consequently, operates relays 2126
and 2128. Relay 2129 releases relay 2{07. It
should be noted at this time that the cperation
of each pair of relays 244 and 2143, 2146 and
2145 up to 2126 and 2129 releases the preceding
pair of relays. The operation of relays 2029
transfers the front contacts of relay 2((9 from
relay 2130 to relay 2143 so that the next opera-
tion of relay 2118 will recperate relay 2412 and
the release of relay 2119 will operate relay 2411,
The operation of relay 2138 releases relay 2109
and the operation of relay 2128 maintained the
release of relay 2{08. When relay 2(11{ operated
the second time and relay 219 recperates, then
relay 2187 does not operate but relay 2142 op-
erates. The release of relay 21{9 causes the op-
eration of relay 2141, Successive operating and
releasing relay 2118 will operate pairs of relays
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2144 and 21438, 2(46 and 2145, 2145 and 2128
which opens the circuit from the contact of relay
2119. After the pulses for the last digit have
been completely transmitted, rela¥s 2115 and 2118

are connected across the eutgoing trunk con- .

ductors. This may be ‘traced from conductor
1539 throuzh contaet 1 of relay 2111, winding of
relay 2116, winding of relay 2115, contact 4 of
relay 2469, contact 2 of relay ‘2185, contact | of

relay 2467, contact 2 of relay 2117 to conductor -

1531. Tt will be remembered that conductors
1530 and (53! are connected to the trunk con-
ductors extending to the distant office 329. - Relay
2115 establishes a circuit for operating relay 2102,

assuming that relay 2118 is operated, which oc- ..

curs if the special pulse has been received. . This
special pulse may be received in dny digit posi-
tion and consists ¢f a ‘combination which op-
erates the first and third register relays of any
given register when relay 2820 operates to operate
any of the relays (896, 1687 to 1614, 1515 asso-
ciated with particular register relays. As pre-
viously stated; relay 29818 operates from the cir-
cuit established and establishes a ¢ircuit for op-
erating -relay [5i2.
1533 which causes the Telease of the outgoing
trunk relay 385 as & signal to the outgoing trunk
to cut through or when a répeater is required to
cause the selection of a repeater to be inserted
in the talking conductors. The cpening of lead
1533 releases the outgeing sender relay 1569 which
suceessively releases the relays of the cutgoing
sénder.
Repeater - selection

The condition of the apparatus in the cutgoing -

trunk, Fig. 3, may be reviewed at this time be-
fore establishing circuits therein for the selection
of -a repeater. Relay 219 was operated when the
outgoing  trunk was selected and was locked in

position or maintained operated over the con-’

ductor 204 extending through the switches from
the incoming trunk. A ecircuit for relay 320 was
established by the outgoing sender and this relay
Jocked to ground .on relay 319. Relay 386 was
opverated by the outgoing sender for the transmis-
sion of impulses and has now been released by the
oubtgoing sender sihce these pulses have been
transmitted. Reélay 365 was operated by a circuit
established from the outgoing sender: over line
conductors: after the operation of relay 306 and
was ‘locked to contact | of relay 820. Repeater
tTelay 322 was operated by the marker and locked
to ground on contact 4 of relay 319, The cir-
cuit is thus established for making a transfer of
control to the repeater selecting link circuits.
This is accomplished by the operation of relay 321
from battery through its winding, contact 9 of
relay 805, contact T of relay 308 to ground on con-
tact 6 of relay 305. Relay 321 later establishes a
locking circuit for itself through its contact 4.
The release “of relay 2006 also establishes a start
circuit ‘for the link which associates a link con-
trol circuit therewith for the selection of an idle
repeater. This start circuit may be traced from
the operaling ground for relay 32( on contact 6
of relay 395 through contact T of relay 306, con-
tact 8 of repeater relay 322;-thence over lead 331
through centact | of relay 1349 of the link cir-
cuit, winding of the link start rélay 1311 to bat-
tery. It will be remembered that this start lead
331 was also used for energizing the link start
relay 1311 for the selection of a link control cir-
cuit which associated the outgoing sender with
“the outgoing trunk circuit and the inceming
sender. This start relay was, however, released
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as soon as the outgoing sender was selected so
that the link coritrol cireuit and link connector
could be used for making other connections., At
that time the start circuit was dpened by ‘en-
ergization of Telay 3%Z0 which disassociated the
start .ground from the start relay 1311.

