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 UNITED STATES

21 Claims.
1

This invention relates to telephone systems and
more particularly to such systems with four-wire
transmission circuifs. |

The object of the present invention resides in
the improvement of facilities for controlling
transmission quality over trunks -and lines from
o, manually operable switchboard.

A feature of the invention consists in a man-
ually operable switchboard ‘having cord circuits
with multicontact plugs for connecting the two
channels of one jack terminating ‘four-wire trunk
to'the two channels of ‘-another jack terminating
four-wire trunk. | o

Another and related feature consists in mech-
anism in this manually operable switchiboard for
registering the transmission characteristics -of
the line and trunks connected to a cord circuit
for automatically inserting voice amplifying
repeaters in each -of the two transmission chan-
nels or disconnecting voice amplifying repeaters
from each of the two transmission -channels, ac-
cording to the trunk-and line characteristics in-
dicated in the switchboard mechanism. |
~ Another and related feature consists in re-
peated use of trunks and a line connected to-one
twin plug of a cord circuit ‘without removing the
plug from ‘said trunk-connection -and connecting
the other plug of the cord circuit to a plurality

10

15

20

of different trunks to different lines with means -

in said switchboard to register the characteristics
of each trunk connection and automatically insert
voice amplifying repeaters in the transmission
channels or remove -voice amplifying repeaters
from the transmission channels, which were pre-
viously inserted therein.

The foregoing-and other features of the inven-
" tion will be -described more fully in the following
specification which should be taken in connec-
tion with the accompanying drawings and ap-
rended claims,

Referring to the drawings:

Figs. 6,7, 8 and 9 illustrate a manually operable
toll switchboard;

Wig. 1 illustrates a four-wire outgoing trunk to
o toll office over a low loss toll line;

Tries. 2 and 12 each illustrates a four-wire out-
coing trunk to a toll office over & high loss toll line;

Fies. 3 and 13 illustrate selectable voice am-
plifying repeaters;

Tigs. 5 .and 10 illustrate special four-wire
trunks outgoing from the tolliswitchboard;

Pigs, 4 and 11 diagrammatically -illustrate
senders and markers and - cross bar switches op-
erable under the control of the switchboard for

30

49

50

bb

-selecting the -outgoing trunks and for connecting

them to the special trunks, Figs.-5-and 10;
Pig. 14 illustrates an incoming trunk from
either -a high loss toll line or -a low loss ‘toll line
and diagrammatically illustrates a sender -oper-
able over said lines; | -
 Tig. 15 illustrates a special trunk -incoming to
the toll switehboard from the incoming trunk,
Fig. 14, and diggrammatically illustrates a marker
and cross bar switech for connecting the {runk,

Fig. 14 to-the trunk, Fig. 15;

Figs. 17, 18 and 19 illustrate four-wire trunks.
incoming to and outgoing from the manually
operable toll switchboard, Figs. 6, 7,8 and9; and

Fies. 16 and 20 show the manner-of assempling
the drawings to-ilustrate the invention.

The sender diagrammatically disclosed herein

and the manner -of -operating this sender may be

as disclosed in the -copending application -of B.
McKim and O. Myers, Serial No. 550,070, filed
August 18, 1944,-which-issued as Patent No0.2,382,~-
893 -on August 14, 1945. The marker, link con-
nector, and the trunk block relays diagram-

madtically disclosed herein may be of the type dis-

closed-in Patent 2,236,246 to G. V. King, J. B, Mc-
Kim and O. Myers, March 25, 1941, and Patent
2,293 191-t0 A. J. Busch and ¥. J. Scudder, August
‘18, 1942, The marker-connector may be of the
type disclosed in Patent 2,241,016 to G. V. King,
P, A. Korn and R. K. ‘McAlpine, May -6, 1941.

General description

It is shown in Patent No. 2,382;893 to McKim
and ‘Myers, that there are occasions when -foll
4+runk -eroups -outgeing from an automatic toll
switching office become overloaded either for &
short duration of time .or for several ‘hours.
Under such .conditions calls from nearby or dis-
tant toll offices encounter delay in obtaining an
idle trunk in these groupsfor completing tool tele-
phone connections. In-orderto facilitate the.com-
pleting -of toll connections over trunks in such
oroups, a call -order -switchboard is provided :to
which incoming calls imay be routed which have
encountered delay in -obtaining an idle toll trunk
to a -desired destination. The call order swiich-
board has a number of operators’ positions for
handling .delayed calls and announcing the
smount -of - delay expected ‘in -completing .calls 'to
+oll trunks in groups ‘to particular offices. This
switchboard is supervised by -a supervisory Oper-
stor who in combination with a.group:of persons,
observes signals which indicate the overloading
of trunk groups which if severely overloaded are
made unavailable to incoming calls from other
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offices and are made only available to the oper-
ators i the call order switchhoard. A special
arrangement is provided for making groups of
trunks unavailable to incoming calls so that the
calling operator is immediately appraised of the
delay anticipated in obtaining an idle trunk for
completing the desired connection. A ticket is
written by a call order board operator covering
the information for each call, imcluding the origi-
nating toll operator’s number and the trunk con-

nection desired and these tickets are filed or
stacked in g particular order so that the delayed.

calls may be completed substantially in the order
received. The responsibility of completing these
delayed telephone connections then rests upon
the call order switchboard operators instead of
the various calling operators from other toll of-
fices and the time of these calling operators which
would otherwise be required in making numerous
attempts to complete the delayed connections is
‘saved since only one call to the call order board
operator is necessary. = -

Each group of toll trunks oufgoing to other

offices has one or more overflow trunks asso-

- ciated therewith which are connected by auto-
matically operable mechanisms, along with the
- trunks of the group, with a trunk testing unit
‘When the code of this trunk group is transmitted
to the automatic switching office. The testing
unit tests the trunks in the outgoing group of
trunks and when no idle trunk is found it tests
the overflow trunks and if an idle overflow trunk
1s found the incoming frunk is automatically
routed thereto. The overflow trunk has two
types of signals, one which flashes an indication
over the incoming frunk that all trunks in the
group are busy. This signal may be aliered to
a different flashing signal if a trunk in the group
becomes idle while the calling operator holds the
incoming line, hoping to receive this second flash-
g signal, Whenever a call is routed to an over-
flow trunk, a signal is operated which may be ob-
served by the supervisory staff, If the calling
operator does not receive a second flash after a
given time, the connection is released and this
operator then has the choice of making another

attempt to obtain an idle trunk in this group

-4 few minutes later or she may pulse a circuit
request call which requires a specizal code to con-
nect her through the mechanism of the auto-
matic switching office with a trunk extending
to the call order switchboard. Each call order
switchboard position has a cord and telephone
circuit for connection to this trunk and also has
means to observe whether there is an idle trunk
in the desired outgoing group. If the group is
overloaded, this operator refers to a bulletin
handed to her by the supervisory group. This
bulletin posts all groups which are overloaded
and on which there is a time delay in completing
calls. The call order board operator advises the
calling operator the condition of the group and
writes a ticket to complete the call later if it can-
not be immediately completed. |

- The supervisory staff observes the overfiow sig-
nals if they are constantly operated and investi-
gates the number of circuit request calls for
which tickets have been written by the call
order bhoard operators for any group of trunks
which are gaining in demand. If the trunks
of a group are constantly busy and a given num-
ber of circuit request tickets have been written,
a delay announcing circuit is patched to the over-
flow trunks of the group and thereafter the call-
Ing incoming trunks which are routed to an

9,421,084
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overflow circuit receive an announcement of the
time period of delay in completing toll connec-
tions to the trunks of this group, instead of re-

ceiving the aforementioned flashing signals.

- The patching of the overflow trunks of g trunk

group to the delay quotation circuit also operates
mechanism to automatically make this group of
trunks unavailable to incoming calls, even though
tnere are idle trunks in the group. As these
trunks become idle they are taken for use by the
call crder board operators for completing circuit

request calls from tickets previously written.

The circuits and mechanisms disclosed herein

- deal with the completion of the toll telephone

15

20

25

calls by the call order board operators and auto-

.mmatic signaling arrangements between trunks
-and the operator’s position mechanism for in-

serting and removing voice amplifying repeaters
according to characteristics required for good
transmission over low-loss and high-loss toll
lines. The low-1oss toll line and the trunk mecha-

nism with which it is connected will herein be

called a short toll line and is one in which the
loss because of resistance of the line conductors
and other mechanisms connected therewith is
low enough to provide good transmission charac-

- teristics. A high-loss toll line and the trunk

mechanism with which it is connected will here-

In be called a long line and is one having a line

30

39

and associated mechanism of sufficient resistance
to require voice amplifying repeaters to give it
substantially the equivalent transmission of the
low-1oss or short toll line. Under normal condi-
tions in the automatic switching toll office, the
trunks connected to Ilong and short lines operate

~‘Imechanism in the sender and marker which are
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toll o

automatically connected thereto to indicate to

the marker where and when a voice amplifying
repeater is required and the marker may oper-
ate mechanism in the selected outgoing trunk

which causes the insertion of repeaters in the

transmission channels. ‘These functions are
somewhat different when ecalls are completed
through the call order board, since the same
trunk outgoing or incoming may be used for a
number of felephone connections.

The arrangement disclosed in this application
includes an incoming trunk, Fig. 14, which may
be Iincoming over a short toll line from a. nearby
CLR toll office 1459 or over a long toll line to a
ice in a distant city (480, which assumes
that the toll office 1490 may be in two different
locations in order to economize in the drawings
of this application. The trunk, Fig. 14, may be
used for incoming calls for completing toll tele-
phone connections over outgoing trunks, as de-
scribed iIn the aforementioned Patent 2,382,893,
to MicKim and Myers, but the use herein de-

scribed will be for making circuit request calls

to the call order switehboard. This assumes that
a call was previously made by an operator in
oiice 1408 who was advised by signals that all
of the outgoing trunks to the desired office were
busy or by an announcement that there would
be a given delay in obtaining an outgoing trunk
to complete the connection. The operator in
office {480 may make a circuit request call by
sending circuit request code pulses over the in-
coming toll line which are recorded by a sender
and marker and the marker selects an idle trunk
in a group -of circuit request trunks shown in Fig.
15 which terminates in twin jacks and 3 lamp in
the call order switchboard. As explained in the

‘aforementioned patent, a call from a distant of-
Tfice over a long toll line is automatically routed
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to a special circuit request trunk, Fig. 15, when
code pulses have been transmitted over this long
line designating the selection of a trunk in a
croup which has been patched ior delayved quo-
tation and also made unavailable to the calling
incoming trunks. In either case the itrunk call
is answered by a call order board operator, who
inserts a four-wire twin plug into the four-wire
twin jacks of the trunk, Fig. 15, and operates the
call order position talking key which -CONNEeCcts
the four-wire telephone circuit with the frunk
transmission conductors extending to the calling
operator. The call order board operator explains
the overloaded condition of the desired outgoing
trunk group to the calling operator and will or-
dinarily write a ticket for completing the toll
connections and place this ticket with other tick-
ets for calls to this trunk group. Special consider-
ation may be given to urgent calls, particularly
from distant cities having considerable toll line
mechanisms already set in operating condition.
Therefore, some calls may be completed direcily
from the circuit request incoming trunk Figs
14 and 15 to the desired outgoing trunk, it the
call order board operator ohserves that an idle
trunk in the group is at the time available.

A majority of the delayed calls are completed
by the call order board operators from the tickets
previously written. Special four-wire trunks,
<uch as those shown in Figs. 5 and 10, have twin
jacks in the call order board. ‘These trunks are
outgoing from the switchpoard, but operate in
the manner of an incoming trunk in that they
select a sender through a link. when the cord
circuit plugs are inserted in the jacks. -The spe-
cial trunk, Fig. b, is shown connectable with the
two-way trunk, Fig. 1, for an outgoing call from
the call order board over a short toll line to a
nearby CLR toll board or connectable to the two-

way trunk, Fig, 2, extending over a long toll line

.
L

to a distant oince. ]
offices from which circuit reguest calls were re-
ceived and tickets written covering the code of
the calling office and the number o1 the operator
who will handle the call. For the sake of ef-
ficiency the delayed calls from an originating
office gre handled by a delay through tcll oper-
ator, termed a TX operator, after the ticket 1is
written in the originaving oifice by the regular
through-toll operator. The number of this TX
operator is placed on the ticket written by the
call order board operator so that the latter oper-
ator can register the TX cperator’s number in
the sender after the office code. 'These trunks,
Figs. 5, 1 and 2 are therefore typical of the trunks
used between the toll call order koard and the
office originating a toll call for a subscriber.

The trunk, Fig. 10, operates in the same manner
os the trunk, Fig. 5, and is shown for making
connections with outgoing trunks of overloaded
eroups to offices cver short or long toll lines. Upon
observing that there is an idle frunk in an over-
loaded group, the call order board operator may
connect a rear cord 869 into jacks 1822 and (523
for (1) setting up a connection to the TX oper-
ator and (2) place the front cord 623 into jacks

1000 and 1881 to set up the connection over an

idle outgoing trunk to the oflice written on g
ticket. The length of each toll line is automat-
ically indicated to the call order board position
mechanism, which automatically inserts voice
amplifying repeaters where required if the re-
peaters have not already been inserted by the

marker which selected the idle trunk, as explained
Jater in detail. For good quality transmission, a.

