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Warren W. Carpenter, Garden City, N. Y., as-
signor to Bell Telephone Laboratories, Incor-
porated, New York, N. Y., a corporation of New

York

Application June 19, 1935, Serial No. 27,305
60 Claims. (Cl. 179—18)

This invention relates to telephone systems and
particularly to systems in which connections are
established by automatic switches under the con-
trol of central office number recording equipment.

5 The objects of this invention are to enable
the use of a simple and’ economic type of switch-
ing device for establishing the conversational con-
nections between subscribers’ lines and also for
making connection to the common recording and

10 controlling equipment; to secure a highly efficient
trunking arrangement for extending connections
from one switching stage to another by giving a
greater degree of availability to the trunks that
may serve any given connection; to increase the

15 speed and reliability with which calls are com-
pleted; to simplify the controlling and testing
equipment employed in the establishment of con-
nections; and to otherwise improve systems of
the foregoing character.

20  This invention is in part an improvement over
the system disclosed in my copending applica-
tion Serial No. 681,102, filed July 19, 1933, issued
as Patent 2,004,599, June 11, 1935. In the system
of the said patent subscribers’ lines are extended

25 to a first or district selector stage by means of
primary and secondary cross-bar switches, each
primary switch having access through secondary
switches to a plurality of groups of trunks to
district selectors. These trunks also have access

30 through primary and secondary cross-bar sehder

selector switches to a plurality of groups of reg-

ister senders.

According to a feature of the present invention,
primary and secondary cross-bar line switches
are provided for extending the subscriber’s line
to the district trunks, and primary and secondary
sender selector switches are provided for select-
ing an idle sender. Each primary line switch,
serving a group of lines, has a plurality of links,
which extend respectively to separate secondary
switches, each of which has access to a separate
group of district trunks. Likewise the several
groups of district trunks appear respectively in
the primary sender selector switches, each of
which has a plurality of links leading respectively
to secondary switches, each of which has access
to a separate group of senders. When a sub-
scriber calls in any group, a test is made of all
groups of district trunks accessible through idle
links extending from the primary line switch con-
taining the calling line, and at the same time g
test is made to determine which groups of district
trunks with idle trunks therein have access
through idle sender selector links to an idle
sender. If two or more district groups satisfy
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the test, the one chosen will depend on which
group of subscribers’ lines made the call, differ-
ent groups of lines preferring different groups
of districts. Thereupon an idle district trunk
in the chosen group is selected for the call, and
the several groups of senders, accessible through
the primary sender selector in which appears the

Selected district trunk, are tested to determine

which groups have idle senders, If several groups
have idle senders, the group chosen will be the
one preferred by the chosen group of district se-
lectors, different district groups preferring differ-
ent sender groups. 'Theretpon an idle sender is
selected. Following these tests the primary and
secondary line switches and sender selector
switches are operated, and the calling line is
extended through to the district trunk and to the
idle sender. By this arrangement an increased
efficiency is realized in the use of the circuits
for connecting a calling line to a district trunk
and sender.

Another feature is a system in which g line
group is provided with a line confrol mechanism
for outgoing calls and has access to a plurality
of groups of district trunks, each controlled by a
different sender selector link. control circuit,
‘When a call is made in the line group, all of the

10
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sender selector control circuits that are idle and

that serve such line group make a preliminary
test of the corresponding district group in con-
junetion with its links and the sender groups

reached by such links. = If several sender selector :

control circuits :find idle paths that can serve
the call, one such control circuit is preferred and
is connected to the line group control mechanism
to the exclusion of all other control circuits.
Following this it is necessary to test the indi-
vidual district trunks in the preferred eroup and
to test the links and individual senders for s
single idle path to a sender. If, following the
connection of the preferred control circuit to the
line group mechanism, all of the paths become
busy before one is finally chosen, the control cir-
cuit will automatically disconnect itself from
the line control mechanism, permitting the latter
to associate itself with all of said control eircuits
serving it, and the preliminary tests are made
over again in another attempt to extend the call-
ing line to an idle sender. This may be repeated

'3, number of times until finally some one of the

control circuits succeeds in making both the pre-
liminary and final tests for an idle path and
the switches are operated to connect the calling
line to the sender for dialing,

30

35

40

45

50

55




10

15

20

25

30

35

40

45

50

55

60

65

70

%5

2

This invention is also an improvement in cross-
bar systems of the kind shown in the patents to

Williams 1,672,970 of June 12, 1928 and 1,525,787 .

of February 10, 1925. In these prior arrange-
ments it is necessary to use switch units of large
capacity in order that the trunk groups to which
the switch has access shall be sufficiently large.
Since the switch is of large capacity, each incom-
ing line and each outgoing line appears in a rela-
tively large number of contact points, with the
result that each connection through the switch
disables several contact sets although only one
such; contact set is used for the connection. This
requires the provision of much equipment that
is used a comparatively small part of the time.

According to the present invention advantages
are secured over these prior systems by a switch-
ing arrangement employing cross-bar switches
of small capacity in which each switching stage
comprises a plurality of primary switches and a
plurality of secondary switches, and in which a
common controlling device or marker is selec-
tively connected to the switches of two succes-
sive stages, such as the district and office stages,
to test and select an idle outgoing trunk and
to extend the calling line to this idle trunk over
a series of interconnecting links or trunks, one
of which extends the calling line from the pri-
mary district switch to a secondary district
switch, another of which extends the call from
the secondary district to the primary office
switch, and a third of which extends the call
through a secondary office switch to the idle out-
going trunk. The marker first prepares these
links, and then the switches are operated to
complete the connection. Thereupon the marker
is released and may be connected to other dis-
trict and office switches to set up another con-
nection.

Another feature of the invention is a system in
which a district frame, comprising primary and
secondary switches, has access to a plurality of
office frames, each comprising primary and sec-
ondary switches, and in which a group of out-
going trunks, representing a numerical direc-
tion, are allotted to two different office frames.
‘With this plan half of each group of trunks ap-
pear in one office frame and the other half in a
second frame, and the marker is automatically
connected to both frames to test and select an
idle trunk irrespective of the frame.

Another feature is an arrangement by which
large trunk groups, namely those exceeding the
total number of test relays in the marker, are
divided into three subgroups. If the call seek-
ing connection to the trunk group comes in to a
particular district frame, the marker is caused
to connect its trunk test relays to the pair of
office frames on which appear the trunks of the
first subgroup of the desired group and to test
this subgroup for an idle one. On the other
hand, if the incoming call appears on some other
district frame, the marker would associate its
test relays with the particular pair of office
frames in which appear the trunks of the sec-
ond subgroup and would test these for an idle
one. In the event all trunks of either of the
first two subgroups are found busy on the first
test, the marker disconnects its test relays from
that subgroup and connects them to the trunks
of the third subgroup, which also may be lo-
cated on any pair of office frames.

Another feature is a system in which the
marker is equipped with a series of triple-wound
relays for testing the three sets of interconnect-

2,098,117

ing links in the district and office frames. The
three windings of a test relay are included in the
respective test circuits of the corresponding three
serially related links which constitute one of the
possible paths through these frames. Either link
being busy causes the energization of the wind-
ing of its test relay, and the entire path is there-
by rejected as busy, although the other two links

‘may be idle.

A further feature is a tésting arrangement in
the marker, including a chain of test relays for
testing the successive trunks of a group outgoing
from the office frames. Since the trunk groups

10

are of different sizes and since it is undesirable -

to restrict the appearance of the first trunk in
any group to any particular trunk terminal in
the office frame, it has been necessary hereto-
fore to provide means for so connecting the test
relay series to the switch frame that the first
relay of the series tests the first trunk of the
group, the second relay the second trunk, and so
on, According to the present invention, how-
ever, the only requirement of the connecting
means is that the series of test relays be con-
nected to the switch frame in such a way that
they embrace all of the trunks to be tested with-
outf particular regard to which relays correspond
to the first and last trunks of the group. And
the marker is so arranged that it is able, from the
digital information it receives about the trunk
group, to start the test with the particular relay
and to end the test with the particular relay
which correspond, respectively, with the first
and last trunks of the group or subgroup being
tested. By this plan the connecting equipment is
greatly simplified, and less alterations are needed
to change the size or location of trunk groups.

Another feature relates to a novel way of
operating the overflow registers for the trunk
group. The system is so arranged that if all direct
trunks of a group are busy, the marker disconnects
itself from this group, sets up a new translation,
and reconnects itself to a group of trunks leading
to a tandem office which in turn has access to the
desired office. This enables a call to be completed
over the direct route if any direct trunk is avail-
able or over an alternate route if all direct frunks
are busy. According to this feature if all direct
trunks are busy, a register for recording this fact
is operated from the route relay in the marker.
Also if all tandem trunks are busy, a second regis-
ter is operated, to record this condition, from the
corresponding route relay in the marker. These
records show what proportion of calls fail be-
cause of all direct trunks being busy and also
because of all tandem trunks being busy.

Another feature is a registering system in which
the designation of the call and the identity of
the switch frame to which the calling line is ex-
tended are both set up on a register mechanism
comprising a cross-bar switch. This register
switch is located in the common subscriber sender
and passes the information thus registered to the
marker. The marker uses the frame identifica-
tion in order to connect itself to the proper frame.

Another feature of the invention is an arrange-
ment whereby the marker is capable of function-
ing in connection with two independent calls at
the same time. Following the seizure of the
marker by a sender the designation identifying
the call is transferred from the sender to the
marker and registered on code registers. This
information is then decoded by the marker and is
utilized by it to determine the desired group of
trunks and fo test these trunks for an idle one, fol-
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lowing which the marker proceeds to control the
selective operation of the switches to extend the
calling connection through to the idle trunk.
Following the testing of the trunks the marker
releases itself from the sender and continues its
function of controlling the selective switches as
mentioned to extend the connection. As soon as
the marker has released itself from the sender,
another sender containing the information for a
second call may reseize the marker and transfer
the code information thereto, and the marker will
proceed to translate this code and to progress with
the second call while it is still controlling the
selective switches for the purpose of extending the
first connection. This overlapping operation of
the markers enables two separate calls to be han-
dled at the same time by any one marker, thus
economizing in time and equipment,

Another feature is an arrangement in which the
sender gutomatically releases a marker that fails
to progress in its regular functions and again seizes
an idle one of the markers, which.may be the one
just released or any other one, and in which the
second marker attempts to extend the call to the
desired destination over the group of alternate
route trunks if such a group is provided. If no
alternate route group is provided, the second
marker proceeds to extend the calling line to an
icle overflow trunk. If the second marker also
fails to.progress in its operation, the sender re-
leases it and a third time seizes any one of the
idle markers. In this event the third marker re-
ceives a signal from the sender telling it to pro-
ceed at once and set up the connection to the
overflow trunk.

Another feature is a system in which the
marker, on making a test of the direct trunk
group and finding them all busy, then proceeds
to test the alternate route group and to extend
the call over one of these trunks if such a group
is provided and one of the trunks is idle at the
time. In case the marker is unsuccessful either
in finding an idle trunk in the direct group where
no alternate group is provided or in finding an
idle trunk either in the direct group or in the
alternate group where such alternate group. is
provided, it then sets the switches to extend the
calling line to the overflow trunk.

A further feature, related to the one last men-
tioned, is that in the event the connection is suc-
cessfully extended over a trunk from the originat-
ing end to the equipment at the incoming end,
which may be in a distant office, and then fails to
progress to completion because of trouble or all
circuits being busy, a signal is sent back to the
sender at the originating office, and the sender
seizes one of the markers and signals the marker
to set up the connection to one of said overflow
trunks.

Another feature relates to an arrangement
whereby an efficient use is made of the trunks
and switches at a selective stage where the size
of the trunk group to which the switch has access
does not correspond to the physical capacity of
the switch. For example, if the capacity of the
switch is greater than the group of outgoing

trunks to which it is to have access, there will’

be a group of outgoing trunks of the required
size for each of the respective switches, each
one of such groups appearing only in one switch

and occupying the greater portion of its total

number of terminal outlets, and each one of the
remaining groups of outgoingtrunkswiilbederived
by adding together the balance of trunks on as

3

many switches as is necessary to give a full group.
The incoming trunks are also arranged in groups,
several such groups appearing each exclusively
in that portion of the switch serving a full out-
going group, and each of the remaining incoming
groups is multipled to appear in the remaining
portions of the several switches whose outlets
collectively comprise an outgoing group. This
enables the switches to be made of standard size
without interfering with the efficiency that is
possible by using trunk groups that do not corre-
spond with the switch capacity.

Another feature of the invention is a testing
arrangement in the terminating marker whereby
the marker on each call connects its test relays
to a block of lines whether the call is for a direct
line or for a private branch exchange group.
The test relays determine the condition of all
lines in the block, following which a circuit is
extended through contacts of the particular test
relay that has tested the line called to determine
if such line is idle or busy. If the called line is
the first line in a private branch group and is
busy, the test circuit is continued to succeeding
lines in the group until an idle one is reached.

Referring now to the drawings, Figs. 2 to 13,
inclusive, when taken in the order illustrated in
Fig. 1A, disclose schematically the manner in
which a connection is completed over a telephone
exchange system embodying the features of this
invention;

Fig, 2 shows a subscriber’s station together with

" certain primary and secondary line switches and

their interconnecting line links;

Fig. 3 shows certain of the primary and second-
ary switches of a district frame together with the
links or “A” trunks which interconnect these
switches;

Fig. 4 shows portions of two sender selector
circuits and a subscriber sender;

Fig. 5 shows various primary and secondary
switches of an office frame together with the
“B” trunks extending from the district frame to
the office frame, the “C” trunks or office links
interconnecting the primary and secondary office
switches, and outgoing trunks extending to a dis-
tant exchange;
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Fig. 6 shows certain relays and switches of the

district and office frame connector circuits whose
function it is to connect these said frames to an

' origmating decoder marker circuit which is also

shown in Fig. 6;

Fig. 7 shows certaln relays of a decoder marker
connector circuit as well as certain relays and
switches of district and office frame connector
circuits;

Fig. 8 shows certain of the primary and second-
ary switches of an incoming frame together with
their interconnecting links or “A” trunks;

Fig, 9 shows an incoming frame connector cir-
cuit the function of which is to establish connec-
tions between a terminating decoder marker and
the particular incoming frame being used for the
call;.

Fig. 10. show:s certain of the primary and sec-
ondary switches and interconnecting links of ter-
minating sender selector circuit the purpose of
which is to connect an incoming trunk being used

on a connection to an idle terminating sender

which is also shown in Fig. .10;

Fig. 11 shows the primary and secondary
switches of a final frame together with the “B”
trunks extending from the secondary switches of
an incoming frame to the primary switches of
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4

a final frame, and also the “C” trunks which
interconnect the primary and secondary switches
of & final frame. Fig. 11 also shows the called
subscriber’s station;

Fig.' 12 shows certain relays of & flnal frame
connector circuit whose function it is to connect
certain blocks or subgroups of lines of a final
frame with a terminating decoder marker circuit;

Fig. 13 shows a terminating decoder marker
circuit together with certain relays of an in-
coming frame connector circuit, 8 final frame
connector circuit and a decoder marker connec-
tor circuit, all of which serve to associate a par-
ticular selected terminating decoder marker with
the terminating sender, incoming frame and final
frame involved in the connection being estab-
lished.

Figs. 14 to 61, inclusive, when taken in the
order illustrated in Fig. 1B show in detail such of
those portions of the various circuits referred to
above as are necessary for a complete description
of the various functions performed, in the estab-
lishment of a connection between two subscribers
located in different exchanges, by an exchange
system embodying the features of this invention;

Figs. 14 and 15 show a calling subscriber’s sta-
tion together with the line switches and asso-
ciated control circuit;

Fig., 17 shows a district trunk circuit;

Figs. 16, 18, 19, and 21 show an originating
sender selector circuit;

Fig. 20 shows a portion of a district frame and
associated frame connector circuit;

Figs. 22 to 26, inclusive, show the major por-
tions of a subscriber register sender;

PFigs. 27 and 28 show the decoder marker con-
nector circuit which establishes connections be-
tween the sclected sender and an idle originating
decoder marker circuit;

Figs. 29 to 40, inclusive, show an originating
decoder marker circuit;

Figs. 41 and 42 show portions of office frames
together with certain connector relays used to
establish connections between the office frames
and the decoder marker;

Fig. 41A shows a crosspoint of a secondary
office switch having access to an overflow trunk;

Iigs. 43 and 44 show portions of a sender se-
lector circuit whose function it is to associate an
incoming trunk on which a call appea.rs with an
idie terminating sender;

Fig, 45 shows an incoming trunk circuit;

Figs. 46 and 47 show a terminating sender;

Figs. 48 to 49 show portions of a terminating
decoder marker connector circuit;

Figs. 50 to 56, inclusive, show & terminating
decoder marker;

Fig. 57 shows a portion of a final frame con-
nector circuit;

Pigs. 58 and 60 show portions of an incoming
frame connector circuit;

PFig. 59 shows portions of an incoming frame
circuit; and

Fig. 61 shows a flnal frame circuit and the
called subscriber’s station. .

General description of system and apparatus
For the purpose of simplicity Figs. 2 to 13,

inclusive, disclose diagrammatically only such’

portions of the various circuits as are required to
illustrate, in general, the manner in which a
connection is extended from a calling subscriber’s
station served by a cross-bar exchange to a called
subscriber’s station served by the same or another

. cross-bar exchange.

2,098,117

They also illustrate a called
subscriber’s line in a terminating office equipped
with switches of the moving type, such as power
driven switches.

" The switches shown in Pigs. 2, 3, 4, 5, 8, 10, and
11 are of the cross-bar type and consist briefly
of a plurality of sets of contacts arranged in hori-
zontal and vertical rows. Associated with each
horizontal row of contact sets is a horizontal
operating magnet, hereinafter referred to as a
select magnet, under control of which the contact
sets of that horizontal row are prepared for op-
eration. Associated with each vertical row of
contact sets is a vertical operating magnet, here-
inafter referred to as a hold magnet, under con-
trol of which any set of contacts in that vertical
row, after being prepared for operation by the
operation of its respective select magnet, is caused
to close and remain in the closed position under
control of the operated hold magnet. For a more
detailed explanation of the construction and op-

10

20

eration of these cross-bar switches reference may -

be had to the copending application of J. N.
Reynolds, Serial No. 702,453, filed December 15,
1933, granted as Patent 2,021,329, Nov. 19, 1935.

The subscriber’s lines are arranged in groups
which may vary in size, say, from two hundred to
seven hundred lines each, the size of the group
depending upon the calling rate of the lines in
the group. Each group of lines is served by line
switches and by a line switch control circuit, such
as shown in Fig. 2, which provides for connecting
any line of the group, upon the initiation of a call
over that line, to a district frame circuit such as
shown in Fig. 3 and to a sender selector and con-~
trol circuit, such as shown in Fig. 4.

The line switches consist of primary cross-bar
switches, such as switches 201 to 209 inclusive;
secondary switches, such as switches 210, 211, and
212, and line links, such as links 213 to 217 in-
clusive, which interconnect the primary and sec-
ondary line switches. And controlling equipment
236 is provided for causing the operation of proper
select and hold magnets of the primary and
secondary line switches for the purpose of clos-
ing the contact sets thereof in extending a con-
nection.

The primary line switches are arranged in ten
horizontal groups, each group consisting of any
desired number, as from two to seven switches,
the number of parallel switches in each horizontal
primary group depending upon the size of the
line group being served. For simplicity of illus-
tration, only three of the ten horizontal primary
switch groups are shown, each group having three
parallel switches. Xach primary and each sec-
ondary switch is equipped with ten vertical and
ten horizontal rows of contact sets. On switches
201, 202, and 203 only three of the ten horizontal
rows and two of the ten vertical rows are shown,
while on switches 204 to 212 inclusive only two
vertical and two horizontal rows are shown. The
subscribers’ lines connect to the vertical rows of
contacts of the primary switches, ten lines to
each switch. Line 218, which is associated with
subscriber’s station 200, is shown connected to the
left vertical row of contacts of primary switch
201. Other subscribers’ lines, such as lines 219,
220, and 221, connect to other vertical rows of
contacts on the same and other primary switches.

The corresponding rows of horizontal sets of
contacts of each horizontal group of primary
switches are multiplied together, and each of the
ten rows is extended over a separate line link
to the corresponding vertical row of contacts of
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one of ten secondary switches, only three of which
are shown. For example, the three horizontal
rows of contacts of the primary switch group
composed. of switches 20f, 202, and 203 extend
over line links 213, 214, and 215 to the right ver-
tical row of contacts of secondary switches 210,
211, and 212. The remaining seven horizontal

- rows (not shown) of this primary switch group
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extend over seven other line links to the right
vertical rows of seven other secondary switches
(not shown). The horizontal rows of other pri-
mary line switch groups extend over other line
links to the corresponding vertical rows on the
secondary switches. Since there are ten primary
switch groups each having ten horizontal rows of
contacts, there are one hundred line links ex-
tending to the ten vertical rows of each of the
ten secondary switches. As each of the ten line
links from any primary line switch group extends

to a different one of the ten secondary switches,"

each subscriber’s line may be connected to any
secondary switch by the operation of the proper
primary switch select and hold magnets. Should
select magnet 222 and hold magnet 225 be op-
erated by the control circuit, the left upper set
of contacts or crosspoints of primary switch 20(
close and extend subscriber’s line 218 over line
link 213 to the right vertical row of contacts of
secondary switch 210. Should select magnet 223
and hold magnet 225 be operated, the resultant
closure of the left middle crosspoints of primary
line switch 201 extends subscriber’s line 218 over
line link 214 to secondary line switch 2{1. Simi-
larly, select magnet 224 and hold magnet 225,
if operated, extend subscriber’s line 218 over the
left lower crosspoints of primary switch 261
and line link 215 to secondary line switch 2!2.
The trunks outgoing from the secondary line
switches extend to the primary district selector
switches of a number of different district frames.
One of these district frames is illustrated in Fig.

3. The number of trunks extending from a line -

switch group to any particular district frame will
depend upon traffic conditions. 'Since there are
ten secondary line switches in the line switch
group, there are correspondingly ten groups. of

outgoing district trunks, each group consisting

of ten trunks. And one suitable arrangement is
to distribute these ten groups of district trunks
among five different district frames, two groups
of district trunks forming a line switch group
extending to one district frame, two groups to a
second district frame and so on for the five dis-
trict frames. For example, the groups of trunks

258 and 251 lead to the primary switches of the
district frame shown in Fig. 3. The other four
pairs of groups of district trunks outgoing from
the line switch group shown in Fig. 2 lead re-
spectively to four other district frames.

Under light traffic conditions it may be de-
sirable to combine two or more groups of line
switches, giving them access in common to the
same groups of district trunks. This arrange-
ment is illustrated by the multiple taps on the
district trunks, such as taps 229 and 236 shown
on the trunks 227 and 228, respectively.

" A district frame, such as the one shown in
Fig. 3, consists of ten primary cross-bar switches
of which three, switches 380, 301, and 362, are
shown and twenty secondary switches of which
four, switches 350 to 353, are shown. These pri-
mary and secondary switches are also provided
with ten horizontal rows of contacts: The pri-
mary switches, however, are provided with twenty
vertical rows of contacts, whereas each of the

secondary switches is provided with ten vertical
rows of contacts. They are also equipped with se-
lect magnets 305 to 312 inclusive, and with hold
magnets 313 to 328 inclusive. - .
'The groups of district trunks 250 and 251 come
from the line switch group shown in Fig. 2 and
terminate in the corresponding horizontal rows

of contacts of primary district switches 300 and .

302, respectively. In a similar manner the re-
maining four pairs of primary district switches in
this district frame receive the district trunks
coming from four other line switch groups serv-
ing four other groups of subscribers’ lines.
The vertical rows of contacts of each primary
district switch extend to vertical rows of contacts
of each secondary district switch over district
links called “A” trunks, such as trunks 329 to
336 inclusive. Since there are ten primary dis-
trict switches, each switch having twenty ver-
tical rows of contacts, there are two hundred

“A’ trunks. The twenty “A” trunks extending '

from each primary district link switch are di-
vided into two groups of ten trunks each. The
€runks in the left hand group of ten trunks con-
nect respectively to vertical rows of contacts in
half of the twenty secondary district switches,
and the trunks in the right hand group of ten
trunks connect respectively to corresponding ver-
tical rows in the other half of the twenty second-
ary switches. For example, the left hand group
of ten trunks from primary switch 300, repre-
sented by trunks 329 and 330, extend to the sec-
ondary switches 353 and 35, and the right hand
group of ten trunks, represented by trunks 331
and 332, extend to corresponding vertical rows
in the secondary switches 352 and 350. The ten
horizontal rows of contacts of each of the twenty
secondary district switches connect, over “B”
trunks such as 337 and 340 inclusive, to the hori-
zontal rows of contacts of the primary switches
of ten office selector frames, one of which frames
is shown in Fig. 5, There are two hundred of
these “B” trunks from the ten secondary switches
of each district frame, and they are divided into
ten groups of twenty trunks each, extending re-
spectively, to ten different office frames.

An office frame, such as shown in Fig. 5, con-
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sists of twenty primary switches of which four )

switches, 500, 501, 558, and 551, are shown, and
ten secondary switches of which two, switches
502 and 503, are shown. Each primary and sec-
ondary office switch is provided with ten hori-
zontal rows of contacts. The primary switches
have ten and the secondary switches have twenty
vertical rows of contacts. A select magnet, such
as magnets 504 to 511 inclusive, is associated with
each horizontal row of contacts, and a hold mag-
net, such as magnets 512 to 527 inclusive, is as-
sociated with each vertical row of contacts. Each
of the ten vertical rows of contacts of the twenty
primary office switches extends over one of two
hundred office links or “C” trunks; such as trunks
528 to 533 inclusive, to a vertical row of contacts
of a secondary office switch. Hach of the ten “C”
trunks from each of the primary office switches
extends o a separate secondary office switch,
For example, each the ten “C” trunks from the
primary switch 551, of which two trunks, 532 and
533, are shown, extends to the left vertical row
of contacts of the left half of a different second-
ary switch. The ten “C” trunks from the pri-
mary switch 550, such as trunks 530 and 531, ex-
tend .to the ten left vertical rows of the right
half of each secondary switch. In this manner,
any primary office switch has access, over a sep-
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arate “C” trunk, to any secondary office switch.

The ten secondary office switches, each having
twenty vertical rows of contacts, may have the
multiple extending across the horizontal rows of
contacts of any switch split between each half
of the switch, as shown for secondary switch 502,
or the horizontal multiple may extend across the
entire switch, as shown for switch 503. The
horizontal rows of contacts of the secondary of-
fice switches connect to outgoing trunks such as
trunks 534 to 539 inclusive. Where the secondary
office switch is split, as is shown in the case of
switch 502, there are twenty outgoing trunks per
switch, ten trunks extending from the ten hori-
zontal rows of contacts of each half of the switch.
Where the secondary office switch is not split, as
is shown in the case of switch 503, there are but
ten outgoing trunks per switch. .

Before proceeding with ‘a description of the
incoming and final selector switches shown in
Figs. 8 and 11, which constitute the terminating
selector equipment and may be located either
in the same office with the district and office
switches shown or in a distant office, an explana-
tion will be given of how an idle sender 438 i§
seized by the calling line, how an idle marker
608 is .associated with the sender and also with
the district and office switches, all for the pur-
pose of recording the number dialed by the sub-
scriber and for selectively operating the district
and office switches to extend the call to the ter-
minating switches in the desired office.