The operation of the link start relay 18K es-
tablishes circuits ‘as herein explained in con-
nection with seizing the incoming sender and an
outgoing sender which ‘select an idle ‘control cir-
cuit, Figs. 17, 18, 19, 22, 23 and 24, This is done
through the operation of selective relays shown
in the upper portion of Fig. 12 and the operation
of the multicontact relays 1266 and 1207, as pre=

viously described. After a series of operations in

the link control circuit for determining the group
in which the outgoing trunk -of Fig. 3 is located,

‘relay 1814 is operated for ‘associating the leads

from this group of trunks with the control cir-
cuit ‘through the multicontact relays 1206 dnd
1207, also as previously described. The outgoing
trunk leads are thus connected with the idle link
control circuit selected through the contacts of
relay 1314. This includes ‘class leads 334 and
332 which in this case are connected together by
relay 320 for directing the control “circuit to
select an idle repeater. It will be remembered
that leads 334 and 333 were connected together
through the contacts of relay 329 normal for
operating ‘a class relay in the link control circuit
which directed the control circuit to select anidle
ocutgoing sender. With relay 328 operated by the
outgoing sender, class leads 334 and 332 are now

‘connected to energize class relay 2210, This cir-

cuilt may be traced from battery  through the
winding of relay 2210, lead 1285, contacts of re-
lays 1207 and 1206, contact [4 of relay 1314, lead
152, thence to lead 332, contact 4 of relay 320,
lead 334, contact 11 of relay {314 through the
contacts of relays 1206 and (207 over lead 1232,
contact T of relay 17088, which in this case-is op-
erated, contact T of relay 1710, which -is hormal,
contact 2 of relay 1711 to ground on contact 2 ‘of
relay 23063. Each trunk has an individual class
lead, such as.834, which must be extended through
a relay in the link control circuit, such as 1706,
operated to indicate the trunk position in a sub-
group of trunks. Relay 1706 was also ‘operated
for this same frunk for the selection of an ‘out- .
going sender to be associated with this trunk, as
previously described. Tor the -selection -of ‘an
outgoing sender it will be remembered that class
relay 804 was operated whereas in this-case for
the selection of ‘a repeater class relay 2210 is
operated.” The operation of this class relay es-
tablishes a circuit for relay #1332 for associating
a large plurality of repeater ecircuits, sueh -as
shown in Fig. 14, with the control circuit. The
circuit for relay 1332 may be traced from groiind
through ‘its winding, contact {8 of velay 1314,
contacts of relays 1206 and 1207, thence over lead
1239 through contact 6 of relay 1709, which is op-
erated, contact | of relay 2210 operated, contact
I of relay 18086 normal, contact [ of relay 1804
normal, contact 4 of relay 2304 normal, to bat-
tery on contact 9 of relay 2402 norimal. The
operation of relay 1332 connects a plurality of
test leads from & plurality of repeaters to the
link control circuit. Only one such lead is-shown
connected through contact | of relay 1332 to test.
lead 1442 of the repeater through contact of jack
1413, contact | of relay {414 to ground on relay
1418. This condition indicates an idle repeater
circuit. When a repeater circuit is busy, this
lead is opened, It will be noted that relay 1418
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of the repeater circuit is normally operated from
battery through its winding to ground on con-
tact 6 of relay 1414, When the repeater becomes
busy, relay 14!4 is operated, as hereinafter de-
scribed, which releases relay (418, disconnecting
the ground on contact 3 from the test lead. All
repeaters which have ground connected with
their lead {442 extend through the contacts of
relay 1332 to the windings of relays such as 2282,
2204 and 2206 in the same manner as described
for the incoming sender and outgoing sender.
Therefore, the selection of an idle repeater is
made in the same manner as previously described
and location of a level of a secondary link switch
to which this idle repeater is connected is ob-
tained by circuits established through the relay
in the control circuit which is operated over this
test lead. Relay (324 is thus operated accord-
ing to the level on which the idle repeater was
found. The circuit for relay 1324 may be traced
from ground through its winding, contact 89 of
relay (208 and a corresponding contact on relay
1281, thence over lead 1258 to contact 3 of relay
2209 which is operated, contact 3 of relay 1812
which was operated to indicate the level cf the
switch, contact 2 of relay 1889 normal, contact 2
of relay 1805 normal contact 5 of relay 1833,
contact 5 of relay 1898, contact 5 of relay 1818 to
battery through resistance 1826. The operation
of relay 1324 associates ground through its con-
tact 4 with the control circuit for operating the
double test relay [96f{. This energizes circuits,
as described in the selection of the incoming

sender, and a double test of the idle repeater cir- .