The offices, Figs. 1 and 2, are
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‘voice amplifying repeater is required. in each

channel of a four-wire outgoing trunk when two
long lines or trunks are connected together by
the switches or cord circuits of a telephone of-
fece. When a short trunk is connected to a long
trunk, no repeater is required for good trans-
mission and if a repeater is inserted there would
e too much gain. If repeaters are inserted in
cach of two long trunks which are connected
together there would also be too much gain.
After the fArst connection is made with an idle
outgoing trunk the call order board operator may
use the same trunk for connection with different
toll boards which have made circuit request calls,
This is done by the call order board which may
sulse any code into different senders which may
be connected with the rear cord. It may be seen
that one connection may have two long toll lines
connected together and other connections may

have o long and a short toll line connected to-

sether In order to always provide correct trans-
mission between the toll lines connected together
through the call order switchboard, an auto- -
matically operable device is placed in the call
order board position circuit for automatically
removing or inserting voice amplifying repeaters
as required, according to the indications signaled
thereto by the trunks connected. This repeater
removing and inserting mechanism is shown in
WMo, & and is operated, as stated, by the signals
s»am the trunks which are connected to the lines.
The position mechanism after being operated by
the trunks, remains in this status until the oper-
ator restores the talking key and at this time
repeaters are either removed from or inserted in
the channels of the four-wire transmission cir-

- cuits as shown. |

A second arransgement is included in the dis-
closure to illustrate the use of the call order
switchboard as an independent toll office for
handling incoming and outgoing calls on a four-
wire basis. o | - B

S Detail description

For making s circuit request call the toll oper-
ator in office 1459 seizes a toll line and trunk of
the type as shown in Fig. 14. The seizure ot the
trunk closes a signal over its transmission wires
for operating the composite signaling relay 142C,
which may be referred to as the CX signaling
The operation of relay 1420 assoclated
cround with its E lead {453 to actuate the incom-
ing trunk Fig. 14. The ground from the contact
of relay 1429 extends through contact 8 of relay
(421, winding of relay {425 to battery and also
extends through contact 7 of relay {421, winding
of relay 1217 to battery. Relay {4!7T in operating
disconnects ground from the composite signaling
cireuit and connects battery through lamp 1418
to its composite signaling M lead i451. Oflice
{490 has a composite signaling relay therein sub-
stantially the same as relay 1428 which is operated
when battery is asscciated through lamp 1418 with
the M lead 1451, This does not cause the release
of relay 1428 but transmits a signal to the office
(4808 which is maintained until an incoming
sender is associated with the incoming trunk Fig.
14. The signal is altered when a sender 1424
is associated with the trunk in order that the
operator in office {403 may become aware that
she may transmif code pulses into the sender. .
Relay 1425 in operating connects ground to the
timing circuit comprising condenser and re-
sistance 1422 which is discharged if any charge

»5 remains in the condenser and the tube 1428 with
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its associated network. Relay 1425 associated
ground with the upper winding of relay (422,
operating the latter relay. Relay 1422 in oper-
ating locks through its contact 3 to ground on
contact 3 of relay 1422, Relay 1422 also prepares
a circuit through its contact 4 for connecting bat-
tery through lamp 427 to the ionic tube 1428
when relay {425 is later released. Ground is
also connected to the link start lead 1468 from
ground on contact | of relay | 422, contact 5 of
relay 1421 through the winding of the link stars
relay to battery. This link may be of the char-
acter fully described in Patent 2,293,191 to A. J.
Busch and F. J. Scudder, August 18, 1942, This
type of link has a control circuit associated there-
with for selecting the type of sender indicated
therein by the trunk circuit. In this instance the
trunk circuit indicates the selection of an incom-
Ing sender arranged to receive aliernating cur-
rent pulses and consequently a sender {434 is
selected by the link. This sender may be of the
character shown in Figs. 23 to 35 of Patent No.
2,382,893 ,t0 McKim and Myers, which wags filed
on the same date as this application. After the
sender is selected by the link control circuit, the
trunk is connected thereto over leads | 461 to
1470, which establishes cooperating circuit paths
between. the sender and the trunk Fig, 14. A
number of relays in the sender are operated by
the link control circuit before the sender is con-
‘nected through the link switch contacts to the
trunk Fig., 14 and thus ground is connected by
the sender to lead 1461 for operating relay {421
and also high resistance ground is connected to
lead 1468 through the windings of relays 1412
and 1416, The circuit extending to relays 1412
and 1416 establishes an operator’s circuit for g
sender relay, which is high in resistance and does
not cperate relays 1412 and 1416 until after the
sender has received class signals. The class sig-
nals extend over the leads to the sender, as related
in the McKim-Myers patent to establish in the
- sender the type of trunk connected thereto. Relay
- 1421 in operating establishes a locking circuit for
ltseli through contact | of relay 1422 to ground
and removes ground from the link start lead 1458,
Relay 1421 also opens the original operating cir-
cuit for relay t417 but this relay remains oper-
ated through contact T of relay 1421 to ground
on contact 2 of relay {426, Relay 1421 also con-
nects ground to lead 1468 and lead (442 which
operates a relay in the sender and is later used
for the hold magnets of the cross bar switches.
A class signal is transmitted to the sender from
sround on contact 3 of relay 1412 over lead
- 1462, which indicates to the sender the type of
trunk connected thereto. Since in this instance
the sender registers are to be set by alternating
current pulses, g relay is also operated in the
sender for associating pulse leads with an alter-
nating current receiving cireuit associated with
‘the sender. Other relays are operated at this
time for arranging the sender to receive alter-
- nating current pulses and after this sender ad-
- Justment has been made a low resistance is con-
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nected with lead 1468 to operate relays 1412 and

1418. The operation of relay (448 establishes a
circuit through its contact 4 for operating relay
1428. The operation of relay 1426 causes the re-

lease of relay 1417 since at this time no circuit

remains established for the latter relay. The re-
lease of relay {417 disconnects battery from the
composite signaling M lead 45(, which signals
the originating operator in toll office 1488 to pro-

8

ceed with the transmission of alternating current
pulses. . - _
Lhe switchboard positions in toll office 1400
each have a set of keys therein substantially the
same as shown in the call order board Fig, 7
which extends to an alternating current supply
circuif for transmitting currents of two frequen-
cies over the tip and ring frunk line conductors
for each digit. A special code, such as {51, is
used by the originating toll operator to make g
circuit request call extending to the call order
switchboard operator in a cross bar toll system.
This code is set up by the toll operator on her
keys and is transmitted through the hybrid coil
1401, then through contacts 2 and 5 of relay 1412,
over the tip and ring conductors 1487 and (468
to the registers of the sender. In order to balance
the circuit, the currents are also extended
through confacts 2 and 5 of relay 14§ to the
bridge consisting of resistance 1435. In all cases
arrangements are made for balancing the two
channels of a four-wire System, such as shown in

- this patent. The digit pulses from the originat-

ing office operate three registers in the sender
designating the selection of g special trunk to the
call order board, such as shown in Fig. 15. As
Soon as the sender 1434 has registered the pulses
and received the class of trunk Indieations, the
code registration is automatically transferred to
the marker 1580 as fully described in Patent
2,236,246, issued to King, McKim and Myers,
March 25, 1941, or as shown in Patent 2,283,395
to W. B. Strickler, issued May 19, 1942,

In response to the setting of the marker reg-
isters, a route relay is operated for associating the
desired group of trunks with the marker trunk
testing mechanism. The group of i5f trunks
such as shown in Fig. 15 is thus associated with
the marker testing mechanism when trunk block
relay 1334 is operated by the route relay. The
manner of finding an idle trunk in the group of
151 trunks may be the same gs Tully diselosed in
Patent No. 2,382,893 to B. McKim and O. Myers.
When a marker finds an idie {51 trunk, the select;
magnet associated with the cross bar switch 1503
1s energized and relay 1527 is operated by ground
from the marker over lead 1540, which extends
through a contact of the trunk block relay §534,
contact  of relay {508 winding of relay 1527 to
battery. An idle trunk is thus taken for use and
the marker energizes the hold magnets of the
cross bar switches 1560, {501, {502 and 1503 which
associates the idle 15! trunk with the incoming
trunk Fig. 14. Relay 1527 supplies ground for
other relays operated in 1 sequential order. The
marker then operates relays in trunk circuit Fig.
15 to indicate the character of trunk circuit
which has been connected thereto, for example,
1t the office {480 is a distant office connected to
the cross bar switch over a long trunk known as
a high-loss trunk, this would have been indicat-
ed to the sender and marker by the trunk Fig. 14
and the marker responsively connects battery
over lead 1463, confact 6 of relay 1412, lead 1441,
upper winding of retardation coil 1508, contact 2
of relay 1588, contact 2 and lower winding of re-

lay 1524 to ground, operating relay 1524, The

~ operation of relay 1524 is being described at this

70

15

time since there are occasions when this trunk is
connected by the call order board operator to an
outgoing frunk if it so happens that a trunk has

become idle between the time that the calling op-

erator attempted to get an idle trunk and the time
that she has made this circuit request call to the
call order board operator. The operation of re--
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- lay 1524 establishes a locking circuit for itseli
from battery through its contact, and upper

winding to ground on contact 4 of relay 1527 and
 remains thus locked for transmitting the long
trunk indication to the call order board mecha-
nism. If. on the other hand, the call is over 2
short toll line, such as from a local CLi toil
board, relay 1528 is not operated since a long
trunk indication was not given to the associated
sender and marker and the marker therefore does
not connect the battery with the lead extending
to the lower winding of relay 1524.

A {51 trunk Fig. 15 is used by different toll
offices having different types of trunk circuits
outgoing from the toll switchboards. The trunk
circuits may be of the key pulsing type ringdown
type or straightforward type. When a call is
from 2 ringdown toll trunk, an indication is
given to the sender and marker by the incoming
ringdown toll trunk similar to Fig. 14 but which
is arranged in a different manner for ringdown
signaling. 'This ringdown trunk operates a re-
lay in the marker, causing the marker to connect
battery to the incoming trunk lead 1462, which
extends through contact 1 of relay {412, thence

over lead 1449, contacts of the cross bar switches,:

lower winding of.retardation coil 1539, contact
3 of relay 1588, contact 2 and upper winding of
ringdown relay 1525 to ground, operating relay
{526. This relay in operating connects battery
through its lower winding and its contact g to
eround on contact 4 of relay 1521 and thus re-
mains operated during the operation of this
trunk. The operation of relay 1526 confrols the
signaling path to the originating oilice, since
ringing current must be associated with & ring-
down trunk in order to operate the signal in the
originating toll oflice. |
At this time the marker 1538 having served its
purpose may release but the sender is held con-
nected to the trunk of Pig. 14 until such time
a5 other mechanism in the trunk Fig. 15 1s oper-
sted and relays 1412 and {418 are released ior
connecting the toll operator over the four-wire
transmission circuit of the trunk Fig. 15. The
marker previous to its release energized relays
in the sender for connecting a relay through a
high resistance over leads 464 and (465 which
extend through contacts { and 6§ of relay 14165,

thence over leads 1443 and {444, through the con- «

tacts of the cross bar switches, upper and lower
windings of retardation coil 1584, resistances
506 and {507, contect 5 and winding of relay
1508 to battery. The sender relay asscciated
therewith is operated as a signal to the marker
when the outgoing toll trunk is connected through
the cross bar switches and this relay operates
other relays which associate a low resistance with
the leads {884 and {465, causing the operation of
relay 1583. This causes a progressive operation
in the sender and a check of the trunk connec-
tion before operating relay (588. The opera-
tion of relay {508 establishes a locking ecirculs
through its contact § fo ground on contact 2 ot
reiay {527 and establishes a circuit from hattery,
through its contact 6 and contact 3 of relay 1528,
lamp {533 to ground, lighting the lamp. IL.amp
522 is in the call order switchboard and deslg-
nates an incoming call to the call order hoard np-
arator. At this time lead (488 is opened In ihe
sender. causing the release of relays i4i2 and
{4456, thus preparing the connection oi the origi-
nating toll operator with the call order board
operator as scon as the latter operator answers
the call by inserting twin plug 6283 into jacks
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1592 and 1523. Relay §588 further disconnects

relay 1527 from its contact 1 and associates

sround with leag (540 extending to the marker.
The ground extending to the trunk block relay
1534 indicates to any other marker attempting
to seize this trunk that the trunk is busy and
cannot be taken for use at this time. Relay 1521

is now held operated by ground on contact 2 of

relay 1424, which extends through contact T of

relay 1416 over lead 1842, contacts of the cross

bar switches, winding of relay 1527 to battery.
Call order operator answers request call

The call is answered in the call order switch-
board by actuating the talking key €87 and in-
serting twin plug §08 constituting plugs €31 and
682 in the respective jacks 1522 and 1523 of the
four-wire trunk Fig. 15. The twin plugs 600 and
629 are considered as a single six conductor plug
for use with four-wire (two transmission chan-
nel) jack terminating trunks. A circuit 1s now
established for trunk relay #52{ from ground,
through its upper winding, sleeve of jack 1522,
sleeve of plug 581, contact & of relay $03, lamp
684 and its associated resistances €85 and 606
to battery. The resistance of the upper windinhg
of relay 1521 is high enough to prevent the light-
ing of lamp 684. The operation of relay 52§
establishes an operating circuit for relay 1528
which locks to ground on contact | of relay 1521
and opens the circuit for lamp 1533. Relay (521

also connects ground through resistance 812,

contact 4 of relay 1508, resistances 1506 and
{507, retardation coil 1584, thence through the

cross bar switch contacts and leads 1443 and 1 44,

contacts | and 6 of relay 1418, retardation coil
{419, resistances {418 and {414, contact & of relay
1421, winding of relay 44T to battery, operating
relay (817. The operation of relay {447 con-
nects battery through lamp 1418 to the composite

signaling M lead 145! for operating a signal in

the originating toll office to indicate to the oper-
ator in that office that the call order operator

has answered the call. The actuation of the

talking key 687, energizes relays 683 and 6&ls.
The circuit for these relays may be traced from
battery, through their windings, contact { of
key 887, thence over lead 632 to ground on the
contact of relay 966. | | |
The operation of relay ©i3 establishes a cir-
cuit for the telephone circuit relay 901 from bat-
tery through the winding of the latter relay, over
lead 633, contact 2 of talking key 607, contact T of
relay 613, contact | of the talking key thence over

1ead 5§32 to eround on the contact of relay 900.

The operation of relay 981 establishes a locking
circuit for relay 603 and €13 to ground, through
its contact |, lead 638, contact 7, winding of relay
663 and winding of relay 613, both extending to
battery through these windings. The operation
of relays 683 and 613 splits the cord circuit and
transfers the talking and control conductors into
the position circuit, Figs. 7, 8 and 9. The opera-
tion of relay 683 alters the circuit extending from
sround through the upper winding of relay 1521
over the sleeve conductor which now passes
through contact 4 of relay 603 to lead 642, thence
through the upper winding of relay 822, winding
of relay 885 to battery. Relay 885 operates In
the circuit traced but relay 822 does not operate
ot this time since it is biased for marginal op-
eration and does not operate through the high

" resistance upper winding of relay 521,

me. O is the cperator’s telephone circuit for
talking and moniforing on 1 our-wire transmis-
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sion circuits. The operation of relay 801 con-
nects the A winding of coil 92 to leads 636 and

63T which for talking purposes extend over leads

899 and 851, contacts 2 and 4 of key 806, contacts
3 and 4 of relay 885, leads 145 and 148, contacts
4 and 5 of relay 700, leads 645 and 646, contacts
o and 6 of relay 603, to the lower channel of the
four-wire transmission trunk circuit. A winding
of coil 922 is connected to leads 638 and 639
which, for talking purposes, extend over leads
852 and 853, contacts | and 2 of key 866, contacts
of key 803, contacts 1 and 2 of relay 805, leads
643 and 644, contacts ! and 2 of relay 603, to
the upper channel of the four-wire transmission
trunk circuit. The upper and lower channels ex-
tend through the trunk Fie, 15, cross bar
switches 1500 to (503, trunk Fig. 14 and the wind-
ings of coils 1408f to the calling toll line. The
operation of relay 99¢ therefore connects both
transmission channels by induction with the coils
C and D of the telephone cireuit hybrid compris-
Ing coils 921 and 922. The coils D are connected
to the telephone circuit balancing network for
- talking and the coils C are connected to the tele-

phone circuit transmitter $i1 and receiver 940 o:

through coil 919. The busy test relay 948 is shown
connected to winding D of coil 917. Relay 920 is
cperated by monitoring key 608 for monitoring
on both channels of the transmission circuits
after the telephone connection has been estab-
lished as later described. The operation of key
608 connects windings A and B of the hybrid 921
and 822 over conductors 635 to §38 directly
through contacts of key 608 to the transmission
channels. The arrangement of this four-wire
telephone circuit and the direction of current flow
through the circuit windings is substantially the
same as fully disclosed in Patent
McKim, August 25, 1942,