Each district frame, such as shown in Fig. 3,
is served by a sender selector and control cir-
cuit, such as shown in Fig. 4, the purpose of which
is to provide means for extending a calling line
through to an idle sender circuit. The sender
selector circuit consists of ten primary cross-bar
switches of which four, switches 400 to 403 in-
clusive, are shown, five secondary cross-bar
switches of which two, switches 404 and 405, are
shown, and sender links such as links 406 and 409
inclusive, which interconnect the horizontal rows
of contacts of the primary sender link switches
with the vertical rows of contacts of the sec-
ondary sender link switches. The control cir-
cuit 443 is common to the switches and links and
serves to test and control their operation. Each
primary sender link switch is provided with ten
vertical and ten horizontal rows of contacts,
only two rows of each of which are shown. A

select magnet, such as magnets 410 to 417 in- .

clusive, is associated with each horizontal row
of contacts, and a hold magnet, such as magnets
418 to 425 inclusive, is associated with each ver-
tical row of contacts. The ten primary switches
are arranged in five groups of two switches each,
such as switches 400 and 401 and switches 402
and 403, and the ten corresponding horizontal
rows of contacts of the two switches of each pair
are multipled to each other. There are ten
horizontal rows of contact sets, therefore, for
each of the five pairs of primary switches, and
each of these fifty horizontal rows extends, over a
sender link, such as links 406 to 409 inclusive, to g
vertical row of contacts of the secondary switches,
such as switches 404 and 405. There are five sec-
ondary switches of which only two, switches 404
and 405, are shown. Each secondary switch is
provided with ten vertical and ten horizontal
rows of contacts, each horizontal row having an
associated select magnet such as magnets 426
to 429 inclusive, and each vertical row having an
associated hold magnet such as magnets 430 to
431 inclusive. The multiple extending across
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each of the ten horizontal rows of contacts of
each secondary sender link switch is split be-
tween the fifth and sixth vertical rows of con-
tacts. Each secondary switch, such as switches
404 and 405, therefore, has, in effect, twenty hori-
zontal rows of contacts, ten in each half of the
switch. Five sender selector links, such as links
406 and 408, one for the upper horizontal row
of contacts of each pair of primary sender link
switches, extend to the five vertical rows of con-
tacts of the right half oi secondary switch 404.
Pive other sender links, such as links 407 and
409, one from the lower horizontal row of con-
tacts of each pair of primary sender link switches,
extend to the five vertical rows of contacts of the
left half of secondary switch 4058. Similarly, five
other sender links, one from the corresponding
horizontal row of contacts of each pair of primary
sender link switches extend to another group of
five vertical rows of contacts of a secondary
sender link switch. The ten horizontal rows of
contacts of each half of the five secondary sender
link switches connect to a group of ten subscrib-
ers’ senders, one of which, sender 439, is shown
connected to the lower horizontal row of con-
tacts of the right half of secondary switch 404
over conductor 438. Switches 440 and 411 rep-
resent two primary sender link switches, corre-
sponding to switches 400 and 401, of a sender link
and control circuit serving some other district
frame.

Each subscriber sender, such as sender 4398,
when selected for use, is connected to & common
decoder marker circuit, such as decoder marker
608 of Fig. 6, by means of a decoder connector
circuit represented in part by relays 708, 719, 720,
and 121 of Fig. 7. Each sender is provided with
a group of control conductors, one group of which
is represented by conductor 442, which connects
to the contacts of an associated sender connector
relay, such as relay 708 or relay 119. The cor-
responding armatures of these sender connector
relays are multipled together and connect, in
turn, to the multipled armatures of decoder con-
nector relays 120 and 121. The contacts of each
decoder connector relay 121 connect to an indi-
vidual decoder marker, such as decoder marker
608, over a group of conductors represented by
line 722. When sender 439 is selected for use,
it causes its associated sender connector relay
708 to operate and connect the sender control
conductors 442 to the multipled corresponding
armatures of all decoder connector relays. 720,
121, etc. The decoder connector control circuit
(not shown), under control of the selected sender,
causes the decoder connector relay whose asso-
ciated decoder marker is idle, to operate and
thereby connect the control conductors 442 of the
selected sender 439 over the contacts and arma-
tures of the operated relays 108 and 721 to the
idle decoder marker 608.

Each district frame is provided with ten
primary switch connector relays, such as relays

" 600, 601, and 602 of Fig. 6, ten secondary switch

connector relays, such as relays 603, 604, and 605,
and as many marker connecfor relays, such as
relays 606 and 607, as there are markers serv-
ing that district frame. The function of these
relays is to provide for connecting test and con-
trol conductors from the primary and secondary
district switches to any selected marker circuit
to enable the marker to extend a connection
through the district frame to an office frame.
Twenty test conductors, such as indicated by
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“A” trunks of each primary district switch to
the contacts of the associated primary switch
connector relay, such as relays 600 and 602 re-
spectively. Twenty test conductors, such as indi-
cated by conductor 343, extend from each group
of twenty “B” trunks, which connect from the
secondary district switches to an office frame, to
the contacts of the associated secondary switch
relay, such as relay 603. The armatures of all
primary switch conector relays are multipled
and connect, in turn, to multipled armatures of
the marker connector relays 606 and 607. The
armatures of all secondary switch connector re-
lays are multipled and also connect, in turn, to
multipled armatures of the marker connector
relays 606 and 6071. The contacts of relay 607
are shown connecting to marker 608. The con-
tacts of other marker connector relays, such as
relay 606, connect to other markers. Relays 700
to 101, inclusive, of Fig. 7, correspond to relays
600 to 607, inclusive, of Fig. 6, and represent
primary switch and secondary switch connector
relays and district frame marker connector re-

lays associated with some other district frame..

Each office frame is provided with primary
switch connector relays, such as relays 609 and

610 of Fig. 6, secondary switch connector relays,

such as relays 611 and 612, and marker connector
relays, such as relays 613 and 614. The function
of these relays is to provxde for connecting test
and control conductors from the primary and
secondary switches of any office frame to any
marker circuit to enable the marker to extend a
connection through the office frame to an out-
going trunk. Twenty conductors, such as indi-
cated by conductor 588, extend from the twenty
“C” trunks to the contacts of .an associated pri-
mary switch connector relay 609. Ten test con-
ductors, such as indicated by conductor 541, ex-
tend from each group of ten outgoing trunks of
any particular level of the secondary office
switches, to the contacts of an associated second-
ary switch connector relay, such as relay 641.
The armatures of all primary switch connector
relays are multipled and connect, in turn, to the
multipled armatures of marker connector relays
613, 6i4, etc. The armatures of all secondary
switch connector relays are multipled and also
connect, in turn, to multipled armatures of marker
connector relays 613 and 8i4. There is one
marker connector relay for each marker serving
the office frame and the contacts of this relay con-
nect to that particular marker. The contacts of
other rharker connector relays connect to other
markers.

Each group of outgomg trunks representing a
particular numerical direction are allotted toc
two different office frames, one-half of the trunks
being allotted to an odd numbered office frame
while the other half of the trunk group is allotted
to the companion even numbered frame. When
a marker circuit functions to test and select an
idle trunk of a particular group of outgoing
trunks, it automatically connects to both office
frames in which this trunk group appears. As-
suming that the office frame shown in Fig. 5
is the No. 0 office frame, then primary switch
connector relays 709 and 710, secondary switch
connector relays Til and 712, and marker con-
nector relays 7{3 and 714 of Fig. 7 are for the
companion odd numbered office frame No. 1, and
perform the same functions for office frame No.
1 as relays 609, 6108, 614, 612, 613, and 614,

respectively, perform for office frame No. 0.

Should a marker, such as marker 608, operate its

7

associated office frame connector relay 613 to test
a group of trunks, half of which appear in office
frame No. 0 of Fig. 5, the marker will simultane-

- ously operate its office frame connector relay 718

to gain access to the other half of the outgoing
trunk group which appears in office frame No. 1.
Similarly, should a marker (not shown) operate
marker connector relay 615 or 616 which will be
assumed to be assoclated: with office frame No. 2,
the marker will also operate marker connector re~
lay 115 or 116, respectively, which will be as-
sumed to be associated with office frame No. 3,
thereby gaining access to groups of trunks of
which one-half of the trunks appear in the even
numbered office frame No. 2 and the other half
appear in the companion cdd numbered office
frame No. 3. Relays 617 and 618 are secondary

switch connector relays the contacts of which"

connect to test conductors extending to the out-
going trunks from the secondary office. switches of
office frame No. 2. Relays 71T and T8 are sec-
ondary switch connector relays associated with
office frame No. 3.

In addition to the direet trunks between any
two offices, one or more indirect or alternate
trunk routes may be provided. These alternate
trunks extend to the terminating office through
one or more intermediate or tandem offices.
Should the decoder marker in testing for a path
over which to extend the connection to the de-
sired terminating office find all direct trunks
thereto unavailable or busy it will select one of
the alternate route trunks, if provided. During
its connection with the decoder marker 608, the

‘sender 439 receives from the decoder marker,

over control conductors 442, such information
regarding the class of the particular call and
the route which the decoder marker has selected
for its completion, as the sender requires to
properly control the selective mechanism at the
terminating office and at the intermediate office
or offices if the selected trunk route extends
through such intermediate offices.

The trunks 536, 537, 538, and 539 shown in
Fig. 5 lead to the terminating units of cross-bar
offices such as the one shown in Figs. 8 to 13. Be-
sides these trunks, there may also be trunks, such
as trunk 552, leading to the terminating unit of
an exchange equipped with selectivecontrol equip-
ment of the revertive contrcl type. One such

5

10

15

‘20

25

30

35

40

45

50

type of equipment may be power driven switches .

‘of the panel type such as the incoming and final

selectors 583 and 554 of Fig. 5 are assumed to
be, but it is to be understood that the connec-
tions of the cross-bar system disclosed herein
are not limited to that but may be connected to
any system, manual or dial operated, in which
the selective control is arranged to operate on a

‘revertive pulse basis.

Before taking up the equipment in the termi-
nating unit of the cross-bar office shown in
Figs. 8 to 13, a brief description will. be given
of the operations involved in the originating
office when a subscriber initiates a call.

Assuming that the subscriber at station 200
initiates a call, the associated line switch control
circuit 236 operates to determine the horizontal
row of line switches and the vertical row of line
switches in which the line switch 204 containing
the calling line appears. Since the calling line
200 is in the upper horizontal row of primary
line switches, the call must be extended over one
of the ten links including links 213, 214, and 2145.
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However, since these ten links extend to: the -

ten secondary line switches 210, 211, ete. it is
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possible that the call may be routed over any
one of the ten groups of district trunks 250, 251,
etc., whichreach into five different district frames.
Before it can be determined which line switch
link and which group of district trunks will be
used, it is necessary to make a test of all of the
ten groups of district trunks in conjunction with
tests of the five sender selector switches serving
the five district frames involved, in conjunction
with the senders available to these five sender
selector switches. To this end, the line switch
control circuit 236 when the call is first initiated,
sends a signal to all five of the sender selector
control circuits 443, 444, etc., provided they are
idle. Each of these sender selector control cir-
cuits thereupon makes 8 preliminary test to de-
termine which of the ten groups of district
trunks, such as groups 250 and 251 which extend

_from the calling line group and eight other simi-

lar groups extending from four other line groups
to the associated district frame, have one or more

idle trunks therein, in conjunction with a test
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of the sender selector links 408, 407, etc., to which
these groups of district trunks have access, and
also In conjunction with a test of the groups of
senders to which the said links 406, 407, etc., have
access. Each of the sender selector control cir-
cuits that finds one or more idle paths over one
or both of the groups of district trunks from the
calling line group through the sender selector
link to an idle sender, prepares test circuits in
the control circuit 236 so that the corresponding
line switch links, such as links 213 and 215, may
be tested to determine whether they are busy or
idle, these being the links that are capable of
extending the calling line to the groups of dis-
trict selector trunks which it has been deter-
mined have at least one idle trunk therein.
Although the other eight groups of district
trunks served by a particular circuit, such as
control circuit 443, have been tested for their
idle or busy condition, the line switch link cir-
cuits having access to these other district trunk
groups occur in other line switch groups and will
not be tested unless there happens to be a sub-
scriber’s line making a call at this time in such
other line switch group. In that event the line
switch links are tested and, at the proper time,
one of the calling line groups will be preferred
with respect to having access to the sender selec-
tor control circuit under discussion, such as the
control circuit 443, and the other line group will
be required to wait or make use of some other
control circuit.

When it has finally been determined by the
foregoing test which ones of the ten links, 213
to 218, inclusive, are idle and have access over
idle district groups 250 to 251, which district
groups in turn have access over idle sender se-
lector links 406, 407, etc., in the five respective
sender selector switch circuits, which sender se-
lector links in turn have access to idle senders,
such as the sender 439, the line switch control
circuit 236 by a preference arrangement deter-
mines that a particular one of these groups of
district trunks, such as the group 250, is pre-
Accordingly, the sender
selector control circuit 443, serving this particu-
lar group of district trunks, is retained for use
and the other four sender selector confrol cir-
cuits are dismissed. The particular group of
district trunks preferred by the control circuit
236 depends upon the particular horizontal group
of primary line switches in which the calling line
occurs, different horizontal groups of primary
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line switches preferring different groups of dis-
trict trunks. At the same time the sender se-
lector control circuit 443 associated with the
preferred district frame makes tests of the ten
district trunks in the chosen group 250 to deter-
mine which one is idle and also makes a test of
the ten sender selector links 406 to 401, inclusive,
in conjunction with the respective groups of
senders accessible to these links. In this way
a path is chosen from the calling line over the
line switch link 213 over an idle district selector
trunk in the group 260 through the primary
sender selector switch 400 over some idle link in
the group 406 to 407, inclusive, to an idle sender
in the group to which these links have access
through the secondary sender selector switches
404, 405, etc. If a number of the sender selector
links 406, 407, are idle and have access respec-
tively to idle groups of senders, a particular
sender group will be preferred to all others in
accordance with which of the district trunk
groups is making the call, different district trunk
groups having preference for different sender
groups.

~ Following the determination of an idle path,
as above described, between the calling sub-

‘scriber’s line 200 and an idle sender 438, the

proper select and hold magnets of the primary
line switch 201, secondary line switch 210, pri-
mary sender selector switch 400 and secondary
sender selector switch 404 are operated to com-
Plete a dialing connection from the subscriber’s
line to the register sender.

As -the subscriber at station 200 proceeds to
dial the number of the desired station, the sender
439 registers this number and transmits to the
decoder marker 608 such information as the
decoder marker requires to select, test, and close
a path through the district and office frames to
an outgoing trunk extending to the terminating
office in which the called station is located.

After a district trunk, such as trunk 227 hav-
ing associated control equipment 345, subscrib-
er’s sender 439, and decoder marker 608 are se-
lected, as hereinbefore set forth, the decoder
marker operates its associated district frame con-
nector relay 607 and, under control of the selected
district trunk, operates the primary district
switch relay 602. With relays 602 and 607 oper-
ated, the test and control conductors associated
with the twenty “A” trunks or district links ex-
tending from primary district switch 300, repre-
sented by conductor 342, are connected to decoder
marker 608.

Upon receiving information from sender 439
regarding the office code dialed by the calling sub-
seriber, decoder marker 608 decodes this informa-
tion. and operates to select an idle outgoing
trunk to the desired terminating office and an
idle path over which to extend the connection
from the district trunk 227 through the district
and office switches to this outgoing trunk. As
hereinbefore stated, each group of outgoing
trunks of a particular numerical direction are
allotted to two office frames. Assume for {llus-
tration that the group of trunks extending to the
terminating office desired in this instance appears
on office frames No. 0 and No. 1. Decoder marker
608 upon determining that the desired trunk
group appears on office frames No. 0 and No. 1,
operates its office frame connector relays 63 and
7113 which are associated with office frames No.
0 and No. 1, respectively. Assuming that the
trunks of the desired group are those which are
connected to the lowest horizontal row of con-
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" operated, closes the left lower crosspoints of the

tacts of the secondary office switches of frames
No. 0 and No. 1, including trunks 537 and 539,
decoder ‘marker 608 now operates the secondary
office switch connector relays 811 and 7(1 which
connect the test conductors of the outgoing
trunks represented by conductors 541 and 123 to
the decoder marker. Assuming further for illus-
tration that trunk 539 is the first idle outgoing

“trunk of the desired group, decoder marker 608

selects this trunk and, having now determined
on which of the two office frames the trunk ap-
pears, causes primary office switch connector re-
lay 609 to operate. Relay 608, in operating, con-
nects the test and control conductors, repre-
sented by conductor 040, associated with the
twenty office links or “C” trunks over which trunk
838 may be reached to the decoder marker. Hav-
Ing determined the particular office frame, de-
coder marker 608 also operates secondary. dis-
trict switch connector relay 603 over the contacts
of the previously operated district frame con-
nector relay 607. Relay 603, in operating, con-
nects the test conductors, represented by con-

ductor 343, of the twenty “B” trunks which ex-

tend from the sécondary district switches to the
primary switches of the particular office frame
on which the selected outgoing trunk is located,
to the decoder marker 608 over the contacts of
the operated relay 601. :

The marker, having received the designation
information from the sender, and having com-
pleted the selection of an idle trunk in the de-
sired group, is now disconnected from the sender
by the release.of the marker connector and the
opening of leads 722, .

Having selected idle outgoing trunk 539 and
having associated itself with the test and control
conductors of the “A”, “B” and “C” trunks which
offer possible paths over which the selected dis-
trict trunk 345 may be extended to trunk 539,
decoder marker 608 now matches an idle “A”,
“B” and “C” trunk and thereupon energizes the
various district and office frame switch magnets
for the purpose of closing the proper crosspoint
contacts of these switches. Assume, for illus-
tration, that decoder marker 608 matches and
selects idle “A” trunk or district link 332, idle
“B” trunk 337, and idle “C” trunk or office link
528. Select magnet 305 of primary district switch
300 previously operated at the time that district
trunk 845, with which select magnet 305 is asso-
clated, was selected. District secondary con-
necting relay 603, in operating, caused the opera-
tion of the lowest select magnet, such as magnets
310 and 312, of each secondary district switch and
also caused the operation of the lowest select
magnet, such as magnets 505, 507, of the office
primery switches 500, 650 to which “B” trunks
337 to 380 extend. When decoder marker 608
selected idle outgoing trunk 539 it caused the
operation of the secondary office switch select
magnet 5§11 which is associated with the level on
which the trunk appears. .

Decoder marker 608, having matched idle “A”
trunk 832, idle “B” trunk 337, and idle “C” trunk
528, now causes the operation of hold magnets
316, 322, 512, and 527 of switches 300, 303, 500,
and 503, respectively. The operation of hold
magnet 818, with select magnet 305 operated,
causes the closure of the upper right crosspoints
of primary district switch 300. The operation
of hold magnet 322, with select magnet 810 oper-
ated, causes the closure of the right lower cross-
points of the secondary district switch 350. Hold
meagnet 512, in operating, with select magnet 505

9

primary office switch 500. The operation of hold
magnet 8§27, with select magnet §{i operated,

closes the right lower crosspoints of secondary -
- office switch-503. With the closure of the afore-

mentioned crosspoints, the connection from dis-
trict trunk 348 and subscriber’s sender 439 is
thereby extended over “A” trunk 832, “B” trunk
3317, and “C” trunk 828, to outgoing trunk 539
which extends to the terminating office in which
the desired called station is located.

Decoder marker 608, having completed its func-

tons, now releases from the district and office

frames. ) ]

Thus the connection from the calling subscrib-
er’'s line 200, and from the sender 438 in which
the designation of the called line is recorded, is
extended over the selected idle trunk 539 to the
desired terminating office. Before proceeding
further with the operations involved in the com-
pletion of the connection to the called subscrib-
er's line in the terminating office, a description
will first be given of the switches, senders, mark-
ers and other pleces of equipment located in the
latter office. T b

There are two selective switching stages in the
terminating part of an office. These are the
Incoming and final stages, and it is through them
that connections are completed to the called sub-
scribers’ lines or to private branch exchange
trunks.” Both the incoming and final stages com-
prise & number of separate frames of switches,
called the incoming frames and the final frames.

One of the incoming frames is illustrated in

Fig. 8 and one of the final frames is illustrated in
Fig. 11.

An incoming frame comprises a plurality of
primary cross-bar switches 800, 801, 802, 803, etc.,
and a plurality of secondary cross-bar switches
805, 808, 807, etc., the primary and secondary
switches being interconnected by links or trunks
which may conveniently be designated as “A”
trunks. While different arrangements of the pri-
mary and secondary switches may be used for an
incoming frame, one suitable arrangement is
shown in Fig. 8. According to this plan,.an in-
coming frame serves one hundred incoming trunk
circuits, such as the trunk 539, and these trunks
are distributed among eight primary incoming
switches, Each of the eight primary switches
comprises ten horizontal rows of contacts and
twenty vertical rows of contacts. In each of
these switches the horizontal multiple is divided
50 as to separate the switch into two parts, the

larger part including sixteen vertical rows of

contacts and the smaller part four vertical rows.
The one hundred incoming trunks are divided
into ten groups of ten each. FEight of these
groups appear respectively in the horizontal con-
tact rows of the larger parts of the eight primary
switches. For example, the No, 0 group of trunks,
which includes the trunk 639, appears in the ten
horizontal rows of the part 811 of the No. 0 pri-
mary switch 800. The No. 3 group of trunks like-
wise appears in the part 812 of the fourth pri-
mary switch 801. Similarly, trunk groups Nos. 1
and 2 appear respectively in the corresponding
portions of the two primary switches (not shown)
Intermediate the switches 800 and 80f. It will
be noted that these first four groups of trunks
appear in & single switch each, that is, they are
not multipled from one switch to another. How-
ever, the next or No. 4 group of trunks, instead
of appearing in the larger portion of one of the
switches, is multipled to the smaller portions of
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all of the first four primary switches 808 and
881. In like manner, the remaining five groups
of incoming trunks are divided among the last
four primary switches, of which two switches
802 and 803 are shown.

"The incoming frame also includes twelve sec-
ondary cross-bar switches, each of which is di-
vided into a larger part and s smaller part of
contact rows, the larger part having sixteen ver-
tical rows and the smaller part four vertical rows,
both the larger and smaller portions having ten
horizontal rows. The primary and secondary
switches are interconnected by one hundred and
sixty “A” trunks, these trunks being divided into
ten groups of sixteen each. The first group 813
of sixteen “A” trunks appears respectively in the
sixteen vertical rows of contacts in the part 811
of the first primary switch 800, and they are
wired in such a manner that some one of the
sixteen trunks appears in each peart of all of the
secondary switches. For example, the first trunk
814 of the first group 813 appears in the first
horizontal row of the left-hand part 818 of No. 0
secondary switch 805. The second trunk appears
in the first horizontal row of the No. 1 secondary
switch- (not shown). The third trunk 816 of

. group 813 appears in the lowermost horizontal
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row of part 817 of the No. 2 secondary switch
806. The fourth trunk 818 of the group 813 is
multipled and appears in the lowermost hori-
zgontal rows of the smaller parts 819, 820 of all
of the first three secondary switches 305, 806.
It will be noted that these smaller right-hand
portions are wired in a manner similar to the wir-
ing of the primary incoming switches. This
method of wiring the several trunks of the group
813 continues throughout the secondary switches
until finally the last or sixteenth trunk 821 ap-
pears in the first horizontal row in the smaller
p:):tions of the last three secondary switches 809,
8i0. i -

In like manner, the next three groups of “A”
trunks outgoing from the left-hand parts of
the next three primary switches, the last of which
isswitch 801, extend and appear in the correspond-
ing horizontal rows of contacts of the secondary
switches. The No. 4 or fifth group of sixteen
trunks is made up of the four vertical rows of the
smaller parts 822, 823 of each of the first four
primary switches 800, 801, and this group of six-
teen “A” trunks is wired to the horizontal rows
of contacts in the secondary switches in the
manner already described. Similarly, the last five
groups of “A” trunks outgoing from the primary
switches 802, 803 are wired to the secondary
switches. The last or tenth group 824 is repre-
sented by the first and last trunks 825 and 826
of this group. The first trunk 825 of the group
appears in the first vertical row of the smaller
portion 827 of switch 802, and the last trunk 826
in the last vertical row of the right-hand por-
tion 828 of the switch 803. Thus, any group of
ten incoming trunks has access through a pri-
mary switch to all of the secondary switches.

The trunks outgoing from the secondary incom-
ing switches extend to the final switch frames.
These are called “B” trunks, and it is possible for
an incoming frame to reach any final frame over
these “B” trunks. Since there are twelve second-
ary incoming switches, each switch having twenty
vertical rows, there are a total of two hundred
and forty “B” trunks, each of which occupies a
full vertical row in a secondary switch. This
total group of two hundred and forty is divided
into twenty-four groups of ten “B” trunks each,

2,008,117

Each of these groups is méde up by taking a frunk
from each of ten successive portions of the sec-
ondary switches. In other words, if the left-

hand parts 818, 817 of the first three switches

808, 806 are designated as levels 0, 1 and 2, and if
the right-hand parts 818, 820 of these three
switches are collectively designated as level No. 3,
and if the corresponding parts of the remaining
secondary switches are likewise designated as
levels 4 to 15, inclusive, each of the twenty-four
groups of “B” trunks is derived by starting with
the first level of trunks and taking a single trunk
from each of the first ten consecutive levels for
the first group, a single trunk from. the second
ten consecutive levels for the second group, a
single trunk from each of the third consecutive
levels for the third group, and so on, repeating
the cycle until all of the two hunded and forty
trunks have been used. The first and last groups
829 and 830 are illustrated.

Any suitable number of final frames may be
employed but it will be assumed in the present
case that the office comprises twelve final frames,
one of which is shown in Fig. 11. It will further
be assumed that each incoming frame has two
groups of “B” trunks extending to each of the
twelve final frames, thereby utilizing the total
twenty-four groups.

Each final frame, such as the one shown in
Fig. 11, comprises ten primary cross-bar switches
1100, 1101, 1102, 1103, etc., each having ten hori-
zontal rows and twenty vertical rows of contacts,
and ten secondary cross-bar switches {104, 1105,
1108, 1107, etc., each having ten horizontal and
twenty vertical rows of contacts. The primary
switches are divided into two sections each. The
sections 1128, 1121, 1122, 1123 of switches 1100
to 1103 each have ten vertical rows and serve to
extend calls to all even numbered lines in the
final frame. Similarly, sections 1124, 1125, 1126,
1127 of these switches have ten vertical rows
each and serve the odd numbered lines. And
each final secondary switch has its horizontal
multiple divided into two equal sections. For in-
stance, switch 1104 has a left-hand or even sec-
tion comprising parts 1108 (5 verticals) and 1109
(6 verticals) and a right-hand or odd section
comprising parts {110 (5 verticals) and 1111 (5
verticals).

The subscribers’ lines and the private branch
exchange lines appear in the vertical rows of
contacts of the secondary final switches, each
line occupying a single vertical row of contacts
in a single switch, that is, the lines do not mul-
tiple from one switch to another. The size of
the group of lines served by a final frame may
vary according to the arrangement and number
of switches but it will be assumed in the present
disclosure that a convenient number of lines for
a final frame is two hundred lines or some mul-
tiple thereof. The two hundred lines in a final
frame are preferably divided so that the -even
and the odd lines are segregated. For example,
if the frame shown in Fig. 11 serves the number
0 and No. 1 hundreds lines of a particular
thousand in the exchange, all of the even lines
of these two hundreds appear in the left-hand
halves or even sections of the ten secondary
switches, and all of the odd lines of these two
hundreds appear in the right-hand halves or odd
sections of the secondary switches. All éven
lines of the No. 0 hundred occur in the parts
1108, 1112, 1113, 1114 of the respective secondary
switches and similarly all of the even lines of the
No. 1 hundred occur in the parts 1109, {15, 111§,
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{111, Similarly, the odd lines of the No. 0 and
No. 1 hundreds are disposed in the left and right-
hand parts of the right-hand sections of the ten
secondary switches,. More specifically, the first
ten even numbered lines, namely, lines 0 to 18,
inclusive, of the No. 0 hundred appear respective-
ly in the extreme left-hand vertical rows of the
parts 1108, 142, etc., of the ten switches 1104 to
{107. The second ten even numbered lines of
this hundred, namely, lines 20 to 38, inclustve,
appear respectively in the No. 2 vertical rows of
contacts of these parts of the ten switches 1104
to 1107, and similarly the remaining three groups
of even numbered lines of the No. 0 hundred oc-
cur in the next three vertical rows of contacts
in the respective switches. -The same is true of
the even numbered lines of the No. 1 hundred
appearing in the vertical rows of parts {108, 11§85,
{116 and ((#T of the successive secondary
switches. And the same plan is followed for the

.0dd numbered lines of the No. 0 and No. 1 hun-

dreds in the right-hand halves of the secondary
switches.

The primary and secondary switches of the
final frame are interconnected by links or trunks
All ten
of these primary switches (108 to 1103 have ac-
cess not only to all of the secondary switches but
also to the even and odd sections of these sec-
ondary switches. - For example, the even section
1120 of primary switch 1100 has ten “C” trunks
1128 outgoing therefrom which appear each in a
horizontal row of contacts in the even section of
each of the ten secondary switches., Likewise,
the even section 1121 of primary switch 1401 has
ten “C” trunks (129 which appear in the even
sections of the respective ten secondary switches,
and the same is true of the left-hand or even
sections of the remaining eight primary switches.
In other words, the left-hand sections of the
primary switches have access to the left-hand
halves of the secondary switches and, therefore,
access to all even numbered lines in the two hun-
dreds served by this .particular final frame.
Similarly, the right-hand or odd sections 1124,
1128, etc,, of the primary final switches have
access to the right-hand halves of the respective
secondary switches 1104 to 1108, etc., and, there-
fore, access to all odd numbered lines in the
frame.