cuit is made to guard against a double connection.
Contact | of relay 1824 is connected with lead
14483 of the repeater circuit which extends
through the lower contact of jack 143 to battery
through resistance {415. If no double connec~
tion exists, the test is completed by the energiza-
tion of tube 2410 in the link control circuit and
circuits are established for energizing the select
magnets and the hold magnets of the primary
and secondary switch to which this idle repeater
is connected. It may be assumed that switch
826 is the horizontal level of the secondary link
switch to which the idle repeater is connected
and is under the contrcl of select magnet 827
and the hold maghnet 828. The primary link
switch vertical through which the repeater is con-~
nected to the outgoing trunk is switch level 863
under the control of select magnet 883 and hold
magnet 808. Circuits are established for these
select magnets and hold magnets in the same
manner as previously described which now con-
nects the repeater circuit, Fig. 14, through the
matching contacts of the secondary lamp switch
826, primary link switch 800 to the outgoing
trunk, Fig. 3. The ground associating the hold
magnets 828 and 808 also extends through con-
tact 3 of switch 826 to battery through the wind-
ing of relay 1414, operating the latter relay. The
cperation of this relay opens the ground con-
nected to lead 1442 and connects ground to lead
1443, making this repeater busy to other link con-
trol circuits. This lead also extends to conductor
859 in the outgoing trunk circuit. This com-
pletes the function of the link control circuit so
far as repeater selection is concerned and ex-
tending the conductors from this repeater to the
outgoing trunk circuit so that the repeater may
be inserted in the talking conductors. The con-
trol circuit may, therefore, be released as soon as
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trunk circuit is opened, which occuirs as Soon as
relay 398 is operated.

The seizure of the repeater circuit and the asso-
ciaticn of this repeater with the outgoing trunk
circuit establishes circuits in the repeater which,
as stated, operate relay 1414 and at the same
time energize relay {416. Relay (416 is ener-
gized through contact 2 of relay 1418, winding
of relay 1416 to battery. The circuit for relay
14(8 is opened through contact 6 of relay 1414
but relay 1418 is slow to release and allow suffi-
cient time for the operation of relay 416. A
potentiometer circuit is established through con-
tact 5 of relay (414 consisting of resistance 1420
and resistance 1421 to ground. The ground for
operating relay {446 extends from contact 4
on relay 318 of the outgoing trunk through con-
tact 8 of relay 321, thence over lead 359 to con-
tact 12 of primary switch 800, contact {2 of the
secondary switch 826 over lead (441 to the
winding of relay 1416, as traced. This ground
also extends to contact T of relay (414, returning
to the outgoing trunk circuit over lead 1435,
contact 6 of the secondary link switch 826, con-
tact 6 of the primary link switch 800, lead 356,
contact 6 of relay 321, winding of relay 308 to
battery, operating the latter relay. The opera-
tion of this relay opens the locking circuit for
the repeater relay 322 which now releases and
opens the start circuit to the link control circuit
which now releases as previously described. Re-
lay 1416 locks to ground in the outgoing trunk
circuit over lead (441, as traced. The circuit
through relay §1£€0 extends through the switches
to conductor 353, contact T of relay 321, contact
6 of relay 308 to retard coil 387. This circuit
is used for cutting in the repeater independent
of the pad circuit or insertion of the pad circuit
in the repeater circuit. Repeaters 1411 and 1412
are inserted in the telephone connection by the
operation of relay 368 which now remains oper-
ated for the completion of the call. The re-
peater leads between the outgoing ftrunk and
the repeaters through the link switches are all
obvious and need not be traced.

Two-way trunk as outgoing trunk

When the two-way trunk, Figs. 1 and 7, is
seized by a marker and used as an oubgoing
trunk, circuits may be established for selecting
an outgoing sender and a repeater in the man-
ner described for the outgoing trunk in Fig. 3.
When this trunk is seized by the marker to be
used as an outgoing trunk, relay 722 is operated
in the manner described for the operation of
relay 319. 1In this case, the marker makes the
test of the trunk over lead 150 and, if this trunk
is idle, the marker operates relay 122. The op-
ef"ation of -relay 722 establishes an energizing
circuit for relay 716 and relay Ti6 connects
ground to start lead 75( for energizing the link
by operating relay 12811. This start lead may
be traced from ground through contact 6 of
relay 116, contact 5 of relay 709, conductor 151,
contact 2 of relay 1310, winding of start relay
1311 to battery. The operation of relay 722 also
establishes the class circuit for directing the link
control circuit to select an outgoing sender in
t]_ae manner previously described for the selec-
t;on of an outgoing sender. For this directing
signal, lead T85 is connected to lead 154 through
coqtact § of relay 122 which, as previously de-
scribed, operates class relay (884 in the link
control circuit.

If the marker determines automatically from
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the character of ‘the calling incoming trunk and
the character of’the outgeing trunk used for
the connection that a repeater is required, a
signal is transmitted from the marker to the
outgoing trunk in the manner previously de-
scribed for transmitting this signal through the
outgoing trunk of Fig. 3. In this case, 4 signal
is transmitied to the two-way trunhk.of Fig, 1
for operating the repeater relay 181 in the trunk
circuit. This signal is transnmiitted over “the tip
and ring conductors in the same manner as pre-
viously described, entering the trunk circuit
through the upper and lower windings of trelay
coil 183, thence through the left and right wind-
ings of relay 183, contact 8 of relay 722, contact
‘3 of relay 187, contact {0 of relay 707, contact
{1 of relay ¢04, contact 3 of relay 1982, lower
winding of relay (81 to sground. - The repeater
relay 191 locks in its operated position and awaits
the selection of the outgoing sender after which
- relay 155 is operated for associating a repeater
with the trunk. The link start circuit is again
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energized for the selection of this repeater. This .