The call order board operator converses with
the calling operator in a nearby or distant tele-
phone office and may write a ticket or complete
the telephone connection by inserting g plug of
the front cord 628 into the jacks of the trunk Fig,
10, depending upon the character of the call and
the condition of the trunk group over which the
connection is desired. Before proceeding further
with the connection, a description will be given
of the indications recorded by the position mech-
anism responsive to the insertion of plug 600 into
the jacks of the trunk Fig. 15. | |
. A mechanism is shown in the lower portion of
Fig. 8 for recording whether the connected trunk
is an incoming trunk or an cutgoing trunk snd

whether it is a short or a long trunk. It will later °

be: shown that the mechanism operated in the
lower portion of Fig. 8 is used to insert or remove
voice amplifying repeaters as required. In this
Instance an incoming trunk is connected to the
call order board cord circuit and this is indicated

through the mechanism of Fig. 8 by the opera-

tion of relay 825. Since the special circuit re-
quest trunk Fig. 15 is always connected to an in-
coming trunk, it is arranged to give this indica-
- tion to the call order board mechanism.. The opn-
eration of trunk relay 1528 establishes a circuit
for relay 825 by connecting battery through its
contact 4, winding of relay {505, upper and lower
windings of retardation coil 1513, thence over
the tip and ring conductors of the lower chan-
nel, jack 1523 and plug 6§82, through contacts of
key 611, contacts 5 and 6 of relay 693, leads 645

2,294,237 to J. B..
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- and 645, contacts 4 and 5 of relay 199, leads 745 -

-and 186, contacts 3 and 4 of relay 809, left and
Tright windings of retardation coil 808, winding

£
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of relay 823, resistance 849, to ground. Relay
825 in operating establishes a circuit for relay
829 which now remains operated. Relay (585
does not operate in the circuit traced since the
resistance of relay 825 is high enough to prevent
1ts operation. It was earlier described that when
the incoming trunk is a long trunk, an indication
is given o the sender and marker by the trunk
Iig. 14 and in response to this indication, relay
1524 is operated by the marker to show the mech-
anism in the lower portion of Fig. 8 that the call
order board is connected to g long trunk. This
Indication is established by battery through re-
sistance 1528 and contact 3 of relay 1524, thence
through the winding of relay 1518, upper and
lower windings of retardation coil 1520, tip and
ring conductors of the upper channel of jack {522
and plug 624, contacts | and 2 of relay 693, leads
¢43 and §44, contacts { and 2 of relay 885, con-
tacts I and 2 of key 898, both windings of retarda.
ticn coil 882, winding of relay 829, resistance 833,
to ground which operates relay 829. The trunk
lock-out relay 1519 is not operated in the circuit
traced. The operation of relay 829 establishes
an operating circuit for relay 831 which is obvi-
ous. Relay 82§ also connects ground through its
confact 2 to lead 74{ which is effective only after
thie operation of relay 795 at the beginning of the
key pulsing period over a trunk connected with
the front cord 620 as later described. 'The Oper-
aivion of relays 828 and 831 indicate to the call or-

~der board position mechanism that it is connect.

ed with a long incoming trunk. If it were con-
nected with a short incoming trunk, relays 829
and 831 would not be operated since the trunk
relay £824 would not have been operated by the
marker which selected this trunk. The opera-
tion of relays 825 and 826 would thus indicate a
connection to a short incoming trunk. 'These
Indications remain in the circuit Fig. 8 until
they are either used as later described or the plug
688 is removed from jacks {522 snd {623. The
trunk which may be connected with plug 628 will
eivher operate relays 836 and 835 or permit these
relays to remain normal. Relay 83§ is operated
when a long trunk is connected with plug 628, If
plug 28 on another connection is associated with
an incoming trunk relay £27 is operated by relay
£28. | |

An incoming ringdown trunk has not been dis-
closed, but in toll practice such trunks are used
and therefore the ringdown relay 1828 is includ-
ed in Fig, 15 because this trunk may either be as-
soclated with a ringdown incoming trunk using
ringing current for signaling or a trunk from an
office using composite signaling as shown in Fig,
14. The mechanism for operating the composite
signaling relay {428 has been described and it was
set forth that an incoming call from a ringdown
trunk would be indicated to the marker which se-
lects the trunk Fig. 15. The marker would then
extend a circuit over leads 1848 and {441 for op-
erating relay 1526 to indicate that the incoming
trunk is a ring-down trunk. The operation of
relay 1526 connects battery through its contact
i and ground through its contact 2 to the inner
contacts | and 2 of the ringing relay {685. 'The
ringing relay 1585 is operated by the actuation
of the call order board position key 617. The op-
eration of the latter key connects battery through
low resistance 623 over both the tip and ring con-
ductors of the lower channel, upper and lower
windings of retardation coil 1213, winding of the
ringing relay {505, resistance 1528 to ground.
This momentarily operates the ringing relay
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which connects battery and ground through the
retardation coil (584, thence through the Cross
bar switches, conductors 1443 and {444 to mecha-

nism in the ringdown trunk circuit which applies

a, signal to the toll line for signaling the distant
operator. In the circuit as disclosed the opera-
tion of key €17, operates relay 1585 in the same
manner as described but since the trunk Fig. 14
is not a ringdown trunk, relay 1526 would not
have been operated. The result of the operation
of relay 1505 is to open its contacts extending
through resistance 1506 and 1507, contact 4 of
relay 1508, resistance 1912 to ground. It will be
remembered that the lower channel extends
through the windings of retardation coil 1415,
contact & of relay (421, winding of relay i417
to battery as previously traced. Consequently,
when relay 1585 is operated it releases relay 1817
which associates ground with the composite sig-
naling lead {481 instead of battery through lamyp
(418 and thus transmits g signal to the originat-
ing toll office. -

If the circuit request call just described 1is
deemed sufficiently important and there is an
idle trunk available in the desired group, the

telephone connection can be completed by the

insertion of plug 628 into jacks {880 and foet,
The insertion of plug §20 into the frunk jacks
of Fig. 10 energizes relay 814 from battery
throuch its winding, upper winding of marginal
relay 828, lead §51, contact 4 of relay 513, thence
over the sleeve conductor and lower winding of
relay 1382 o ground, which operates relays g4
snd 16882 but does not operate relay 823 because
of the high resistance of the lower winding of
relay 1802. Relay 1802 in operating establishes a
circuit through contact | of relay 1029, winding
of relay {024 to battery, operating the latter
relay which establishes a start circuit for the
1ink 1828, This start circuit extends from ground
on contact B of relay (025, contact & of relay
1824 through the link start relay 1023 to battery.
This link automatically connects a sender with
the trunk circuit Fig. 10 in the manner disclosed
in the aforementioned Patent 2,382,893 to McKim
and Myers. The call order board operator has
o set of keys 728, the same as disclosed in this
patent and by depressing key Til and certain of
the keys 180 transmits code pulses to the sender
for setting the sender registers. The sender se-
lects g marker after a certain number of regis-
ters have been set and the marker selects the
idle outgcing trunk in the desired group. For

selecting the outgoing trunk a marker route relay

is operated by the code registers which are set
in the marker and this route relay indicates
to the marker whether the frunks of the group
are long or short trunks. The marker thus uses
this information and information regarding the
length of the incoming trunk as later described
for signaling the outgoing trunk whether a re-
veater shall he selected for the telephone connec-
tion. This signaling for the connection of the
repeater will be given in detail in the following
description. A signal is also transmitted by the
marker, through the sender, to the trunk Fig. 10
for indicating to the mechanism in the lower por-
tion of Tig. 8 what character of ouigoing trunk
has been connected to the position cord circuit.
The operation of the sender and marker and the
selection of the outgoing trunk Fig. 12 is sub-
stantially the same as fully described in the afore-
mentioned Patent 2,382,893 to McKim and Myers,

and for the present this will suffice for continu-

14
ing the description of the operation of the mech-
ahnism of Fig. 8. | - |

After the selection of the outgoing trunk and
the interconnection between the outgoing frunk
mechanism and the mechanism in the sender
relay $023 is released for connecting the call order

- switchboard to the outgoing trunk. At this time
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and before the sender is released, ground 1is con-
nected from the marker to the sender to lead
{957, if the outgoing trunk is connected to a long
line. Lead 1057 extends through contact 8 of
relay 123, winding of relay {821 to battery, op-
erating the latter relay. Relay 1921 is locked

through its contact 2 to ground on contact 2
on relay (625 and connects battery through re-
sistance 1020 and its contact |, winding of relay
(867, upper and lower windings of retardation
coil 1608, thence over the tip and ring conductors
of jack 19088 and plug 8§21, contacts | and 2 of
relay 613, conductors 650 and 652, contacts | and
9 of relay 814, contacts | and 2 of key 820, both
windings of retardation coil 818, winding of relay
836, resistance 837 to ground. Relay 820 esiab-
lishes an obvious operating circuit for relay 839
which indicates to the call order board mecha-
nism that plug 628 is connected to a long outgoing

trunk. The call order board operator may con-
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verse over the outgoing trunk and the toll line
with the distant operator and then release the
talking key 607. When this key was operated it
will be remembered that relay 2861 followed its
operation. The operation of relay 881 connected
ocround from its contact 7 to contact 3 of relay
821 and also to contact 3 of relay 835. Therefore
the operation of relay 831 indicating a long trunk
ostablishes s circuit through contact 2 of relay
3268, winding of relay 832 to battery. If relay 826
is operated, which indicates that the long trunk
is an incoming trunk, the circuit for relay 832
is not established. When the outgoing trunk in-
dicates that it is a long trunk, relay 839 is oper-
ated which also establishes a circuit for relay
932 if relay 827 is not operated. This circuit ex-
tends from ground on contact T of relay. 981
throuch contact 3 of relay 835, contact 2 of relay
827, winding of relay 832 to battery. Relay £32
is operated when two frunks are connected to-
cether if one of the trunks is a long ouigoing
trunk line. Relay 832 is slow in releasing and
consequently after the talking key 6071 is re-
leased, relay 981 is first released and relay 832
remains operated causing circuits to be estab-
lished through the contacts of relay 981! released
and through the contacts of relay 832 operated

for removing or inserting repeaters in the trunk

circuits. Relay 832 also connects ground from
its contact 3 for holding relays §63 and 6i3 op-
erated and connects ground through its contact
& for holding relay 998 operated. These three
relays release after the release of relay 832, |
The foregoing operation of the mechanism in
Fig. 8 glong with the following table is given at
thic time to show how it is operated when con-
nected to any of the trunk circuits through the
cords and plugs of the call order board cord cir~
cuit. It provides a means for handling trunk calls.
rapidly from the call order board after the call
order board operator has made connections with

o trunk to an office for which she has a number

of waiting calls for which tickets have been writ-
ten. For example, the call order board operator

- may insert plug 620 into jacks of trunk Fig. 10

15

and operate sender registers for selecting a frunk
Fig. 12 to a particular office. The {irst connec-
tion over this trunk may be used for completing
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the circuit request call described from 2 distant
toll operator over a long incoming toll line to
trunk Fig. 14 which was connected to the special
call order board trunk Fig. 15, the rear cord §90
being inserted in the jack of the trunk Fig. 15.

- Let it be assumed that the toll line between the

trunk Fig, 12 and the office {238 is a long out-
going line. According to the table this would
comprise condition 6 and relays 831, 825 and §35
are operated over the circuits previously traced.
Assume this connection as the first connection to
the outgoing trunk Fig. 12 extending to office
1238 and also assume that the call order board
operator has a number of tickets waiting for calls
over this trunk which may be extended to differ-
ent subscribers available from the office 1238 and
that the call order board operator will keep plug
628
tion with the frunk Fig. 12 and office 1238 for
completing all of these calls which are walting,

First connection

For the first connection g ground signal is
Dbassed from contact 2 of relay 829 through the
trunk Fig. 10 to the sender and the marker which
are automatically connected to trunk Pig, 10 to
indicate to the marker that a long trunk is con-
nected to the cord and plug 608 When the
marker route relay operates after its registers
have been set according to code signals from the
call order board, this route relay indicates to the
marker mechanism that the toll line connected
~ to the trunk Fig. 12 is also g long line and there-
fore a repeater should be inserted in each chan-
nel of the transmission circuit of the oulfgoing
trunk Fig, 12, The marker therefore establishes
& circult for relay {213 which automatically in-
serts voice amplifying repeaters for this tele-
phone connection in a manner later described.
Upon the termination of conversation over this
first toll connection, the call order board opera.-
tor gets a disconnect signal but since she wishes
to make gnother toll connection to toll office 1239,
she will only remove the cord and plug 680 from
the jacks of the associated trunk Fig. 15.

Second connection

The second connection over the rear cord and
plug 600 may be made to a nearby toll office over
a shori toll line, TIn this case repeaters should
not be used in the outgoing trunk transmission
channels. Since repeaters were inserted by the
action of the marker in the transmission chan-
nels of the trunk Fig. 12, they must be removed
for the second connection gs shown in the condi-
tion 2 of the table. 130-volts negative
sent over the trunk conductors by the mechanism
of Fig, 8 to cause the removal of this repeater.
If the rear cord and plug 600 is connected to a
short trunk, there would not be a circuit estab-
lished for relay 829 and therefore relay 831 would
not be operated. Relays 886 and 835 remain op-

~ erated from battery connected to contact ! of

relay 1821, After setting up the connection, the
operator restores talking key 6307 which causes
the release of relay $09 but relay 832 remains
operated Jong encugh to transmit 130 volts nega-
tive potential for removing the repeater from this
circuit. This circuit may be traced from 130-
volt negative battery through resistance 8323, con-
- tact | of relay 832, contact 4 of relay 828, con-

tact 3 of relay 8217, contact 2 of relay 835, lead

§53, contact 6 of relay 901, lead 635, contact 8

of relay 613, sleeve of plug 6§22 and jack 1§81, con-
tact O of relay 1024, resistances _!13 and 10117,

in the trunk Fig. 10 and maintsin connec- -

potential is
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contacts | and 2 of relay 1616, upper and lower
windings of retardation coil 1019, contacts 4 and
2 of relay {028, conductors {4135 and 1138, thence
through the cross bar switches to conductors {45
and 1148, upper and lower windings of retarda-
tion coil 1210, upper and lower windings of relay
1209, contact 1 of relay 1218, contact 3 of relay
1204, thence over conductor {250 to the repeater
circuit which will be described later,

Third connection

When, after this conversation is completed, the
call order board operator agaln removes plug 600
and leaves plug 628 in the jacks 1838 and 1001
and inserts plug 689 in a trunk connected to a
long Iine, there would again be two long lines
connecied together. Consequently, a repeater
should be inserted in one of these lines. This
would correspond to condition 7 in the following
table. In this condition relays 831 and 835 are
operated by the trunks and a eircuit is established
to remove the repeater from one trunk and insert,
a repeaier in the other trunk. With the above two
relays operated, a circuit is established from 130-
volis positive battery through lamp 834, contact
2 of relay 832, contact { of relay 835, contact 1
of relay 83{, contact 8 of relay 826, contact 2 of
relay 831, lead 854, contact 3 of relay 991, lead
631, contact 8 of relay 603, over the sleeve of
plug 602, which would cause repeafers to be in-
serted in the channels of the outgoing trunk asso-
ciated with plug 600. 130-volis negative battery
is connected through contact f of relay 832, con-
tact & of relay 826, contact 3§ of relay 8217, contact
2 of relay 835, lead 850 contact § of relay 901, lead
635 fo the sleeve of plug 622 for removing g
gzgeater_ In the outgoing trunk connection to plug

The following table {llustrates the various con-
ditions and relays operated in Fig. 8 by the con-
nected trunks for causing the removal of repeaters
from the transmission channels when they are
not required and the insertion of repeaters in the
transmission channels when they are required for
any character of connection which may be estab-
lished by a call order boarg operator,

| | | Repeater
o | i Contro]
| - q Signal
| Trk.Conn. To | Trk. Conn. to Relays - .
| Plug 600 Phag 620 Operated i
Over; Over
. Plug | Plug
P | 602 | 622
—| | -
P ;. | | Volts | Volts
1| Long Outgoing__| Short Outgoing 1 831 130—1______
2 | Short Outgoing.} Long Outgeing.__ 835 wceme] 130~
3 | Long Outgoing__| Short Incoming .| 831 827 | 130—______
4 t Short Incoming | Long Outgoing.. 826—835 |______ 130~
5 | Long Qutgoing__ ‘Long Incoming_ | 831 835—827 130-4-1___.__
6 { Long Incoming__ Long Qutgoing._| 831—826—835 | . 1304
7 | Long Cutgoing._{ Long Outgoing__| 831 835 1304} 130—

IBO«volts_pﬂsi!:ive,'inse}rts repeater,
130-volts negative, removes repeater.