Returning now to the “B” trunks which inter-
connect the incoming freme with the final
frames, there are, as above explained, two groups
of ten “B” trunks leading from a particular in-
coming frame to each of the final frames. One
of these groups of ten “B” trunks has access ul-

- timately to the even numbered lines in the final
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frame, and the other group of ten “B" trunks
has ultimate access to the odd numbered lines in
the final frame. For example, the group of ten
trunks 828 extend from the incoming secondary
switches and .appear respectively in vertical rows
of contacts in each of the ten even sections of the
final primary switches {100 to 1103. 'The second
group of ten “B” trunks 830 extend from the
incoming secondary switches and appear respec-
tively in vertical rows of contacts in the odd
sections of the ten final primary switches 1400 to
1103. Thus, the incoming frame shown in Fig. 8
has access to even numbered lines in the final
frame of Fig. 11 by way of the group 829 of “B”
trunks, and has access to the odd numbered lines
of this frame by way of the group 830 of “B”
trunks. In a similar way this particular incom-
ing frame has & corresponding pair of “B” trunk

11
groups extending to each of the remaining final
frames in the office. Also, each of the other in-

coming- frames in the office has a pair of “B” -

trunk groups extending to the primary switches
of the flnal frame shown in PFig. 11 and to the
primary switches in all other final frames in the
office, ' ’

The explanation thus far given has been based
on the assumption that a flnal frame serves a
group of two hundred lines. 'The capacity of the
final frame may be enlarged to include two or
more groups of two hundred lines by adding cor-

‘responding sets of ten secondary final switches
_and by multipling the “C” trunks outgoing from

the ten primary switches £100 to 1103 of the
frame to all sets of final secondary switches. For
example, the “C” trunks {130 extending from the
primary final switches 100, 1101 would appear in
the even sections of secondary final switches 1104
to 1107, serving a particular two hundred line,

- would appear in similar secondary switches for

another two hundred lines and so on for as many
groups of two hundred lines as are assigned to

this final frame, and the same would be true of -

all other “C” trunks.

The incoming and final selector switches which
have been described above are controlled by ter-
minating register senders and terminating mark-
ers which are generally similar to the senders
and markers previously described in connection
with the originating part of the exchange. As
disclosed in the drawings, there are thirty ter-

minating senders, such as the sender {001, and

these are automatically connected to the calling

incoming trunks by a sender selector switch and °

control circuit illustrated in Fig. 10. The sender
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selector comprises three cross-bar primary .

switches 100f, 1002, and 1003, and three cross-

bar secondary switches 1004, 1005, and 1006. -All -

these switches have ten horizontal and ten ver-
tical rows of contacts. ‘The three primary
switches have their horizontal multiple divided
in four parts, as shown, three of these parts hav-
ing three vertical rows each and the fourth part
having a single vertical row. The sender selector
1s assoclated with a particular incoming frame,
such as the frame shown in Fig. 8 and the one
hundred trunks incoming to said frame also ap-
pear in the primary switches of the sender se-
lector. These one hundred trunks are divided
into ten groups, nine of which, 1008, 1009, (010,
etc., appear in the horizontal rows of contacts of
the respective parts of the three switches having
the three vertical rows of contacts. The trunks
of the tenth group are multipled to appear in the
horizontal rows in all three of the primary
switches 1001, 1002 and 1003.

The link circuits interconnecting the primary
and secondary switches of the sender selector ap-
pear 'in the vertical rows of contacts of bhoth
primary and secondary switches. And these
links are so connected, as shown in the drawings,
that every group of ten incoming trunks has ac-
cess through a primary switch to any one of the
three secondary switches 1004, 1005, and 1006.

For example, the three links 1009, 1010, and (01

accessible to the incoming trunk group 1008 ex-
tend from the primary switch 1001 to the sec-
ondary switches (004; 1005, and 1006, respective-
ly. Each of the three secondary switches has ac-
cess to a group of ten terminating senders com-
prising thirty senders in all; any one of which is
suitable for completing the call to a desired line.

The purpose of the terminating sender is to re-
ceive that portion of the total designation. re-
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corded in the originating sender by the calling
subscriber, which identifies the called subseriber’s
line in 'the terminating office. This numerical
designation is transferred from the originating
sender 439 to the terminating sender 1007 by
means of revertive impulses. These impulses are
created by the sender 1007 and react on the send-
er 439. This general method of controlling
switches and other devices is well known in the

In addition to the terminating senders the office

is equipped with a plurality of terminating mark-
ers, one of which, marker 1300, is illustrated in
-Fig. 13. These markers receive the recorded
designation from the senders and decode this
information for the purpose.of controlling -the
incoming and final switches to establish the in-
coming connection through to the desired line.
Since the markers are common to all of the send-
ers, a sender connector device 1301 is provided
for connecting any one of the senders with any
one of the markers. This device is similar in
construction and operation to the connector
shown in Fig. 7 at the originating office.

The several incoming frames are provided re-
spectively with incoming frame connectors, the
purpose of which is to associate a marker with
the incoming frame through which it is desired
to extend an incoming call. The connector for
' the incoming frame shown in Fig. 8 comprises

the multi-contact relay device 900, shown in Fig.
9, and the multi-contact relay device 1302,
shown in Fig, 13. The device 1302 comprises a
plurality of multi-contact relays 1303, 1304, and
1308, each of. which is individual to one of the
common markers. When one of these relays is
operated, the several test and control leads from
the particular marker are extended to the multi-
contact relay device 900 relating to the particu-
lar incoming frame shown in Fig. 8. One of the
functions of the device 1302 is to extend a group
of sixteen test leads 801 from the marker to the

- contacts in multiple of ten multi-contact relays,
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of which two relays 802 and 803 are shown.
. These ten relays.are respectively individual to
the ten groups of incoming trunks, and when s
particular one of the. relays operates, it indicates
" that the incoming call is in the group of ten
trunks to which it is individual. Therefore, an
operated one of the relays 902, 903, etc., extends
the sixteen test leads 901 through its contacts to
the sixteen “A” trunks outgoing from the pri-
mary incoming switch to which the incoming call
has been extended. For instance, if the incom-

5 ing call appears on trunk 539, the relay 902 in-

dividual to the group containing trunk 539 is op-
erated, and the test leads 901 are connected to
the respective “A” trunks of the group 813 since
this group of “A” trunks and no .other can be
of service in extending the-call through the in-
coming frame,

Another function of the device 1302 is to ex-
tend from the marker the operating leads for
the four multi-contact relays 904, 905, 906, and
9071. 'These latter relays have six sets of con-
tacts each, making a total of twenty-four sets of
contacts, one for each of the groups of “B” trunks
829, 830, etc., extending from the incoming frame
shown in Fig. 8 to the twelve final frames as~
sumed for the office. Accordingly, when one of
the relays, such as the relay 904, is operated by
the digit information stored in the marker, it
prepares the test leads for the “B” trunk groups
extending to each of three different final frames.

9,098,117

Since the called line appears in a particular one

. of these three final frames, the marker also causes

the operation of one of six relays 908, 908.- The
particular one of these latter relays, such as the

relay 908, that is operated, determines not only .

that the “B” trunk group to be tested extends to
the desired final frame, but also that it extends

‘to the even or odd section of the final primary

switches according to whether the called line is
an even line or an odd line in the group of two
hundred lines.

Each of the remaining incoming frames has a
frame connector similar to that shown in Figs.
9 and 13. A portion of one of these connectors
1311, corresponding to the device 1302, is shown
for a second incoming frame.

In like manner each of the final frames is pro-
vided with a frame connector. The one for the
frame shown in Fig. 11 comprises the relay device
shown in Fig. 12 and the multi-contact relay con-
necting device 1306 shown in Fig. 13. These
final frame connectors serve to connect the
marker to the particular final frame in which
appears the called line. For this purpose, the
device 1306 consists of a number of multi-con-
tact relays 1307, 1308, 1309, each individual to a
different one of the common markers,

Inasmuch as a final frame may serve two or
more groups of two hundred lines each, the frame
connector is provided with a plurality of multi-
contact relays 1200, 1201, each individual to a
particular group of two hundred lines, and these
relays are selectively operated by the marker de-
pending on which group of two hundred is de-
sired. A two hundred line group is divided for
the purpose of testing into ten subgroups or
blocks of twenty lines each, and to this end there
are provided ten multi-contact relays 1202, 1203,
one for each of the blocks of twenty lines in the
two hundred line group. A block of twenty lines
comprises twenty consecutively numbered lines,
such as the lines 0 to 19, inclusive. As was
above explained, these lines are segregated ac-
cording to whether they are odd or even in dif-
ferent parts of the secondary final switches, The
ten even lines of block No. 1 for example, namely,
lines 0, 2, 4, 6,—18, occur in the respective sec-
tions 1108, 1112, 1113 and {114 of the ten sec-
ondary switches, and the ten odd lines of the
same block of twenty, namely, lines 1, 3, 5, 7,—19,
occur similarly in the sections 1110, 1131, etc., of
said secondary switches. Accordingly, the multi-
contact relay 1202 individual to this particular
block of twenty lines extends to the marker test
leads, such as the test lead 1204, for all twenty
lines in the block whether odd or even, and the
same, of course, is true of each of the remaining
relays, such as relay 1203, individual to the other
blocks of twenty lines.

The purpose of these test leads for the differ-
ent blocks of twenty lines is to permit testing
either of an individual line or of a group of pri-
vate branch exchange lines which may contain
twenty or more lines. If the desired number
identifies a private branch exchange line, the
testing operation is performed in a group of
twenty lines until an idle one is found, and, if no
line therein is idle, connection is made to a second
(and & third, ete.) group of twenty lines, and the
testing is resumed until an idle line is located or
until all are found to be busy. If the called num-
ber represents a direct subscriber’s line, then
twenty test leads are connected to the block of
twenty lines containing the called line, the same
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as though a private branch exchange group were

_ to be tested. However, the marker by its testing

operation detects the fact that the line desired
is a direct Hne and confines its testing operation
thereto.

If the private branch exchange line has.been
located in the group of twenty or if the direct line
has been tested and found to be idle, it is neces-
sary to prepare an operating circuit for the hold
magnet of the secondary final switch, sbme of
which magnets are indicated by the characters
1132 to 1139, inclusive. Inasmuch as the chosen
line is either in the even or odd sections of the
final switch and since the marker has this in-

formation, one or the other of the two relays 1205

and 1206 is operated from the marker. The even
relay 1206 closes the operating leads 1207 which
also extend through the contacts of the block

relay 1202 to the windings of the hold magnets’

1132, 1183, 1134, 1135, individual respectively to
the ten even numbered lines in the block of
twenty. Similarly, the odd relay 1206 connects
the same operating leads 1207 through the con-
tacts of the block relay 1202 to the windings of
the hold magnets {186, 1131, 1138, 1189, indi-
vidual respectively to the ten odd lines in the
block of twenty,

Another function of the connecting device 1308
Is to extend the operating leads to ten multi-
contact relays 4208, 1209, one for each of the
palr of “C” trunk groups which extend respec-
tively to the two sections of one of the final sec-
ondary switches. For example, the relay 1268 re-
lates to and serves to operste select magnets In
the final primary switches (100, 101, ete., for
all “C” trunks extending to the final secondary
switch 1104, Similarly, the relay 209 relates to
and serves to operate the select magnets in the
primary switches for all “C” trunks which extend
to the secondary final switch 1407. Since half
of these trunks extend to the even half of a sec-
ondary switch and the other half to the odd sec-
tion of the secondary switch, and since the called
line is in one or the other of the two halves
of the secondary switch, it is necessary to test
that half of the total group of “C” trunks reach-
ing the secondary switch which terminates in the
section containing the called line. Since this di-
vision is one between even and odd lines, the test
is confined to the proper half of the “C” trunks
by the operation of either the even relay 1218
or the odd relay 12{{. Ii will be noted that these
relays are operated in parallel with either the
even and odd relays 1205 and §286. If the even

5 relay 210 is operated, the test conductors {212,

which serve to test the “C” trunks, are connected
through the contacts of the operated relay, such
as relay 0208, to the ten “C” trunks including
trunks 1140 and {§4{ which terminate in the
even half of the final secondary switch {104.
Likewise, if the odd relay 12{{ is operated, these
test conductors {242 are connected through the
contacts of relay (208 to the ten “C” trunks
including the trunks 1142 and {143 extending to

5 the odd half of the final secondary switch £ {04,

Similarly, other final frames are equipped with
final frame connectors including relay mecha-

- nisms similar to that shown in Fig. 12 and other

relay mechanisms similar to the one, 1308, shown
in Fig. 13. A second one of these latter devices,
1310, is illustrated.

- In this way it is possible for the marker {300
to which the numerical designation of the
wanted line has been transferred to connect it-
self to the incoming frame to which the incom-

13

ing trunk has been extended, and to the final
frame containing the called line, and to asso-
ciate its test conductors with the proper group
of “A” trunks interconnecting the incoming pri-
mary and secondary switches and with the proper
group of ten “B” trunks extending from these
secondary incoming switches to the primary
fina] switches and with the proper group of ten
“C” trunks extending from these primary final
switches to the particular half of the particular
final secondary switch in which the called line
or the idle private branch exchange line hag
been located. ,

A brief description will now be given of the
sequence of operations in the completion of the
call to the subscriber’s line. At the time the
connection”was extended from the originating
office over the selected idle trunk 839, relay
mechanism individual to the trunk was caused
to operate and initiate the operation of a control
circult (not shown) assoclated with the sender
selector switch of Fig. 10. ‘The control circuit
proceeds to test the senders and links, such as
links 1009, 1010, (011, etc., and when an idle
sender and an idle link have been found, the
select and hold magnets of the primary and sec-
ondary sender selector switches are operated,

“thereby extending the incoming trunk 589
. through to an idle sender, such as the sender

1807. |
Also at this time the incoming trunk 538 causes
the operation of a relay 832 which in turn effects
the operation of the lowermost select magnets
833, 834, etc., of the first four primary incom-
ing selector switches 800, 801. Also, the relay
832 operates the multi-contact relay 802 which,

as has been explained, is individual to the group -

of ten trunks including the trunk 539 incoming
to the primary switch 808. Inasmuch as the
incoming trunk 539 is served only by the group
of sixteen “A” trunks 8{3, each one of which
appears in a corresponding horizontal row in
one of the respective secondary switches 805,
808, etc., it is possible to operate the select mag-
nets for these “A” trunks at.this time. These
select magnets 833, 834, 836, etc., are all op-
erated by reiay 802 although only one of the mag-
nets will be used. )

~ As soon as the circuits gre prepared between
the originating sender 438 and the terminating
sender {887, the numerical portion of the cailed
designation is transferred by revertive impulses
to sender {8871. 'Thereupon, the connector 381}
is operated fto connect sender 1867 to an idle
marker 1309, and the number of the called line is
then transferred to register relays in the marker,
and this information is set up on a translator.
The marker proceeds to operate the frame con-
nector {308 and 12069 relating to the final frame
containing the called subscriber’s line 1144,
From the thousands and hundreds digits stored
in the marker, it is possible for the marker to
determine the operation of the particular relay,
such as relay 1200, which identifies the group of
two hundred lines in the group of a thousand
lines which contain the called line. Following
the operation of relay 1200, the marker cq.uses
the operation of the particular block relay 11208
relating to the group of twenty lines in' the
determined group of two hundred. Test leads
are then extended to these lnes, and the par-
ticular line desired, 1144, is tested to determine

- whether it is busy or idle. Since the line (144

appears in the odd half of the final switch 1107,
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the odd relay 1206 is operated, and the operating .

lead for the hold magnet {1435 is prepared.

At about the same time, the marker institutes
the operation of the proper incoming frame con-
nector 1302, 900 and connects itself to the in-
coming frame shown in Fig. 8. Since -the call-
ing trunk 539 appears in the incoming primary
switch 800, and since only ten of the sixteen
trunks of the group 813 have ultimate access
through the secondary incoming switches to &
particular group of ten “B” trunks, such as
group 829 or group 830 to the called line in the
final frame, the marker, knowing the identity
of the called line, is able to prepare the test
circuits for the proper ten of these sixteen “A”
trunks that can possibly be used for extending
the connection. The marker also operates one
of the multi-contact relays of the device 900,
such as relay 907, and also one of the relays
908, 989, such as the relay 809, to extend the
ten test leads 910 to the particular group of ten
“B” trunks 830 over which it is possible to ex-
tend connection from this incoming frame to
the called line [144. Also, the marker 1300, by
operating the proper one of the relays 1208, 12069
and one of the relays 1210, {2i!{ (in this case
relays 1209 and i211), extends the ten test leads
§212 to the particular ten “C” trunks over which
it is possible to extend the connection through
the final primary switches to the particular sec-
ondary final switch {187 containing the called
line {i44. Relay 1208 serves to operate the select
magnets £ 146, (147, 1148, 1149 for the respective
horizontal rows in the final primary switches in
which appear the respective “C” trunks of the
group of ten that lead to the odd section of the
switch {187 containing the called line {i44. By
analyzing these circuits through the incoming
and final frames, it will be found that there are
ten separate paths over which a-connection can
possibly be extended from the incoming trunk
539 to the called line £{44, and for one of these
paths to be useable, it is necessary that all three
of its component links, trunks “A”, “B” and “C”
be simultaneously idle. Having determined an
idle path in this way, the marker first operates
a select magnet on each of the final secondary
switches, such as magnets 180, 1151, {152, 1153,
the particular magnet of switch 1107 operated
being the one individual to the particular one of
the ten “C” trunks that is chosen for use. The
marker- also proceeds to operate the necessary
hold magnets, such as magnet 836 of switch
800, magnet 837 of switch 810, and magnet 1151
of switch (103, to complete the connection
through to the called subscriber’s. line.

At the proper time, the terminating marker
1300 is released from the sender 1107, the in-
coming and final frame connectors are released,
and a signal is sent back to the originating sender
439 in the calling office to effect its release. The
talking connection is established through from
the calling to the called lines as explained, and
when the called parly answers, conversation
may ensue. At the end of the conversation, the
parties, by replacing their receivers, effect the
release of the entire connection by opening the
circuits of the hold magnets of the several
switches involved, the select magnets having
been released shortly affer the original operation
of the respective hold magnets.

Should the calling subscriber at line 200 desire
to extend a connection to a terminating office
equipped with switches of the revertive control
power-driven type, such as the well-known panel
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switches, the operations involved in sefzing the
originating sender 439, seizing an originating
marker 808, and operating the district and office
selector switches, are the same as already de-
scribed. In this case, however, a trunk 582 is
chosen at the office selector frame extending to
an incoming selector switch 553 in the office con-
taining the called subscriber’s line 558. The
switches 553 and 554 operate on the revertive
impulse principle under the control of a register
sender. Hence, these switches can be controlled
directly by the originating sender 439 which, as
has been already seen, is designed to receive re-
vertive impulses. Switches 583 and 534 are set
and the calling subscriber’s line 5§55 is rung in
the usual manner and the sender 438 is dismissed.
Release takes place when the subscribers replace
their receivers.

Thus, it is possible for a telephone area to be
comprised of some exchanges equipped with
switches of the cross-bar type and other ex-
changes equipped with switches of the revertive
control type, such as panel power-driven switches,
and calls may be extended from the cross-bar
office either to a terminating cross-bar office or
to a panel power-driven office.

Similarly, since the terminsting cross-bar send-
ers function on a revertive control basis, calls
may be completed to a subscriber in a cross-bar
office from any other type of office, manual or
dial, providing that the equipment at this latter
office is arranged to function in response to pulses
transmitted from the terminating cross-bar office.

Detailed description of .operation

Referring now to Figs. 14 and 15, there is shown
therein g subsecriber’s station 1400 together with
its associated line circuit, one set of horizontal
and vertical crosspoint contacts 1407 of the par-
ticular primary line switch to which the line con-
ductors [403 and (4084 of station (400 are con-
nected, one line link {409, one set of horizontsal
and vertical crosspoint contacts £4(0 of one of
the secondary line switches serving the primary
line switches of the group, and the line link con-
trol equipment associated with this particular
group of line switches.

As hereinbefore set forth in the general de-
scription, each line switch group consists of ten
horizontal rows or groups of primary line switch-
es, each group having any desired number of
switches in parallel. 'The control circuit is pro-
vided with ten horizontal group relays of which
four, relays 1500 to {503 inclusive, are shown.
Each of these group relays is associated with a
particuiar horizontal level or group of primary

line switches and its function is to associate the

common control equipment with the particular
horizontal level or group of primary switches
containing the primary switch in which the call-
ing line appears. A further function of the hori-
zontal group relays is to prevent the common
control circuit from serving more than one hori-
zontal group of primary switches at one time.

Subscriber initiates a call—Operation of line
switch and sender selector conirol circuits

Assuming now that a call is initiated at station
1400, line relay 1481, which is associated with the
line of that station, operates over a circuit from

battery through its winding, over the outer back

contact of the associated cut-off relay 1402, line
conductor 1403, the closed switchhook contacts
(not shown) at station 1400, line conductor 1404,
inner back contact of relay 1402, to ground, Re-
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lay 1401, in operating, operétes horizontal group.

relay 1500 which is associated with the horizon-
tal row or group of line switches containing that
switch in which the calling line appears. The
circuit for reley 15080 may be traced from ground
over the inner front contact of relay 1401, back
contact of relay 1405, conductor 1844, winding
of relay 1500, normally closed left contacts of the
other horizontal group relays such as relays {601,

1602 and 1503, conductor 1504, to battery through .

the winding of relay 1406 which also operates.
Relay 1500, operating, locks over its inner left
and inner right front contacts to ground over
conductor 1507 and the upper back contact of
relay (411. Relay 1406, in operating, operates
relay 1485 over a circuit from ground over its
lower front contact, lower middle back contact
of relay 1411, conductor 1505, next-to-inner right
front contact of relay 1500, conductor 1506, to
battery through the winding of relay 1405. The
relays, corresponding to relay 1405, associated
with each of the other primary switches in the
same horizontal group operate simultaneously
since their windings are also connected to con-
ductor 1506 as indicated by multiple strap 1426.
Relay 1405, in operating, opens the operating cir-
cuit for relay 1500, and connects ground from
the Inner front contact of relay 1401, over its
inner front contact, to the winding of relay 1412.
The operation of relay (405 also connects the
outer front contact of line relay 1401 and the
bottom armature of primary line switch hold
magnet 1415 to the outer armature of relay 1416.
As hereinbefore set forth in the general descrip-
tion, there are ten subscribers’ lines connected
to each primary switch, one line being connected
to each of the ten vertical rows of contacts of
the switch. Relay 1405, by its operation, also
connects the outer front contact of the line re-
lays (not shown) of the other nine lines of the
primary switch, together with the bottom armsa-
ture of the other nine primary switch hold mag-
nets (not shown) over nine additional armatures
such as armature 1411, to nine additional arma-
tures, such as armature 1418, of relay 1416, The
operation of the relays (not shown), correspond-
ing to relay {405, of the other primary switches
of the horizontal group similarly connect the
inner front. contacts of the ten line relays and
the bottom armatures of the ten primary switch
hold magnets, of the primary switch with which
they are associated, to the ten armatures of other
relays, corresponding to relay 1416, one of which
is associated with each vertical row of primary
switches. The ten line circuits connected to the
primary switch containing the calling line, to-
gether with the ten hold magnets associated with
the ten vertical rows of contacts to which these
lines connect, have therefore, by the operation
of horizontal group relay 1500 and the subsequent
operation of relay 1405, been connected to the
vertical group selection circuit associated with
the vertical group in which the primary switeh
appears. Similarly, the operation of each relay
(not shown), corresponding. to relay 1405, of the
other primary switches in the same horizontal
group, has connected the ten line relays and ten
hold magnet armatures of its primary switch to
the vertical group selection circuit associated with
the vertical group containing that primary switch.

Each vertical group selection circuit consists
of three relays, relays 1412, 1416, and 1419, which
are common to the switches in a particular ver-
tical row. The armatures of relay 1416 connect,
as indicated by multiple straps 1420 to 1422 in-
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clusive, to the front contacts of each of the re-
lays such as relay (405 of all primary switches in
the same vertical group. The ten armatures of
relay 1419, of which only two are shown, connect
to the windings of the ten primary switch select
magnets, such as magnet 1427, of all primary
switches in the same vertical row as indicated
by multiple straps 1428. 'The function of the

vertical group selection relays is to connect the

lines of the primary switches in any vertical
group of switches to ten line test relays, three
of which, relays 1423 to 1425, inclusive, are shown,
and also to connect the windings of the select
magnets of these primary switches to the control
circuit for future operation.

Since the operation of vertical selection relay

10

1416 connects the front contacts of ten relays -

such as relay 1405, one for each of the ten pri-
mary switches in the vertical group, to the line
test relays, it is necessary that only one relay
such as relay 1408, in any particular vertical row
of primary switches, be operated at one time, to
insure the proper functioning of the line test re-
lays In their selection of the calling line.

Assume now that at this time a second line,
associated with a primary switch in the same

vertical group of switches, but connected to a

primary switch located in a different horizontal
group, for example, the group with which hori-
zontal group relay 1501 Is associated, initiates a
call. The operation of the line relay (not shown)
of this second calling line operates relay 1501
over a circuit similar to that described for the
operation of relay 1500 except that in this case
the operating circuit extends over the back con-
tact of the primary switch relay, corresponding
to relay 1405, which is associated with the pri-
mary switch in which this second calling line is
located. The relay, corresponding to relay 1405,
of this second primary switch does not operate
at this time however, since its operating circuit
over the partially indicated conductor 1555 was
opened by the previous operation of relay 1500
over the next-to-inner right back contact of that
relay. Relay 1501 remains operated from the
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front contact of the line relay of the second call-

ing line but no further operations for associating
the lines of that horizontal group of switches with
the vertical selection relays takes place until the
control circuit releases after having disposed of
the first calling line.

When relay 1405, together with the corre-
sponding relays of the other primary switches
of the same horizontal group, operates durihg
horizontal group selection as previously set forth,
a circuit is closed from ground over the inner ar-
mature and front contact of relay (401, inner
armature and front contact of relay 1405, wind-
ing of vertical group relay 1412, normally closed
lower contacts of the vertical group relays, such
as relays 1413 and 1414, associated with the other
vertical groups of switches, to battery through
the winding of relay 1429. Relays 1412 and 1429
operate in series, relay (412 locking in a circuit
over its lower front and upper inner front con-
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tacts, lower inner back contact and armature of -

relay 1411, to ground over the lower armature
and front contact of relay 1406. Relay 1412, in
operating, removes the ground over its upper
outer back contact from the chain circuit extend-
ing .over the upper outer armature of the other
vertical group relays, such as relays 14i3 and
1414, and closes a circuit from ground over its
upper outer front contact to battery through the

_windings of relays 1416 and 1419 in parallel, these
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16

relays operating. Relay (416, in operating, closes
the circuit from the outer front contacts of the
ten line relays and the bottom armatures of the
ten hold magnets, of the primary switch con-
taining the calling line, over ten front contacts of
relays 1405 and (416, to the upper windings of
ten line test relays such as relays 1423 to (428,
inclusive.  Only one vertical selection relay, such
as relay (416, can be operated at any tithe. As
previously stated, relay (412, by its operation,
opened the ground from the upper outer arma-
tures of relays 1413 and (414 so that, should these
latter relays operate at this time due to the pres-
ence of a call in some other vertical switch of
the same horizontal group, their operation is in-
effective in operating their associated vertical
selection relay corresponding to relay (416. Had
relay 1414 bheen operated instead of relay 1412,
it would, by the opening of its lower normally
closed contacts, have opened the operating cir-
cuit for relays (412 and 1413 thereby making
these relays ineffective until the release of relay
1414 by the release of the control circuit upon the
disposal of the first call in the vertical group.
Upon the previous operation of relay (406 a
circuit was closed from ground over its lower
front contact, lower inner back contact of relay
{411, upper front contact of relay 1466, lower
inner back contact of relay (430, to battery
through the winding of relay 143i which operated
and connected ground over its front contacts to
the upper winding of each of the ten line test
relays such as the relays 1423 to 1425, inclusive.
Upon the operation of vertical selection. relay
1416, a circuit is completed from battery through
the winding of primary switch hold magnet {415
which is associated with the vertical row of con-
tacts to which the calling line connects, over the
outer front contact of line relay {481, outer front
contact of relay 1405, outer front contact of re-
lay (416, upper winding of line test relay 1423,
to ground over the front contact of relay i43f.
Relay 1423 operates but primary hold magnet
{415 does not since it does not receive sufficient
current at this time. Relay 1423, in operating,

locks in a circuit from ground over the inner

front contact of relay {429, lower armature and
back contact of relays 1425 and 1424, lower arma-
ture, front contact and lower winding of relay
1423, to battery through the winding of relay 1430
which operates. Relay 1430, in operating, opens
the operating circuit for relay 1431 which re-
leases. Relay 1431, in releasing, opens the ground
from the upper windings of the ten line test
relays.