circuit may be traced over léad T85! which in
this case ‘extends to ground from the contact
of relay 106§ since, as previously described, relay
709 is operated during the operation of the out-
going sender  associated with the circuits of
the outgoing trunk. The class registration for
directing the link contrel circuit is also altered
since in this case lead 755 is connected to lsad
182 for directing the link control circuit to select
the repeater. This connection is made through
eontact 3 of relay 158. A repealer is thus se-
lecéted and the link switches operated for con-
n=cting this repeater to the talking conductors,
as described for the outgoing trunk of Fig. 3.
This two-way trunk is, therefore, arranged to
transmit three different classes of signals to
a link control circuit for directing the control
circuit to select either an ineoming sender, an
outgoing sender or a repeater which are all
connected through the same contacts of the pri-
mary link switch connected to the trunk, each
connecticn being made through different mating
contacts on different verticals of the switch,
these verticals being associated with varicus
voices of secondary link switches. In some cases
the choice of secondary switch for selecting an
incoming sender may be the same for selecting
an outgoing sender since incoming senders and
outgeing senders or repeaters may be connected
to different horizontal levels of the same sec-
ondary -switch. - Various choices. within - the
switch are available through the verticals of the
‘secondary switches associated with the verticals
of the primary link switch.

What is claimed is:

1. In a telephone system, an automatic switch-
ing toll telephone office having incoming toll
trunks, outgoing toll trunks, incoming senders,
outgoing senders, repeaters, a link having pri-
mary switches connected to a plurality of said
incoming and. outgoing. ftrunks and secondary
switches connected to said incoming-senders, out-
going senders and repeaters, a common group of
link ‘control circuifs each connected to a plurality
of ‘said incoming senders, -outgoing senders .and
-repeaters, means in an incoming trunk responsive
to an incoming call for signaling a link to select
anidle link control circuit, means in said incom-
ing trunk for directing said link control circuit to
-gelect an incoming sender, means in said link
~gontrol circuit responsive to-said directing signal
for selecting an  idle incoming sender and for
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operating the ‘secondary link switch connected
thereto and a primary link switch for connect-
ing said incoming sender to said incoming trunk,
means responsive to signals over said calling in-
coming trunk for setting registers in said in-
coming sender, markers, means in said incom-
ing sender for selecting an idle marker, registers
in said marker set according to registrations in
sald incoming sender, means in said marker for
selecting an idle outgoing toll trunk according to
said registrations and for operating switches to
connect said incoming trunk with the selected
outgoing ftrunk, means operable in said marker
for recording the character of the incoming and
ocutgning trunk for determining when a repeater
is required for the telephone cornrecticn cver
said trunks, means in said marker responsive to
the cperation of said determining means for
transmitting a signal to the outgoing trunk,
means in said cutgeoing trunk circuit ior trans-
mitting - successive signals to said link cirguit
directing the successive selection of an cutgcing
sender and a repeater, means in said link circuit
for successively associating a link control cireuit
therewith for the selectizcn of an idie cuitgoing
gsender and an idle repester and for sudcessively
operating secondary swiltches and a primary
switch for connecting said oubgoing sender and
repeater to the conductors of said outgoing trunk,
means in said incoming sender responsive to the
selection of an outgoing seénder for transmitting
digit impulses from the registers of said incoming
sender to set the registers of said cutgoing sender,
said transmitting circuit being carried through
said link switches, means in sald ouigoing sender
responsive to'a signal from said incoming sender
for readjusting the outgoing trunk -circuit and
for transmitting the digit impulses over the cut-
going frunk conductors to a distant station and
means in said outgoing trunk circuit responsive
to. a sighal from -said outgoing sender for con-
necting the gelected repeater in the transmission
circuit of the telephone connection through the
contacts of said link switches. :

2. In a telephone system, an automatic switch-
ing toll telephcne office having incoming toll
trunks, outgoing toll trunks, incoming senders,
outgoing senders, repeaters, a link having primary
switches connected to a plurality of said incom-
ing and cutgoing trunks and secondary switches
connhected to said incoming senders, outgoing
senders and repegters, a link control circuit for
selecting an idle incoming sender, outgoing
sender or repeater, means in an incoming trunk
responsive to an incoming call for signaling the
link and link control circuit to select an incoming
sender, means in said link control circuit re-
sponsive to said signal for selecting an idle in-
coming sender and for operating a secondary and
primary switch for connecting said incoming
sender to said incoming trunk, means responsive
to signals over said incoming trunk for sefting
registers in said incoming sender, means in said
incoming sender for selecting an idle marker,
registers in said marker set according to regis-
trations in said incoming sender, means in said
marker for selecting an idle outgoing trunk
according to said registrations and for operating
switches to connect said incoming and outgoing
trunk, means operable in said marker for record-
ing the character of the incoming and cutgoing
trunk for -determining when a repeater is re-
quired for the. telephone cecnnection over said
trunks, ‘means in said marker responsive to the
operation of said determining means in said
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marker for transmitting a signal for the selection
of a repeater, means in said outgoing trunk cir-
cuit for directing said link in the selection of said
repeater means in said outgoing trunk circuit for
directing said link in the selection of an idle out-
going sender, and means in said link and link
control circuit responsive to said signals from
said incoming and outgoing trunks for operating
said link switches in combinations to connect the
incoming sender and outgoing sender and re-
peater in a coordinated manner in said telephone
connection.