Completing connection to outgOing trunk |

A detailed description was given in the afore-
mentioned patent to McKim and Myers to the
efiect that the outgoing trunks of a trunk group
which are patched for delay quotation are not

avallable to the outlying toll operators who reg-

ister code pulses for this trunk group and that

- the operation of the trunk group route relay im-

mediately actuates other relays which prevent
the test of the trunks in this group and the rout-

ing of an incoming toll line over a trunk of this
group. I was brought out that the trunks of the
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eroup or groups patched for delay quotation are
made available fo the call order board operators
for completing delayed calls in the order received.
Special trunks as shown in Figs. 5 and 10 termi-
nating in twin jacks in the call order switchboard
are used by the operators for completing calls over
trunks which are patched for such call order
board control. It was also brought out that the
call order board operator has means for placing
a, special plug into a jack which is individual to
o. trunk eroup for observing whether there is an
idle trunk in the group. If there is an idle trunk
s, connection is completed by inserting the twin
plugs of the cord circuit into the twin Jacks of &
special trunk shown in Figs. 5 and 10. The in-
sertion of the plug into the trunk jacks causes
the selection of a sender followed by the estab-
lishiment of circuits between the trunk and the
sender mechanism and also followed by the trans-
mission of code pulses by the call order board op-
erator for selecting an idle trunk in the patched
trunk group. These code pulses are transmitted
by operating the keys T30 in the call order board
position, for setting the registers of the sender
after the operation of key 709 or key 71 depend-
ing upon whether the pulses are to be sent over
plug 680 or plug 620 into an associated sender.
One of the circuits established with the trunk,
Fig. 10, over lead (857 causes the operation of a
call order relay in the sender which connects
oroungd to a call order lead. After the code pulses
are registered in the sender the sender selects
an idle marker and this grounded call order lead
is connected to the winding of the call order relay
in the marker substantially at the same time as
the code registration is transferred from the
sender register relay to the registers of the
marker. The marker call order relay operates be-

ig

the winding of relay 618, upper winding of relay

823, lead 654, contact 4 of relay €i3, sieeve of

plug 621, sleeve of jack (889, lower winding of

relay 1082 to ground as previously described.

10

20

The operation of relay 1082 establishes a circuit
for relay 1824 which is locked through its con-

tact | to the operating ground. Relay 1424 in

operating establishes a circuit for link start relay
1£28. The other connections established by re-
lay {624 will be described in the order in which
they are used. The link energized by the trunk
circuit, Fig. 10, for selecting an idle sender may be
the same as fully disclosed in Patent 2,236,246,
issued to G. V. King, J. B. McKim and O. Myers,
March 25, 1941, ‘This patent illustrates the link
switches in Fig. 22, a link connector in Figs. 42
and 43 and & link control circuit in Figs. 52, 93,
54 62, 63 and 64. Fig. 22 of this patent illus-
trates the manner ¢f selecting a sender diagram-
matically iliustrated as sender 2214 connecied
to the secondary cross bar switch 22i8. In gen-~ -
eral, the link 1628, disclosed herein diagrammarti-

 cally, selects an idle sender of the type indicated

fore the marker route relay which is operated

responsive to the code registered in the marker.
This call order relay arranges the marker trunk
testing mechanism so that instead of refusing to
test the trunks of the trunk group it proceeds in
5 normal manner to find the idle trunk which
the call order board operator knows exists at the
time. An idle trunk in this group is selected In
the manner described in the aforementioned Mc-
Kim-Myers patent by the operation of a trunk
sroup relay which connects the trunks of a group
with the marker testing mechanism. This idle
trunk which may be an outgoing toll frunk as
shown in Figs. 1, 2 or 12 is connected DBy Ccross
bar switches under the control of the marker with
the trunk, Fig. 5 or Fig. 10, whichever is used by
the call order board. The other end of the cord
mayv or may hot have already been connecied to
o toll line such as the calling toll line previously

descriped. ~ |

The following description of the operation oi
Figs. 10, 11 and 13 will be siven at this vime.
Assume that the call order board operator Com-
pletes a connection with the incoming calling
trunk, Fig. 14, just described and that plug 688

4¢)

50

by the trunk, Fig. 10, and connects this sender

s to cross bar link switches through leads 1681 to

EE59, inclusive.

The connection of the sender to the trunk, Fig.
10, establishes a circuit for relay 1025 by con-
necting ground to lead 165, Relay 1025 re-
moves ground from the start lead 1858, thus re-
leasing relay (629 and also opens the operating -
path for relay 1824. The latter relay is locked
to ground on relay {002. Relay 1625 also con-
nects ground to lead (860 from contact 3 on re-
lay 1023. A ground is also connected to lead 1950
from the sender over lead {854 and the ground
from the sender iz held thereon until suchr time
as relay 823 is operated and again released.
Relay (025 also closes the supervisory simplex
circuit through its contact 3 and winding of re-
lay 1688. Class signals are now transmitted to

the sender from ground through contact 1 of

relay 1028 and resistance 1827 over lead 1856,
also from battery through the winding of relay
1621 which is connected through contact € of
relay 1823, thence to the sender over lead 1887 as
previously mentioned. Battery through relay
{821 is used at this time as a signal to the sender

but relay 1021 does not operate over this signaling
circuit.
the sender, the sender operates relay 1023 by
placing a low resistance ground on lead {853.

" Relay 1023 opens the lead to relay 1621 and splits

b9

is inserted in the jacks 1522 and 1523 and -thatl_, |

now the call order board operator has inserted
nlug 620 into jacks {886 and 1801 to select an
idle trunk for completing a telephone connec-
tion for a2 calling operator who has called over
o long incoming trunk. This connection will
ne described as a first connection over the out-
soing trunk, Fig. 12, to the telephone ciiice 1239
and the marker will be used for inserting the
repeater. The insertion of plugs 62i and 622
into the trunk circuit jacks 1068 and 981 causes
o circuit to be established from battery through

85

70

(f:

ting the sender registers.
60

the talking conductors and connects the fip and
ring leads from jack (881 into the sender over
leads (058 and 1883. With the splitting relay
operated the sender is in condition to receive
pulses from the call order board position for set-
The operation of re-
lay 1823 establishes a circuit for operating relay
1628 and the latter relay locks to ground on con-
tact 2 of relay 1625. The operation of relay 1026
connects ground through its contact { with the
low resistance upper winding of sleeve relay 1602
which extends through the sleeve of the jack
and plug, contact & of relay 613, thence over lead
651 through the upper winding of relay 823,
winding of relay 818 to battery which reduces the
resistance through the winding of relay 823
causing . its operation. The operation of relay

823 connects ground through its contact over

lead 6406, resistance 625, contact 3 of relay 613,
lamp 64 and resistances 615 and 6i6 to battery
causing the lamp 6§4 to light as an indicati’_t)n"-to--

After class determingtion is made by
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the call order board operator that the sender is
in readiness to receive pulses. o

- The call order board operafor operates key 711§
before operating the key-set 7138 in the left por-
tion of Fig. 7 as disclosed in the aforementioned
copending application for setting the registers
cf the sender according to the desired outgoing
trunk group over which the call is to be made.
As previously set forth when a long trunk is con-
nected to cord €00, relay 831 is gperated by relay
€29 and the latter relay is operated over a simplex
circult as traced from battery on contact 3 of
relay 1524 or a similar relay in another trunk
circuit connected to a long toll line, This indica-
fion is passed along to the sender which is con-
nected to the trunk, Fig. 10, just before the call
order board operator sets the keys for transmis-
ting pulses into the sender. The operation of key
T11 connects ground from contact | of relay 708

over lead T43 through contact i of relay 827, con-

tact 3 of relay 814, contact of key 7i{, winding
~of relay 785 to battery and winding of key puls-

10

15

20

ing relay 713 to battery which operates both relays

143 and 713. Relay 705 in operating connects
ground from contact 2 of the long trunk indicating
relay 829 over lead Y4{, contact 2 of relay 705,
upper winding of coil 736, contact & of relay 705,
lead 649, contact § of relay §13, contact of key
618, tip of plug 922, tip of jack 1621, thence over
lead 1058 to the sender. At this time relay 1023
1s operated. A relay in the sender is operated to
indicate that a long incoming trunk is connected
to plug 680 of the call order beoard. The relay
which is operated in the sender connects a ground
over lead {1i8 through the winding of marker
relay {180 operating the latter relay to indicate
to the marker a long incoming trunk is connected
to the call order switchboard from another toil
oiffice. Subsequently the registers of the marker
are operated according to the registrations trans-
mitted to the sender from the call order board
operator -and a route relay the same as relay
{102 is operated for selecting the outgoing trunk.
The route relay selected indicates the character
of the outgoing trunk by either establishing a
circuit for relay 118§ through the contact of relay
1186 -or by leaving the circuit open. Since the

character of both trunks is indicated to the

marker and since two long trunks require the
insertion of a repeater the operation of relay
1188 and relay 1106 indicate to the marker that
a repeater is required in the {ransmission chan-
- nels of the outgoing trunk. Until such time as an
idle outgoing trunk has been found and seized by
the marker and paths created for its proper oper-
acion, certain circuits of the marker are main-
tained open. As shown in Fig. 11 one such cir-
cult extends between the outgoing link 1104 to

which is known as an outgoing frame relay 1183,

‘This circult is however established as soon as au
idle outgoing trunk is found and connected to
the trunk, Fig. 10, and the sender by the cross
bar switches 1138, 1134, {132 and 1133. A circuit
Is thus established for relay {103 since two long
trunks are to be used for this telephone connec-
tion. The marker thus automatically creates a
start circuit for the selection of a repeater. The
circuit for operating relay 12123 for selecting a
repeater will be traced after certain relays have
been operated in the outgoing trunk circuit.

- Upon the selection of the cutgoing trunk cir-
cuit, Fig. 13, a ground is connected to lead {154
by the marker which operates relay 1219 and relay

{218 operates relay {218 which locks through its

cperating winding. The marker then operates
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the cross bar switches 1130 and 1131, 1132 and
1133 as fully described in Patent 2,236,246 1o
G. V. King, J. B. McKim and O. Myers, March 25,
1941, Relay {214 is thus connected to the sender
from battery through resistance 1217 and the
w:nding of relay {214, upper two windings of
relay 1208, upper and lower windings of retarda-
tion coil 1201, leads {148 and 1149, thence through
the contacts of the cross bar switches to leads 1138
and {139, inner contacts | and 2 of relay (023,
leads 1052 and (953 to the sender. These leads
extend through a high resistance relay to ground
which operates, conditioning the sender for fur-
ther operations and for connecting a low re-
sistance relay in the circuit just traced to battery
through the winding of relay 1214 which operates
relay 1214. . Relay 1214 locks through its contact
2 to ground on contact 2 of relay 1212 and con-
nects ground through a contact of the trunk block
relay to lead 1151 so that any marker attempting
to seize this trunk will recognize it as a busy
trunk. |

~ The marker now has a clear path through the

“sender and the trunk, Fig. 10, to the trunk, Fig.

12, for operating relay 1213 so that a repeater
will be connected in the transmission ecircuit
when it is fully established. The circuit for op-
erating relay (213 may be traced from 130-volt
positive battery through both windings of relay
1168, contact of relay {108, both contacts of re-
lay 1105, thence over conductors 11208 and 1121
through the sender and to conductors 1055 and
1351 of the trunk circuit. This circuit extends
through contacts 4 and 5 of relay 1023, con-
ductors (135 and 1136, through the cross bar
switches to conductors 1145 and (146, thence
through the upper and lower windings of re-
tardation coil 1218, upper and lower windings of
relay 1208, contact | of relay 1218, contact 2 of
relay 1204, lower winding of relay 1212 to ground,
Relay 1213 does not operate over the cireyit
traced in view of the high resistance of the upper
winding of relay 1108. Relay 1108 however op-
erates in the circuit traced and associates an
operating circuit with relay 1187 from battery
through the winding of the latter relay, contact f
of relay 1108 to ground on contact 2 of relay §103.
The operation of relay {107 establishes a locking
circuit for itself through its contact 2 and short-
circuits the lower winding of relay 1108 through
1ts contact 1. A circuit is thus created from
130-volt positive battery through the upper wind-
ing of relay {1108, contact | of relay 1107, thence
over the path traced through the lower winding
Of relay 1213 which operates relay i213. Relay
1213 in operating establishes a locking circuit for
itself through contact 4 of relay 1204 to ground
on contact 3 of relay 1219. Relay 1213 in op-
erating establishes a start circuit for a link sim-
ilar to the one previously described which causes

the selection of a repeater shown in Fig. 13. This

repeater is not immediately connected into the
transmission circuit but is connected after all
mechanism has been set for the transmission
circuit. After the sender and marker have op-
erated the outgoing trunk it removes the ground
trom lead 10853, releasing relay 1023. The release
of relay 1023 connects ground through contact T
of relay 1025 to lead 1868 which extends through
the contacts of the cross bar switches through
the hold magnets for maintaining the switches
operated and also extends over lead | 147 through
contact b of relay 1208, contact 2 and winding of
relay 1218 to battery for holding ground on relay
1218 for the duration of -the connection.. The
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sender also connects direct ground to lead (087
for operating relay 102i. The operation of relay
{021 connects battery through resistance {028,
winding of relay 1887, upper and lower windings
of relay 1008, tip and ring of jack i388 and plug
62i, contacts | and 2 of relay 6i3, thence over
conductors 650 and 652 as previously traced ior
operating relays 838 and 833 to indicate to the
call order poard position mechanism that a long
outegcing toll line is connected to the trunk, I"lg
10,

Repeater circuit

The Operatmn of the link start relay E?M by
the repeater relay 1212 causes the selection of
an idle repeater circuit, Fig. 13. An idle repeater
is indicated by ground on lead 324 from contact
2 of the normaily operated timing control relay
1300 and battery on lead 1322 extended through
resistance 1385 and contact 3 of relay {383. The
operation of link start relay 1241 causes the 2,550~
cistion of a link connector and link confrol cir-
cuit with the trunk, Fig. 12, and the link control
circuit test leads 1321 and 1322 to associate the
trunk circuit, Fig. 12, with the idle repeater cir-
cuit, Fig. 13, as fully described in Patent 2,293,181
tg A. J. Busch and P. J. Scudder, August 18 1942,
After the idle repeater is found the link control

circuit operates link cross bar :switches to con-

nect leads 12538 to 1253 from the trunk circuit 1o
the repeater circuit. The control circuit also con-
nects ground through the link switch cross-
points to lead 1320 which extends through ihe
polarized relay 1381, winding of relay 1303 to
battery operating relay 1383. The closing of the
link switch contacts also establishes a circuit for
relay 1302 from battery through its winding, con-

tact 1 of relay 1380, lead 1254 to ground on con- -
tact 3 of relay 1269, It will be remembered that

relay (219 is locked to ground on contact 3 of
relay 1023 and remains locked thmughom the
telephone connection. Relay 1363 is locked from
battery through its winding, contact of relay
1301, contact 2 of relay 13083 to ground on con-
tact 2 of relay 1362. The operation of relay 1383
disconnects ground from lead (32§ and battery
from lead 1322 to indicate to the link control cir-
cuit that an idle repeater has been taken for use.
The operation of relays {383 and 1302 connects
eround from contact 2 of relay 1892 through con-
tact 2 of relay 12803, lead 1320 through the switch

~ eross~points to the switch held magnets 1482,

Relay 1284 is operated from battery through its
winding, lead 1259, contact 6 of relay 1393, thence
over lead (254 to ground on contact 3 of relay
(218. Relay 1302 opens the operating circuilt for
the timing relay {388 which is slow to release in
order that the aforementioned circuits are es-
tablished before the release of this relay. The

operation of relay {264 extends the transmission

circuit leads through the normal contacts of re-
lay 1307. Relay 1307 is used to cut in the re-
peaters after all other operations have been COomi~
pleted for the toll connection.