Should there be several simultaneous calls over
the lines connected to any primary switch at
the time that the ten lines of this switch are as-
sociated with the line test relays as just de-
seribed, the separate line test relays correspond-
ing to these several calling lines will operate at
the same time. The line test relays, in this case,
will prefer and select only one of the several call-
ing lines. -Assume, for example, that both re-
lays 1423 and 1425 operate due to calls being ini-
tiated over the lines with which these two relays

 are associated. Upon the operation of relay 1430
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and the subsequent release of relay 1431, relay
1425 remains locked through its lower winding
in series with relay 1430 which it operated over
that path. Relay 1423, however, since the hold-
ing circuit through its lower winding is opened
at the lower back contact of relay 1425, releases
when the operating circuit through its upper
winding is opened by the release of relay 1431,
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The call initiated over the line with which relay
1423 is associated will not be served at this time
but must await the release of the control circuit
upon the disposal of the calling line which it pre-
ferred. For the purpose of this description, how-
ever, it is assumed that the line with which relay
1423 is associated is the only line, of the ten lines
appearing in that particular primary switch, over
which a call is being initiated.

When relay 1406 operated during horizontal
group selection as hereinbefore described, a cir-
cuit was closed from ground over the lower front
contact of relay 1486, back contact of relay 1411,
upper front contact of relay 1406, conductor 1432,
back contact of relay {508, back contact of relay
1508, to battery through the winding of relay
1510 which operated. Relay 1510, in operating,
closes a circuit from this same ground on con-
ductor 1432, over its upper front contact, to bat-
tery through the winding of rglay 1541, Relay
i511 operates and locks over its lower front con-
tact to the ground on conductor (432. Relay
{611, in operating, closes a circuit from ground
over its upper inner front contact, over conduc-
tor 1512, back contact of relay 192f, to battery
through the winding of start relay 1900 of the

" subsecriber’s sender selector control circuit shown

in part in Fig. 19, the remainder being shown in
Figs. 16 and 18, The operation of the sender
selector circuit following the closure of the oper-
ating circuit for its control circuit start relay
1900 will subsequently be set forth in detail.
When relay 1500 operated during horizontal
group selection it closed a circuit from ground
over conductor 1505, over its next-to-inner right
front contact, to battery through the winding of
relay 1513 which operated. Relay 1543 upon its
operation closed a circuit from the right winding
of relay 1514, over the next-to-inner back contact
of relay 1508, next-to-inner right front contact
of relay 1513, conductor 515, to the armature of
the secondary line which hold magnet 1433 which
is associated with that row of secondary switch
contacis to which line link 1409 is connected.
There are nine additional relays, similar to relay
1514, three of which, relays 1516 to 158, inclu-
sive, are shown. The operation of relay 1513 also
closes circuits from the right windings of each
of the aforementioned nine relays, over nine ad-
ditional back contacts (one of which is shown)
of relay 1508, over nine additional front con-
tacts (one of which is shown) of relay (513, to
the armatures of nine other secondary line switch
hold magnets (not shown), one per secondary
line switch, which are associated with vertical
rows of contacts to which the other nine line
links (not shown) from the primary line switch
horizontal group containing the calling line are
connected. Relay 1513 is individual to the pri-
mary line switch horizontal group with which
horizontal group relay 1500 is associated.
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There are nine other relays corresponding to -

relay 1513, three of which, relays (519 to 1521,
inclusive, are shown. One each of these relays
is associated with each of the nine other hori-
zontal group relays, such as relays 150t to 11503,
inclusive, and perform functions similar to g;hose
of relay 1513. Any relay, such as relay 518,
1520 or 152, when operated under control of
its associated horizontal group relay over a cir-
cuit similar to that described for the operation
of relay 1513, closes the circuits from the arma-
tures of the ten secondary line switch hold mag-
nets, one on each of the ten secondary'line
switches, which are associated with the vertical
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rows of contacts to which the ten line links, simi-
lar to line link 14089, extending from that particu-
lar horizontal primary switch group, .are con-
nected.

The armatures of crosspolnts 1410, which rep-
resent one horizontal row of contacts on one sec-
ondary line switch, connect to a district trunk
such as shown in Fig. 17 over conductors 1434
to 1831, inclusive. The two upper armatures of
crosspoints {410 also connect, over conductors
1434 and 1435, together with conductors {100 to
17104, inclusive, of the associated district trunk,
to one vertical row of contacts, represented by
the contacts of crosspoints 1800 of one of ten
primary sender selector switches. The other nine
horizontal rows of contacts (not shown) of the
same secondary line switch connect to nine other
district trunks (not shown) and, together with
these district trunks, connect to nine other verti-
cal contact rows of the same primary sender se-
lector switch in which crosspoints 1800 appear.
The ten horizontal rows of contacts of another
of the ten secondary line switches connect to ten
other district trunks located on the same district
frame and, together with these distriet trunks,
connect to the vertical rows of contacts of an-
other primary sender selector switch. The corre-
sponding horizontal rows of contacts of the two
primary sender selector switches associated with
the two groups of ten district trunks located on
the same district frame are multipled together
and extend, over ten sender links such as sender
link 1801, to one vertical row of contacts in each
half of the five secondary sender selector
switches. In a similar manner the eight remain-
ing secondary line switches (not shown) of the

line switch group are arranged in pairs, the ten
" horizontal contact rows of each pair connecting

to two groups of ten district trunks each, the
district trunks to which each pair of secondary
line switches extend being located on one of four
other district frames. The horizontal contact
rows of these eight remaining secondary line
switches also connect, together with their associ-
ated district trunks, to the vertical contact rows
of primary sender selector switches of four other
sender selector circtits.

Since each of the flve pairs of secondary line
switches connects to groups of district trunks
on separate frames, there are five district frames,
two groups of ten district trunks of each frame
serving the same line switch group. The re-
maining eight groups of ten district trunks of
each district frame serve some other, four line
switch groups. The line switch group having ac-
cess to district trunks located on five different
distriet frames, the five sender selector circuits
associated with these district frames are all

" caused to function simultaneously in connection
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with the selection of the particular district trunk
to which the calling line is to be connected. For
this purpose the line switch conftrol circuit start
relay 1511 is provided with four additional front
contacts and armatures, the front contacts being
connected to ground and the armatures extend-
ing over conductors, corresponding to conductor
1512, to the windings of the start relays, corre-
sponding to relay 1900, of each of the other four
sender selector circuits (not shown). All five
sender selector circuits function simultaneously
in an identical manner to the point where the
line switch control circuit prefers ‘a particular
group of district trunks in which to place its call
as will hereinafter be set forth, -

- 17

Each sender selector control circult is provided |

with flve group circuits, one for each' of the

groups of twenty district trunks serving a par- -

ticular line switch group. One of these group

circuits, consisting of relays 1803 to 1806, in- .

clusive, is shown and is associated with that

group of twenty. district trunks in which the
trunk shown in Fig. 17 is located. The four other
similar group circuits (not shown) are associated
with the four other groups of twenty district
trunks which are locaied on the same district
frame served by this sender selector circuit but
which connect to the secondary line switches of
four other line groups.

As hereinbefore set forth in the general de-
scription, each sender selector circuit is provided
with flve secondary sender selector switches, one
half of each of which has ten horizontal rows
of contacts which in turn connect to ten senders.
There are ten group busy relays, four of which,
relays 1901 to 1904, inclusive, are shown. Should
all ten senders of a particular group be busy
simultaneously or should the, entire group of
senders be removed from service for maintenance
purposes, the group busy relay associated with
that particular sender group operates as will
hereinafter be described.

The operation of relay 1813 having connected
the armatures of the ten secondary line switch
hold magnets associated with the ten line links
to which the primary line switch horizontal group
containing the calling line has access, to the right
windings of ten relays, such as relays 15{4 to
1518, inclusive, and the operation of the line
switch control circuit start relay 15(1 having op-
erated the flve sender selector control circult
start relays, such as relay 1900 and four similar

- relays, the sender selector circuits are now ready
to test the ten groups of district trunks to which
the horizontal rows of contacts of the ten sec-
ondary line switches, accessible over the ten
aforementioned line links, are connected, to de-
termine and thereupon inform the line switch
control circuit which of these groups of district
trunks contain one or more idle trunks and have
simultaneously at least one path over an idle
sender link, such as link 1801, to an idle sender
circuit. Should more than one group of district
trunks satisfy these aforementioned tests, the
line switch control circuit, upon receiving this in-
formation, prefers one of the groups, causes the
other line groups associated with the district

" frame containing the preferred group of trunks to.

be locked out of the sender. selector circuit, and
removes the test from the groups of district
trunks located on the other four district frames.
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The manner in which these tests and selections *

are made in one of the sender selector circuits is

set forth in detail in the succeeding paragraphs.’

The right end of the right winding of relay
1514 connects over the outer armature and back
contact of relay 1522 and over conductor | 523
to the front contact of relay 1806. 'The right
end of the right winding of relay 1516 connects
over the next-to-outer back contact of relay 1522
and over conductor 1524 to the armature of re-
lay 1803. The right end of the right windings
of relays 15171 and 1518 connect over the next-
to-inner and the inner back contacts respective-
ly of relay 1525 and over conductors 1526 and
18217, respectively, to the front contact and to the
armature respectively of relays (not shown)
which correspond to relays 1806 and 1803 and
which are associated with a sender selector con~
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trol circuit serving some other district frame.
In a similar manner, as indicated by the partially
shown conductors at the lower three armatures
and back contacts of relay 1522 and the upper
three armatures and back contacts of relay (528,
the right windings of -the other six relays (riot
shown) which are similar to relays 15i4 to 1518,
inclusive, connect to relays which correspond to
relays 1803 and (806 of the sender selector con-
trol circuits associated with three other district
frames. ) .

One side of the windings of relays 1804 and
18085 are connected together and extend, through
the normally closed contacts of jack 1807, over
conductor 1808 and over the next-to-inner front
contact of relay 1900 fo the upper outer back
contact of each of the ten sender group busy
relays such as relays 1801 to 1904, inclusive. As

" hereinbefore set forth, each sender selector con-

trol circuit has five group circuits composed of
relays, such as relays (803 {o 1806, inclusive, one
for each of the five groups of twenty trunks on
the district frame which it serves. The windings
of each of the other four pairs of relays (not
shown) corresponding to relays (804 and 1809,
are similarly connected together and extend over
one of four additional armatures and front con-
tacts of relay 1908, as indicated by the inner
armature and front contact, to one of four ad-
ditional upper back contacts of the sender group
busy relays 186f to 1904, inclusive, as indicated
by the upper inner back contact and armature
of these relays. ‘The upper outer armature of
relay 1904 connects over conductor- 1805 to the
armature of sender selector secondary switch hold
magnet 1809 which is associated with that row
of secondary switch contacts to which sender
lIink 1801 is connected. The other four upper
armatures of relay 1901, one of which is shown,
together with the five upper armatures of relay
1802, connect over the partially indicated conduc-~
tors extending from them, to the armatures of
nine other sender selector secondary switch hold
magnets, similar to magnet {809, which are as-
sociated with the rows of secondary switch con-
tacts to which nine other sender links are con-
nected. The ten upper armatures of each of
the other four pairs of sender group relays, sim-
ilar to relays 1901 and 802, such as the pair con-
sisting of relays (903 and 1904, connect to the
armatures of ten other sender selector secondary
switch hold magnets, similar to hold magnet
1809, one on each half of each of the secondary
sender selector switches.

Assuming now that sender link 1881 is not in
use and that its associated sender selector sec-
ondary switch hold magnet 1809 is therefore not
operated, ground over the inner back 'contact
and armature of hold magnet 1889 is connected

.to the windings of relays 1804 and 1805 over a

previously traced circuit. Any other unoperated
sender selector secondary switch hold magnet
associated with an idle sender link extending
from the same sender selector primary switch
also connects ground, over identical eircuits, to
the windings of relays 1804 and (805. Similarly,
unoperated sender selector secondary switch hold
magnets associated with sender links extending
from other sender selector primary switches con-
nect ground to the windings of relays corre-
sponding to relays 1804 and 1805 which are as-
sociated with other groups of district trunks con-
necting to other primary sender selector switches
and therefore having access to these other sender
links. :
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District group has more thanoneidle trunk
The windings of relays {808 and 1888 are con-

nected.in series and connect to ten resistances,

such as resistance {8(8, six of which are shown.
The other. side of each of these resistances is as-
sociated with one of the ten district trunks which
connect to the same sender  selector primary
switch. For example, resistance 1818 connects
over the back contact of sender selector primary
switch hold magnet (811 and over conductor i704,
over the normally closed contacts of jack 17085,
lower inner back contact of relay 1706,lowerouter
back contact of relay (787, to battery through
resistance 1768. The other nine resistances con-
nect over conductors; such as 1812 to 1814, in-
clustve, over the back contacts of the other nine

‘hold magnets of the same primary sender se-

lector switch, to battery in each of nine other
district trunks over circuits similar to that just
traced for resistance 18{8. The windings of re-
lays 1803 and 1804 are also connected in series
and connect, over conductor 1815, to ten resist-

_ances (not shown) each of which extends through

the lower contact of a primary sender selector
switch hold magnet, similar to magnet 1811, to
one of ten other district trunks.. Each idle dis-
trict trunk of the group, since its relays 1706 and
1707 are unoperated, supplies battery over the
previously traced circuit to one of the ten re-
sistances, such as resistance 1810, associated with
that group of districts. Relays (803 and 1806
have marginal operating characteristics and will
receive sufficient operating current only if two
or more district trunks of a group are idle and

supply battery to - their respective resistances.

Relays 1804 and 1805, however, receive sufficient

operating current if only one district trunk of a’

group is idle. Assuming now that the district
trunk shown in Fig. 17, as well as some other
trunk in the same group, is idle, both relays 1805
and (806 operate. Relay 1806, in operating,
closes a circuit from battery through resistance
1811, over its front contact and over conductor
1523 to the right winding of relay {5i4. Relay
1805 in operating, closes a circuit from battery
through resistance 816 and over its right front
contact and conductor 1818, to the outer front
contact of relay 1522. Should only one district
trunk be idle, relay 1805 operates but relay (806
does not since it receives an insufficient flow of
current through its winding. In the event that
none of the district trunks of the group are idle,
neither relay 1805 nor relay (806 will operate
since there is no battery connected to any of the
resistances such as resistance 1810. Relays 1803
and 1804 operate over a circuit similar to that
described for relays 1806 and 1805, respectively;

_both relays operating if two or more of their as-

sociated district trunks are idle, but only relay
1804 operating if but one district trunk is idle.
Relay 1804, if operating, connects battery through
resistance 1819, over its left front contact, and
over conductor 1829 to the next-to-outer front
contact of relay 1522. Relay (803, if operating,
connects battery through resistance 1828, over
its front contact, over conductor 1524, over the
next-to-outer back contact of relay 1522, to the
right winding of relay 1516.

Since the operating ground for relays {803 to
{806, inclusive, is obtained over the armatures
and back contacts of the sender selector second-
ary switch hold magnets, sich as magnet 1809,
which are associated with the ten sender links,
such as lnk 1801, to which the two groups of
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district trunks with ‘Which- relays 1803 to 1806,
inclusive, are associated connect, relays 1803 to
1808, inclusive, cannot operate unless there is
at least one sender selector secondary switch hold
magnet unoperated and thereby signifies that its
assoclated sender link is idle. In addition, each
of the circuits for supplying an operating ground
to relays 1803 to 1808, inclustve, from the arma-
ture of a hold magnet on each of the sender
selector” secondary switches extends over a cor-
responding upper armature and back contact of
one of the ten sender group busy relays stuch as
relays 1901 to 1904, inclusive. Taking sender
group busy relay 1901, for example, should all ten
senders of the group associated therewith be
busy simultaneously, the last sender of the group,
In 8 manner which will be set forth in detail un-
der the description of the operation of the sender,
capses a ground to be connected to conductor
1806. This ground operates relay 1901 in a di-
rect circuit to battery through the winding'.of
that relay. Relay 1961 will also operate upon the
connection of ground to conductor 1908 by the
insertion of a plug (not shown) into jack 1807
which is done if it is desired to remove the par~
ticular sender group from service for saainte-
nance reasons. With relay 1901 operated under
either of the above conditions the operating path
for relays 1803 to 1806, Inclusive, to the arma-
tures. of the sender selector secondary switch
hold magnets associated with the sender links
having access to the group of senders associated
with relay 1801, is opened and is ineffective even
though the particular sender link is idle at that
time.

From the foregoing description it may there-
fore be seen that a sender selector group relay,
such as relay 1806, can only operate and connect
battery to the right winding of 'its associated line
switch group relay, such as relay 1514, when all
<f three separate test conditions are satisfied,
namely, that at least one district trunk of the
group with which that sender selector group re-
lay is associated,. is idle, and that there is at
least one available idle sender link, such as link
1801, which extends from the primary sender
selector switch to which the group of district
trunks connect to s sender selector secondary
switch which in turn has access to an idle sender
at that time.

Operations similar to those set forth in the
preceding paragraphs take blace simultaneously
in the other four sender selector circuits asso-
clated with the other four district frames to
which the horizontal rows of contacts of each of
the other four pairs of secondary line switches of
the line switch group are connected, .

As hereinbefore set forth, the operation of re-
lay 1513, closed circuits previously traced from
the left end of the right windings of ten relays
such as relays {5i4 to 1518, inclusive, to the
armatures of the ten secondary line switch hold
magnets such as magnet 1433, associated with
the ten line links extending from the primary
line switch group containing the calling line,.
Assuming that line link 1409 is idle, relay 1514
operates through its right winding from ground

over the back contact of secondary line switch

hold magnet {433 to battery over the right front
contact of relay (886 over previously traced’ cir-
cuits. Similarly, any of the other nine relays,
of which relays i5(6 to 1518, Inclusive, are shown,
will also operate if the secondary line switch

hold magnet to which one side of their right

windings connect is idle and if battery is con-

nected to the other side of their right windings
from an operated sender selector group relay
such as relay 1803, or relays corresponding to re-
lays 1803 or (808, of the sender selector control
circults associated with other district frames, .

Relays 1628 and 1520 are two of flve relays one
of which is associated ‘with each pair of line
switch group relays such as relays 1544 and 1516
and relays 1517 and 1518, respectively. The line
switch control circuilts of other groups of line
switches having access to the same district frames
also have five relays corresponding to relays 1528
to 1830. Partially shown relay §531 represents
8 relay corresponding to relay )
other line switch control circuit. Conductor
1532 represents the continuation of the chain
circuit extending over the normally closed con-
tacts of the make-before-break'sprlngs of re-
lays 1528 and 1531
windings, of relays similar to relay 1531, in the
other line switch control circuits whose second-
ary line switches have access to the same group
of district trunks. In a like manner the other
four relays of each line switch control circuit
which are similar to relay 1328; such as relay
1530, are also connected in &-chain circutt (not
shown) with the corresponding relay of the other
line switch control circuits the secondary switch-
es of which have accéss to the same district trunk
group., -

Upon the operation of relay 1514, previous-
ly assumed, a cireuit is -closed from battery
through resistance 1529, right outer front con-
tact of relay 1500, left outer front contact of re-
lay 1514, to .
lay 1628 which operates, The operating . circuits
for relays 1528 and 1530 and the three other simi-
lar relays (not shown) of each line switch con-.
trol efrcuit extend in a chain circuit over the left
outer front and back contacts and armatures of
the relays such as relays 1514 to 1518 inclusive,
in such a manner that one relay such as relay
1528 or 1530 can operate at any one time re-

gardless of the number of relays such as relays

1504 to 1518, inclusive, which may operate simul:
taneously. In addition, this chain circuit pro-

vides a preference as to which relay, such as re- -

lays 1528 and 1530, operates, the particular relay
preferred depending upon the horizontal group in
which the calling line appears.
since the calling line is assumed to be located in
the horizontal line group with which relay 1500
Is associated, relay 1500 operated and upon the
Subsequent operation of relay 1514 the preferred
relay 1528 operates over the circuit Just previous-

ly traced regardless of whether or not other.

relays, such as relays 1517 and 1518 are also op-
erated at this time. Assuming that both relays
16514 and (517 are operated, relay (530 cannot
operate since its operating circuit is open at the
left back contact of relay 1514, Had relay 1511
alone operated and not delay {514, relay 1528 which
Is normally preferred by relay 1500 cannot op-
erate since both relays 1514 and 1516 are unop-
erated. In this instance relay 1530 would op-
erate in a circuit from ground through its wind-
ing, left outer front contact of relay 1511, left
outer back contacts of relays 1518 and 1514, right
outer front contact of relay 1500, to battery
through resistance 1529. In this manner a par-
ticular horizontal group relay such as relay 1500
prefers a particular relay such as relay 1528
but, should the operating bath thereto be incom-
plete due to the failure of relay 1514 to operate,
will cause the operation; of some other relay,

19
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ground through the winding of re- -

For. illustration, 5

o

10

to the identical contacts and .

25

30

a9

60




10

15

20

25

30

35

40

45

50

55

60

65

70

. operating,

20

such as relay {830, provided some other relay,
such as relay 6t1, is operated indicating avail-
able idle district trunks fn the group with which
it is assoclated. o

Relay (528, in operating, removes the ground
over its back contact from the aforementioned
chain circuit extending through corresponding
relays of other line groups ‘thereby preventing
the possible operation of & relay, such as relay
(831, of some other line switch control circuit
whose assoclated secondary line switches extend
to the same twenty district trunks as the second-
ary line switches with which relays 1614 and {818
are associated. The operation .of relay 1828 also
closes & circuit from ground over its inner front
contact, over conductor 1833, through the left
winding of relay 1808, to battery over the right
back contact of relay 1809, thereby operating
relay 1808, There are four other relays similar
to relay 1908, one of which, relay 1819, is shown.
The left windings of each of these other four
relays, such as relay 810, connect to the inner
front contact of one of the other four relays,
such as relays 1§28 or {530 of some other line
switch control circuit. Any or all of these five
relays, such as relays 1908 and 1818, may operate
at the same time depending upon whether or not
the relays such as relays 1528 and 1538 of other
line switch control circuits are operated at this
same time. The locking and holding circuit
through the right windings of relays 1808 and
1810 and the three similar relays (not shown)
extends over a chain circuit through the back
contacts of the first four relays, such as relay
1910, to battery through the winding of relay
(909. In the event that more than one of the
relays 1908 and 1818 operate, only one will lock
since it opens the holding circuit for the others.
For example, should both relays 1908 and 1940
operate, only relay {910 will lock since the lock-
ing circuit for relay 1908 is open at the right
inner back contact of relay 1910. It will be as-
sumed for this description, however, that only
relay (908 operates over the circuit hereinbefore
set forth. Relay 1908, in operating, locks from
ground on conductor 1533, through its.right wind-
ing and over its right inner front contact, over
the right inner back contact of the other four
similar relays, such as represented by relay 1910,
to battery through the winding of relay 909
which operates. Assuming that relay 1901 is the
only unoperated sender group busy relay at this
time, relay 1809, in operating, closes a circuit
from ground over the inner back contact and ar-
mature of sender selector secondary switch hold
magnet (809 which is associated with idle sender
link 1801, over conductor 1905, upper outer back
contact of relay 1901, right outer front contact
of relay (908, right outer back contact of the
other four relays such as relay 1910, left outer
front contact of relay 1909, left outer back con-
tacts of relays such as relay 1910, left outer front
contact of relay (908, conductor 1811, an outer
front contact of relay 1528, to the left winding of
all of the line switch control circuit group relays
1514 to 1518, inclusive, and to battery through the
winding of relay 1508 which operates. Relay isi4
locks from this ground just traced, through its
left winding and left inner front contact, over
the right inner front contact of relay 1513, to
battery through resistance t534. Relay 1508, in
opens the operating circuit through
the right windings of relays | 514 to 1518, inclu-

76 sive, and closes an obvious circuit for operating

‘that the district trunk
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relay 1538, Upon the opening of their operating
eircuits, any of the relays 1616 to (818, inclusive,
which may have been operated, release since the
locking circuit through their left windings is
opened due to relays 18519 to - 1521 being unoper-

locking circuit of relay {811 which releases. Re-
lay 1814, in releasing, releases relay 1510 and
removes the ground from sender selector start
conductor 1612 and from the four simflar start
conductors (not shown) which extend to the
other four sender selector clrcuits. Start relay
1900 remains locked operated in a circuit from
battery through its winding, over the back con-
tact of relay 1921, its own next-to-outer front
contact, right outer back contact. of relay 18180,
right outer front contact of relay {908, upper
outer back conta.ct of relay 1901, conductor 1988,
to ground over the back contact of the sender
selector secondary switch hold magnet 1809, The
start relays, corresponding to relay 1900, of the
other four sender selector circuits release, how-
ever, since their group relays, corresponding to
relay L 908, remain unoperated due to the fact
that only relay {528 and no other similar relay
of the same line switch control circuit, such a8
relay 1530, is operated. The release of these
other four sender selector start relays removes
the test from the district groups with which they
are associated and these sender selector circuits
are therefore restored to normal. With relays
1535 and (514 operated, a circuit is completed
from ground over the lower front contact of relay

1835, the right inner front contact of relay 1514,.

and over conductor 536 to the sender selector
control circuit to inform that circuit which group
of ten district trunks has been chosen by the
line link control circuit. The operation of the
sender selector control circuit upon the placing
of ground on conductor {536 will later be set
forth in detail.

District group has only one idle trunk

In the foregoing description it was assumed
that in the group of ten district trunks with
which relays 1805 and 1806 are associated there
was more than one idle district trunk having an
available path to an idle sender. Both relays
1805 and 1806 therefore operated, and relay 1806
connected battery to conductor 1523 to operate
relay (514 in the manner hereinbefore set forth.
Let it now be assumed instead that at the time
groups accessible over the
secondary line switches of the line group con-
taining the calling line are tested for idle trunks
none of these district groups has more than one
idle trunk. In this instance, since at least two
idle district trunks per group are necessary to
provide a sufficient flow of current for operating
their associated marginal sender selector group
circuit relays, neither relay 1803 nor relay 1806,
nor the corresponding relays of the group circuits
of the other sender selector control circuits asso-

. ciated with the other district frames, operate.