3. In a telephone system, an automatic switch-
ing toll office having incoming toll trunks, cut-
going toll trunks, incoming senders, outgoing
senders, repeaters, a link having primary switches
connected to a plurality of said incoming and
outgoing trunks and secondary switches con-
nected to said incoming senders, cutgcing senders
and repeaters, a link control circuit for selecting
an idle incoming sender, outgoing sender or re-
peater, means in an incoming trunk responsive
to an incoming call for signaling the link and
link control circuit to select an incoming sender,
means in said link control circuit responsive to
said signal for selecting an idle incoming sender
and for operating a secondary and a primary

- switch for connecting said incoming sender to
said incoming trunk, means for setting registers

in said incoming sender according to signals over ¢

- said incoming trunk, means in said incoming

sender for selecting an idle marker, registers in
said marker set according to registrations in said
incoming sender, means in said marker for select-
ing an idle outgoing trunk according to said regis-
trations and for operating switches to connect
said incoming and outgoing trunk, means oper-
able in said marker for recording the character
of the incoming and outgoing trunk for deter-
mining when a repeater is required for the tele-
phone connection of said trunks, means in said
marker responsive to the operation of said deter-
mining means for transmitting a signal to the
outgoing trunk and means in said outgoing trunk
circuit for transmitting successive signals to said
link circuit directing the successive selection of
an outgoing sender and a repeater, means in said
link circuit for successively associating a link
control circuit therewith for the selection of an
idle outgoing sender and an idle repeater and
for successively operating secondary switches and
a primary switch for connecting said outgoing
sender and repeater to the conductors of said out-
going trunk.

4. In a telephone system, an automatic switch-
ing toll telephone office having incoming toll
trunks, ocutgoing toll trunks, incoming senders,
outgoing senders, repeaters, a link having pri-
mary switches connected to a plurality of said
incoming and outgoing trunks and secondary
switches connected to said incoming senders,
cutgoing senders and repeaters, a link control
circuit for selecting an incoming sender, outgo-
ing sender or repeater, means in a trunk circuit
for signaling to the link control circuit which
character of equipment shall be selected and
means in said control circuit for selecting an in-
coming sender, an outgoing sender or a repeater
as directed by the trunk circuit, and other means
in said control circuit for operating the second-
ary switch connected to the selected equipment
and a primary switch connected to the signaling
trunk for connecting the selected equipment with
the signaling trunk. .-

5. In a telephone system, an aufomatic switch-
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ing telephone office, a link, a plurality of incom-
ing and outgoing trunks of different character
connected to said link, a plurality of equipments
of different character accessible to said link, a
plurality of selectable link control circuits each
variably operable for selecting said different
equipments, means in a trunk circuit for ener-
gizing a link to cause the selection of an idle link
control circuit, a plurality of selectively operable
devices in said control circuit, means in said
trunk circuit for operating one of said devices
for designating the selection of a particular
character of equipment accessible to said Ilink,
means in said control circuit responsive to the
operation of said device for selecting an idle
equipment of the character designated and for
cperatively connecting it to said link and means
in said control circuit responsive to the connec-
tion of said equipment to said link for operating
said link to connect said selected equipment to
said trunk.

6. In a telephone system, an automatic switch-
ing telephone office, incoming trunks, outgoing
trunks, different characters of equipments, a
link having a primary switch connected to a plu-
rality of said incoming and outgoing trunks and
secondary switches having access to a plurality
of said different characters of equipment, link
control circuits, means in a trunk circuit for
transmitting successive signals to said link and
a link control circuit directing the successive se-
lection of different characters of equipment,
means in said link circuit responsive to said sig-
nals for successively associating a link control
circuit therewith, means in said link control cir-
cuit responsive to said signals for successively se-
lecting different characters of said equipments
and means in said control circuit for operating
said secondary and primary switches for asso-
ciating said different characters of equipment
with said signaling trunk through the contacts
of said link switches.