After the call order board o«pera,tor has talked-

to the operator in office 1238 or otherwise set up
the toll connection by automatically operating
mechanism, she releases her talking key 6381.
The release of the talking key 687 causes the re-

lease of relay 981 and as hereinbefore described-

will cause circuits to be established through re-
lay 832. The circuits established through relay
£32 are of consequence when repeaters are to he
inserted or removed by the mechanism of Fig. 8.
However, in the circuit described, the repeater in-
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serted in the t'rla,n’smissionx condtictors of Fig. 12 '

ig required and, therefore, if the aufomatically

operable mechanism in Fig. 8 should transmit 130
volts positive current after the talking key is re-~
leased, it would have no effect since tne repeater
has already been selected by the action of the-
marker circuit. Relays 683 and 643 are released
after the release of relay 832 and at this time a
circuit is established for repeater cut-in relays
{386 and [307. The operating circuit for relay
1206 extends to ground in the pad or repeater
control relay in the incoming trunk circuit, Fig.
14, If the plug 680 is associated with an out-
ooing trunk to another toll office the circuit for
relay 1306 would be the same and extend to
osround in the pad or repeater control relay in
the outgoing trunk. This circuit may be traced
over the trunk simplex circuits as follows:
RBattery through the upper winding of. rel&y
12681 which does not operate, thence through the
winding of repeater control relay 1396, lead {260,

contact & of relay 1284, contact | of relay (218,

upper and lower wmdmgs of relay 1289, upper and
lower windings of retardation coil 1218, leads
1145 and {148, cross-points of the cross bar
switches 1138, (134, {132 and {33, conductors
{135 and 1635, contacts & and 5 of relay 1023,
upper and lower windings of retardation coil
(012 contacts |-and 2 of relay {016, resistances
(812 and (817, contact § of relay lﬁu sleeve of
jack 1808t sleeve of plug 822, contact 8 of relay
i3, c:@nt&ct 8 of relay 603, sleeve of plug 602,
sleeve of jack 1523, upper and lower windings of
relay 150, contacts | and 2 of relay 1519, con-~
tacts 2 and § of relay {588, upper and lower wind-
ings of retardation coil {509, thence through
cross~-points of cross bar switches 1508, 1534, 1502
and 1503, conductors (440 and 1441, contacts 1

~and 6 of relay {412, upper and lower windings
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of retardation coil 1411, contacts § and 2 of relay
1438, resistances 1487 and {408, contact § of relay
{424, coil 1458 to ground. The coil {456 illus-

_trates a coil in -a balancing pad circuit or ro-

peater switch-in circuit which is the same as the
lower winding of relay 1213 connected to ground.
Tt will be remembered that it requires 130 volts
through the lower winding of relay 1213 for its
operation and conseauently the circuit traced
from 48-volt battery through the winding of re-
lay 13898 over the simpilex circuit to the repeater
control relay, Fig. 14, would not operate the re-
peater control relay, Fig. 14, since it requires 130
volts to operate the latter relay. The operation
of relay (306 establishes an obvious circult for
relgy 387 which causes the ingertion of repeater
388 in the upper transmission channel and re-
peater {889 in the lower transmission channel. .

The call order board operator may now monitor
uponh the transmission circuit by operating key
6088 which connects the monitoring windings A
and B of coils 921 and 922 in the telephone circuit
a8 previously described. The cord clrcuit super-
visory lamps 604 and §14 are extinguished when a
connection has been established to a subscriber
who has answered the call or under some condi-

tions when the connection reaches a toll switch-
~board which does not provide through supervi-

sion. These lamps are extinguished by the op-
eration of relays in the trunks such, for example,
as relays 546 and {809 in trunk circuits, Figs. 5
and 10. Relays 3(6 and 1839 are operated by re-
spective composite signaling relays 229 and (22§
as explained. Until the relays 216 and 1889 are
operated the lamps 804 and 614 remain lighted
since these lamps are connected through the
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windings of relays 511 and 1002, throuch the
contact of relays 516 and {9089 to ground on con-
tact | of relays 518 and 1026 both of which are
operated. The upper windings of relays 511 and
1002 are the low resistance windings which cause
the illumination of the cord circuit supervisory
lamps 6064 and 6{4. The operator in toll office
1230 may signal the call order board operator by
causing the release of the composite signaling re-
lay 1220 in the manner already described. For
extinguishing lamp §14 the composite signaling
relay 1220 connects ground through contact § of
relay {214, resistance i2(5, upper and middle
windings of relay 1208, upper and lower windings
of retardation coil 123§, thence over conductors
1148 and {149, contacts of the Cross bar switches
to conductors 1138 and {133, contacts | and 2
of relay 1923, upper and lower windings of re-
tardation coil 1003, contacts { and 2 of relay
1007, resistances 1835 and 1036, contact 2 of relay
1025, winding of relay 1809 to battery. The
operation of relay 1809 opens the circuit through
the upper winding of relay 1082, contact 4 of re-
lay 613, lamp 614 and associated resistances io
battery which extinguishes lamp 614. Since the
trunks, Figs. 2 and 5, are the same as trunks,

Figs, 12 and 10, respectively, the circuit for ex-~

tinguishing and lighting supervisory lamp 604
may be traced in the same manner as for lamp
6i4. The supervisory lamp 6i8 is therefore
lighted by the release of the composite signaling
relay 1228. The call order board operator then
operates her talking key which. associates the
talking windings A of telephone circuit coils 921
and 922 with the transmission ecircuit as previ-
ously described and the call order board operator
converses with the operator in office 1230. For
good transmission between operators, the repeat-
ers 1388 and 1369 are eliminated from the trans-
mission circuit during the conversation between
operators.  This is accomplished by releasing re-
- lay 1306 when the talking key 60T 1s operated. It
Wil be remembered that the operation of the
talking key 607 causes the operation of reiays
603 and 613. The operation of these relays opens
the circuit for relay 1386 since it will be remem-
bered that the circuit for relay 1308 extends to
ground in the pad or repeater circuit associated
with the trunk, Fig. 14. When this conversa-

tion between operators has ceased and the talk- ¢

Ing key is restored to normal, relays 6803 and 613
are also restored to normal which again estab-
lishes the circuit for repeater cut-in relays 1306
and {397 as previously described.:

Repeater relegse

A repeater is released or removed in two dif-
ferent manners. If plug 620 is removed from
Jack 1001 the trunk circuit, Fig, 10, Is restored
to normal. The cross bar switcheg 1130, 1131,
1132 ang 1133 are restored to normal since the
held magnets of the switches are no longer held
operated over lead 1860 which is opened by the
release of relay 1825, ‘The release of the cross
bar switches opens the locking circuit for relay
1219 and the cold cathode tube 1221 is actuated
from battery through lamp 1227 contact § of
relay {218 and from ground through the upper
winding of relay 1218. The tube 1221 and asso-
clated circuit causes the release of relay 1218.
The release of the relays, Fig. 12, removed ground
from lead 1254 which opens the holding circuit
for relay 1302. The release of relay 1302 opens

the locking circuit for relay 1303 which causes

the release of the trunk relay i 204 It will be
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apparen{ that relays 1306 and 1367 were released
as soon as the plug 620 was removed from the
Jacks of the trunk, Fig. 10. Thus the repeater
is restored to normal by the release of the trunk
circuits. . S | |

The removal of the repeater from the trans-
mission leads may also be caused by the automat-
ically operable mechanism in the lower portion of
Fig., 8 which is arransed to connect 130 volts
negative battery with the repeater circuit when
the repeater should not be included in the trans-
mission channels for good transmission. For the
release of the repeater under this condition ref-
erence may be had to the table included in this
application which shows in item No. 4 s short
Incoming trunk associated with 8 long outgoing
trunk causing the application of 130 volts nega-
tive battery from the call order board mecha-
nism. Under this condition relays 826 and 835
are operated since relay 826 indicates a. short in-
coming trunk and relay 835 indicates a long out-
going trunk. For this description, it should be
assumed that conversation has ceased over the
connection just described from the tol]l office (450
over a long incoming trunk to toll office 1230 over
a long outgoing trunk and that the opergtor has
removed the plug 600 from the jacks of the trunk,
Fig. 13, and inserted it in a trunk extending
10 a nearby toll office over a short trunk. . This
trunk may be a short outgoing trunk as shown
In the table, item No. 2, or a short incoming
trunk shown in the table, item No. 4. In either
case the repeater which was previously inserted
by the marker should be removed from the trans-
mission channels of the outgoing trunk, Fig. 12.
This, of course, assumes that the plug 629 was
not removed from the jacks 1000 and 180! so

that the call order board Ooperafor can use the
trunk connection, Figs. 10 and 12, for a second

connection to the office 1230. Under this condi-
tion, the call order board operator operates the
talking key 687 for conversing with a toll oper-
ator over the short Incoming or outgoing trunk
to tell this operator that she is prepared to ex-
tend the connection to the toll office 1230, Un-
der this condition, relay 835 is operated and when
the talking key 687 is restored to normal relay 861
i1s released but relay 832 remains operated since
it is slow to release. Consequently, at this time
negative 130-volt battery is transmitted through
resistance 833, contact { of relay 832 contaci 4
Of relay 826, contact 3 of relay 623, contact 2 of
relay 835, lead 959, contact 6 of relay 901, lead
639, contact 8 of relay 613 which is held oper-
ated by relay 832, thence over the sleeve of plug
622, sleeve of jack 1881, contact 5 of relay 1024,
resistances 1013 ang 1811, contacts | and 2 of
relay {816, upper and lower windings of retarda-
tion coil 1048, contacts 4 and 5 of relay 1823, con-
ductors {135 and 1136, contacts of cross bar
switches, conductors 1145, { 146, upper and lower
windings of retardation coil 1218, upper and
lower windings of relay 1289, contact 1| of relay
1218, contact 3 of relay 1204 which is oper-
ated, thence over lead 1268, winding of relay
{306, winding of relay 1301 to 48-volt battery
which causes the operation of relay i381. The
operation of relay 1381 opens the circuit for relay
1303 which releases and cannot again operate
except by the application of a 130-volt positive
battery to relay 1213 as later described. The re-
lease of relay 1383 disconnects ground from the
link switch hold magnets 1442 which opens the
link switch contacts between the repeater cir-
cuit and the trunk circuit, Fig. 12, disconnecting
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the repeater from the trunk circuit, Relay 1204
is released upon the release of relay 1303 caus-
ing the transmmsmn circuit to extend through its
contacts to the o

in the transmission channels.

Repeater insertion by call order switchboard
| circuit

It was- prevmusly set forth that the call order
board operator may hold the trunk connection
between the call order board and the trunk, Fig.
12, by causing plug 620 to remain in the jacks
1000 and 1081 for completing a number of tele-
phone connections to the toll office 1239, If the
repeater has been removed from the transmis-
sion channel of the trunk, Fig. 12, and it should
again be required by the connection of plug 638
with a long incoming trunk, as shown in item
No. 6 of the table, the mechanism in Fig. 8 is
automatically set for transmitting 130 volts posi-
tive potential to the trunk, Fig. 12. When a long
incoming trunk is connected with the plug 608,
relays 826 and 831 are operated in the manner
described. The long outgoing trunk connected
with plug 620 operates relay 835. |

The operation of these relays establishes a cir-
cuit for relay 832 from battery through its wind-
ing, contact 2 of relay 827, contact 2 of relay 835
to eround on contact T of relay 831, When the
call order board operator has completed the con-
nection from the toll operator over the long
incoming trunk to the toll operator over the
long outgoing trunk the talking key 687 is re-
stored to0 normal which releases relay 99f. At
this time positive 130-volt potential extends
through lamp 834, contact 2 of the slow release
relay 832, contact { of relay 835, contact { of
relay 831,
relay 827, contact 2 of relay 835, over lead 958,
contact & of relay 881, lead 635 which, as pre-
viously traced, extends over talking conductors
1145 and {145 through retardation coil 1210,
upper and lower winding of relay {209, contact |
of relay 1218, contact 3 of relay {204 which under
this condition is released. The circuit from 130-
volt positive potential thus extends through con-

tact 3 of relay (284, lower winding of repeater

selecting relay 1213 to ground operaling relay
(212 as previously deseribed, the operation of
relay {218 connects ground with the link start
relay (241 causing the link to select an idle re-
peater and insert this repeater in the upper and
lower transmission channels of the outgoing
trunk circuit, Fig. 12 as previously described.

Outgoing calls from call order switchboard

In the foregoing description, incoming request
calls were completed between a toll operator who

initiated a call over the trunks, Figs.-14 and 15,

through the call order switchboard and outgoing
over trunks, Figs. 10, 11 and 12. The connection
of repeater, Fig, 13, to the ouigoing trunk, Fig.
12, was described. A general descrintion was
given showing the operation of repeater insertion
and removal mechanism in #Fig. 8 for all incom-
ing and outgoing trunk connections. A descrin-
tion will now be given in which the call order
board operator establishes connections in both
directions from information which has heen writ-
ten on 5 circuit request ticket. DBy reference to
the ticket, the call order board operator may find

that the operator in cffice 288 requires connection

to office 12380. She may then insert plug 648 into
jacks 521 and 522 which operate the trunk, Fig. 5,

in the same manner as described for the trunk, 7

Tice 1230 without the repeater

contact & of relay 828, contact 3 of
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Fig. 10. The trunk, Fig. 5, thus associates a
sender with the position mechanism through the
trunk, Fig. 5, and the call order board operator
sets the registers of the sender according to the
code of office 200. The sender sets the registers
of the marker £33 and the marker selects the
idle trunk, Fig. 2, which is then operated by the
marker and the sender in the manner described
for the trunk, Fig. 12. Assuming that the trunk,
Fig. 2, is connected to a distant toil office 208 over
a long line, relay 408 is operated in the marker
by the marker route relay 402, and relay 504 is
operated in the trunk, Fig. 5. The operation of
relay 584 operates relay 829 in the eall order
board position circuit over a simplex circuit as
previously described and relay 823 establishes an
obvious circuit for relay 831. The marker sets
the cross bar switches £10, 411, 4i2 and €13 for
connecting the trunk, Fig. 2, with the trunk, Fig.