None of the relays 1514 to 1518, inclusive, there-
fore operate at this time since there is no bat-
tery on conductors 1523, 1524, 1526, and {5271.
Although no district group has two idle trunks,
let it be assumed further, for illustration, that
one trunk is available in each of the groups with
which relays 1803 to 1806, inclusive, are asso-

,ated. The operation of relay 1508 also opens the
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the outer and the next-to-outer front contacts

of relay 1522 over previously traced circuits. In

addition, relay 1508 operates in a circuit from
battery through its winding, over the upper mid-
dle front contact of relay 1511, over conductor

- 1831, to a ground supplied jointly, in this in-

stance, over the right inner front contact of re-
lay 1804 and the left outer front contact of relay
1805. Should group relays corresponding to re-
lays 1804 and 1805, of sender selector circuits
assoclated with other district frames also oper-
ate at this time due to finding one idle trunk in
their associated district group, they also con-
nect ground to conductor {537, as indicated by
the extended conductor 1830 and multiple strap
1831. Relay 1509, in operating, opens the circuit
through the winding of relay 1510 which re-
leases. Upon the release of relay 1510, relays
1622 and 1525 operate from battery through
their windings in multiple, over the lower back
contact of relay 1510, front contact of relay
1509, outer back contact of reldy 1508, conductor
1432, upper front contact of relay 1406, upper in-
ner front contact of relay 1412, inner front con-
tact of relay 1405, to ground over vhe inner front
contact of line relay 1401. Relays 1522 and 1525,
in operating, transfer the right end of the right
windings of each of the ten relays such as relays
1514 to 1518, inclusive, from the conductors ex-
tending to the armatures and front contacts, re-
spectively, of marginal relays 1803 to 1806 and
of the corresponding marginal relays of the
sender selector circuits associated with the other
district frames to which the same line group
secondary line switches have access, to the left
armatures and right front contacts, respectively,
of relays 1804 and {805 and of the corresponding
relays of the other sender selector control cir-
ciuits. Assuming that line link 1409 is idle, sec-
ondary line switch hold magnet 1433 therefore
being unoperated, relay (514 operates in s circuit
from ground over the back contsct of magnet
1433, over conductor 1515, right middle front con-
tact of relay 1513, middle back contact of relay
1508, right winding of relay 15i4, outer front
contact of relay 1522, conductor 1818, right front
contact of relay 1805, to battery through re-
sistance 1816, Similarly, any of the other relays,
such as relays 1516 to 1518, inclusive, whose asso-~
clated secondary line switch hold magnet is un-
operated indicating an idle line link, and to whose
right winding a battery potential is connected
by an operated sender selector group relay such
as relay (804 or 1805, or a relay corresponding
thereto, also operates. Relay 15{4, in operating,

 functions in the manner previously described,
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operating relay (528 which in turn operates re-
lays 1908 and 1909. Relay 1508 which operates
under control of relay 1808 opens the circuit
through the right windings of relays 1516 to | 518,
any or all of which, if .operated, release. Relay
1508, in operating, also operates relay 1535 which
in turn causes the release of relays 1511 and 1509
in that order, and connects ground $o eonductor
1536, the function of which will shortly be de-
scribed. Relay 1509, in releasing, releases relays
1522 and 1525, Relay {509 is of the slow-to-
operate type and relay I15i0 is of the slow-to-
release type and provide a sufficient delay inter-
val before closing the operating circuit for relays

1522 and 1525, to allow the line group relays, .

such as relays 1514 to 1518, inclusive, to operate
over their regular circuits which extend over the
back contacts of relays {522 and 1525 to the ar-
matures and contacts of the marginal sender se-

21

lector group relays such as relays 1803 and 1808

which, if operated, indicate more than one idle
district trunk, before transferring the right wind-

ings of relays 1514 to 1518, inclusive, to their re-

serve circuits extending over the front contacts
of relays 1522 and 1525 to the armatures and
contacts of relays such as relays {804 and 1805,
which, if operated alone, indicate only one idle
district trunk. For example, the operating cir-
cult for relay 1509 is closed over conductor 1537
from the left outer front contact of relay 1805
whether relay (805 operates alone upon finding
only one idle district trunk, or whether relays
1805 and (806 both operate due to several district
trunks being idle. Where both relays (805 and
1806 operate, the call is to be placed in that
group of district trunks and it is therefore not
desired to operate relays 1522 and (525, Relay
1514, upon operating over its regular circuit over
the outer back contact of relay 1522 and conduc-
tor 1523 to battery over the front contact of relay
1806, as hereinbefore set forth in the first illus-
tration covering the instance where group re-
lays 1805 and 1806 both operated upon finding
several of their associated district trunks idle,
operated relay I1528. Relay 1528 operated relays
1908 and 1989 which in turn returned a ground

“over conductor 1811 thereby locking relay 1514

and operating relay {508, as previously de-
scribed. Relay 1508, upon operating, removes
the ground supplied over conductor 1432 and its
outer back contact, from the armatures of relays
1509 and 1511 before the slow-to-operate relay
1509 and the slow-to-release relay 1510 can func-
tion to complete the operating circuits for relays
1522 and 1525.

The operation of relays I15{4 and (535, under
elther of the conditions set forth in the preced-
ing paragraphs, causes the operation of primary
line switch select magnet 1427 in g circuit which
may be traced from ground through the winding
of that magnet, over the outer front contact of
relay 1419, conductor 1438, right outer front con-
tact of relay 1514, upper inner front contact of
relay 1535, conductor 1538, to battery over the
lower outer back contact of relay {411,

Repeated trials by line-switch control circuit

As previously set forth, relays 1508 and 1514 are
held operated over conductor 1911 by a ground
supplied over a circuit extending over the upper
outer back contact of relay 1901, which is as-
sumed to be the only unoperated sender group
busy relay at this time. Since all sender selector
circuits have access to all sender groups some
other sender selector circuit or circuits, function-
ing slightly earlier in connection with some other
call or calls, may select the only remaining idle
senders of the group associated with relay 1901

before the sender selector circuit whose operation

is being described can function to select an idle
sender for itself in a manner which will be set
forth later. Under this condition the sender
group busy relay 801 operates and opens the
ground from conductor 191 thereby releasing re-
lays 1508 and 1514 of the line switch contro] cir-
cuit and also opening the holding circuit for the
sender selector start relay 1900 which also re-
leases. The release of relay {514 releases relay
{528 which, in turn, removes the ground from
conductor 1533 thereby releasing relays 1908 and
1909 and restoring the sender selector cireuit to
its normal condition. The release of relay 1508
again closes the circuits to the right windings of
relays §514 to I518 inclusive, and also releases
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relay 1535. Relay 1808, in releasing, also again
operates relay 1510 over a previously traced cir-
cuit. The operation of relay 1510 again operates
relay 1511 which connects ground to the sender
selector start conductor 1612 as well as to four
similar start conductors (not shown) which ex-
tend to four other sender selector circuits. The
line switch and sender selector circuits function
from this point in a manner identical with that
described for their original operation, the same
or one of the other four sender selector circuits
being selected, depending upon the conditions en-
countered during the testing of the various dis-
trict trunk groups.

The winding of secondary line switch select
magnet 1439, in multiple with the winding of the
corresponding select magnet (not shown) of the
other secondary line switch connecting to the
same two groups of district trunks as indicated
by multiple strap 1441, connects over conductor
1440, the outer front contact of relay 1528, and
over conductor 1539 to the upper outer front con-
tact of relay 1832. Similarly, the windings of the
other nine select magnets (not shown) of the
same secondary line switch on which select mag-
net 1439 is located slso connect, in multiple with
the corresponding select magnets of the other
secondary line switch, over nine other conductors
such as conductor (442, over nine other front
contacts of relay 1528, such as the next-to-outer
front contact, and over nine other conductors
such as conductor 1540, to nine other upper front
contacts, such as the inner front contact, of relay
{832. Each of the ten upper armatures of relay
1832, two of which are shown, connect over con-
ductors such as 1833 and 1834 to the right inner
front contact of one of ten district selecting re-
lays, four of which, relays 2100 to 2103, are shown.
The back contacts of each of the ten sender se-
lector secondary switch hold magnets, such as

magnet (809, which are associated with the ten -

sender links, such as link (801, to which the
chosen group of district trunks has access, con-
nect to one of ten lower armatures, four of which
are shown, of relay 1832. The lower inner front
contact of relay 1832 connects to the left end
of the right winding of a sender group relay 1913,
which is associated with that group of senders

which connect to the sender selector secondary
switch on which hold magnet 1809 is located, over

a circuit extending over conductor 1835, over the
lower back contact of sender group busy relay
1904 which is also associated with the same group
of senders, over the outer back contact of relay
1911, to the right winding of relay {1913. The
other nine lower front contacts of relay 1832,
three of which are shown, connect to the right
windings of nine other sender group relays, such
as relays 1914 to 1816, inclusive, over similar cir-
cuits but in each case extending aver the lower
back contact of the particular sender group busy
relay, such as relays 1802 to 1904, inclusive, which
is associated with the group of senders connecting
to the other sender selector secondary switches.
When relays 1908 and 1909 operated, as herein-
before set forth, the same. ground previously
traced to conductor 1911 also caused relay 1832
to operate in a circuit over the left inner front
contact of relay 1908, over conductor 1912, to

"battery through:the winding of relay 1832. Re-

lay 1832, in operating, connected the windings of
the secondary line switch select magnets, such as
magnet 1439, to the right inner front contacts of
relays 2100 to 2103, inclusive, and connected the
back contacts of the sender selector secondary

2,008,117

switch hold magnets, such as magnet 1809, to the
right windings of sender group relays 1913 to 1816,
inclusive, over circuits which have just previous-
1y been traced.

When relay 1900 operated initially it closed & -

cireuit from battery through resistance 1918, over
its left outer front contact, conductor 1919, wind-
ing of relay 1600, to ground over the lower back
contact of relay 1601, Relay 1600 operated over
this circuit and closed the circuit from ground
over its upper front contact, over conductor 1602,
left back contact of relay 2104, conductor 2105,
to battery through the winding of relay 1920
which operated. When relay 1909 operated in
serles with the right winding of relay 1908, as
previously described, it caused relay 1921 to oper-
ate in a circuit from battery through the winding
of that relay, over the left front contact of relay
1920, right front contact of relay 1909, to the
previously traced ground on conductor 1602, In
addition, the operation of relay 1909 also con-
nected direct battery over its left inner front con-
tact to conductor 1919 thereby holding relay 1600
operated independently of the control of relay
i900. Relay 1921, in operating, locks over its
inner front contact to ground on conductor 1602,
opens the circuit to the winding of relay 1900
which releases, and connects ground over its
middle front contact and over conductor 1922 to
the common point of the resistances, such as re-
sistance 1810, which are associated with the ten
district trunks of the chosen group. Relay 1900,
in releasing, opens one side of the operating cir-
cuit for relays 1803 to 1806 inclusive, as well as for
the other four corresponding sets of group relays
associated with this sender selector circuit, and,
since none of these relays can now operate, causes
this sender selector circuit to test busy at this
time to all line link circuits which have access
to it.

Trunks of district group tested

The sender selector control circuit is provided
with ten district group relays, four of which, re-
lays 2106 to 2108 inclusive, are shown. The func-
tion of these district group relays is to connect a
test conductor from each of the ten district trunks
with which they are associated to the right wihd-
ings of each of the ten district selecting relays

2100 to 2103 inclusive. At the time that relays.

{514 and 1535 operated, upon the selection of the
particular group of district trunks in which the
call is to be placed, a ground was connected to
conductor 1536 as hereinbefore set forth. This
ground connects over conductor 1536 to the wind-
ing of district group relay 2106 whieh is asso-
ciated with the selected group of district trunks.

When relay 1900 releases, as aforementioned, a

circuit is completed from battery through resist-
ance 1918, over the back contact of relay 1800,
over conductor 2110, and through the winding of
relay 2106 to ground on conductor 1536, thereby
causing relay 2106 to operate. Relay 2106, in
operating, closes ten test conductors, one from
each of the ten district trunks of the group with
which it is associated, over its ten upper front
contacts and armatures, two of which are shown,
to theupper end of the right windings of the dis-
trict selecting relays 2100 to 2103, inclusive. Any
or all of relays 2100 to 2103, inclusive, operate if
the district trunk with which they are asso-
ciated at this time is idle. For illustration, as-
suming that the district trunk shown in Fig. 17
is idle, district selecting relay 2100 operates over
8 circult from battery through resistance 1708,
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lower outer back contact of relay 1707, lower in-
ner back contact of relay 1708, normally closed
contacts of jack 1708, conductor 1704, back con-
tact of sender selector primary switch hold mag-
net 1811, conductor 1836, upper outer front con-
tact of relay 2106, right winding of relay 2100, to
ground over the left inner back contact of relay
2104. Relay 2106, upon its previous operation,
operated relay 21 (1 In & local circuit, Relay 2100,
In operating locks  over a circuit from battery
through the winding of relay 2104, left winding
and left front contact of relay 2100, inner front
contact of relay 2111, conductor 21 12, to ground
over the next to inner front contact of relay 1528.
Relay 2104 operates in series with the left wind-
ing of relay 2100 and removes the operating
ground from the right windings of relays 2100 to
2103, inclusive, thereby releasing any operated
relays 2101 to 2103, inclusive, relay 2100 remain-
Ing locked over the circuit.just traced. Relay
2104, in operating, also operates relay 2113 in a
local circuit. Relay 2113, in operating, com-
Dletes a circuit from battery over its front con-
tact, over the right inner back contacts of relays
2103, 2102 and 2101, right inner front contact of
relay 2100, conductor 1833, upper outer front con-
tact of relay 1832, conductor 1539, outer front
contact of relay 1528, conductor 1440, to ground
through the winding of secondary line switch
select magnet 1439 which operates. -

As previously set forth, the operation of relay
1832, connects the back contacts of ten sender
selector secondary switch hold magnets, such as
magnet 1809, to one end of the right windings
of ten sender group relays, such as relays 1913
to. 1916, inclusive. The other side of the right
winding of relay 1813 is connected over the in-
ner armature and back contact of -relay 1923 and
over the lower outer back contact of relay 1925
to the front contact of relay 1926, The other
side of the right windings of the other nine sender
group relays, such as relays i914 to 1916, inclu-
sive, connect over other armatures and back con-
tacts of relays 1923 and- 1924, over. the lower
outer back contacts of nine other relays corre-
sponding to relay 1925, to the front contact of
nine other relays corresponding to relay 1926,
there being two relays, such as 1925 and 1926
associated with each group of ten senders.

Senders tested

When relay 1600 previously operated, it con-
nected ground over its lower front contact and
over conductor 1603 to the winding of relay 1926
and to the windings of the corresponding relays
of other sender groups as indicated by multiple
strap 1927. The other side of the winding of
each relay, such as relay 1926, connects, over the
upper armatures and back contacts of g relay,
such as relay 1925, to one end of the right wind-
ings of ten sender selecting relays, four of which,
relays 1928 to 1931, are shown, one of which is

~ associated with each sender of the group. Any
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sender which is idle connects battery to the other
end of the right winding of its associated select-
ing relay, over conductors, such as 1932 and 1933.
The manner in which the sender returns this
battery to the sender seleetor circuit will be de-
scribed in detail under the operation of the
sender. With ground connected to its winding
over conductor 1603, relay 1926 will operate if two
or more relays, such as relays 1928 to {931 inclu-
sive, have battery connected to their right wind-
ings by associated idle senders. Should only one
sender of the group be idle and therefore battery

-of the sender group relay,

23

connected to the right winding of only one of
the sender selecting relays of the group, relay
1928 will not receive sufficient current to operate.
Similarly, relays corresponding to relay (928, of
other sender groups, will also operate if two or
more senders of the sender group with which
they are associated are idle. Assuming that two
senders of the group with which relay 1928 is
associated are idle, relay 1926 operates and con-
nects battery over its front contact and over a
previously traced circuit to the right winding of
sender group relay 1913. Any other relay corre-
sponding to relay 1926 which may operate, sim-
Hlarly connects battery to the right winding of
one of the other sender group relays, such as
relays 1914 to 1916 inclusive. Should none of the
ten groups of senders have at least two idle send-
ers, none of the group test relays, such as relay
1926, will operate and there will therefore be no
battery connected to the right winding of any of
the sender group relays 1913 to 191 6, inclusive.
Relay 2104, previously operating at the comple-
tion of the selection of a particular district trunk
opened the circuit over its left back contact to the
winding of relay 1920. Relay (920, which is of
the slow-to-release type, releases after an inter-

-val, and closes a circuit from ground over the-

right front contact of relay 2104, over conductor
2114, right back contact of relay 1920, to battery
through the windings of relay (923 and 1924 in
parallel, thereby operating both relays 1928 and
1924. Relays 1928 and {924, in operating, trans-
fer the right end of the right windings. of the
sender group relays 1918 to 181§ inclusive, from
the contacts of the relays, such as relay 1926, to
the lower inner back contacts of the relays, such
as relay 1925. Unless held busy by some other
sender selector circuit, as will be brought out
In subsequent paragraphs, the relays, such as re-
lay 1925, will be unoperated and therefore con-
nect battery over their lower inner back con-
tacts, and a front contact of relay (928 or 1924
as the case may be, to the right windings of re-
lays 1913 to 1918, inclusive. The battery sup-
plied over the back contact of relay 1925 in this
latter instance merely indicates that the asso-
clated group of senders is not being held busy by
some other sender selector circuit but does not
Indicate that there are any idle senders in that
group. Should all senders in that particular
group be busy at that time, the group busy relay
1801 will be operated, as previously explained, and
by the opening of its lower back contact, renders
the operating circuit through the right winding
_ such as relay 1913,
ineffective even though battery is connected to
the other side of that winding. The interval in-
troduced by the slow release characteristic of re-
lay 1920 is provided to allow sufficient time for
any of the sender group relays 1913 to 1916 in-
clusive, to operate over their regular paths ex-
tending to the front contacts of relays, such as
relay 1926, before transfe 'ing their right wind-
ings to the reserve path extending to the lower
inner back contacts of relays, such as relay 1925,
by the operation .of relays 1923 and 1924,
Assuming now that relay 1926 operates, signi-
fying at least two idle senders in its associated
sender group, Telay 1943 operates in a circuit
from ground over the back contact of sender se-
lector secondary switch hold magnet 1809 which
is unoperated since it was previously assumed
that its associated sender link 1801 is idle, over
the lower inner front contact of relay 1832, con-
ductor 1835, lower back contact of sender group
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busy relay 1901 which is unoperated since it is
assumed that there are at least two idle senders
in its associated group, over the outer back con-
tact of relay 1917, right winding of relay 1913,
inner back contact of relay 1923, which, together
with relay 1924, is still unoperated since relay
1920 has not yet had time to release, and over
the lower outer back contact of relay 19285, to bat-
tery over the front contact of relay 1926. “Other
sender group relays, such as relays 1914 to 1916
inclusive, may also operate simultaneously if
conditions similar to those just described for re-
lay 1913 obtain. Relay 1913, in operating, oper-
ates relay 1934 in g circuit which may be traced
from battery over the lower outer front contact
of relay 2106, conductor 2115, front contact of
relay 1813, winding of relay 1934, normally closed
right contacts of relays 1935 to 1931, inclusive, to
ground. Relay 1934, in operating, locks to ground
over its right front contact, and closes & locking
circuit for relay 1913 from ground over its left
{nner front contact, left winding of relay 1913, to
battery through the winding of relay 1917 which
also operates. Relay 19171, in operating, opens
the circuit to the right windings of relays 1913
to 1918, inclusive, any of which, if operated. re-
lease with the exception of relay 1913 which is
locked through its left winding. Relay 1928
operates in a circuit from battery through its
winding, over the left outer front contact of relay
1934, to ground over the inner front contact of
relay 1911 and, since its operation opens the cir-
cuit to the winding of relay 1926 and also re-
moves the battery from the inner front contact

5 of relay 1923, causes the group of senders with

which it is associated to test busy to all sender
selector circuits. .

There are nine additional relays correspond-
ing to relay 1934, three of which, relays 1835 to
1931, inclusive, are shown, one each of which is
assoclated with each of the ten sender group
relays such as relays 1813 to 1916, inclusive. As
hereinbefore set forth, at the time that relay 1913
operates, other sender group relays, such as re-
may also operate.
Regardless of the number of sender group relays
which may operate, only one relay such as relay
1934 can operate at a time since the operation
of the particular sender group relay, in closing
the circuit for its associated relay, such as relay
1934, simultaneously opens the operating circuit
for the other relays such as relays 1935 to 1937,
inclusive. For example, assume that at the time
that sender group relay 1913 operates, relay 1914
also operates. Relay 1914, in operating, closes a

_ eircuit from ground through the normallv closed

60
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right contacts of relays 1937 and 1936, winding
of relay 1935, front contact of relay 1914, con-
ductor 1939, to the lower outer front contact of
district group relay 2107 which, however, is un-
operated since relay 2106 is operated. - With re-
lays 2106 and 1913 operated, relay 1934 operates
to battery over conductor 2115 as hereinbefore
set forth. Had relay (913 not operated, relay
1935 instead of relay 1934 would then operate to
the previously traced battery on conductor 21185,
over a circuit extending over the armature and

' back contact of relay 1813, the back contacts of

relays 1916 and 1915, respectively, and over the
front contact of the operated relay {9i4. In this
manner a particular group of distriet trunks al-
ways prefers a particular group of senders al-
though if, as has just been brought out, the
preferred sender group is busy or has no idle
sender as indicated by the fallure of its sender

2,008,117

group relay, such as relay 1918, to operate, any
other available sender group will be used.

When relay 1925 operated upon the operation
of relays 1817 and 1934, as previously described,
it opened the circuit extending from ground on
conductor 1603, through the winding of relay
1926, and over its upper back contact to the right
windings of sender selecting relays 1928 to 1931,
inclusive. With relays 1917 and 1934 operated, a
cireuit s closed from ground over the upper front
contact of relay 1917, left middle front contact
of relay 1934, to battery through the winding of
relay 1938 which operates. Relay 1938, in oper-
ating, connects ground supplied over the two up-
per back contacts of relay (940, over two of its
front contacts, to one end of the right windings
of the sender selecting relays 1928 to 1931, in-
clusive. Relay 1938 also operates sender selector
primary switch select magnet 1831, together with
the cerresponding select magnet of the other
sender selector primary switches, as indicated
by multiple strap 1838, in a circuit from ground
over its outer front contact, over conductor 1841,
to battery through the windings of these mag-
nets. The winding of sender selector secondary
switech select magnet (839, together with the

.windings of the corresponding select magnets of

the other sender selector secondary switches, as
indicated by multiple strap 1840, connect over
conductor 1841 and over the next-to-outer frornt
contact of relay 1938, to the right outer front
contact of sender selecting relay 1828. Similarly,
the right outer front contacts of the other sender
selecting relays, such as relays 1929 to 193f, in-
clustve, connect over other front contacts of relay
1838, such as indicated by conductor 1942, to the
windings of other corresponding select magnets
of the sender selector secondary switches. Relay
1938 also closes the circuits over conductors 1943
to 1852, inclusive, the function of which will later
be described under the operation of the sender.
When ground is connected to the right wind-
ings of relays 1928 to 1931, inclusive, as previously
described, those relays whose associated sender
is idle, operate, since battery {s connected to the
other end of their right windings over conductors
1932 and 1933 as hereinbefore set forth. Assum-
ing that the sender associated with relay 1928 is
idle, relay 1928 operates through its right wind-

_ing and locks in a circuit from ground through

its left winding and over its left front contact,
s front contact of relay 1938, conductor 1353,
right outer front contact of the operated district
selecting relay 2100, right outer back contacts of
relays 2101 to 2103, inclusive, conductor 2116, to
battery through the winding of relay {940 which
operates. Relay 1940 opens the operating ground
from the windings of relays 1928 to 1931, inclusive,
thereby releasing any of these relays which may
have operated with the exception of relay 1928
which remains locked over the circuit just traced.
The locking circuit for the sender selecting re-
lays 1928 to 1931, inclusive, is extended over a
chain circuit through the left contacts and arma-
tures of these relays in such a manner as to. give
preference to a particular sender in accordance
with the particular chosen district trunk. For il-
lustration, assume that relay 1931 operated at
the same time as relay 1928. Relay 1931, upon
its operation, closes a circuit from ground over its
left winding and left front contact, over a front
contact of relay 1938, over the partially shown
conductor 1954, to the right outer front contact
of district selecting relay 2103 as indicated by the
extension of conductor 1954 which is shown con-
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nected to that contact. Since relay 2100 is oper-

ated, as previously set forth, and since only one -

district selecting relay can operate at a time,
relay 2108 is therefore unoperated and the locking
5 circult for relay 83f is incomplete. Relay 1981
will release as soon as the operation of relay 1940
opens the operating circuit through its right
winding. Should the sender preferred by a par-
ticular district trunk be unavailable, as indicated

10 by the failure of its assoclated sender selecting
relay to operate, some other available sender will
be selected. For example, with district selecting
relay 2109 operated, assume that sender selecting
relay §98¢ operates and that sender selecting re-

15 1ay 1928, which is assoclated with the sender pre-
ferred by the district trunk with which relay 2000
Is assoclated, does not operate. Relay 1931, upon
operating, locks in a circuit from ground through
its left winding and over its left front contact,

20 over the left back contact of the unoperated relay
1928, & front contact of relay 938, to battery
through the winding of relay 1940 over a previ-
ously traced circuit extending over tle right outer
front contact of relay 2100. Under this condi-

25 tlon, relay 1940 would operate in series with the
left winding of relay 1931 and would function in
the same manner as hereinbefore set forth for its
?peration in series with the left winding of relay

928, : .

30 The sender with which relay 1928 is associated
heving now begn selected by the operation of relay
§828, as set forth in the preceding paragraph, a
circuit is completed to operate the sender selector
secondary switch select magnets associated with

35 the horizontal row of contacts to which this sender

is connected. This circuit may be traced from
.ground over the upper inner front contact of re-
lay 940, over the inner front contact of relay
1938, right outer back contacts ‘of relays 1931,
40 1980, and 1928, right outer front contact of relay
1828, next-to-outer front contact of relay 1938,
conductor 1841, to battery through the winding
- of select magnet {839. As Indicated by multiple
strap 1840, the select magnets corresponding to
45 magnet 1838, of the other sender selector sec-
ondary switches, also operate at this time,

Primary and seconddry line switch and primary
sender selector switch operated

50 At the time that relay 1600 operated it closed
a circuit from ground over its upper front con-
tact and over the upper back contact of relay
t6p1, to battery through the winding of relay
{604 which operated. When relay 1940 operated

55 In series with sender selecting relay 1928 as an
indication that sender selection was completed,
it closed a circuit from ground over its lower
{ront contact, and over conductor 1955, to bat-
tery through the winding of relay 1601 which

60 operated. Relay 1601, in operating, closes a cir-
cuit from ground over its upper front contact,
upper outer front contact of relay 1604, upper
inper back contact of relay | 605, back contact
of relay 1606, conductor 1607, s front contact of

85 relay {328, conductor 1540, upper back contacts

of relays 1425 and 1424, upper front contact of
Telay 1423, outer front contact of relay 1416, outer
front contact of relay 1405, outer front contact
of line relay 4401, to battery through the wind-
70 Ing of primary line switch hold magnet {4i5
which operates. Primary line switch select mag-
net 1427 having previously operated upon the
operation of relay 1535 at the completion of dis~
trict group selection, the operation of hold mag-
75 net 1415 causes the cross-point contacts 1407 of

25
the primary Iine switch to operate. Primary line
switch hold magnet 1415, in operating, immedi-
ately locks over its lower front contact and ar-
mature to its previously traced operating ground.
This locking circuit extends directly over the g
outer armature of relay 1405 and is therefore no
longer under control of the outer front contact-
of relay 1401. Cut-off relay 1402 operates from -
battery through its winding to the same ground
which operated magnet 1415, over the inner front 10
contact of that magnet. Relay 1402, in operat-
ing, removes the ground, and the battery through
the winding of line relay 1401, from lne con-
ductors 1404 and (403, respectively, thereby caus-
ing line relay 1401 to release. Cross-point con- 15
tacts (407 having operated, the secondary line
switch hold magnet 1433 which is associated with
that vertical row of secondary line switch con-
tacts to which line link 1409 is multipled now
operates in a circuit from battery- through its g9
winding, over the next-to-bottom conductor of
line link 1409, next-to-bottom operated contact

of cross-points 1407, lower inner front contact
of magnet 1415, to the ground which was previ-
ously traced to the winding of magnet 1415, Sec- 25
ondary line switch select magnet 1439 having
been previously overated at the completion of
district trunk selection by the operation of re-
lays 2100 and 2113, the operation of secondary
Hine switch hold magnet 1433 causes cross-point 30
contacts 1410 of the secondary line switch to
operate. Cross-point contacts 1410 having oper-
ated, the sender selector primary switch hold
magnet 1811, which is associated with the ver-
tical row of contacts to which the chosen district 35
trunk connects, operates in a circuit from bat-
tery through its winding, over conductor 1700,
upper outer back contact of relay 1709, lower
inner back contact of relay 1707, back contact of
relay 1710 in parallel with the upper outer back 40
contact of relay 1711, over conductor 1436, next-
to-bottom operated contact of cross-points 1410,

to the same ground which was extended from
the winding of primary line switch hold magnet
1415 to operate the secondary line switch hold 46
magnet 1433.

Sender selector secondary switch operated

Sender selector primary switch select magnet
1831 having been previously operated by the 50
operation of relay 1938 at the completion of .
sender group selection, the operation of sender
selector primary switch hold magnet 1811 causes .
cross-point contacts 1800 to operate. Cross-point
contacts 1800 having opetrated, the sender selec- 65
tor secondary switch hold magnet 1809, which
is associated with the row of sender selector sec-
ondary switch contacts to which sender link 1801
is multipled, now operates in 2 circuit from bat-
tery through its winding, over one of the con- 60
ductors of sender link {801, and over an oper-
ated contact of cross-points 1800, to the same
ground which was traced .to the winding of mag-
net i8{{. Sender selector secondary switch select
magnet 1839 having been previously operated 65
upon the operation of relays 1928 and 1930 at
the completion of the selection of the particular
sender, the operation of hold magnet 1809 causes
cross-point contacts 1802 of the sender selector
secondary switch to operate. 70

With cross-points 1407 and 1410 of the primary
and secondary line switches, respectively, and
cross-points 1800 and 1802 of the sender selector
primary and secondary switches, respectively,
operated, the calling subscriber’s line is now ex~ 74
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tended to the district trunk and to the subscrib-
er's sender which have been selected to handle
this particular call. The line conductors 1403
and 1404 of the calling station 1400 extend over
the two uppermost contacts of primary line
switch cross-points 1407, over the two uppermost
conductors of line link 1408, the two uppermost
contacts of secondary line switch cross-points
1410, conductors 1434 and 1435, to the upper
inner and upper next-to-inner front contacts of
relay 1707 of the selected district trunk shown
in Fig. 17, and also, over the two uppermost con-
tacts of sender selector primary switch cross-
points 1800, over the two uppermost conductors
of sender link 1801, the two uppermost contacts
of sender selector secondary switch cross-points
1862, and to the selected stibscriber’s sender over
conductors. 1822 and 1823. Conductors 1700 to
{704, inclusive, of the selected district trunk are
extended over the four lowermost contacts of the
operated sender selector primary switch cross-
points 1800, over the four lowermost conductors
of sender link 1801, over the four lowermost
contacts of the operated sender selector sec-
ondary switch cross-points 1802 to the selected
subscriber’s sender over conductors 1824 to 1821,
inclusive, respectively. The previous operation of
relay 1938 closed conductors {943 to 1952, inclu-
sive, which are common to the group of senders
containing the selected sender, as indicated by
the multiple strap associated with each of these
conductors, to various points in the line switch
and sender selector control circuits. The points
to which. these aforementioned conductors con-
nect, as well as the functions which they control,
will later be described in detail under the oper-
ation of the sender.