7. In a telephone office, operating circuits, a
plurality of different characters of equipment,
links having switches connected with said plu-
rality of different characters of equipment, a plu-
rality of adjustable link control circuits connect-
ed to said plurality of different characters of
equipment, means in an operating circuit for op-
erating a link, means in said link for selecting a
link control circuit, signaling means in said op-
erating circuit for the different characters of
equipment to be selected, means for establish-
ing a signaling circuit, means in said link con-
trol circuit responsive to said signal from said
operating circuit for adjusting its operating
method for selecting an equipment of the par-
ticular character signaled and for operating the
link switches connected thereto for connecting
the selected equipment with the operating cir-
cuit,

8. In a telephone office, trunk circuits, a plu-
rality of incoming senders, outgoing senders and
repeaters, links having switches connected with
said incoming senders, outgoing senders and re-
peaters, a plurality of adjustable link control
circuits connected to said incoming senders, out-
going senders and repeaters, means in said trunk
circuits for operating the link, means in said link
for selecting a link control circuit, signaling
means in each of said trunk circuits for the dif-
ferent characters of equipment to be selected,
means in a trunk circuit for establishing a sig-
naling circuit, means in said link control circuit
for adjusting its operating method as signaled
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by said trunk eircuit. for selecting an .incoming
-sender, an outgoing serider or :a repeater and for
-operating ‘the link ‘switches connected -thereto
for connectihg ‘the -selected sender or .repedter
with said trunk eircuit.

'9..In a telephone office, trunks, a plurality of
different characters of ‘equipment, a link Havihg
‘primaty switehes and secondary :switches with
the mating contacts of the primary switclies con-
nected to a plurality of trunks and a plurality of
-chioices of sécondary link switches with the mat-
ing ‘contacts -of the secondary link switches con-
nected to a plurality of .said different characters
of equipnmient, means in said trunks for directing

the operation. of the link for selecting equipment :

of any particular ichargcter and means ‘in said
link for selecting the. different. equipment d@s-di-
retted and .connecting said equipment through
the choice 'of mating contacts to the directing
trunk.

10. Ih an automatic switching telephone office,
trunks, incoming senders, outgoing senders and
repeaters, a link Having primary switches ‘and
secondary switches with the mating contacts of
the primary switches connected to a plurality
of trunks and a plurality of choices of Secondary
link switches with the mating ¢ontacts of ‘these
secondary link switches connected -to.a. plurality
of said inconiing sefiders, ‘outgoing senders or re-
peaters, means.in ;said trunks for direeting the
operation ‘of ‘the link 'for:selecting “an incomiing
sender, an outgoing :serder ‘or - a repeater, -and
means in said link for ‘seleéting said equipment
as directed and connecting it through & choice of
mating contacts to the directing trunk. -

11. In .a telephone office, trunks, a link in-
cluding a primary .link switch havirg sets of
trunk contacts connected ‘to a plurality of *said
trunks and primary mating contacts ‘conriected
with contacts of a plurality 'of :seécordary link
switches, there being a plurality: of primary mat-
ing contact choices connected o secondary link
switches for each set of ‘trunk:contacts, & plu-
rality of secondary mating -contacts conrected
to different characters of equipment, there being
a plurality of secondary mating contact choicés
having ‘said equipment ‘connected thereto, link
control circuits, means in a trunk for starting
the operation of a link for selectinig and seizing
an idle link control circuit, means in said.trunk
for transmitting a signal to the iselected link
control circuit directing the control circuit to
select a ‘particular character ©of equipment,
means in said control circuit responsive to said
signal for-selecting -an idle ‘equipment as directed,
means operable-in said control circuit responsive
to said selection for giving the location of the
secondary switch mating contact chioiée to which
the selected equipment is connected ‘and ‘for op-
erating the primary and secondary switch com-
bination for closing said located secondary switch
contacts and @ choice of contacts.on' said pri-
mary switch for connecting the selected equip-
ment with said:trunk.

12. In a telephone office, trunks, a link includ-
ing a primary link switch having sets of ‘trunk
contacts connected to-a plurality of said trunks
and .primary mating contacts -connected “with
contacts of a plurality of secondary link switches,
there being a plurality of primary mating con-
tact choices connected to secondary link switches
for each set of trunk contacts, a plurality of sec-
ondary mating contacts connected .to different
characters of equipment, there being a plurality

of secondary mating contact choices having 'said 7

20

25

30

35

40

45

50

o
St

60

65

70

‘equipment connected thereto, link c¢ontrol “¢ir
cuits, means in a-trunk for tradsmitting -
sive ‘signals to said link for Successively seizing
@ -eontrol ¢ircuit for the selection of -different

:characters of-said equipnient, means in said trunk

circuit for “directing the Sequence Wwith which
said different characters of ‘equipment shall ‘be

‘selected, means in ‘the ‘control - cireuit -operably

responsive to said directing sighals for seléeting
said equipmerits as dirécted, -means. operable in
the control circuit. responsive to. eac¢h different

selection for givinig the location of the second-

ary switch mating ¢ontact chioice to which-the

seleeted equipment is cornected and for operat-

ing a‘primary and secondary switch eombination

after each selection for closing the:located sec-

ondary switch contacts -and 'a ¢hoice of contacts

‘©on 'said primary switch for conneécting the. se-

lected equipments with. said trunk through'a set

of ‘trunk contacts.on $aid primary link switéh to

which: said trunk is c¢onnected.
13. In a télephone office, an. adJustable Tinik,