5 and to the call order board. Since Figs. 2, 3,

4 and 5 are the same as Figs. 10, 11, 12 and 13,
o general explanation of the first-mentioned cir-
cuits only will be given, ag reference can be made
to the explanation of Figs. 10, 11, 12-and 13 for a
detailed description of the circuits traced for op-
erating the mechanism. The call order board
operator may now converse with the operator in
office 289 and eXplam to her that there is an
idle trunk to office {238 available and that the
operator in office 260 may now make connection
with the calling subscriber.

The call order board operator then places plug
£29 in the jacks {108 and {31 which, as pre-
viously explained, causes the association of a

~ sender with the call order switchboard mecha-~

nism. Code pulses are transmitted into the
sender by the call order board operator for setting
the registers of the sender, which registration is
later transferred to the marker 113 and the
marker seizes the idle trunk, Fig. 12, to office
1288. The trunk, Fig. 12, is connected to the
trunk, Fig. 10, by the operation of c¢ross bar
switches {129, 1{81, §i32 and {#33. Assuming
that the line between the trunk, Fig. 12, and

“office 1230 is a long line, the marker relay 1106

is operated since route relay (182 and relay 1100
are operated. Relay 1168 is operated by a circuit
previously explamed indicating that a long trunk
ce 200 to the toll operator’s

erated by the marker to indicate to the ¢all order
board vposition mechanism that a long trunk has
been connected to plug 628. This indication.asso-
ciates battery with the winding of relay 636 for

" operating relay 836. 'The operation of relay 839

establishes an obvious circuit for relay 835 and
the operation of relay 823 by the trunk, Fig, 5,
establishes an obvious circuit for relay 831. Since
they are both outgoing trunks, neither relays 326

"nor 827 are operated.

Under the conditions where two long trunks
are connected together in the manner described,
the second marker operates in such a-manner that
g repeater is inserted in outgoing trunk, IFig. 12,

5 in the manner described for trunk, Fig. 12, and

the repeater circuit, Fig. 13. It will be remem-
nered that the repeaters are prepared for inser-
tion by the marker and inserted after the trans-
mission circuits have been established between
the two trunk circuits. The maker mechanism
shown in Fig. 4 prepares the inserting of a re-
peater in the same manner as deseribed for the
marker mechanism in Fig. 11 and therefore does
not require further description. -

If the operator removes plug 608 from the above
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connecied long trunk and inserts this plug in
another long trunk and thereafter sets the reg-
isters of a sender and a marker, a second re-
peater will be econnected with an outgoing trunk.
Fig, 2, in the manner described for the trunk,
Fig. 12. Since only one repeater is-required for
good transmission in the connection of two long
lines, one of the repeaters inserted by the mark-
ers must be removed. - By reference to the tgble
showing the operation of the mechanism in the
call order board position, Fig. &, it will be noted
in item No, 7 that when two long outgoing trunks
are connected together and relays 83{ and 885
are operated In Pig, 8, 130-volt positive potential
Is transmitted over plug 602 and 130-volt nega-
tive potential is transmitted over plug 622. Since
in this case relay 216 has already been operated
in the trunk, Fig. 2, the 130-volt positive poten-
tia] transmitted by the call order board mech-
anism only insures that this relay was operated
and insures that a repeater will be connected with
the trunk, Fig. 2. The 130-volt negaiive poten-
tial transmitted over plug 622 operates relay 13014
in the manner described for dismissing the re-
peater connected to the trunk, Fig, 12. Thus
when the transmission circuits are established
between the subscriber connected to the toll office
200 and the subscriber connected to the tell office
1230, only one repeater is connected in the upper

and the lower channel of the trunk, Fig. 2. With
relays 831, 832 and 838 operated, after the talk-

ing key 697 has been restored to normal, the posi-
tive 130-volt potential is transmitted through
lamp 834, contact 2 of relay 832, contact | of
relay 835, contact | of relay 831, contact 8 of

b
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relay 82§, contact 2 of relay 83{, thence over

lead 834 through contact 3 of relay 99!, leads
631, contact 8 of relay 6823, and thence to trunk,
¥ig. 2, over circuits previously described and over
conductor 340 through the winding of relay 348,

the winding of relay 310 to battery. Relay 318

Is polarized in such direction that it does not

40

operate when 130-volt positive potential is con- -

nected to its winding. Relay 363 operates and
consequently the repeaters 2386 and 304 are in-
serfed in alb transmission channels of the truni,
Fig, 2, by the operation of relay 398. 130~voli
negative potential is transmitted through resist-
ance 833, contact { of relay 832, contact £ of relay
826, contact 3 of relay 827, contact 2 of relay
839, thence over lead 838, contact § of relay 98{,
leads 635, contact 8 of relay 613, thence over plug
622 to the ftrunk, Fig. 12, where it is connected
with lead 1269, winding of relay {388, upper
winding of polarized relay 1381, to battery. In
this circuit the 130-volt negative potential oper-
ates relay (301 which, as previously described,
causes the release of relay 1383 to disconnect the
repeater and the link switch from the trunk,

Fig. 12,
Outgoing calls 1o nearby toll office

The call order board operator initiates a call
to a nearby toll office in the same manner as
to a distant office and the code pulses which the
call order board operator transmits to the sender
selects a trunk arranged for short toll lines such
as the trunk shown in Fig. 1. Thus, the call
order board operator connects plug 6§83 with the
trunk, Fig. 5, which associates: a sender and
- marker therewith in the manner described. The

code registration pulsed by the call order board

operator and transferred from the sender to the
marker causes the selection of the trunk, Fig. 1,

45 'ing to her position. The relay 180 does not oper—
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of trunks, Fig. 1, and then operates ithe cross bar
switches 420, 4{1, §12 and 4{3 for connecting the

- trunk, Fig. 1, to the trunk, Fig. 5, and the call

order board position mechanism. When the
marker seizes the trunk, Fig, 1, relay (8] is oper-
ated from battery through its winding, contact
& of relay 162, thence to a contact of the trunk
block relay over lead 149 to ground in the marker.
Relay 181 prepares various locking circuits and
mainiains these locking circuits throughout the
holding time of the trunk. After the operation of
the cross bar switches and the release of relay 5039,
relay 181 is held operated to ground at contact
3 of relay 580, - - | -
Relay 102 is connected through contact § of
relay {81, resistances 1i8 and {14, contacts | and
¢ of relay 107, upper and lower windings of re-
tardation coil {18, thence over leads {4f and
122, contacts { and 2 of relay 580 to ground
through the winding of a relay in the sender
circuit, This circuit first operates a relay In the
sender which, by its operation lowers the resist-
ance of the circuit in Serles with the winding
of relay 182 which causes the operation of relay
I02. Relay 182 locks through contact 6 of relay
{80! to ground on its own contact 3. Relay 182
in operating closes a circuit through its con-
tact 3 for transmitting a signal to the operator
in the toll office 130. The closure of this cir-
cuil connects the winding of relay 188 to the toll
board £39. This circuit may be traced from bat-~
tery through the upper winding of relay 100, re-
sistance tG9, winding 120 of the line hybrid coil,
winding {22, contact § of relay 102, contact |
of relay {04, thence over lead {28 to a relay in
the coffice {30. A ground is connected through
the lower winding of relay 180, resistance {08,
windings 121 and 123 of the line hybrid coil,
thence over lead 128 to the relay in office 130.
This operates what is known as a high-low
supervisory relay in the TX operator’s trunk
position. The latter relay has its hich resistance
winding in the circuit at this time and operates
to signal the TX operator that a call is incom-

ate unfil aiter the high-low relay lowers the
resistance of the circuit. Relay 180 then operates
to connect a supervisory path to the call order
coard position. The operation of relay 18§ con-
nects ground through contact 2 of relay {02, re-
sistances {13 and 114, contacts { and 2 of relay
167, upper and lower windings of retardation coil
115, thence over leads {4} and (42 which ex-
tend through the cross-bar switches and through
contacts | and 2 of relay 528 released, upper
and lower windings of retsrdation coil 5i4, con-
tacts { and 2 of relay 5060, contacts | and 2 of
relay 912, resistances 5i0 and 5!! contact 3 of
relay 919, winding of relay §{6 to battery. The
operation of relay 518 opens the circuit to the
upper winding of relay 517, contact 4 of relay
603, conductor 642 to the windings of relays 822
and 8839. Relay 822 disconnects the ground con-
nected through supervisory lamp 884 and associ-

- ated resistances to battery. Thus the lamp §84

is extinguished which indicates to the call order
board operator that the TX operator has an-

swered the call. |
Talking may now take place between the call

70 order board operater and the TX operator in

switchboard 128. The arrows 128 and {27 asso-
ciated with leads {41 and 142 and also leads {43
and {44 Indicate the direction of transmission
over the two channels of the talking circuit. The

by operating a route relay individual to the group 75 windings of the coils in the hybrid are designed
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and connected in such a way that the induced
energy in the outgoing transmission channel is

divided equally between the trunk and the bal-

ancing network, the network being an approxi-

mate counterpart of the trunk itself. No energy,

however, is transferred to the incoming channel
with transmission conductors 141 and 142 Dbe-
cause the two hybrid windings included in the
incoming path balance each other at this time.
The incoming talking currents fraverse wind-
ings {284 and {25 respectively on the two separate
coils of the hybrid combination and these cur-

rents induce energy into both the outgoing cir-

cuits embracing leads 1£3 and (44 and the in-
coming circuits embracing leads 41 and {42,
The network circuit which is located opposite
the trunk in the hybrid combmatlon received
no energy at this time,

Flashing from the TX operator in toll board
[30 causes variations in the loop resistance
through the high-low supervisory relay so that
relay (89 in the trunk alternately releases and
reoperates. The circuit from ground on the
contact of relay (08 has already been traced
through the winding of relay 5t6 to battery.
Therefore, the operation and release of relay (88

10

15

20

causes the release and operation of relay 516 to

light and extinguish the supervisory lamp 684
in the call order board position. The call order
board may signal the T'X operator by operating
key 617 which associates battery through resist-
ance §23 with both the tip and ring conductors
of the plug 692.
contacts 6 and T of relay 508, contacts 2 and 3
of relay 918, upper and lower windings of re-
tardation coil %82, winding of relay 503, resist-
ance 806 to ground, operating relay 563. The
operation of relay 58632 associates battery and
ground through resistances 568 and 589 and
through contacts § and 5 of relay 500 with the
upper channel of the talking circuit. This cir-
cuif extends through the upper and lower wind-
ings of retardation coil 183, contacts 1 and § of
relay 1682 to the windings of relay 194, causing the
operation of relay {84 which opens the circuit over
lead 128 to the toll office {30, causing a signal to

operate in the TX operator’s position of toll
office !39.

Since the operation of key 617 may be of short
duration, a timing circuit is associated with relay
104 to cause a flash of considerable extent for at-
tracting the attention of the TX operator. When
the TX operator disconnects, relay (08 restores to
normal and removes ground from the circuit ex-
tending to relay 516 to light the lamp 608 for in-
dicating to the call order board operator that the
TX operator has disconnected from the circuit.

The connection to a short outgoing line such
as that connected to the trunk, Fig. 1, would not
operate the long trunk indication relay in the
trunk, Fig. 3, and therefore, neither incoming
trunk relay 826 nor the long trunk relay 831 would
have pbeen coperated in the call order board posi-
tion circuit. Indications are, therefore, recorded
in the call order board position that a short trunk
and a long trunk are connected together, or that
two short trunks are connected together, and

consequently, no repeater is required for good
transmaission.

_ Manual toll switc’hboard
'The toll switchboard shewn. in Figs. 6, 7, 8 and

9 is. not only adapted for use as a call order

switchboard but may be used as g manual toll

office which does not have automatic switching

This battery extends through
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mechanism with the exception.of links for select-
The manually operable
trunk circuits, Figs. 17, 18 and 19, are shown in
Fig. 20 associated with a toll position comprising
Figs. 6, 7, 8 and 9. The mechanism of the toll
position, Figs. 6, 7, 8 and 9 operates with the
manual trunk circuits, Figs. 17, 18 and 19 for a
four-wire manual office in the same manner as
herein described for the call order switchboard
position. The pulsing keys shown in Fig. 7 can
be used for operating senders in a distant office.
In Fig. 20 the manual four-wire trunk circuits are
shown associated with the toll switchboard, Figs.
6, 7, 8 and 9 as they may be combined for toll
telephone connections and reference may be had
to the following table to indicate how these cir-
cuits may be connected together for toll tele-
phone connections. |
Trunks may be connected together as follows

1_ ... | ‘Incoming trunk Toll switeh- | To long outgoirig trunk
Kig, 17, board. g, 18.

2 e Incoming trunk | Toll switeh- { To short outgoing trunk

| Fig. 17. board, Fig, 18,

S Incoming trunk | Toll switeh- | To short outgoing trunk
Fig, 17, I board. Fig, 19,

4 _____.| Tncoming trunk | Toll switeh- | To long outgoing trunk
long—tig, 18, board. Fig. 18,

S -| Incoming trunk | Toll switch- | Toshort outgoing trunk
long—Fig. 18. board. { Fig. 18. |

6_--....| Incoming trunk | Toll switch- | Toshort outgoing trunk
long—¥ig, 18. | board. Fig, 19,

T o e Incoming trunk | Toll switch- | To long outgﬂmg trunk
short—rig. 18.  -board. Frig. 18,

8 o __ Inecoming trunk | Toll switch- To short outgoing trunk
short—Fig. 18. poard. Ifig. 18.

0. ..--..| Incoming trunk | Toll switeh- | To short outgoing trunk

| short—Fig. 18. | board. Fig. 19.

An incoming call from a local ofiice for a sub-
scriber who wishes to make a toll call is initiated
from office (780 over the lines 1725 and 1728
through a relay in office 1780 connected to the
line conductors which extend through the upper
and lower windings of the high-low relay (7065
operating relay {788. Relay (705 establishes an
ohvious circuit for relay {708 thus causing battery
to be associated through contact | of relay 17486,
contact 2 of relay {712, with lamp 17i8 and
ground.  The jacks {719 and 1716 and the lamp
{713 are in the face of the toll switchboard, Figs.
6, 7, 8 and 9. The toll operator in this switch-
voard observing the lamp, answers the incoming
call by operating the talking key 687 and insert-
ing twin plug 608 into the jacks {7{5 and 1716
of the four-wire trunk circuit, Fig. 1'7. The talk-
ing Rey §87 and relays 803 and 613 should have
been operated hefore the plug is inserted in the
jack and thus the normal circuit for relay 1714
extends through the inner contact 4 of relay 683,
resistance 624, lead 64f, upper winding of relay
8422, winding of relay 805 to battery. As previ-
ously explained the operation of the talking key
637 causes the operation of relays 683, 813 and the
telephone relay 861. The operation of relay 1714
establishes an obvious circuit for relay 1712 which
extinguishes lamp (7{8 and connects ground:
through contact 2 and tbe winding of relay 1746
for locking relay (7106. Relay 17i2 also short-
circuits the high resistance lower winding of
relay 1785 which causes the operation of the relay

in the switchboard (788 for indicating to the

operator in switchboard {788 that the call has
been answered. Conversation maynow take place
between the operator in the switchboard of office
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1700 and the operator in the foll smtchboa,rd-
Figs, 6, 7, 8 and 9, the latter operator ma}sm
record of the toll connection required.