Trouble conditions

Upon the operation of sender selector second-
ary switch cross-points {802, the operating
ground which was traced to the winding of the
associated hold magnet £809 is extended over one
of the operated contacts of cross-points 1802, and
over conductor 1824, to the sender cireuit which
functions in a manner later to be set forth and
returns a ground over conductor {950. This
ground on conductor {950 extends over a front
contact of relay 1938, over conductor 1956, to
battery through the upper winding of relay 1605,
which operates. Relay 1605, in operating, re-
moves the short circuit from the winding of re-
lay 1608. Relay 1608 operates in a circuit from
ground over the front contact of relay 1601,
winding of relay 1608, back contact of relay 1606,
conductor 1607, and over a previously traced cir-
cuit to battery through the winding of the pri-
mary line switch hold magnef 1415, which holds
in series with relay 1608. Relay 1608, in operat-
ing, operates relay 1608 in a circuit from battery
over the front contact of relay 1608, winding of
relay 1609, to ground over the upper front con-
tact of relay 1600. Relay 1609, in operating,
closes a ground over its lower outer front contact,
over the lower middle front contact of relay 1605,
conductor 1610, a front contact of relay 1938, to
the sender circuit over conductor 1951. This
ground on conductor 1851 is an indication to the
sender that the circuit over which the ground is
supplied to the primary line switch hold magnet
is continuous. When relay 1601 operated to close
the ground to the winding of primary switch hold
magnet 1415, it also opened the circuit through
the winding of relay 1604 which is of the slow-to-
release type. Assuming now that the circuit

2,008,117

from ground over the upper front contact of re-
lay 1801 to primary line switch hold magnet 1418
is open at some point, magnet 1415 fails to oper-
ate and consequently the hold magnet 1333 of the
secondary line switch and hold magnets 1811 and
1809 of the sender selector primary and second-
ary switches, respectively, also fail to operate
since the operating circuit for each of these hold
magnets is extended only upon the operation of
the cross-points of the preceding switch. Under
this condition, since the cross-points of the
switches are not closed, no ground is connected
over conductor 1824 to the sender circuit and the
sender, therefore, does not return & ground over
conductor 1850 to operate relay 1605, Slow-to-
release relay 1604 releases after an interval and
operates relay 1606 in a circuit from battery over
the back eontact of relay 1608, winding of relay
{606, lower oufer back contact of relay (609,
upper outer back contact of relay (605, outer
back contact of relay 1604, to ground over the
upper front contact of relay 160f. Relay 1606, in
operating, operates relay {6il in a circuit from
battery through the winding of that relay, lower
front contact of relay 1606, back contact of re-
lay 1612, to ground over the upper front contact
of relay 1600. Relay 1641, in operating, locks
over its inner front contact to ground over the
lower outer back contact of relay 1609, upper
outer back contact of relay 1605, upper outer back
contact of relay 1604 and upper front contact of
relay 160i. Relay (611 also operates relay 1642
in a circuit from this locking ground on its inner
armature, over its inner front contact, over the
upper front contact of relay 1606, to battery
through the winding of relay 16(2. Relay 1612,
in operating, closes a circuit from the ground just
traced to its winding, over its inner and outer
front contacts, outer front contact of relay 1611,
conductor 1613, a front contact of relay 1528,
conductor 1541, outer front contact of relay 1429,
outer front contact of relay 1430, to battery
through the winding of the line switch control
circuit release relay 1411 which operates. Re-
1ay 1411, in operating, causes the line switch con-
trol circuit to release, in a manner which will
later be described in detail, since the connection
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of the calling line to the district trunk and the -

sender cannot be established due to the failure
of the primary line switch hold magnet {415 to
operate. The slow-to-release characteristic of
relay 1604 intreduces a sufficient delay before its
closure of -the operating circuit for relay 1606 to
allow relays 1605, 1608 and 1609 to operate, in
the manner hereinbefore set forth, should the op-
eration of the hold magnets of the several afore-
mentioned switches take place in the usual
manner. .

Should a false ground be present on the circuit
extending from the upper front contact of relay
{601 to the winding of the primary line switch
hold magnet 1415, the operation of the line
switch and sender selector circuit proceeds to the
completion of the sender selection in the regular
manner as hereinbefore set forth. Upon the
completion of sender selection, relay 1940 oper-
ates and closes a previously traced circuit for
operating relay 1601 of the line switch control
circuit. Relay (601, in operating, connects

ground to one side of the winding of relay 1608 7

and also connects ground over a previously traced
cireuit to conductor 1607. Relay 1601, in operat-
ing, also opens the circuit through the winding of
the slow-to-release relay 1604. The false ground
to the winding of primary line switch hold mag-
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net 1415 having caused that magnet to operate
before the operating circult for select magnet
1427 was closed, the primary line switch cross-
points 1407 cannot operate since it is necessary
Tor a select magnet to operate before a hold mag-
net. Cross-points 1407 failing to operate, the
cross-points of the secondary line switch and the
sender selector primary and secondary switches
cannot operate since the operating circuit for the
hold magnet of these switches is under control of
cross-points of the preceding switch. Due to the
failure of sender selector secondary switch cross-
points 1802 to operate, no ground is extended
over .conductor 1824 to the sender, and the
sender, therefore, does not return a ground over
conductor 1850 to operate relay 1605. When re-
lay 1604 releases after an intervsal, the circuit
through its winding having previously been
opened by the operation of relay 1601, it closes
an operating circuit for relay 1608. This circuit
may be traced from ground over the upper front
contact of relay 1601, outer back contact of relay
1604, upper outer back contact of relay 1605, low-
er outer back contact of relay 1609, winding of

relay 1606, to battery over the back contact of

relay 1608. Relay 1612 now operates from bat-
tery through its winding, over the upper front
contact of relay 1606, over conductor 1607 to the
false ground on the circuit extending to the wind-
Ing of primary lne switch hold magnet (415,
Relay 1612, in operating, closes a circuit from
the false ground just traced to its winding, over
its inner and outer front contacts, over the back
contact of relay {6il, to battery through the
winding of alarm relay 1614, which operates.
Relay 1614, in operating, lights alarm lamp 1615
and operates trouble register 1616 in local cir-
cults. In addition, relay 1614, closes a circuit
from ground over its next-to-inner front con-
tact, upper outer back contacts of relays 1604
and {605, and lower outer back contact of relay
1609, to the winding of relay 1606 thereby locking
relay 1606. Relay 1612, therefore, remains oper-
ated and maintains the alarm indication until
the false ground is cleared,

After cross-points (407, 1410, 1860 and 1802
have operated, should the conductor which ex-
tends the operating ground from' the primary

- line switch hold magnet {415 to the hold magnet
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and over an operated contact of the cross-points
of each succeeding switch become crossed, due to
a trouble condition, with the corresponding
grounded conductor extending over some . other
cross-point contact over which another calling
connection has been established, the circuit func-
tions as hereinbefore described for a normal call
up to and including the operating of relay 1608
by the ground which the sender returns over con-
ductor 1950. Relay 1605, in operating, removes
the short-circuit over its upper outer back con-
tact from the winding of relay 1608, -Relay 1608
does not operate in series with hold magnet {415
as on a normal connection, however, as it re-
mains short-circuited by the aforementioned
crossed trouble ground which extends from the
sleeve conductor, over the front contact and
armature of primary line switch hold magnet
1418, over a previously traced circuit to conductor
16017, back contact of relay 1606, to one side of
the winding of relay 1608, the other side of that
winding having ground connected to it over the
upper front contact of relay 1601. Relay 1604,
the circuit through its winding having been
opened when relay 1601 previously operated, re~
leases after an interval and operates relay 1612
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in.a circuit from battery throuéh the winding of
that relay, over the lower inner back contact of

relay 1609, upper outer front contact of relay.

1605, outer back contact of relay 1604, to ground
over the upper front contact of relay 1601. Relay
1612, in -operating, closes the circult from the
ground just traced to its winding, over 1its fnner
and outer front contacts, back contact of relay

1611, to battery through the winding of alarm re- -

lay 1614 which operates, lighting alarm lamp 1845
and closing the circuit through the winding of
trouble register 1616.

Upon the closure of cross-points 1401, 1410, 1800
and 1802 and the resultant extension of the tip
and ring conductors of the calling line to the
sender circuit over conductors 1822 and 1823, as
hereinbefore set forth, the sender circuit, in a
manner which will later be described in detail,
recognizes its connection to the calling line and,
provided that ground has also been connected to
the sender over conductor 1951, thereby indicat-
ing that the operating circuit to the proper pri-
mary line switch hold magnet was established,
the sender returns a ground on conductor 1952,
This ground extends over a front contact of relay
1938, over conductor 1957, lower outer front con-
tact of relay 1605, conductor 1613, a front contact
of relay 1528, conductor 1541, outer front con-
tact of relay 1429, outer front contact of relay
1430, to battery through the winding of the line
switch control circuit release relay 141! which
operates. Relay (411, in operating, causes the
line switch control circuit and, in turn, the
sender selector control circuit, to release in g
manner which will later be described in detail.

~Should the sender find the loop to the sub-

scriber’s station open due to the failure of any of
the cross-point contacts in the connection to
close, or due to the subscriber having replaced his
receiver on the switch-hook prior to this time,
the sender does not return ground to conductor
1952 to cause the normal release of the line
switch and sender selector control circuit. The
sender now functions, in a manner later to be
described, and returns a. battery over conductor
1949, This battery exiends over a front contact
of relay 1938, conductor 1958, upper inner front
contact of relay (605, inner back contact of

Telay 1604 which released after an interval fol-

lowing the opening of its operating circuit by the
previous operation of relay 1601, and over the
upper outer front contact of relay 1609 to ground
through the winding of trouble release register
1617. Register 1617 operates to record this trouble
release condition and closes a circuit from ground
over its front contact to conductor 1613 and over
the previously traced circuit to battery through

‘the winding of the line switch controi circuit

release relay 1411 which operates and causes the
line switch and sender selector circuit to release.

When relay {600 operates at the time that
the sender selector circuit is initially engaged,
it closes a circuit from_ground over its upper
froent contact to the armature of interrupter

1618. The cam of interrupter 16¢8 rotates con- -

tinuously and causes the armature to contact
the left and right contacts of the interrupter at
spaced intervals determined by the speed of
rotation of that cam. Upon the first closure of its
left front contact, the ground just traced to the
armature of interrupter 168 is closed ‘over that
left contact to battery through the winding of
relay 1619. Relay 1619, in operating, locks over
its left front contact directly to ground over the

10

15

20

25

30

35

40

45

50

55

80

65

70

75




10

15

20

25

28

upper front contact of relay 1600, and closes &

circuit from battery through the winding of relay -

1614, over its right front contact, to the right
contact of interrupter {6{8. When, after an inter-
val, the cam of interrupter 1618 disengages from
the armature and the armature contacts the
right contact, relay 1814 operates to the ground
over the upper front contact of relay i600. Re-
lay 1614, in operating, closes circuits to light
alarm lamp 1615 and operate trouble register
1616. The speed of rotation of the cam of inter-
rupter 1618 is such that the measured interval
between the operation of relay 1600 and the
operation of relay 1614 is of sufficlent duration
to allow the sender selector circuit to perform its
functions in establishing a normal connection
before the alarm is brought in. It is only when
a call is blocked and the sender selector circuit
fails to operate relay 160, that the slow-to-
release relay 1600 remains operated for a suf-
ficient length of time for relay 1614 to operate,
under the control of interrupter 1618, and bring
in the alarm. Relay 1614, when operated, also
closes a circuit from the operating ground traced
to its winding, over its right inner front contact,
over conductor 1620, to battery through the wind-
ing of relay 1921 thereby holding relay 1921
operated as long as the call is blocked. Relay
1921, remaining operated, holds the sender se-
lector busy since it holds open the operating
circuit for the sender selector start relay 1900.

The line switch control circuit is provided with -

an overflow register 1543 which registers the
number of half second intervals which elapse
between the time that the line switch control
circuit starts to function and the time that the
selection of the district trunk group is completed.

" When line switch control circuit start relay 1511
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operates upon the initiation of a call, as herein-
before set forth, it closes & circuit from battery
through the winding of overflow register 1543,
over its upper outer front contact and conductor
{544 to the right front contact of relay 1445, At
that time a circuit is also closed from ground
over the inner front contact of line relay 1401,
inner front contact of relay 1405, upper inner
front contact of relay (412, upper front contact
of relay 1406, conductor 1432, outer back contact
of relay 1508, lower armature and front contact
of relay 1511, conductor 1545 to the left armatures
of relays 1445 and 1446 and fo the armature of
interrupter 1447, The cam of interrupter (447
rotates at a speed of approximately once per half
second, closing and opening both its left and
right contacts during that interval. With
ground on the armature of interrupter 1441, as
just described, the first closure of the left con-
tact of the interrupter causes relay 1446 to oper-
ate. Relay (446, in operating, locks over its left
front contact to ground on conductor 1545, and
closes the circuit from battery through the wind-
ing of relay 1445, and over its right front con-
tact, to the right contact of the interrupter.
When the interrupter 1447 functions and trans-
fers its armature from its left to its right contact,
relay 1445 operates and locks over its left front
contact to ground on conductor {545. With re-
lay 1445 operated, the next closure of the left
contact of the interrupter completes the operat-
ing circuit through the winding of overflow reg-
ister 1543 which operates. Subsequent openings
and closures of the left contact of interrupter
1447 release and reoperate register i543 as long
as relays (445 and 1446 remain locked to the
ground on conductor 1545. As ‘previously set

2,008,117 o

forth, the ground -on conductor 1848 is supplied
under control of & back contact_of relay 1508
which operates upon the completion of district
group selection. Register (543, therefore, does
not operate if district group _selection is com-
pleted before interrupter {447 has caused relays
{445 and 1446 to operate and close the circuit
from the. left contact of the interrupter to the
winding of register 1543. Register 1543 records
only the fact that some calls in the entire line
switch group with which the line switch control
circuit is associated require more than the meas-
ured time before being connected to a group of
district trunks. If specific information is desired
as to which horizontal group of line switches of
the line switch group are originating traffic suffi-
cient to cause register 1543 to operate, this infor-
mation may be obtained by connecting a register
similar to register 1543, to the conductor con-
necting to the left front contact of the relays
such as relays 1513, 1518, 1520 and 1521. Each
of these aforementioned relays is associated with
each particular horizontal group relay and oper-
ates under control of that relay. For example,
relay 1518 is associated with and operates under
control of horizontal group relay 1600, and a reg-
ister connected to the left front contact of relay
1513 would therefore operate in multiple with
register 1543 and would record only those opera-
tions which are caused by & call originating in the
horizontal line switch group with which relay
1500 is associated. v

When relay 1406 of the line switch control cir-
cuit operates upon the initiation of & call as here-
inbefore set forth, it closes a circuit from ground
over its lower front contact to the armature of

interrupter (448 and to the left armatures of

relays 1448 and 1450. Upon the first closure of
the left contact of interrupter 1448, relay 1448
operates in a circuit over the right back contact
of relay 1450. Relay 1449, in operating, locks
over its left front contact and closes & circuit
from battery through the winding of relay 1450,
over its right front contact, to the right contact
of interrupter 1448, When interrupter 1448 now
functions and closes its right contact, relay 1450
operates and locks over its left front contact.
Relay [450, in operating, lights alarm lamp 1481
in a local circuit and closes a circuit from the
previously traced ground to the left armature of
relay 1449, over the left front contact of that
relay, right inner front contact of relay (450,
closed contact of key 1452, to battery through the

‘winding of the line switch control circuit release

relay I411 which operates and causes the line
switech control circuit and, in turn, the sender
selector to release in a manner which will later
be described in detail. During the release of the
line switch control circuit, relay 1406 releases
thereby releasing relays 1448 and 1450 and ex-
tinguishing the alarm lamp 1451.
rotation of the cam of interrupter 1447 is such
that approximately six seconds are required from
the time that relay 1406 operates and grounds
the armature of the interrupter until relay 1430
operates and lights the alarm lamp and closes the
operating circuit for release relay 141i. On a
normal connection the line switch control circuit
releases in the regular manner in less than this
six-second interval and it is therefore only a con-
nection on which a call is blocked that the alarm
lamp 1451 is Hghted and that the line switch
control circuit is released by the operation of
relay 1450. If, due to recurrent alarm indica-
tions, it is desired to check the condition which is
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causing the alarm, key 1452 is operated. Upon
the following blocked call condition, interrupter
{447 and relays 1449 and 1450 function as before
and cause alarm lamp 1451 to light. Since key
14562 is operated, however, the operation of relay
1450 does not operate release relay 1411 and the
line switch control circuit does not release. The
trouble condition is therefore held until such time
as key 14562 is restored to normal thereby per-
mitting relay [41{ to operate.

Class of service indications

The subscribers’ lines are so located in the va-
rious horizontal groups of line switches that all
the lines appearing in any horizontal group re-
quire the same class of service. The right next-
to-outer front contact of the horizontal group re-
Iays, such as relay 1500, connect to one of ten
terminals, such as terminal 1546. Each of these

ten terminals is in turn connected to one of four -

class of service terminals, such as terminal 1541,
depending upon the class of service required by
the line located in the horizontal group with
which that particular horizontal group relay is
assoclated. Class of service terminal 1547 extends

over g front contact of relay 1528, conductor -
1551, and a front contact of relay 1938, to the-

sender over conductor {945, Similarly, the other

three class of service terminals 1548, 1549, and.

1550 extend over other front contacts of relay
1528, over three conductors 1552, 1553, and 1554,
respectively, and over three other front contacts
of relay 1938, to the sender over conductors 1946,
1947 and 1948, respectively, The operation of any
horizontal group relay, such as relay 1500, con-
nects ground over its right next-to-outer front
contact, over one of the ten terminals such as
terminal 1546, over one of the four class of serv-
ice terminals, to the sender, over one of the cir-
cuits just traced, to notify the sender which class
of service the calling line requires. The ground
on the right next-to-outer armature of relay
1500 connects to the corresponding armatures of
the other horizontal group relays, such as relays
1501 to 1563, inclusive, over a chain circuit which
extends over the corresponding right armatures
and back contacts of each of the intermediate
horizontal group relays. In this manner, only
one class of service terminal can be grounded at
any one time. For example, relay 1500 in oper-
ating connects ground to terminal 1546 which, in
turn, is connected to one of the class of service
terminals 1547 to 1550, inclusive. Relay i508, in
operating, also removes the ground from the
chain circuit extending over the right next-to-
outer back contacts and armatures of relays 1501
to 1508, inclusive. The operation of any relay
such as relays 1501 to {508, inclusive, at this time,
due to some other call being originated in an-
other horizontal line switch group, cannot there-
fore ground some other class of service terminal.
On the other hand, should horizontal group relay
{602 operate first in response to an originating
call, the class of service terminals associated with
relays 1500 and {50¢ cannot be grounded at this
time although the right next-to-outer armatures
of these latter relays are grounded, since the op-
erating circuit for relays 1500 and 150{ is opened
by the operation of relay (502.

Each subscriber sender, such as the sender
shown in Figs. 22 to 26, inclusive, is provided with
a sender busy relay which, when unoperated and
thereby indicating that the sender is idle, con-
nects battery to its associated sender selecting
relay of the sender selector circuit. In the fore-

"~ of relay 236! which operates.

29
going description, it was assumed that the sender
shown in Figs. 22 to 26, inclusive, was idle at the
time that the sender selector circuit was selecting
an idle sender. ‘Battery was therefore connected
over the lower back contact of sender busy relay
2200 and over conductor 1932 to the right wind-
Ing of the sender selecting relay 1928 which is
associated with this particular sender circuit and
caused that relay to operate in the manner here-
inbefore set forth. Relays 2201 to 2203, inclusive,
represent the sender busy relays of the other
senders of the same group of ten which include
the sender of which relay 2200 is a part. When-
ever all senders of the group are busy, all of the
sender busy relays 2200 to 2203, inclusive, are
operated and a circuit is closed from ground over
the lower front contacts of relays 2203, 2202, 2201
and 2200, conductor 1906, to battery through the
winding of the associated sender group busy re-
lay, such as relay 1801, of the sender selector cir-
cult which, under this condition, functions in the
manner previously described.

At the time that the sender is selected, as set
forth in the preceding description, the operation
of relays 1928, 1938 and 1940 of the sender selector
circuit close a circuit from ground over the upper
outer front contact of relay 1940, next-to-inner
front confact of relay 1938, right inner back con-
tact of relays 1931, 1930, and 1929, right inner
front contact of relay 1928, conductor 1959, to
battery through the winding of relay 2204 and
also, over the back contact of relay 2206, to bat-
tery through the winding of relay 2205, thereby
operating both relays 2204 and 2205. Relays 2204
and 2205, in operating, extend conductors 1943,
1944, and 1948 to 1952, inclusive, from the sender
selector circuit to various points in the sender.
Relay 2204 also operates the sender busy relay
2200 in a circuit from battery through the wind-
ing of that relay over the lower outer front con-

tact of relay 2204, to ground over conductor 1951 -

from the sender selector circuit: Relay 2200, in
operating, connects ground over its upper middle
front contact to conductor 1822 which extends to
the tip of the calling subscriber’s line over a, pre-
viously traced circuit; connects the ring of the
calling line, which was previously extended to
conductor 1823, over its upper inner front con-
tact to battery through the lower winding of the
sender line relay 2207 which operates over the
closed line loop; closes an off-normal ground over
its upper outer front contact to conductor 2208 ;
removes the battery from conductor 1932 therehy
causing this sender to test busy to all sender selec-
tor circuits; and, in addition, closes in part, over
its lower front contact, the sender group busy
chain circuit which connects to conductor 1906,
Relay 22067, in operating, closes a circuit from
ground over the upper back contact of relay 2208,
front contact of relay 2207, conductor 2210, to
battery through the winding of relay 2300 which
operates. This ground on conductor 22186 slso
extends over the outer back contact of relay 2304
and over conductor 2302 to battery through the
winding of relay 221 { which operates. Relqy 2214
operates relay 2212 in local circuit. Relay 2212,
in operating, closes a circuit from ground gver its
middle front contact, conductor 2213, front con-
tact of relay 2300, to battery through the winding
Relay 2212 also
closes a locking circuit for relay 2200 over its
outer front contact to the off-normal ground on
conductor 2208. Relay 2301, in operating, trans-
fers the holding circuit for relay 2211 from ground
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contact.

Upon the operation of relay 2212 a circuit is
closed from battery through the winding of re-
lay 2206, inner front contact of relay 2212, low-
er next-to-outer front contact of relay 2204, and
over conductor 195¢ to the associated sender se-
lector circuit. When the cross-point contacts
of the line and sender selector switches operated,
as previously described, the operating ground
for the hold magnet of these switches was ex-
tended to the sender over conductor 1824 indicat-
ing that all of the cross-point contacts had op-
erated. Upon the operation of relay 2204, this
ground on conductor 1824 is connected over the
lower next-to-inner front contact of that re-
lay to conductor 1950. As hereinbefore set forth
in the description of the operation of the sender
selector circuit, this ground over conductor 1950
from the sender causes relay 1605 of the sender
selector control circuit to operate which, /in
turn, removes the short circuit from the wind-
ing of relay 1608 and allows that relay to op-
erate provided that the circuit for supplying the
operating ground through the primary line
switch hold magnet is properly closed. Relay
1608 operates relay 1609 which in turn, grounds
conductor 1951 over a previously traced circuit.
Relay 2206 operates to this ground on conductor
195{ and closes a circuit from ground over its
upper middle front contact, through resistance
2214, to conductor {824 to hold the hold mag-
nets of the line and sender selector switches op-
erated upon the subsequent release of the line
and sender selector control circuits. Since relay
2206 cannot operate unless the cross-points of
the line and sender selector switches are closed
and ground is supplied over the proper circuits
to the primary line switch hold magnet in the
manner just described, and since the operating
circuit for relay 2206 also extends over a front
contact of relay 2212 which is only operated if
relays 2207 and 2211 are operated indicating a
closed subscriber’s line loop, relay 2206, by its
operation, simultaneously checks all three of
these aforementioned conditions. The functions
performed by the operation of relay 2206 will be
described later. .

As hereinbefore set forth, the sender selector
circuit connects four class of service conductors,
conductors (945 to 1948, inclusive, to the sender.
Only one of these conductors, conductor 1948, is
shown extended in the sender. One of these
conductors is grounded under control of a hori-
zontal group relay of the line switch control cir-
cuit in the manner previously described. As-
suming that conductor 1948 is grounded, the op-
eration of relay 2204 of the sender extends this
ground over its inner front contact, to battery
through the winding of class of service relay 2215
which operates. Since there are four class of
service conductors extending from the sender
selector circuit there are also four class of serv-
ice relays, such as relay 22i5. For simplicity,
however only one of these class of service relays
has been shown. Relay 2215, in operating, locks
over its inner front contact to the off-normal
ground on conductor 2208, connects ground to
conductor 2216 and connects conductor 2247 to
conductors 2218, 2219, and 2229 over its outer-
most front contacts. Conductors 2216 to 2219,
inclusive, and 2229 extend to the decoder marker
circuit and their functions will be detailed in
the description of the operation of the decoder
marker. i

2,008,117
on conductor 2210, to ground over its own front -

District jrame indication

At the same time that the required class of
service is recorded in the sender as just de-
scribed, the number of the district frame on
which the district trunk selected for this partic-
ular call is located is also recorded in the sender
by means of relay 2220 or relay 2221 and a
set of cross-point contacts of the cross-bhar reg-
ister switch shown in Fig. 26. This district frame
information is transmitted from the sender se-
lector circuit by means of one of its ten sender
connector relays, such as relay 1938. Relay 1938

s associated with a particular sender link, such

as link 1801, and since a particular sender link
is accessible to only two primary sender selector
switches whose vertical rows of contacts are con-
nected to district trunks located on the same dis-
trict frame, the sender connector relay, such as
relay 1938, is therefore always identified with
the same district frame. Assuming now that the
district trunks connected to the primary sender
selector switches having access to sender link
1801 are located on the fourth district frame
of & maximum of twenty district frames, the pre-
vious operation of relay 1938, which is assoclated
with the selected sender link 1801, closes a cir-
cuit from ground over a front contact to con-
ductor 1944. This ground extends over the In-
ner front contact of relay 2205 and over conduc-
tor 2222, continuation of conductor 2222 on Fig.
26, to battery through the winding of one of the
ten select magnets 2600 to 2609, inclusive, of the
cross-bar register switch shown in Fig. 26. The
ten select magnets represent the ten digits 0 to 9,
inclusive, and, since the selected district trunk
is assumed to be located on the fourth district
frame, select magnet 2604, representing the digit
4, is operated by the ground on conductor 2222.
Select magnet 2604, in operating, closes a circuit

from its operating ground, over its front contact -

and over conductor 2610, to battery through the
winding of relay 2303 which operates. Relay
2303, in operating, closes a circuit from ground
over its lower front contact, conductor 2304, back
contact of relay 2612, to battery through the
winding of hold magnet 261 which operates and,
since select magnet 2604 was previously operat-
ed, causes cross-point contacts 2613 to close.
The operation of cross-point contacts 2613 con-
nects ground to conductor 26i4 and connects

-conductor 2615 to conductors 2616 to 26i8 in-

clusive. Conductors 2614 to 2618, inclusive, ex-
tend to the decoder marker and transmit, in
part the district frame number in a manner
which will be described later. Since there may be
as many as twenty district frames, and since
the cross-bar register of Fig. 26 is arranged to
register only one of ten digits, it is necessary to
transmit additional information to the decoder
marker. For this purpose, the sender is pro-
vided with two frame relays, relays 2220 and 2221,
The winding of relay 2220 connects over the
upper front contact of relay 2204 and over con-
ductor 1943 to a front contact of all sender con-
nector relays, such as relay 1938, which are as-
sociated with sender links accessible to district
trunks on the first ten district frames, that is,
distriet frames No. 0 to No, 9. The winding of
relay 2221 connects over the outer front contact
of relay 2205, to conductor 2223. Conductor 2223
is connected over conductor similar to conductor
1943 of Fig. 19 to a front contact of all sender
connector relays, such as relay 1938, which are
associated with sender links accessible to dis-
trict trunks on the second ten district frames,
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that is, district frames No. 10 to No. 19. Relay
1938, upon its previous operation therefore
grounded conductor 1943 of PFig. 22, since the
selected district trunk is located.on the fourth
district frame, and relay 2220 operates over the
previously traced circuit to battery through its
winding. Relay 2220 in operating, locks over its
upper front contact to the off-normal ground
on conductor 2208, and closes the circuit over
its lower front contacts from conductor 2224 to
conductor 2225. Conductors 2224 and 2225 ex-
tend to the decoder marker and transmit infor-
mation to that circuit that the district frame
is one of the first ten frames. This informa-
tion, together with the information transmitted
over the operated .cross-points 2613 of the cross-
bar register, informs the decoder marker that
the fourth district frame contains the selected
district trunk. In the event that the district
trunk had been located on the fourteenth dis-
trict frame for example, cross-point contacts
2613 of the cross-bar register operate in the same
manner as hereinbefore set forth, but the sender
connector relay corresponding to relay 1938 would,
in this case, connect ground to conductor 2223
of Fig. 22 and operate relay 2221 instead of re-
lay 2220. Relay 2221, in operating, would lock
over its lower front contact to the ground on
conductor 2208, and would connect ground over
its upper front contact to conductor 2225 to noti-
fy the decoder marker that the district frame
used was one of the second ten frames. The
foregoing operations involving the recording of
the class of service required by the calling line
and the recording of the number of the district
frame on which the chosen district trunk is lo-
cated take place prior to the aforementioned op-
eration of relay 2206.