‘a plurality of ‘each of incoming senders, outgoing
serniders and repéaters davailable .for selection by

said link, a trunk circuit, means in: said trunk
cireuit for actuating said . link, charaéter  dis-
criminating nmreans din said trunk for . signaling
said link for the selection ‘of either an-incoming
sender, an outgoing sender or a repeater, ‘and
means-in’ said link responsive to.said signal for
adjusting its selecting equipthent to restriet the
selection to either ‘an idle incoming sender, ‘an
idle outgoing sender or an idle repeater accord-
ing to the character of said discriminating signal.

14. In a telephore :office, an - adjustable link
having ¢ircuit-connecting switches, -different
characters of equipments available for seleetion
by said link, other equipmeént units, means in an
equipment unit for actuating said link, charaéter
discriminating meéans in-said unit for signaling
said link for the seléction of a particular charac-
ter of equipment, means in said-link responsive
to said character discriminating signal from-said
equipment unit for variably adjusting said link
to select one of said different characters of equip-
ment and means responsive to the selection of an
equipment of 'said particular character to. oper-
ate the link switches {0 connect the equipment
selected with the equipment unit actuating said
link.

15, In 'a telephone office;, an adjustable link
having a plurality of switches, different charac-
ters of equipment available for selection by said
link, trunk: circuits, means in a trunk circuit for
successively actuating said link, means in ‘said
trunk ecireuit for successively sending different
character discriminating signals to said link for
the successive selection of different characters of
equipment, means in said link responsive to said
suctessive discriminating signals from said trunk
circuit for successively adjusting said link for
successively  -selecting . different characters of
equipment and means responsive to the succes-
sive selections ‘t0 operate different switches in
said link to successively connect said different
characters of equipment with said trunk ecircuit.

16. In ‘a telephone system, an automatic
switching toll office, incoming toll trunks, outgo-
ing toll trunks, a marker in said office having
registers and routing devices, means in said
marker including said registers for recording a
routing for a telephone trunk connection accord-
ing to signals transmitted over a calling trunk
and for selecting a routing device governing the
character of an outgoing trunk for said connec-
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tion, means in said marker for registering the
character of the calling incoming trunk respon-
sive to a signal transmitted by the actuation of
said trunk, a common group of voice amplifying
repeaters for selection as required in certain toll
trunk connections, and means in said marker
operably responsive to said registrations for de-
termining whether a repeater is required for in-
sertion in the outgoing trunk talking conduc-
tors for said telephone connection.

17. In a telephone office, incoming trunks, out-~
going trunks divided into groups, automatic
switches for interconnecting said trunks, a vari-
ably operable marker common to said switches,
route relays in said marker individual to the dif-
ferent trunk groups, means associated with said
incoming lines for governing the action of said
marker in operating particular route relays, and
means responsive to the operation of a route
relay for determining whether a repeater shall
be selected for an outgoing trunk of the associ-
ated group and for selecting an idle cutgoing
trunk of said group, means operably responsive
to said selection for operating said automatic
switches to connect a calling incoming trunk
with a selected outgoing trunk, and means there-
after operably responsive to said determining
means for selecting an idle repeater for said out-
going trunk.

18. In - a telephone system, an automatic
switching telephone office, incoming trunks, out-
going trunks, a common control device for au-
tomatically completing connection between a
calling - incoming trunk and an outgoing trunk,
means in saild control device for recording the
character of a calling incoming trunk and the
character of the outgoing trunk to be selected re-
sponsive to signals transmitted thereto, voice
amplifying repeaters for the outgoing trunk of
said telephone connection, means in said control
device responsive to said recordings for succes-
sively determining whether a repeater is re-
quired for the outgoing trunk, selecting the out-
going trunk and transmitting a signal to the se-
lected outgoing line controlling the selection of
an idle repeater for said outgoing trunk.

19. In a telephone system, an automatic
switching telephone office, a link, a plurality of
incoming and outgoing trunks of different char-
acter connected to said link, a plurality of equip-
ments of different character accessible to said
link, a plurality of selectable link control cir-
cuits each variably operable for selecting said
different equipments, means in a trunk circuit
for energizing a link to cause the selection of an
idle link control circuit, a plurality of selectively
operable devices in said control circuit, means in
said trunk circuit for operating one of said de-
vices for designating the selection of a particular
character of equipment accessible to said link,
means in said control circuit responsive to the
operation of said devices for simultaneously test-
ing a large plurality of equipments of said par-
ticular character and for selecting an idle one of
said equipments and for operatively connecting
said idle equipment to said link and means in
said control circuit responsive to the connection
of said equipment to said link for operating said
link to connect said selected equipment to said
trunk.