An indication is registered in the toll switch-
board, Fig. 8, that an incoming trunk has bheen
connected to plug 6898. The circuit for this regis-
tration may be traced from battery through re-
sistance 1783, winding of relay {7181, thence over
the simplex circuit comprising the upper and
lower windings of retardation coil iTi7, tip and
ring of Jack 171§ and plug €08, thence through
contacts & and 6 of relay §83, over leads 645 ana
648, contacts 4 and 5 of relay 189, leads 745 and
- 1486, contacts 3 and § of relay 885, left and right
windings of reftardation coil 888, winding of relay
829, resistance 848 to ground. Relay §25 is oper-
ated in the circuit traced and operates relay 829
‘over an obvious circuit to indicate that an incom-
ing trunk is connected with plug 603. If the in-
coming trunk is a long incoming trunk, battery
is connected through resistance 1709 and re-
sistance 1719 through the mid-point of the sim-
plex circuit comprising the upper and lower wind-
ings of retardation coil 1788, If the incoming

trunk is a short incoming trunk, the resistance

1709 is not connected to resistance {7118. The long
incoming trunk gives an indication to the mecha-
nism in Fig. 8 by associating battery through
resistance 1708, thence through the windings of
retardation coil {768, tip and ring of jack 1715
and plug 608, contacts | and 2 of relay 603, leads
543 and 644, contacts | and 2 of relay 805, con-~
tacts of key 888, left and right windings of re-
tardation coil 882, winding of relay 829, resistance
830 to ground. Relay 829 operates in the circuit
traced establishing an obvious circuit for relay
831. If a short trunk is connected to plug 698,
relays 829 and 831 would not have been oper-
ated.

. ‘The operator in office {789 may request connec-

tion with a subscriber extending from either
office 1818 or office 1920 through trunks, Fig. 13
or Fig, 19. The trunk, Fig. 18, illustrates a trunk
In. a toll office having sufficient long lines ex-
tending therefrom to require a group of repeaters
 which may be either switched into the four-wire
transmission circuits, omitted or disconnected.
- When two long lines are connected together,
‘repeaters are inserted in the transmission con-
ductors of the out-going trunk circuit. If a short
Incoming line is connected to a long outgoing
trunk the repeaters are not inserted. These re-
peaters are inserted or removed by the mecha-
nism of Fig. 8 in the same manner as previously
described and in accordance with the table pre-
viously given.

Assuming that the calling operator in office
(100 requested a connection which would require
a long trunk, Fig. 18, the toll operator, Figs. 6,
7, 8 and 9 inserts plug 620 into jacks 1880 and
1861, Relay {813 is thus operated from ground
through its high resistance lower winding, sleeve
of jack 1888 and plug €21, contact 4 of relay 613,
lead 6%, upper winding of marginal polarized
relay 823, winding of relay 8i& to battery. Re-
lays 814 and 1813 operate in the circuit traced.
Relay 18i3 establishes an obvious circuit for re-
lay 1815 which in this instance opens its con-
tacts the same as if the operator were answering
an incoming call. The operator in the toll switch-
board, Figs. 6, 7, 8 and 9, now operaies ringing
key 618 which associates battery through re-
sistance 619, thence over the tip and ring of
plug 622, upper and lower winding of retardaticn

coil 1886, ringing relay {811, ,resis_ta,nce {819 to
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sround which operates relay {817. This associ-
ates ground with the ringer circuit shown dia-
grammatically and the ringer circuif connects
ringing current fto the hybrid coil {369 for op-
erating a relay in the cfiice {810 to signal the
operagtor in the latter coffice. The toll operator
then advises the operator in office 1819 what
connection 1s required and releases her talking
key 637. The operator in office {818 may sig-
nal the toll operator by connecting ringing cur-
rent over the toll line through the ringer circuit
which actuates relay (815. Relay {818 in this
instairce connects ground to the winding of mar-
ginal relay (814, low resistance upper winding
of relay 1813, sleeve of jack 1800, sleeve of plug
628, contact § of relay 613, lamp 614 to battery,
lighting lamp §i{4 and locking relay i8i4. The
toll operator actuates talking key 637 which op-
erates relays 683 and ©43. This extends the cir-
cuit from relay 18i4 through the upper winding

of relay 843, winding of relay 8i4 to battery in-

creasing the resistance through marginal relay
i8i4 which causes its release. Marginal relay
823 is operaled and associates ground through
its contact with lead 640 which extends through
resistance 625, contact 3 of relay €i3, lamp 614
and associated resistance to hattery which con-
tinues the illumination of lamp 6{4 until rela,y
1816 is released.

The trunk, Fig. 18, may be a long outgoing
trunk in which case battery through resistance
1805 is connected through lead (886G, thence
through the upper and lower windings of re-
tardation coil 1803, tip and ring of jack 1860 and
plug 621, confacts 1 and 2 of relay 613, leads 650
and 692, contacts | and 2 of relay 814, key 820,
left and right windings of retardation coil 813,
winding of relay 836, resistance 831 to ground
which operates relay 836. Relay 836 establishes
an obvious circuit for relay 835 which indicates
to the automatically operable mechanism, Fig. 8,
that a long outgoing trunk has been connected
to plug 626. If the trunk, Fig. 18, is a short out-
going trunk, the battery through resistance 803
Is not connected to lead i858 and therefore re-
lays 835 and 833 would not have been operated.
Also if the trunk, Pig. 18, is a short ouigoing
trunk, relays 1827 and 1888 and the repeater are
omitted and leads 1848, 1841, 1842 and 1843 are
connected directly to leads 1845, 1848, 1847 and
§848, respectively.

Assuiming that g long incoming trunk, Fig. 17,
was connected through cords and plugs 688 and
G20 to a long outgoing trunk, Fig. 18, a repeater
would be required for good transmission. Since
relay 831 would be operated by a long incoming
trunk and relay 835 would be operated by a long

ousgoing trunk, a 130 volt positive potential is

transmitted to the ouigoing tirunk for inserting
a repeater in the transmission conductors. In
the previous description of the mechanism, Fig. 8,
it will be remembered that when the operator
releases talking key 687, relay 881 is released and
relay 822 remains operated since it is slow to
release. . Also that a circuift was established for
relay 832 through contact 2 of relay 826, contact
3 of relay 831 to ground on contact 7 of relay 861

~ while relay 881 was operated. The circult from

70

75

the 130-volt positive potential may therefore be
traced through lamp 834, contact 2 of relay 832,

contact | of relay 835, contact | of relay 831, con-

tact 4 of relay 828, contact 3 of relay 821, con-
tact 2 of relay 83%, thence over lead 958 through
contact b of relay 804, Iead 639, contact & of relay
613, sleeve conductor of plug €22, sleeve of jack

L&
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1861 .contact -3 of relay 1807, lower -winding .of
relay (808 to-ground -operating relay .| 808. Relay
{808 is the repeater insertion relay ‘and .connects

eround to a link start relay 48i2. -The link 1811

may -be the same as the link previously described

or may be any character of an automatically
operable link for .selecting an adle repeater in
a evoup .of repeaters. An idle repeater is indi-
cated:-by ground on lead 1850 and battery. on;lead
1851. When an idle repeater is found, ground is
connected from the link over lead 1832 which
extends through the contact of relay {822, wind-
ing .of relay 1823 to battery which operates. relay
1823. . Y
trunk .also -establishes .a circuit 1or relay 4821
from ‘battery through its winding, contact I .01
relay 1828 .to ground in the trunk. circuit. Relay
1829 .is slow -to release and ‘holds its -contacts
established -until after the -operation -of .relay
(821. -The .operation of relays 1821 and {823
estoblishes.a circuit for.repeater relay. {897 from
battery through its .winding, contact 6 -of -relay
4823 to ground in the-trunk circuit. through: the
contacts .of the -link switch. The operation ol
relay (807 transfers the four-wire transmission
leads through the normal contacts -6f -repeater
cut-in relay :1825. The operation of relay 887
also establishes a circuit for relay 1824 from hat-
tery through -the .upper winding of relay 1822,
winding of relay 1824, contaci 3 .of relay 1887,
sleeve of jack 881, sleeve of plug 622, thence
through the cord circuit over contact 8 of relay
613, contact §.of relay 693, sleeve of -plug 602,
sleeve of jack {186, resistance [72¢ to ground.

The operation of repeater relay -1824. establishes ;2.

an. obvious. circuit for repeater relay . 1925 which
connects the repeater 1826 in the lower. channel
.and repeater (827 in the upper {ransmission
channel  of the four-wire outgoing frunk clr-

cuit. 'This repeater may.be removed from the eir-
cuit (if.occasion .arises. 0y associating -a 130-volt
negative potential from.the. mechanism. in:¥ig.-5
over-the -cord circuit:to the sleeve of jack (1881

which would. extend through:the winding of relay
1824, upper winding of relay :1522 to 48-volt bat~
tery causing the operation of -relay :1822. The
.operation of relay: 1822 opens the circuit-for relay
1833 causing its release and the release. of relay
.§821. :Since relay {823 is locked after its.onera-

tion :through -its -contact :2 . to ground -on -con-

+taot2 of relay. 1821, the repeater is:released by the
disassociation of the link with.the trunk circuit.
The maenet 1856 is shown for -holding the con-
tacts. of the:link -together after the link- has se-

lected an idle repeater and-the. sround discon- 5o

nected from lead 1852, :Ground.is. connected- 1o
this hold magnet.through contact 2 of relay 823
-and. contact 2 of relay: (821 and thus the Telease
of relays 1821 and. 1823 opens the contacts of the

- The circuit, Fig 18, may be used as-an incoming

trunk circuit as shown combined with 1ts use. as
an. outgoing trunk circuit or 1t may: be ‘used--as
an  incoming circuit with modifications. - Such
‘modifications:would be the removal of relays 1807
and- 1808 and the, repeater circuit. An incoming
call over the trunk, Fig.-18, is-made from office
‘1840 -by applying -ringing -current ;1o the -line
conductors. This ringing current is transmitted
‘to the. ringer circuit which operates: relay ;1816.
The -operation of - relay 1818 -connects -battery
through- the lamp 1892 to-ground lighting. this
Jamp to indicate-to .thetoll eperator- that an

incoming call. should be.answered. .Relay 1826
in-operating establishes & locking circuit-for.itsell

The connection of the repeater to the

15

20

25

7.

80

outgoing trunk .of the type _
short-outgoing trunk, Fig. 18, or:to a long.quigo- .

perator answers the call by operating falking
key 60T .and inserting either plug-680 or-620 info

ET T - . om

operator .answers the

ihe jacks 1800 and .(801. This causes the opera-

-

tion of relay 1813 over a circuit as previously de-

cn o dyg Tt e I FoL =T

scribed and the operation of relay 1813 establishes
an obvious circuit for relay (845 which extin-
zuishes lamp 1802 and causes the release of the
ring-up Telay (846, The toll operator then con-
verses with the operator in .office .1810.to make
a record of .the office to which the call shouldbe

divected.” As shown in the table, an incoming
trunk .over Eig. 15 may be connected .to .2 -long

tooing trunk .of the type shown. in Fig. 18, a

ing trunk, Fig.'19. In each case the mechanism
in Fig. 8.is operated .as .described .and :as shown

previously in-the fable for inserting or.removing
repeaters as required. | |

.r - -+

“The trunk, Fig. 19, is for.outgping use only.and

has & compensating.pad 1892 and 1803 and fixed

repeaters 1813 and (1814 .in the-transmission cir-
cuits. .It-is used only -as.a short.outgoing trunx.
This short . outgoing -trunk .may be connected.to

either the:trunk, Fig. 18, when used as an incom-

1
F
'

ing trunk or the ncoming trunk, Fig. 17. It

will be .described as.connected. to the trunk, Fig.

A7,

-An .incoming -call operates the trunk, Fig. 17,

as-previously -explained to.light-lamp 1718 in-the

toll -switchboard. -This call is answered by .the

N -

toll.operator who inserts plug $09.into.the jacks

i115 and ;4718. As.previously stated, the trunk,

59

.40

60

70 .short. Inc

-of .operating. relays 829,and-831:in.the toll o

HU

Fig. 17, may:be connected:to a:long or short:in-

coming line and. when connected to along line,
has resistance -1709 connected-through resistance

1718-to-the,retardation coil 1188 for:the purpose
1 LIS IS _ fice
after .the toll operator has operated the.talking

-

key which. operates relays 603,,613,:625 and 801.

Ll B .
.

After a.conversation with the calling.operator in-

switchboard :1700, the .toll operator then inserts
‘the ringing key;68. Key 818 associaies battery
with the tip;and,ring condugtors, thence through
retardation coil ;1906 and the winding of .relay
1921-to ground,-operating relay;821. -Relay 1921
operates a. relay,in. the,ringer circuit 823 which

‘causes the operation of -a sighal in.the office 1920,

1925. The toll operaor then.tells the operator
in office, 1920 what,conpection is required and re-
ers

L r = L | LA 1 .
»

Jeases. her talking key. .Since there are.repeater

already in the transmission circuit of trunk, Fig.
9, the operafion .of the mechanism in Fig. 8
has.no effect. upon, this trunk.eircuit. either-to

add or, remove  Tepeaters from the transmission

channels. The oberator in office, 1920 may signal

. B P .. 3 ' F

the  toll operator in. the manner described for

-y &r

Fig..18.