Line switch and sender selector control circuits
released

Relay 2206, in operating over the circuit here-
inbefore described, locks over its lower inner
front contact to the off-normal ground on con-
ductor 2208, opens the circuit through the wind-
ing of relay 2205 which releases, and connects
ground over its upper middle front contact and
through resistance 2214 to conductor {824 to
hold the line and sender selector switches upon
the subsequent release of the line and sender se-
lector control circuit which now takes place in
the following manner under control of the ground
connected to conductor 952 over-the lower outer
front contact of relay 2208. This ground on
conductor £952 extends over a front contact of
relay 1938, conductor 1957, lower-outer front con-
tact of relay 1605, conductor {613 a front con-
tact of relay 4528, conductor {54{, outer front
contacts of relays 1429 and {430, to battery
through the winding of the line switch control
circuit release relay {411 which operates.
lay 1414, in operating, locks in a circuit from
ground over its {ront contact, conductor 1443,
upper oubter front contact of relay (535, con-
ductor 1542, to battery through its winding, and
opens the holding circuit for relays 1405, (406,
and 0509 in series, §5i3, and 1412 and 1429 in
series, causing all of these relays to release. Op-
eration of relay 1411 also releases the primary
line switch select magnet 1421. Relay (412, in
releasing, releases relays {416 and {413. The re-
lease of relay 1429 releases relays 1423 and 1430.
Relay 1513 in releasing, releases relay (514
which removes ground from conductor 1535. The
release of relay {500 releases relay {528 which

Re-

in turn releases relay 1808, secondary line switch
select magnet 1428, and removes the ground from
conductors 1533 and 2(12. The release of relay
1508 releases relay 1538 which opens the locking
circuit for relay {41(. Relay 141 thereupon re-
leases and restores the line switch control cir-
cuit to normal. The removal of ground from
conductor 1533 by the release of the line switch
control circuit releases relays 1832, 1908 and
1808 of the sender selector control circuit. The
removal of ground from conductor 1538 releases
relay 2108 which in turn releases relays (934
and 2{11. The release of relay 1934 releases re-
lays 1813, 1917 and 1938. Relays 2100 and 2104
release upon the removal of ground from con-
ductor 2112 by the line switch control circuit.
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Relay 2100, in releasing, releases relays 1928 and _

(940.. The release of relay 2104 releases relay
2(13. Relay 1988, in releasing, releases sender
selector primary switch select magnet 1837 and
opens conductors 1944 to 1952, inclusive. 'The

20

release of relay 1928 opens the operating circult -

for sender selector secondary switch select mag-
net 1839 which releases. The release of relay
1940 releases relay (60f which in turn releases
relay 1608. The opening of conductor 1950 by
the release of relay (938 releases relay 1605,
Relay 1921 releases upon the release of relay 2104
and again closes the operating circuit for the
sender selector control circuit start relay (900
thereby restoring the sender selector control cir-
cuit to its normal condition.  With the line
switch and sender selector -control circuits nor-
mal the hold magnets of the primary and sec-
ondary line and sender selector switches are

held operated over the sleeve conductor which

extends over the operated cross-point contacts
of those switches and over conductor 1824 to
ground supplied through resistance 22(4 by relay
2206 of the sender.

When relay 2205 releases following the opera-
tion of relay 2206, as previously described, it
opens the circuit through the winding of select
magnet 2604 of the cross-bar register switch and
that magnet releases, in turn releasing relay 2303,
Relay 2383, in releasing, removes the ground over
conductor 2304 from the winding of hold magnet
2611 and that hold magnet now holds operated in
series with relay 2612, which operates, to the
off-normal ground on conductor 2208. Relay
2612, in operating, connects conductor 2304 over
its right front contact over the back contact of
relay 2619, to the winding of relay 2619 and to
the windings of hold magnets 2620 and 2621
preparatory to the registration of the number
to be dialed by the calling subscriber, Relay
2211, upon its previous operation, closed a circuit
from| ground over its upper inner front contact
to condenser 2226. The other side of condenser
2226 connects.through the upper winding of the

sender line relay 2207, over conductor 2307, and

over the back contact of relay 2306 to a source
of tone over conductor 2305. This tone is in-
duced in the lower winding of relay 2207 and is
thereby transmitted to the calling station as an
indication that the dialing of the desired station
number may proceed. The dialed number is re-
corded on the cross-bar register switch of Fig, 26
in the manner to be described in subsequent
paragraphs. Only so much of the subscriber’s
sender is shown as is necessary to an understand-
ing of the present invention. In general senders
of this type are well known in the art, and for a
more detailed disclosure of them reference is
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made to the application of R. Raymond, Serial
No. 27,340, filed July 19, 1935.

The subscriber dials wanted number

The sender line relay 2207, which is held op-
erated over the calling subscriber’s station loop,
follows the pulses produced by the station dial
during the dialing of the called station number,
and momentarily releases once for each open
period of each train of dial pulses. Relays 2300
and 2301 operate and release under control of
relay 2201 and provide additional contacts. Re-
lay 2300 is fast in operating to quickly open the
operating circuit for relay 2308 when relay 2207
remains operated at the end of a train of dial
pulses. Relay 2301 is fast in releasing to provide
a nearly continuous operating circuit for relay
2211 and also to provide a locking circuit for re-
lays 2310 and 2312 as soon as possible after the
momentary release of relay 2207 upon the first
open dial pulse. Relay 2211 is slow in releasing
and, therefore, together with relay 2212, holds
operated during the momentary releases of re-
lays 2207, 2300, and 2301 during dialing. Relay
2308 is slow in releasing and remains operated
during the momentary opening of its operating
circuit by relay 2300 during & train of dial pulses.
Between successlve trains of dial pulses, relays
2207 and 2300 remain operated for a sufficient
interval to allow relay 2308 to release. Relays
2310, 2311, and 2312 transmit the dial pulses rep~
resented by back contact closures of relay 2201,
to a chain of pulse-counting relays 2313 to 2318,
inclusive. Upon the first release of relay. 2201
during the first open pulse of any train of dial
pulses, a circuit is closed from ground over the
upper back contact of relay 2209, back contact
of relay 2207, lower front contact of relay 2211,
conductor 2221, lower back contact of relay 2312,
to battery through the winding of relay 2310
which operates. Relay 2308 previously operated
in a circuit from battery through its winding,
back contact of relay 2300, conductor 2213, to
ground over the middle front contact of relay
2212 and, being slow in releasing, remains oper-
ated during each train of dial pulses. ‘When re-
lay 2207 now reoperates upon the closure of the
line loop following the first open dial pulse, relay
2312 operates in a circuit from battery through
the winding of relay 2310, upper winding of relay
2312, back contact of relay 231 {, front contacts
of relays 2310 and 2308, respectively, to ground
on conductor 2213. When relay 2207 releases on
the open period of the second dial pulse, relay
2311 operates in a circuit from battery through
its winding, lower winding and lower front con-
tact of relay 2312, conductor 2221, lower front
contact of relay 221, back contact of relay 2201,
to ground over the upper back contact of relay
2209. The operation of relay 2311 opens the cir-
cuit through the winding of relay 2310 and the
upper winding of relay 2312, Relay 2310 releases,
but relay 2312 remains operated through its lower
winding. When relay 2207 reoperates upon the
line loop closure following the second dial pulse
open period, it removes the ground from con-
ductor 2227 and relays 2311 and 2312 both re-
lease. The foregoing cycle of operations of relays
2310, 2311 and 2312 is repeated for each two
pulses of the pulse train of any digit dialed. If
the number of puises is even, the last pulse leaves
relays 2310, 2311, and 2312 released. If the num-
ber of pulses is odd, relay 23i1 is released, but
relays 2310 and 23{2 remain operated until the
subsequent operation of relay 2301 and the re-
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lease of relay 2308 opens their holding circuits.
The important point for subsequent reference is
that each odd pulse of any dialed digit operates
relay 2312 and each even pulse causes that relay
to release.

The pulses of each dialed digit are counted by
relays 2313 to 2318, inclusive, which are operated
in rotation by alternate closures of the upper
front and back contacts of relay 2312, and each
of which locks until released by the operation of
another, or by the operation of relay 2303 at the
end of the train of pulses of any particular digit,
as will be described later. When relay 2312 is
operated during the first pulse of any digit, as
hereinbefore described, relay 2313 operates from
battery through its upper winding, upper outer
back contacts of relays 2311, 2315, 2314, and 2316
in that order respectively, upper front contact
of relay 2312, front contact of relay 2308, to the
previously traced ground on conductor 2213. Re-
lay 2313, in operating, locks in a circuit from bat-
tery through its lower winding, over its lower
inner front contact, lower back contact of relay
2309, upper inner back contacts of relays 2314
to 2311, inclusive, upper inner back contact of

relay 2309, to ground on conductor 2213. When'

relay 2312 releases following the second dial pulse,
the previously traced ground on its upper arma-
ture is extended over its upper back contact, up-
per outer back eontact of relay 2309, upper inner
front contact of relay 2313 to battery through the
winding of relay 2314 which operates. Relay
2314, in operating, locks over its upper inner front
contact over the same path previously traced for
locking relay 2313, and opens the locking circuit
for relay 2313 which releases. The operation of
relay 2312 in response to the third dial pulse, ex~
tends ground previously traced to its armature,
over its upper front contact, upper oufer back
contact of relay 2316, upper outer front contact

[
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of relay 2314, to battery through the winding of .

relay 2315 which operates. Relay 2315 locks in
the same manner as relay 23{4 did, and opens
the locking circuit for relay 2314 which releases.
The release of relay 2312 upon the fourth dial
pulse connects ground over its upper back con-
tact, upper outer back contact of relay 2309,
upper inner front contact of relay 2315, to bat-
tery through the winding of relay 2316. Relay
2316 operates, locks over the previously traced
locking circuit, and opens the locking circuit for
relay 2815 which releases. The operation of relay
2312 on the fifth dial pulse connects ground
over its upper front contact and over the upper
outer front contact of relay 2316 to battery
through the winding of relay 2317 which oper-

ates. Relay 2317 locks in a circuit over the up-

per outer back contact of relay 2313 and over its
upper outer front contact to the same ground
to which the preceding relay is locked. Relay
2311, in operating, alsc opens the locking circuit
for relay 2316 which releases. The release of re-
lay 2312 in response to the sixth dial pulse con-
nects ground over its upper back contact, upper
outer contact of relay 2309, upper inner front
contact of relay 2317, to battery through| the
upper winding of relay 2318. Relay 2318 operates
and locks through its lower winding and its upper
inner front contact to the previously traced lock-
ing ground. Relay 2318 does not unlock relay
2311 and remains operated for the remaining
pulses of the digit. On the seventh dial impulse,
the operation of relay 2312 again operates relay
2313 as it did on the first pulse, but this time
over a circuit traced from its upper front con-
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tact, over the upper outer back contact of re-

lays 2816, 2314, and 2315, and over the upper.

outer front contact of relay 2318, to battery
through the upper winding of relay 2313. Relay
2313 again locks through its lower winding as
it did before and opens the locking circuit for
relay 2311 which releases.. The release of relay
2312 in response to the eighth dial pulse again
operates relay 2314 which, as in the case of the
second dial pulse, locks and opens the locking
circuit for relay 2313 which releases. The ninth
dial pulse operates relay 2312 which in turn op-
erates relay 2315, Relay 2315 locks, as previously,
and opens the locking circuit for relay 2314 which
releases. ‘The release of relay 2312, in response
to the tenth dial pulse, again causes relay .2316
to operate, lock, and release relay 2315, as it did
for the fourth dial pulse. Each train of dial
pulses transmitted from the subscriber’s station
may consist of from one to ten pulses depending
upon the numerical value of the particular digit
dialed. At the conclusion of the dial impulse
train of any digit, the operated pulse count relay
or relays is dependent upon the number of pulses
contained in that train of impulses as has been
set forth above. For one pulse, relay 2313 is
operated; two pulses, relay 23{4; three pulses,
relay 2315; four pulses, relay 2316; five pulses,
relay 2817; six pulses, relays 2317 and 2348;
seven pulses, relays 2313 and 2318; eight pulses,
relays 23{4 and 2318; nine pulses, relays 28(5
and 2318; ten pulses, relays 2316 and 23{8. The
function of the pulse counting relays 282 to
2318, inclusive, is to prepare operating circuits
for the select magnets 2660 to 2609, inclusive, of
the cross-bar register switch to provide for the
registration of the dialed number in the man-
ner described below.

Recording office designation

It will be assumed for illustration that the
number of the desired station dialed by the call-
ing subscriber is RA—2—3168. The office desig-
nation RA has a numerical equivalent of the
digits 7 and 2 respectively. The seven trains of
impulses transmitted by the contacts of the dial
at the calling station therefore contain the fol-
lowing number of impulses in the order lsted:

‘Seven, two, two, three, one, six and eight. The

first train of pulses dialed, containing seven im-
pulses, causes pulse counting relays 2313 and 2318
to operate as _described above. When relay 2300
operates, under control of relay 2207 upon the clo~-
sure of the station loop at the conclusion of the
first train of dial pulses, it releases relay 2308
which causes select magnet 2607 of the cross-
bar register switch to operate in a circuit from
battery through its winding, conductor 2622, con-
tinuation of conductor 2622 on Fig. 23, lower mid-
dle front contact of relay 23183, lower inner front
contact of relay 2318, upper back contact of relay
2303, back contact of relay 2308, conductor 2319,
to ground over the outer front contact of hold
magnet 2601 which previously operated and
locked during the registration of the numbper of
the district frame. Relay 2308, in releasing, also
operates relay 2309 from the ground on con-
ductor 2319. Relay 2309, in operating, opens one
locking circuit for relays 2313 and 2818, these
relays now being held operated through the par-
allel locking circuit extending from conductor
2213, over the lower back contact of relay 2303,
to the upper outer front contact of relay 2317
and the upper inner armature of relay 2318. Se-

_lect magnet 2607, in operating, closes a circuit

from its operating ground, over its front contact
and conductor 2610 to battery through the wind-
ing of relay 23083 which operates. Ground over

33

the left front contact of the previously operated

relay 2612, over the back contact of hold magnet

2620, conductor 2623, and the upper front contact

and lower inner front contact of relay 2303, locks
relay 2303 and, since it also connects to con-
ductor 2610, locks select magnet 26071. Relay
2303, in operating, opens the operating circuit
for select magnet 2607, opens the remaining lock-
ing circuit for relays 2313 and 2318 which re-
lease, and, in addition, connects ground over its
lower outer front contact, conductor 2304, right
front contact of relay 2612, right back contact

10

156

of relay 2619, to battery through the windings of

hold magnets 2620 and 2621 in parallel. Hold
magnets 2620 and 2621 operate and, since select
magnet 2607 is operated, cause cross-point con-
tacts 2624 and 2625 to close. The operation of
hold magnets 2620 and 2621 also opens the lock-
ing circuit for relay 2303 and select magnet 2607
and they release. Relay 2303, in releasing, opens
the operating circuit for hold magnets 2620 and
2621 and these magnets now hold in a circuit
which may be traced from ground over the lefi
front contact of relay 2612, inner front contact
of hold magnet 262f, winding of relay 2619, and
the windings of hold magnets 2620 and 2621 in
parallel to battery. Relay 2619 operates in series
with hold magnets 2620 and 2621, Hold magnet
2620 also closes a.circuit from ground over its
outer front contact and over conductor 2626 to
battery through the winding of relay 2306 which
operates and opens the tone circuit extending
through the upper winding of sender line relay
2207 thereby removing the dialing signal from
the calling station. Before the release of relay
2308 can be effective in operating a select mag-
net, hold magnet 26¢{ must have been properly
operated ‘during the registration of the district
frame number since the ground to the lower con-
tact of relay 2308 is supplied over conductor 2319
from & front contact of hold magnet 26il. This
arrangement insures that the first dialed digit
cannot be registered in that row of cross-point
contacts of the register switch which are used
for the district frame registration in the event
of a failure of that registration to take place.
Should an accidental pulse be transmitted from
the calling station due to an unintentional move-
ment of the switch-hook before the dialing of the
first digit takes place, or should the digit 1 be
dialed in error for the first digit, relays 2207,
2300, 2301, 2310, and 2312 operate as for a legiti-
mate digit and cause pulse counting relay 2313
to operate and lock in the manner previously
described. Since the digit 1 is never used for
the first digit of an office or an operator desig-
nation, it is necessary to prevent the registration
of this digit should it be transmitted under either
of the aforementioned conditions. For this pur-

pose the operating circuit for select magnet 2601

is placed under control of those cross-point con-
tacts which represent the digits 2 to 9, inclusive,
of that row of switch- contacts associated with
hold magnet 2620 and shown to the right thereof,
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The operating. circuit for select magnet 2601 may -

be traced from battery through its winding, over
conductor 2627, conductor 2320, to the muitipled
upper armatures of the row of cross-point con-
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tacts to the right of and associated with hold .

magnet 2620. - The upper front contacts, of this
same row of cross-point contacts, which may be
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prepared for operation by the operation of se-
lect magnets 2602 to 2609, inclusive, and which,
therefore, represent the digits 2 to 9, inclusive,
are multipled together and extend over conduc-
tor 2628 to the lower outer armature of pulse
counting relay 2313, Since the registration of
the first dialed digit causes the operation of cor-
responding sets of cross-points contacts in the
two contact rows to the right of hold magnets
2620 to 2624, as previously set forth, select mag-
net 2601 cannot operate until such time as some
digit from 2 to 9 inclusive, has been registered
for the first dialed digit. As previously stated,
pulse counting relay 2313 operated in response
to the single first digit dial pulse. Upon operat-
ing, relay 2313 locks in a tircuit from battery
through its lower winding and over its lower
inner front contact, lower back contact of relay
2309, upper inner back contact of relays 2314 to
2311, inclusive, upper inner back contact of relay
2309, to a previously traced ground over conduc-
tor 2213. When relays 2207, 2300, and 2301 re-
operate upon the closure of the line loop fol-
lowing the single first digit dial pulse, the opera-
tion of relay 2300 releases relay 2308 which, in
turn, operates relay 2308 in a circuit from bat-
tery through the winding of that relay, over the
back contact of relay 2308, conductor 2319, to
ground over the outer front contact of hold mag-
net 2611. Relay 2309, in operating, opens the
holding circuit through the lower winding of re-
lay 2313 which releases and thereby restores the
dial pulse counting circuit to normal. Since se-
lect magnet 260! does not operate in response to
the single first digit dial pulse, due to the fact
that none of the cross-point contacts in the con-
tact row to the right of hold magnet 2620 are
closed, relay 2303, hold magnets 2620 and 2621,
and relays 2619 and 2306 also do not operate.
The first digit 1 Is therefore not recorded, the
registering process is not advanced to the suc-
ceeding row of cross-point contacts, and, since
relay 2306 does not operate, the dial tone indica-~
tion is not cut off from the calling station. In
the above manner, any number of single first
digit dial pulses may be absorbed provided they
are spaced far enough apart to allow relay 2308
to release between them. )

The first digit 7, corresponding to the first
letter R of the office designation, having been
registered by the operation of cross-point con-
tact 2625 in the manner hereinbefore set forth,
the registration of the succeeding digit now. pro-
ceeds. The second letter of the office designation
being the letter A which corresponds to the digit
2, the second train of dial pulses contains two
open periods and causes pulse counting relay
2314 to operate and lock in the manner pre-
viously described. Upon the release of relay 2308
following the operation of relay 2300 at the end
of the second train of pulses, select magnet 2602
of the cross-bar register switch operates from
battery through its winding, over conductor
2629, lower outer front contact of relay 2314,
lower back contact of relay 2318, upper back con-
tact of relay 2303, back contact of relay 2308,
to ground over conductar 2319. Select magnet
2602, in operating, operates relay 2303 over con-
ductor 2610. Relay 2303 locks itself and select
magnet 2602 to ground over conductor 2623,
opens the locking circuit over its lower back
contact for relay 2314 which releases, and, in ad-
dition, connects ground over its lower outer front
contact, over conductor 2304, right front contact
of relays 2612 and 2618, left outer back contact

2,008,117

of relay 2631, right back contact of relay 2632,
to battery through the winding of hcld magnet
2630 which operates. Select magnet 2602 being
operated, the operation of hold magnet 2630
causes cross-point contacts 2633 to close. Hold
magnet 2630, in operating, also opens the hold-
ing ground from conductor 2623 thereby releas-
ing relay 2303 and select magnet 2602. The re-
lease of relay 2303 opens the operating circuit
for hold magnet 2630 and that magnet now holds
operated in serles with relay 2632 in a circuit
from battery through its winding, winding of
relay 2632, front contact of magnet 2630, left
inner back contact of relay 2631, to ground over
the left front contact of relay 2619. Relay 2632
operates and connects ground over its left front
contact and over the back contact of hold magnet
2634 to conductor 2623 for locking relay 2303
upon its next operation, and also connects the

winding of hold magnet 2634 to the lower outer 2

armature of relay 2303 in a circuit which may
be traced from the winding of magnet 2634, over
the back contact of relay 2635, right front con-
tact of relay 2632, left outer back contact of re-
lay 2631, right front contacts of relays 2619 and
2612, and over conductor 2304. The third digit
2 of the office designation causes pulse counting
relay 2314 to operate which, upon the release of
relay 2308 at the end of the third train of pulses,
is followed by the operation of select magnet

2602, relay 2303, and hold magnet 2634 in that

order. The operation of hold magnet 2634, with
select magnet 2602 operated, causes cross-point
contact 2636 to close. In addition, hold magnei
2634 opens the holding ground from conductor
2623 thereby releasing relay 2303 and select mag-
net 2602. The release of relay 2303 releases relay
2314 and opens the operating circuit for magnet
2634 which now holds in series with relay 2635
which also operates. Relay 2635 extends con-
ductor 2304 to the winding of hold magnet 2631
and connects ground over its left front contact
and the back contact of magnet 2637 to conduc-
tor 2623.

The closing of cross-point contacts 2625 con-
nects ground to conductors 2640 and 2642 and
connects conductors 2639 and 2641 to conductor
22{1. 'The closing of cross-point contacts 2633
connects ground to conductor 2644 and connects

_conductors 2643, 2645, and 2646 to conductor

2651.  The closing of cross-point contacts 2636
connects ground to conductor 2648 and connects
conductors 2647, 2649, and 2650 to conductor
265¢. Conductors 2639 to 2651 inclusive extend
to the decoder marker circuit and transmit to
that circuit the information regarding the dialed
office designation which enables the decoder
marker to establish a path to the proper out-
going trunk as will later be set forth in the de-
scription of the operation of the decoder marker
circuit. When hold magnet 2834 operates, sig-
nifying that the three digits comprising the office
designation have been recorded, it closes a cir-
cuit from the off-normal ground on conductor
2208, over its outer front contact, conductor
2652, inner back contact of relay 2321, lower back
contact of relays 2323 and 2324, to battery
through the winding of relay 2325 which oper-
ates. Relay 2325, in operating, connects off-
normal battery to conductors 2326 and 2327
which connect to various points in the sender,
and also connects battery over its upper inner
front contact to conductor 2328 and, over the
back contact of relay 2330, to conductor 2329.
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Conductors 2328 and 2328 extend to a decoder
marker connector circuit and, upon having bat-
tery connected to them, cause this connector cir-
cuit to function and connect thé sender to an

idle decoder marker in s manner which will

later be set forth in detail. The outer front
contact and armature of hold magnet 2634 are
paralleled by the lower front contact and ar-
mature of cross-points 2653 which are located in
that row of the cross-bar register switch which
operate when the first dialed digit is registered.
Should a subscriber dial the zero operator which
is represented by the digit 0, the subsequent op-
eration of select magnet 2600 and hold magnet
2620 will cause cross-point contacts 2653 to close
and perform the same function as the outer
front contact and armature. of hold magnet 2634
and thereby cause the sender to become asso-
clated with an idle decoder marker circuit.
When the sender is required to register hoth
two and three digit office designations, relay 2831
is provided and operates whenever the first digit
dialed is one representing a block of two-digit
office designations. Assume for illustration that

5 all office designations whose first digit is either

2 or 4 are two-digit office designations, battery
through the winding of relay 2§31 extends, in
this case as shown, to the lower front contact of
cross-point contacts 2654 and 2655 of that row
of contacts associated with hold magnet 2620,
Cross-point contacts 2654 will operate if the first
dialed digit is 2, and cross-point contacts 2655
operate if the digit is 4. In either case, relay
2631 operates over the lower front contact of
one of these sets of contacts to the off-normal
ground on conductor 2208. Relay 2631, in oper-
ating, connects conductors 2643 to 2646 inclusive,
to conductor 2651 for the purpose of notifying the
decoder marker that only a two-digit office desig-
nation is to be dialed and, over its left arma-
tures, transfers the ground supplied to conductor
2623 from the back contact of hold magnet 2630
to the back contact of hold magnet 2634, and
transfers the hold magnet operating circuit ex-
tending over conductor 2304 from the winding of
hold magnet 2630 to the winding of hold magnet
2634. In this case the second digit dialed will
be registered in that row of cross-point contacts
to the right of, and associated with, hold magnet
2634. The cross-point contacts in the row ass0-
ciated with hold magnet 2630 are ineffective un-

der this condition since that hold magnet has °

been skipped due to the operation of relay 263i.
Where only three-digit office designations are
employed, relay 263f is omitted and the conduc-
tors shown connecting to its left armatures are
strapped directly to the conductors shown con-
necting to the respective back contacts asso-
ciated with these left armatures. ‘The conduc-
tors shown connecting to its right armatures and
front contacts are omitted entirely in this case.
Where only two-digit office designations are em-
ployed relay 2631 is also omitted and the con-
ductors shown connecting to its left -armatures
are strapped directly to the conductors shown
connecting to the respective left front contacts.
The conductors shown connecting to the right
front contact of the relay are, in this instance,

strapped directly to the conductors shown con-

necting to the right armatures. In this latter in-
stance, the second dialed digit will always be
registered in that row of contacts of ‘the cross-
bar register switch which are at the right of, and
associated with, hold magnet 2634.