20. In a telephone system, an automatic
switching telephone office, incoming trunks, out-
going trunks, different characters of equipment,
a link having a primary switch connected to a
plurality of said incoming and said outgoing
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trunks and secondary switches having access o
a plurality of said different characters of equip-
ment, a plurality of selectable link control cir-
cuits each variably operable for selecting said
different equipments, means in a trunk circuit for
energizing a link to cause the selection of an idle
link control circuit, a plurality of selectively op-
erable devices in said control circuit, means in
said trunk circuit for operating one of said de-
vices for designating the selection of a particular
character of equipment accessible to the second-
ary switches of said link, means in said control
circuit responsive to the operation of said de-
vices for simultaneously testing a large plurality
of equipments of the character designated by
said trunk and for selecting an idle one of said
equipments and for operatively connecting said
idle equipment to the secondary link switch as-
sociated therewith, means in said control circuit
responsive to the connection of said equipment to
said secondary link switch for operating the pri-
mary and secondary switches of said link for
connecting the selected equipment with said
trunk circuit.

21. In a telephone system, an automatic
switching telephone office, a link, a plurality of
incoming and outgoing trunks of different char-
acter connected to said link, a plurality of incom-
ing senders, a plurality of outgoing senders and
a plurality of voice repeaters accessible to said
link, a plurality of selectable link control cir-
cuits each variably operable for selecting said in-
coming senders, outgoing senders and repeaters,
means in a trunk circuit for energizing a link to
cause the selection of an idle link control circuit,
a plurality of selectively operable devices in said
control circuit, means in said trunk for operat-
ing one of said devices for designating the selec-
tion of an incoming sender, an outgoing sender
or a repeater, means in said control circuit re-
sponsive to the operation of said device for se-
lecting an idle incoming sender, outgoing sender
or repeater as designated and for operatively
connecting it to said link and means in said con-
trol circuit responsive to the connection of said
incoming sender, outgoing sender or repeater to
said link for operating said link to connect it to
said trunk.

22, In a telephone system, an automatic
switching telephone office, incoming trunks,
groups of outgoing trunks, switches for inter-
connecting an incoming and an outgoing trunk
for a telephone connection, a marker in said of-
fice, registers in said marker which are set for
controlling the selection of an outgoing trunk
of a particular character, devices in said marker
operably responsive to said register setting for
designating when a voice amplifying repeater
shall be inserted in the talking conductors of an
outgoing trunk, means in said marker for select-
ing and operating switches for interconnecting
g calling incoming trunk to a selected outgoing
trunk, means in said marker responsive to the
operation of said switches for signaling said out-
going trunk to select a voice amplifying repeater,
means operable in said outgoing trunk respon-
sive to said signal for selecting said repeater and
means in said outgoing trunk responsive to the
selection of said repeater for inserting said re-
peater in the talking conductors of said outgo-
ing trunk.

23. In a telephone system, automatic switches
for establishing connections, an adjustable link,
incoming senders and outgoing senders for con-
trolling said switches, telephone repeaters, trunk
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circuits, means in each trunk circuit for seizing
said link for use, and other means in said trunk
circuit for selectively operating said seized link
to select an incoming sender, an outgoing sender
or a repeater and to connect the same to said
trunk circuit.

24, In a telephone system, an automatic
switching telephone office, incoming trunks, out-
going trunks, a link switching mechanism con-
nected to said trunks, a variably operable link
switch controlling circuit, incoming senders, out-
going senders and repeaters available for selec-
tion by said link switch controlling circuit and
for connection to said -link switch mechanism,
means responsive to the actuation of an incom-
ing trunk for directing said link switeh control-
ling circuit to select an incoming sender, means
in said switch controlling. circuit for operating
said link switch mechanism to connect the se-
lected sender to said incoming trunk, means in
said incoming sender to register digits for con-
trolling a telephone connection, means for select-
ing an outgoing trunk according to said registra-
tions, means responsive to the actuation of said
outgoing trunk for successively actuating said
link switch controlling circuit and directing it to
select an outgoing sender and a repeater and
means in said link controlling circuit to operate
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said link switching mechanism for connecting
the selected outgoing sender and the selected re-
peater to said outgoing trunk for completing said
telephone connection.

25. In a telephone office, trunk circuits, a plu-
rality of different characters of equipments,
there being a plurality of equipments of each
character, a link circuit having switches con-
nected to said trunk circuit and other switches
connected to each equipment of said different
characters, a plurality of link-control circuits

- having selecting means for each character of

equipment, means in said trunk circuit for ac-
tuating said link, means independent of said link
switches for selecting a link-control -circuit,
means in said trunk circuit for transmitting a
character discriminating signal to the selected
link-control eircuit, means in said confrol cir-
cuit responsive to said discriminating signal for
selecting an idle equipment of the character sig-
naled and means responsive to said selection for
operating the link switches connected to the se-
lected equipment and connected to the signaling
trunk circuit for connecting said equipment with
said trunk circuit.
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