After the.release, of relays.683 and.613. a}_ con-

nection . from .battery t6 relay 1304 is made

- Y ' - 4 - -

through contact, _8.0f.relays.603 and 613, to. either

g5 Tesistances 1120.or 1121, for either operating relay

. . ] -

{804 to remove.the. pads.i902 and 1803 .or for

.causing this relay. to remain normally, released in
which .case: the pads.remain; in. the. transmission
chanpels. ,If the incoming trunk, Fig. .17, 1s 2
oming - frunk,

!y

hort. incoming- trunk, the. high resistance. 172!
is connected to the sleeve of jack 1716.which does
not operate relay: [904 so that pads 1902.and 1303
remain -in .the , ttansmission , channels. . If . the
trunk, Fig.,17, is, a. long.incoming trunk, the, low

. 'l-..ll\.,: lﬂl—j"\i- r o

r
F

N

75 resistance 1120 is.connegted fo.the;sleeve of-jack

The- insertion -of plug,620-into;jack 1900 causes
‘the operation -of relay 1923 which operates relay



1715 so that relay 1994 is operated which removes
bads 1992 and {903 from the transmission chan-
nels. The signaling between operators is the
same as described for the trunk, Fig. 18.
- From the foregoing it is apparent that the
switchboard disclosed in Figs. 8, 1, 8 and 9 having
twin plugs for 4-wire transmission may be used
universally for toll connections from any charac-
ter of 4-wire trunk to another 4-wire trunk and
automatically cause the insertion or removal of
repeaters therein as required for good trans-
mission. |

As disclosed and described, this toll switch-
board, Figs. 6, 7, 8 and 9, may be used either in
a telephone office having automatic switching
mechanism for completing telephone calls or in
2 toll office which does not use the automatic
switching mechanism for establishing connec-
tions between trunks and lines. o

What is claimed is: - |
1. In a2 telephone office, 2 manually operable
switchboard, trunks having four-wire transmis-
sion circuits arranged in two transmission chan-
nels terminating in jacks in said switchboard, g
telephone circuit, cord circuits in said switch-

board, each cord having multicontact plugs, for

extending the four wires of said transmission cir-
cuits to said telephone circuit and from one
four-wire trunk to another four-wire trunk, se-
lectable voice amplifying repeaters and mech-
anism in said switchboard operable according
to the character of the trunks connected to each
Plug of a cord circuit for responsively causing
the selection and insertion of repeaters in each
transmission channel of a trunk,

2. In a telephone office, g mantually operable
switchboard, lines of different, transmission char-
acteristics connected to trunks having four-wire
circuits in two transmission channels terminat-
ing in jacks in said switchboard, cord circuits
In said switchboard for connecting one four-
wire trunk to another four-wire trunk, a posi-
tion circuit mechanism connected to said cord
circuifs, means in each trunk for transmitting
@ signal over one of the channels to said Posi-
tion eircuit mechanism to indicate the transmis-

sion characteristic of the line connected thereto,

voice amplifying repeaters selectable for each
channel of a four-wire trunk circuit as required,
means in said position circuit mechanism auto-
matically responsive to signals from two trunk
circuits for eausing the selection of. voice ampli-
iying repeaters, and means for inserting a se-
lected repeater in each channel of a trunk cir-
cuit, | | | SR R

3. In a telephone office, a manuglly operable
switchboard, selectable voice amplifying repeat-
ers, lines of different transmission characteris-
tics connected to trunks having four-wire circuits
in two transmission channels, the trunks con-
nected to lines of high transmission loss having

repeater selecting mechanism therein, cord Cir-

cuits in said switchboard for connecting one
four-wire trunk to another four-wire trunk, posi-
tion circuit mechanism including line character-
istic indicating mechanism connected to said

cord circuit, means for connecting said trunks

- to said cord circuits, means in each f{runk for
transmitting a signal to said line characteristic

indicating mechanism to indicate the trans-

mission characteristic of the line connected there-
10, means in said line characteristic indicating
- mechanism operated by certain signals for auto-
matically transmitting a potential to the mech-

anism in a trunk circuit for causing the selec-
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tion of voice amplifying repeaters, and means
Tor inserting a selected repeater in each chan-
nel of said trunk cireuit. |

4. In a telephone office, a manually operable
switchboard, selectable voice amplifying repegt-
ers, lines of different transmission characteris-
tics connected to trunks having four-wire cir-
cuits in two transmission channels, the trunks
connected to lines of high transmission loss hav-
ing repeater selecting mechanism thierein, cord
circuits in said switchboard for connecting one
four-wire trunk to another four-wire trunk,
position circuit mechanism including line char-
acteristic indicating mechanism connected to said
cord circuit, means for connecting said trunks to
sald cord circuits, means in each trunk for trans-
mitting g signal to said line characteristic indi-
cating mechanism to indicate the transmission
characteristic of the line connected . thereto,
nmeans in said line characteristic indicating mech-
anism operated by certain signals for automat-
ically transmitting a potential over a trunk cir-

cuit channel to the mechanism in q trunk circuit

for causing the selection of voice amplifying re-
beaters, and means for inserting a selected re-
peater in each channel of said trunk circuit.

o. In a telephone office, a manually operable
switchboard, selectable voice amplifying repeat-
ers, lines of different transmission characteris-
tics connected to trunks having four-wire cir-
culis in two transmission channels, the trunks
connected to lines of high transmission loss hav-
ing repeater selecting mechanism therein, cord
circuits in said switchboard for connecting one
four-wire trunk to another four-wire trunk, posi-
tion circuit mechanism including line character-
1stic indicating mechanism connected t0 said cord
circuit, means for connecting said trunks to said
cord circuits, means in each trunk for transmit-
ting a signal to said line characteristic indicat-
ing mechanism to indicate the transmission char-
acteristic of the line connected thereto, means
responsive to the operation of certain line char-
acteristic indicating mechanism and the release
of part of said position mechanism for auto-
matically transmitting a potential to the mech-
anism of g trunk circuit for causing the selection

~ of voice amplifying repeaters and means respon-
- s1lve to the release of the remainder of the mech-

al)

60

anism of said position circuit for causing the
insertion of a selected repeater in each Chan-
nel of said trunk circuit.

6. In a telephone office, g manually operable
switchboard, selectable voice amplifying repeat-
ters, lines of different transmission character-
istics connected to trunks having four-wire cir-
cuits in two transmission channels, the trunk con-
nected to lines of high transmission loss having
repeaters selecting mechanism therein, cord cir-
cuits in said switchboard for connecting one four-
wire trunk to another four-wire trunk, position
circuit mechanism including line characteristic
indicating mechanism connhected to said cord cir-

-cult, means for connecting said trunks to said cord

circuits, means in each trunk for transmitting g

signal to said line characteristic indicating mech-

anism to indicate the transmission characteristic
of the line connected thereto, a repeater control
circuit, means in said line characteristic indicat-

Ing mechanism operated by certain signals for

automatically transmitting g potential to the
mechanism of a trunk circuit for causing the se-
lection of voice gmplifying repeaters, and means

In said line characteristic indicating mechanism

operated by other signals for automatically trans-
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mitting a different potential to the mechanism of
said voice amplifying repeater control circuit for
disconnecting said repeaters from the transmis-
sion channels of a trunk circuit.. |
7. In a telephone office, transmission circuits,

5

selectable voice amplifying repeater circuits, re-

peater selecting circuits, means for transmitting
one potential for operating one of said repeater
selecting circuits, means for inserting the select-
ed repeater circuit in said transmission circuits
and means for transmitting a different potential
to said repeater circuit for disconnecting said re-
peater circuit from sald transmission circuits.

8 In 3 telephone office, transmission circuits,
selectable voice amplifying repeater circuits, re-
peater selecting circuits, means for transmitting
o positive potential for operating a repeater se-
lecting circuit, means for inserting the selected
repeater circuit in said transmission circuits, and
means for transmitting a negative potential to
said repeater circuit for disconnecting sald re-
peater circuit from said transmission circuits.

9. In 2 telephone office, transmission circuits,
selectable voice amplifying repeater circuits, re-

peater selecting circuits, means for transmitting

one potential for operating a repeater selecting
circuit, a repeater control circuit, means for op-
erating the control circuit of a selected repeater
for inserting said repeater in said transmission

circuit, and means for transmitting a different -

potential to said repeater control circuit for dis-
connecting said repeater from said transmission
circuit.

10. In a telephone ¢

ce, transmission circuits,

selectable voice amplifying repeater circuits, re-

neater selecting circuits, means for transmitting
a positive potential for operating said repeater
selecting circuits, a repeater control circuit,
means for operating the repeater control circuit
of a selected repeater for inserting sald repeater
in said transmission circuit, and means for trans-
mitting a negative potential to said repeater
control circuit for disconnecting said repeater
from said transmission circuit. -

11. In & telephone office, transmission circuits
of different characteristics, indicating mecha-
nism, means for connecting said transmission
circuits to said indicating mechanism, selectable
voice amplifying repeater circuits, repeater se-
lecting circuits, means in said transmission char-
scteristic indicating mechanism for automatical-
ly transmitting one potential for operating a re-
pneater selecting circuit, means for inserting the
selected repeaters in said transmission circuits
and means in said transmission characteristic
indicating mechanism for automatically trans-
mitting a different potential to said repeater cir-
cuit for disconnecting said repeater circuit from
said transmission circuits. |

12. In a telephone office, transmission circuits,
selectable voice amplifying repeater circuits, re-
peater selecting circuits, means for transmitiing

one potential for operating one of said repeater

selecting circuits, connecting means operated by
said repeater selecting circuit for inserting a se-
lected repeater circuit in said transmission cir-
cuits, means for removing said selected repeater
circuit from said transmission circuits and for
reingerting said selected repeater circuit therein
while said connecting means remains operated,
and means for transmitting a different potential
to said repeater circuit for releasing said con-
necting means to permanently disconnect said
repeater circuit from said transmission circuits.

13. In a telephone system, gelectable voice am-
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38 -
plifying repeéaters, trunk circuits having traiis-
mission conductors connected to lines of different
transmission characteristics, -certain of said
trunks having repeater selecting mechanism
therein, means for making a telephone connec-
tion to a trunk having repeater selecting mech-
anism therein connected fo a line of a given
transmission characteristic, means for succes-
sively connecting other trunks to said first trunk,
«aid other trunks being connected to lines of dif-
rarent transmission characteristics, transmission
characteristic indicating mechanism -associated
with said trunk connecting means, means ior
variably operating said indicating mechanism to
indicate the characteristics of trunks and lines
connected together, and means in said indicating
means as variably operated by successive connec-
tions of said first trunk to said other trunks fo
sutomatically cause the selection of repeaters for
insertion in the trunk transmission conductors
or the disconnection of a selected repeater irom
said trunk. | ) | -

14. In a itelephone office, leads for establishing
a telephone connection, selectable devices, Gevice
selecting circuits, means for transmitting one
potential for operating one of sail Gevice select-
ing circuits, means for associating the selected
device in operative relation with said leads and
means for transmitting a different potential to
said selected device for disconnecting said selected
device from operative relation with said leads.

15. In a telephone coffice, leads for establish-
ing a telephone connection, selectable devices,
device selecting circuits, means for transmitting
a positive potential for operating cne of said de-
vice selecting circuits, means for associating the
selected device in operative relation with sald
ieads and means for transmitting a negative po-
tential to said selected device for disconnectiing
said selected device from operative relation with
said leads. | .

i6. In a telephone office, a manually operable
switchboard, long and short lines connected to
trunks terminating in said switchboard, cord clir-
cuites in said switchboard for connecting one
trunk to another trunk, position circuit mech-
anism connected to said cord circuits, means 1In

each trunk for transmitting a signal to said posi-

tion mechanism to indicate the length of line
connected thereto, voice amplifying repeaters se-
lectable for said trunk circuits as required, and
means in said position circuit mechanism auto-
matically responsive to signals from two frunk
circuits connected by said cord circuits for caus-
ing the disconnection of voice amplifying re-
peaters from transmission channels of ‘a trunk
circuit. | - : | |

17. In a telephone office, 2 manually operable

switchboard, long and short lines connected to

trunks having four-wire circuits in two transmis-
sion channels terminating in said switchboard,
cord circuits in said switchboard for connecting
one four-wire trunk to another four-wire trunk,
a position circuit mechanism connected to said
cord circuits, means in each trunk for transmit-
ting a signal to said position circuit mechanism
to indicate the length of line connected thereto,
voice amvplifying repeaters selectable for each
channel of a four-wire trunk circuit as required,
means in said switchboard position mechanism
for causing the selection of repeaters and the In-
sertion of said repeaters in each transmission
channel, meang for causing the non-selection of
repeaters and means for causing the disconnect-
ion of selected repeaters, said latter three means
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being operable according to the manner of sig-
nals from said trunk circuits. o

18. In a telephone office, incoming trunks, out-
‘going trunks, a manually operable switchboard, a
gsroup of voice amplifying repeaters selectable
for the transmission conductors of said outgoing
trunks, control circuits for said repeaters, cord
circuits in said switchboard, means in said switch-
board for connecting an incoming trunk through
‘said cord circuit to an outgoing trunk and auto-
matically actuating one of said repeater control
circuits for causing the insertion of voice ampli-
fying repeaters in the transmission conductors
of said outgoing trunk, and means in said switch-
board automatically responsive to the removal of
the plug from said inceming trunk and the in-
sertion of said plug in another trunk for applying
a. potential through said first outgoing trunk to
sald repeater control circuit for causing the dis-
connection of said repeaters from said first out-
going trunk. - -

19. In an automatic switching telephone office,
incoming trunks from other offices, outgoing
trunks to other offices, a manually operable
switchboard, special trunks terminating in jacks
and signals in said switchboard, voice amplifying
repeaters, cord circuits and pulsing devices in said
switchboard for makineg trunk connections,
switching mechanism, means responsive to pulses
transmitted over a cord and trunk to said switeh-
ing mechanism for selecting an idle outgoing
trunk, means responsive to signals from said
trunks to said switching mechanism for causing
the selection of idle repeaters for insertion in the
transmission conductors of said trunk, mechanism
in said switchboard operable for indicating the
character of trunks connected to each cord of a
cord circuit, and means in said switchboard mech-
anism for causing the selection of repeaters and
the insertion of said repeaters in the transmis-
sion channels of a trunk for causing the non-
selection of repeaters and for causing the discon-
nection of selected repeaters from the channels
of a frunk according to the operation of said
trunk characteristics indicating mechanism.

20. In an automatic switching telephone office,
mcoming trunks from other offices, outgoing
frunks to other offices, a manually operable
switchboard, special outgoing trunks terminat-
ing in jacks and a signal in sald switchboard,
means responsive t¢ pulses transmitted over an
Incoming trunk for operating switches for aito-
matically connecting said incoming trunk to an
ocutgoing trunk to another office or to an outgo-
Ing trunk to said switchboard, cord circuits in
said switchboard for answering an incoming cail,

a telephone circuit for connection with said cord

circuit for use in conversing with the calling and

called parties, mechanism connected- with said

cord circuit operable for indicating the character
of the calling incoming trunk, means for con-
necting the alternate plug of a cord circuit with
a special trunk outgoing from sazid switchbhoard,
Imeans in said switchboard for transmitting pulses
over sald special trunk according to the code of
a desired outzoing trunk to another office for
causing the selection of an outgoing trunk to said
other office, means for operating switches to con-
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nect the latter outgoing trunk to said special ot~
going trunk, switchboard mechanism connected
with said alternate plug of said cord circuit oper-
able for indicating the character of the outgoing
trunk, selectable voice amplifying repeaters in 3
group, means in said switchboard mechanism for
causing the selection of g repeater, for causing
the non-selection of g repeater and for causing
the disconnection of a selected repeater from the
channels of a trunk according fto the manner of
operation of said switchbosard mechanism, and
means for inserting a selected repeater in the
transmission econductors of said outgoing trunk
circuit by the connection of said outgoing trunk
through said switches and cord circuit {o said in-
coming trunk,

21. In an automatic switching telephone office,
incoming four-wire trunks from other offices hav-
ing two transmission channels, outgoing four-
wire trunks to other offices having two transmis-
sion channels, a manually operable switchboard,
speclal four-wire trunks having two transmission
channels terminating in jacks and signals in said
switchboard, means responsive to pulses trans-

mitted over an incoming trunk for Operating
switches for automatically connecting said in-

coming trunk to an outgoing trunk to another
oifice or to an outgoing trunk to said switchboard,
double-ended cord circuits in saig switchboard,
each cord having a four-wire two-channel plug,
a telephone circuit for use in conversing with a
calling or called party, means for connecting the
plugs of a cord circuit with the jacks of special
trunks in said switehboard, switchboard mecha-
nism connected with szaid cord circuit operable
for indicating the character of the connected
frunks, means in said switchboard for transmit-
ting pulses over said special trunks according to
the code of desired trunk connections for caus-
ing the selection of particular trunks according
t0 said codes, means for operating switches to
connect the selected trunks with the special
trunks in said switchboard, means in different
trunks for differently operating said indicating
mechanism, selectable voice amplifying repeaters
arranged for insertion in both channels of 3, four-
wire trunk, means in said switchboard indicating
mechanism for causing the selection of repeaters,
for causing the non-selection of repeaters and
1or causing the disconnection of selected repeai-

- ers from the channels of g trunk according to the
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manner of operation of said switchboard mecha-
nism, and means for inserting selected repeaters
In the transmission conductors of each channel
of a four-wire outgoing trunk by the connection
of the trunk through said switehes and cord cir-
cuit to another trunk. |
_— - BURTON MCcKIM.
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