, 38
_ Recording numerical designation
The three digits of the office designation hay-

ing been recorded, as hereinbefore set forth, the -

digits 3, 1, 6, and 8 of the desired line are now
registered in a similar manner. The three dial
bulses . transmitted ‘for the thousands digit 3
cause pulse counting relay 2315 to operate.
Upon the subsequent release of relay 2308 at the
end of the pulse train, select magnet 2603 oper-
ates over conductor 2231, The operation of se-
lect magnet 2603 is followed by the operation of
relay 2303 which, in turn, operates hold mag-
net 2637. Select magnet 2603 having previously
operated, the operation of hold magnet 2631

causes cross-point contacts 2656 to operate. Re- !

lay 2303 releases upon the operation of hold
magnet 2637 and in turn releases relay 23(5. Re-

10

lay 26838 operates in series with hold magnet 2837

upon the release of relay 2803, and extends con-
ductor 2304 to the winding of hold magnet 2657
over the back contact of relay 2658. The singie
dial pulse of the hundreds digit 1 causes relay
23{3 to operate which is followed, upon the re-
lease of relay 2308, by the operation of select
magnet, 2601, relay 2302, and hold magnet 2657.
Hold magnet 2557, together with the operated
select magnet 2861, causes cross-point contacts
2659 to operate.  The operation of hold magnet
2657 releases relay 2303 which, in turn releases
relay 2813. Relay 26858 operates In series with
hold magnet 2657 and extends conductor 2304 to
the winding of hold magnet 2568 over the back
contact of relay 2861, 'The six dial pulses of the
tens digit 6 cause pulse counting relays 2317 and
2318 to operate. The subsequent release of relay
2308 at the end of the tens digit pulse train op-
erates select magnet 2606 over conductor 2232,
over a circuit which may be traced from ground
over the outer front contact of hold magnet 2611,
conductor 2319, back contact of relay 2308, upper
back contact of relay 2303, lower inner front con-
tacts of relays 2318 and 2311, conductor 2232,
continuation of conductor 2232 of Fig. 26, to
battery, through the winding of select magnet
2606. The operation of select magnet 2606 is
followed by the operation of relay 2303 and hold
magnet 2668 which, in turn, causes cross-point
contacts 2662 to close. The operation of hold
magnet 2660 releases relay 2303 which, in turn,

releases relays 2317 and 2318. Upon the re- !

lease of relay 2303, relay 2661 operates in series
with hold magnet 2660 and extends conductor
2304 to the winding of hold magnet 2663. 'The
eight dial pulses of the units digit 8 cause the
operation of pulse counting relays 2314 and 2318.
The subsequent release of relay 2308 completes a
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circuit from ground over conductor 2319, over -

its back contact, upper back contact of relay
2303, lower inner front contact of relays 2318 and
2314, conductor 2233, continuation of conductor
2233 of Fig. 26, to battery through the winding
of select magnet 2608. Magnet 2608 operates,
operating relay 2303 ‘which, in turn, operates
hold magnet 2663. The cross-point contacts
2685 close as a result of the operation of select
magnet 2608 and hold magnet 2663. Hold mag-
net 2663 opens the locking ground from con-
ductor 2623 thereby releasing relay 2303 and
select magnet 2608. The release of relay 2303

releases relays 2314 and 2318, and, since it opens 7

the operating circuit for magnet 2663, relay 2664
now operates in series with hold magnet 2663.
The operation of relay 2664 exténds conductor
2304 to the winding of hold magnet 2666. The
lowest row of contacts of the cross-bar register
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switch of Fig. 26, which are shown not wired,
are used to record the digital equivalent of a
station' letter, if dialed. In this deseription it is
assumed that the number dialed by the calling
subscriber has no station letter and therefore
this portion of the register switch is ineffective.
In the case where a station letter such as J, MR
or W is dialed, the equivalent digit 5 6,70r9
respectively, is recorded by the operation of a
corresponding set of contacts in this lowest con-
tact row of the switch. The operation of these
cross-point contacts is identical to the operation
outlined for any of the preceding digits. A par-
ticular pulse counting relay or pair of relays
operate in response o the number of dial pulses
transmitted for the station letter and prepare
the operating circuit for the corresponding select
magnet of the register switch. When relay 2308
subsequently releases, the particular select mag-
net, relay 2303, hold magnet 2666, and the par-
ticular set of cross-point contacts involved, op-
erate. Magnet 2666 locks directly to ground over
the left front contact of relay 2664 and removes
ground . from conductor 2623 thereby releasing
relay 2303 and the operated select magnet. The
release of relay 2303 releases whichever pulse
counting relay or relays operated and locked in
response to the station letter dial pulses.

The operation of cross-point contacts 2686,
2659, 2662 and 2665, representing the dialed
thousands, hundreds, tens and units digits, com-
plete certain connections between conductors
2667 to 2680, inclusive. These conductors ex-
tend to Figs. 24 and 25 which show that portion of
the sender circuit used in the revertive control of
the selective operations which will later take
The detailed
functions controlled by these aforementioned
conductors will subsequently be set forth under
the description of the operation of the sender
circuit located at the terminating office.

Sender connected to a marker

Referring now to Figs. 27 and 28, there are
shown thereon such portions of a decoder marker
connector circuit as are required to illustrate the
manner in which the subscriber sender of Figs.
29 to 26, inclusive, is connected to a decoder
marker circuit such as shown on Figs. 29 to 40,
inclusive. The subscriber senders are divided into
a number of groups, each group connecting to a
particular decoder marker connector circuit. All
of the decoder marker connector-circuits, one for
each group of subscriber senders, has access to a
common group of decoder marker circuits. As
many simultanecus connections between senders
and decoder markers can be established as there
are decoder markers, but only one sender of the
group connected to any particular decoder marker
connector circuit can be connected to a decoder
marker at any one time even though other senders
of that group require decoder markers and their
are available decoder markers at that time. The
decoder marker connector control circuit shown
in Fig. 28 is provided with one start relay and
three multi-contact connecting relays for each
sender which connects to it. Start relay 2800
and multi-contact connecting relays 2100, 2801,
and 2802 are associated with the subscriber’s
sender of Figs. 22 to 26, inclusive. Start relay
2803 and connecting relays 2701, 2804 and 2805
are assoclated with some other subscriber sender
(not shown). For each decoder marker circuit
used, each decoder marker connector control cir-
cuit is provided with one decoder marker start
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relay and three muilti-contact decoder marker
connecting relays. Start relay 2808 and con-
necting relays 2102, 2809, and 2810 are associated
with the decoder marker shown in Figs. 29 to 40,
inclusive. The contacts of relays 2702, 2809 and
2810 which extend to the decoder marker, are
multipled, as indicated by the multiple straps
directly at the right thereof, to the corresponding
contacts of & similar set of relays associated with
the same decoder marker in each of the other
decoder marker connector circuits (not shown).
Relays 2103, 2812, and 2813 are similar in func-
tion to relays 2702, 2809, and 2810, respectively,
and are associated with some other decoder
marker circuit (not shown). The corresponding
armatures of the similar sender and decoder
marker connecting relays 2700, 2701, 2702, and
2703 are mulipled together. Similiarly, with the
exception of a few armatures which are individ-
ually wired for control purposes, the correspond-
ing armatures of relays 2801, 2804, 2809, and 2812,
and the corresponding armatures of relays 2802,
2805, 2810, and 2813 are also muitipled together.

After the office code dialed by the calling sub-
scriber is registered in the sender, that circuit
functions in the manner previously described and
connects battery over conductors 2328 and 2329
to the decoder marker connector control circuit
of Fig. 28. Sender start relay 2800 operates from
battery on conductor 2329, through its winding, to
ground through the winding of relay 2814 which
also operates. Relay 2814, in operating, closes a
circuit from ground over the back contacts of
relays 2805 and 2802, over its front contact, and
over conductor 2815 to a timing circuit the func-
tion of which will be described later.  Assuming
that no other sender of the group is connected to
the decoder marker connector circuit at this time,
the operation of relay 2800 coperates sender con-
necting relays 2700 and 280! in a circuit from
battery over conductor 2328, windings of these
relays in parallel, upper front contact of relay
2800, to ground over the back contact of relay
2803. This operating ground for relays 2700 and
2801 extends over a chain circuit through the
back contact of all start relays similar to relay
2803, as indicated by the broken conductor ex-
tending from the back contact of relay 2803 to the
upper armature of relay 2800. In the event that

some other sender of the group had already been ¢

connected to the decoder marker connector cir-
cult at this time, its associated sender start
relay, such as relay 2803, would be operated.
The operation of relay 2800 would therefore, in

- this case, be ineffective in operating relays 2700

and 2801 due to the opening of the chain circuit
over which the operating ground for those relays
extends.

The operation of relay 2800 also opens the chain
circuit extending from ground through the wind-
ing of relay 2814, over the back contacts of the
sender start relays, such as relays 2800 and 2803,
to the windings of the intermediate and last
start relays, such as relay 2803. With relay 2800
operated, no other sender of the same group can
be connected to a decoder marker since the oper-
ating circuit for its start relay, such as relay
2803, is open. - ’

Upon the aforementioned operation of relay
2801, relay 2802 operates in a circuit from battery
over conductor 2328, winding of relay 2802, and
over the inner front contact of relay 2801 to
ground. Relays 2100, 2801, and 2802, in operating,
close the various control conductors extending
from the sender to the multipled armatures of the
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decoder marker connecting relays 2702 and 2103,
2809 and 2812, and 2810 and 2813. Relay 2802,
In operating, connects ground over its outer front
contact to the lower armature of relay 2816 over
the lower back contact of relay 2811, and to the
lower armature of relay 2817 over the lower back
contact of relay 2816. In addition, relay 2802
also connects ground to lamp 2818, the function
of which will later be described. Assuming that
the decoder marker shown in Figs. 29 to 40, in-
clusive, and associated with relays 2702, 2808,
2809, 2810, and 2816, is idle at this time, relay
2808 operates in a circuit from ground through
its winding, over the upper back contact of relay
2816, a front contact of relay 2801, to battery on
conduccor 2329. The upper armature 6f relay
2808 connects over conductor 2819, over a chain
circuit extending over the upper armatures and
back contacts of the start relays corresponding
to relay 2808, associated with the same decoder
marker, but located in the other decoder marker
connector circuits (not shown), to a ground on
the last relay, corresponding to relay 2808, in
the chain circuit. Relay 2820 is normally oper-
ated from battery through its winding, over the
upper back contact of relay 2808, to ground over
conductor 2819, over the aforementioned chain
circuit as long as no decoder marker connector
circuit has connected to the decoder ‘marker as-
sociated with relay 2808 or with a corresponding
relay of some other decoder marker connector
circuit. The ground over the lower back contact
of relay 2808 connects over conductor 2821, over a
chain circuit extending over the lower back con-
tacts of the relays corresponding to relay 2808,
associated with the same decoder marker and
located in the other decoder marker connector
circuits (not shown), and back over conductor
2822, to battery through the winding of relay 2823.
Relay 2823 is therefore normally operated as long
as no decoder marker connector circuit has con-
nected to the decoder marker associated with re-
lay 2808 and the corresponding relays in the
other decoder marker connector circuits.

Upon its operation, relay 2808 opens the afore-
mentioned chain circuits therehy releasing relays
2820 and 2823 and preventing the operation of any
start relay corresponding to relay 2808, associated
with the same decoder marker in the other de-
coder marker connector circuits. In addition,
relay 2808 operates relays 2102 and 2809 from
battery through their windings in parallel, over
its upper front contact, to the chain circuit
ground supplied over conductor 28189, Relay 2809,
in operating, connects ground over g front con-
tact to conductor 2824 which extends to the de-
coder marker circuit and the function of which
will later be set forth, and operates relay 2810
from battery through the winding of that relay
to ground over its inner front contact. Relays
2702, 2809, and 2810, in operating, extend the
control conductors from the sender through to
the decoder marker circuit shown in Figs. 29 to
40, inclusive. Relay 2810 also connects ground
over a front contact to lamp 2825, the function of
which will be described later.

Each subscriber sender of the group connected
to any decoder marker connector circuit prefers
& particular decoder marker circuit. If the pre-
ferred decoder marker is unavailable, however,
the sender is connected to the nearest idle de-
coder marker in the sequence preference. For
illustration, the sender shown in Figs. 22 to 26,
inclusive, prefers the decoder marker shown in
Figs. 29 to 40, inclusive, since the operation of

37
relay 2801 operates relay 2808 provided that the
connector busy relay 2816 is unoperated indi-
cating that the decoder marker with which it is
associated is idle. Should relay 2816 be operated,
in a manner which will subsequently be described,
Indicating that the associated decoder marker is
unavailable, relay 2801 will cause some other de-
coder start relay, for example, relay 2811, to

operate provided its associated connector busy:

relay 2817 is unoperated indicating that its asso-
clated. decoder marker is idle. When relay 2810
operated, during the establishment of the con-
nection to the decoder marker of Figs. 29 to 40,
inclusive, as hereinbefore set forth, it opened the
operating circuit for relay 2816 and connected
ground over its outer front contact to conductor
2826. This ground on conductor 2826 operates
relay 2821 and also operates corresponding relays
in all other decoder marker connector circuits.
The operation of relay 2827 is ineffective since
the circuit extending from its armature is opened
at the back contact of the operated relay 2810,
In all other decoder marker connector circuits,
however, the operation of the relay corresponding
to relay 2827 connects battery over its front
contact and over the back contact of the relay
corresponding to relay 2818, to ground through
the upper winding of the relay corresponding to
relay 2816 which operates and transfers the oper-
ating circuit for the decoder marker start relay
corresponding to relay 2808 to the start relay of
the next available decoder marker in the other
decoder marker connector circuits. Whenever
relay 28186, or a similar relay such as relay 2811,
operates and indicates that its associated decoder
marker is unavailable to that particular decoder
marker connector circuit, it locks through its
lower winding and front contact provided that
the decoder marker connector circuit is in use at
that time in which case some sender connecting
relay, such as relay 2862 or 2805, is operated. In
this manner relay 2816 cannot release and pre-
maturely release a decoder start relay, such as
relay 2811, even though the circuit through its
upper winding is opened by the release of relay
2827 after the decoder marker associated there-
with again becomes available. This prevents a
decoder marker connector which has started to
connect to some decoder marker other than its
first choice from abandoning that decoder
marker and going to an earlier choice decoder
marker should one hecome idle at that particular
time.

Any decoder marker may be rendered busy to

any decoder marker connector circuit or to all :

decoder marker connector circuits by the inser-
tion of a make-busy plug into the proper con-
nector busy or decoder marker busy Jjack asso-
ciated with that particular decoder marker. - For
example, if it is desired to make the decoder
marker shown in Pigs. 29 to 40, inclusive, busy
to the decoder marker connector circuit shown
in Figs. 27 and 28, plug 2829 is inserted into con-
nector busy jack 2830 thereby operating relay
2816 which functions as previously described, If
it is desired to make the decoder marker busy to
all decoder marker connector circuits, plug 2831
is inserted into jack 2832 thereby operating relay
2833. Relay 2833, in operating, connects ground

to conductor 2826, operating relay 2821, and oper-

ating relays corresponding to relay 2821 of the
other decoder marker connector circuits. Relay
2821 operates relay 2816 through its upper wind-
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circuit as previously described. The relays cor-
responding to relay 2821 of the other decoder
marker connector circuit operate their respective
associated relays, corresponding to relay 2816,
which function in a similar manner. Relays
2834, 2835, 2836, and 2837, plugs 2838 and 2840,
and jacks 2839 and 2841 correspond to relays
2820, 2823, 2821, and 2833, plugs 2829 and 2831,
and jacks 2830 and 2832, respectively, and func-
tion in a similar manner in connection with an-
other decoder marker circuit (not shown).
‘When relay 2814 operated in series with sender
start relay 2800 upon the connection of the sender
to the decoder marker connector circuit, conduc-

“tor 2815 of the timing circuit was grounded as

hereinbefore set forth. Upon the subsequent
operation of relay 2802 this ground was removed
from conductor 2815 and the timing circuit re-
stored to normal before sufficient time had elapsed
for it to function. Should relay 2802 fail to oper-
ate for any reason, the ground is maintained on
conductor 2815 and causes the timing circuit to
function and give an audible indication of this
condition in the following manner. With con-
ductor 2815 grounded, the first closure of the
left contact of interrupter 2842 operates relay
2843. Relay 2843 locks over its left front contact
to ground on conductor 2815 and closes a circuit
from the right contact of interrupter 2842, over
its right front contact to battery through the
winding of relay 2844. When interrupter 2842
then closes its right front contact after an in-
terval, relay 2844 operates to the ground on con-
ductor 2815. Relay 2844 locks over its right inner
front contact to ground over conductor 2815 and
connects this ground, over its left outer front
contact, to alarm lamp 2845 and to the audible
signal 2846, lighting the lamp and causing the
signal to sound. Lamp 2845 and signal 2846 are
common to all decoder marker connector circuits,
as indicated by multiple strap 2850. The location
of the circuit causing the alarm indication may
now be determined by the operation of key 2854
which, in this instance, lights signal lamp 2825,
Lamp 2825 identifies the particular decoder
marker connector circuit causing the alarm con-
dition. The speed of rotation of the cam of inter-
rupter 2842 is such that relay 2844 will not operate
and give the alarm unless conductor 2815 remains
grounded for an interval greater than that re-
quired for the normal operation of relay 2802
after the sender connects to the decoder marker
connector circuit.

When relay 2802 operates upon the connection
of the sender to the decoder marker connector
circuit, it closes a circuit from ground over a
front contact to conductor 2847 which connects to
the timing circuit. Under normal operation, the
sender, when it has finished with the decoder
marker circuit, releases the decoder marker con-
neetor circuit, in a manner which will be set
forth later, thereby releasing the various oper-
ated sender and decoder marker start and con-
necting relays, such as relays 2700, 2702, 2800,
2801, 2802, 2808, 2809, and 2810 in the case of the
connection hereinbefore established. The release
of relay 2802 removes the ground from conductor
2847 before the timing circuit can function.
Should the sender fail to release the decoder
marker connector circuit after a given interval,
relay 2802 remains operated and the timing cir-
cuit causes an alarm indication to be given in
the following manner: With ground on conduc-
tor 2847 the first closure of the right contact of
interrupter 2848 operates relay 2849 which locks

2,008,117

over its right front contact to ground on con-
ductor 2847. Upon the subsequent closure of the
left contact of interrupter 2848, rclay 2844 oper-
ates over the left front contact of relay 2849.
Relay 2844 causes alarm lamp 2845 to light an
audible signal 2846 to sound. The operation of
key 2851 at this time lights lamps 2818 and 2825
to identify the particular sender and the par-
ticular decoder marker connector circuit which
is causing the alarm indication. The speed of
rotation of the cam of.interrupter 2848 is such
that relay 2844 will not operate and bring in the
alarm if the sender releases the decoder marker
connector circuit in the normal time required for
this release to take place. Signal lamp 2852 is
associated with sender connecting relay 2805 and
performs the same function in connection with
that relay as signal lamp 2818 performs in con-
nection with relay 2802.

Record transferred jrom sender to marker

Referring now to the decoder marker circuit
shown in Figs. 29 to 40, inclusive, the first func-
tion of this circuit upon its connection with a
sender is to receive and record the office code,
class of service, and district frame information
from the sender and to check the integrity of the
conductors over which this information is re-
ceived. The first digit of the dialed office code
is recorded on register relays 3500 to 3503, inclu-
sive; register relays 3504 to 3501, inclusive, record
the second office code digit and relays 3508 to
3513, inclusive, record the third digit of the office
code. Relays 3514 to 3511, inclusive, record the
class of service required by the calling subscriber.
Register relays 3200 to 3205, inclusive, of Fig. 32,
record the number of the district frame. Five
check relays, relays 3518 to 3522, inclusive, of Fig.
35 are provided for the purpose of checking the
conductors over which the decoder marker re-
celves the foregoing information from the sender
for continuity and for false grounds.

Upon the previous operation of relays 2700 and
2702, which close the various conductors from

the sender to the decoder marker, a circuit was’

also closed from ground over front contact 2704
of relay 2700, and over & front contact of relay
2102 to conductor 2705. The purpose of this
ground on conductor 2105 is to provide for oper-
ating and locking the checking relays as will
subsequently be described. District frame reg-
ister relay 3202 now operates in & circuit from
battery through its winding, over conductor 3206,
a front contact of relays 2702 and 2100, conduc-
tor 2614, to ground over a front contact of cross-
points 2613 of the sender cross-bar register
switch. District frame register relays 3200, 3201,
and 3203 operate over conductors 3207, 3208, and
3209, respectively, over front contacts of relays
2702 and 2700, over conductors 2616, 2617, and
2618, respectively, operated contacts of cross-
points 2613, conductor 2615, front contacts of
relays 2700 and 2102, conductor 2146, to ground
over the upper back contact of check relay 3521,
District frame relays 3204 and 3205 operate from

. battery through their windings in parallel, over

conductor 3210, front contacts of relays 2102
and 2700, conductor 2225, lower front contact of
relay 2220, conductor 2224, upper outer back con-
tact of relay 2322, to the previously traced
ground over conductor 2615. Class of service
register relay 3514 operates from battery through
its winding, over conductor 38523, front contact
of relays 2102 and 2100, conductor 22186, to ground
over a front contact of the sender class of service

[=3

10

20

25

30

35

40

50

60

G5



10

15

20

25

30

35

50

55

60

75

relay 2218. Class of service relays 3515 to 3817,
Inclusive, operate In circuits over conductors
3524, 3525, and 3528, respectively, front contacts
of relays 2102 and 2700, conductors 22189, 2218,
and 2229, respectively, front contacts of relay 22185,
conductor 2217, front contact of relay 2100 and
2702, conductor 2707, to ground over the upper
middle back contact of check relay 3522.

The first office code digit register relays 3501
and 8508 are operated from battery through their
windings, over conductors 8527 and 3528, re-
spectively, front contacts of relays 2702 and 2700,
conductors 2640 and 2642, respectively, to ground
over the front contact of cross-points 2625 of
the sender register switch. Register relays 3500
and 3502 are operated over conductors 3529 and
3530, respectively, front contacts of relays 2762
and 2700, conductors 2639 and 2641, respectively,
front contact of cross-points 2626 of the sender
register switch, to the previously traced ground
on conductor 2217. The second office code digit
register relay 3505 operates over conductor 353!,
front contacts of relays 2702 and 2100, conduc-
tor 2644, to ground over the operated cross-points

2633 of the sender register switch. Register re- -

lays 3504, 3506, and 3507 operate over conductors
3532 to 3534, respectively, front contacts of re-
lays 2102 and 2160, conductors 2643, 2645, and
2646, respectively, operated contact of cross-points
2633, conductor 265(, front contacts of relays
2100 and 2702, conductor 2708, to ground over
the upper outer back contact. of check relay
3522. The third office code digit register relays
3509 and 3513 operate from battery through their
windings in parallel, over conductor 8535, front
contacts of relays 2702 and 2700, conductor 2648,
front contact of cross-points 2636 of the sender
register switch, to ground. Register relays 3508
and 3512, in parallel, and relays 3510 and 3511
operate over conductors 3536 to 3538, respective-
ly, front contacts of relays 2702 and 2700, con-
ductors 2647, 2648, and 2650, respectively, front
contacts of sender register switch cross-points
2635, to the previously traced ground on conduc-
tor 2651.

All of the decoder marker register relays are
now operated and by their operation indicate the
continuity of the conductors extending from their
windings to the sender circuit. Check relay 358
now operates over a chain circuit extending over
the left inner front contacts of relays 35083, 3502,
3501, 3508, 3507, 3506, 8505, and 3508 to ground
on conductor 2705. Check relay 35{9 operates
over a chain circuit extending over the left inner
front contacts of relays 351, 3519, 8509, 3508,
3512, and 3812 to ground on conductor 2785,
Check .relay 3520 operates over a circuit extend.
ing over conductor 3539, over a chain circuit ex-
tending over the upper front contacts of relays
3205 and 3204, inner front contacts of relays 3206
to 3203, inclusive, conductor 321{, right inner
front contacts of relays 35{7, 3518, 3545, and
3814 to ground on conductor 2765. Relays 3518
and 8519, in operating, lock over their lower outer
front contacts and over the lower back contact
of relay 3522 to ground on conductor 2705. Relay
3520 locks over its lower outer front contact and
over the lower back contact of relay 8521 to the
same ground. Check relay 3522 now operates
from battery through its winding, over the lower
inner front contacts of relays.3518 and 3518 to
ground. Relay 3522, in operating, locks over its
lower inner front contact to ground on conductor
2105, and removes the ground from conductors
2707 and 2708. Relay 3520, in operating, oper-
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ates check relay 352! which locks over its lower
front contact to ground on conductor 2708 and
removes the ground from conductor 2708. The
removal of ground from conductors 2706 to 2708,
inclusive, by the operation of relays 352! and
3522 releases all decoder marker register relays
which are not operated directly from the sender
circuit, only register relays 3202, 3501, 38503,
3505, 3509, 3513, and 385i4 remaining operated.
The release of the other register relays opens
the chain circuit over which relays 35(8 to 3520,
Inclusive, are operated and these latter relays
therefore release since their locking circuits were
opened by the operation of relays 3521 and 3522.

Translator and route switch operated

Upon the operation of relay 3522 and the re-
lease of relay 3518 a circult is completed from
ground over the upper front contact of relay 3522,
upper outer back contact of relay 8518, left back
contacts of relays 3506 and 3507, left outer front
contact of relay 3505, left inner back contact of
relay 3504, conductor 3540, to battery through
the windings of select magnets 4000, 4001, 4002,
and 4003 of the four translating cross-bar
switches 4004 to 4007, inclusive, of Fig. 40, oper-
ating these select magnets. Hold magnets 4008
to 4011, inclusive, of these switches now operate
in a circuit from battery through their windings
in parallel, over conductor 3541, right outer front
contact of relay 3601, right back contact of relay
3500, left middle front contact of relay 3503, left
back contact of relay 3502, conductor 4012, and
front contacts of select magnets 4003, 4002, 4001,
and 4008, to ground. The operation of hold mag-
nets 4008 to 4011, inclusive, cause cross-point con-
tacts 4043 to 40¢6, inclusive, to close since these
said contacts were prepared for closure by the
operation of select magnets 4000 to 4903, inclu-
sive,

Each cross-point contact of switches 4606 and
4007 connects to the winding of a select magnet
of a route switch such as is shown in Fig. 33.
Each cross-point contact of switches 4004 and
4005 connects to the windings of a pair of hold
magnets of the same route switch. For simplic~
ity, only one each of these connections is shown,
‘that extending from the middle front contact of
cross-point 4615, over conductor 4017, to the
winding of select magnet 3308, and that extending
from the middle front contact of cross-point 40! 3,
over conductor 40i8, to the windings of route
switch hold magnets 3304 snd 3305.

Select magnet 3383 operates in a circuit from
battery through its winding, over conductor 4617,
contact of cross-point 4813, conductor 3542, left
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inner back contact of relay 3508, left outer front

contact of the previcusly operated register relay
3508, left inner back contact of relays 35(1 and
3510, inner back contact of relay 3549, lower out-
er front contact of the operated check relay 3522,
conductor 3302, back contact of relay 3301, right
inner back contact of relay 3300, conductor 3401,
to ground over a front contact of relay 3100 which
previously operated when ground was placed on
conductor 2824 by the decoder marker connector
circuit as hereinbefore set forth. The operation
of select magnet 3303 prepares cross-points 3306
to 8389, inclusive, and cross-points 8322 and 3323
for operation and also causes hold magnets 3304
and 3305 to operate. The circuit for hold mag-
nets 3304 and 3305 is traceable from battery
through their windings, over conductor 401 8, con-
tact of cross-point 4843, conductor 4019, left in-
ner back contact of relay 3512, left outer front
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contact of the operated register relay 3818, left
middle back contact of relay 3511, left outer back
contact of relay 3510, conductor 3543, upper out-
er back contact of relay 3310, front contact of
select magnet 3303, back contacts of select mag-
nets 3311 and 3312, to ground. The operation
of hold magnets 3304 and 3305, with select mag-
net 3303 previously operated, cause route cross-
points 3306 and 3307 of the route switch to close.

The route cross-bar switch, such as is shown
in Fig. 33, is provided with ten vertical and ten
horizontal rows of contact sets. Each route re-
quires one pair of horizontal cross-points, such as
cross-points 3306 and 3307, and the switch there-
fore has provision for fifty routes. For simplicity
of illustration only three of the ten horizontal
rows of contact sets and six of the vertical rows
of contact sets are shown. Six of the contacts
of each pair of cross-points which represent a
particular routing provide for setting up and
transmitting such information to the subscriber
sender as that circuit requires to properly con-
trol the selections to be made later at the inter-
mediate office or offices (if any) and at the ter-
minating office in the completion of the connec-
tion. Other contacts of the route cross-points
provide for determining the pair of office frames
on which the particular group of trunks is lo-
cated, the trunk level on the office switches in
which this trunk appears, and the particular lo-
cation of the trunk group with respect to the
group of forty trunks on the indicated office
switch level. Another route cross-point contact
transmits talking selection and zone information
to the district trunk. A twelfth contact provides
for setting up of an alternate route (f provided)
or of an overflow route, in the event that the reg-
ular route is unavailable.

All sets of route cross-points which are used
for regular routes and for which it is not neces-
sary to differentiate between the different classes
of service to which the calling subscribers are
entitled are grouped together in the same verti-
cal rows of the route switch. Three of these reg-
ular route cross-point sets are shown in the two
right vertical rows of the switch shown in Fig. 33,
namely, cross-points 3308 and 3308, 3313 and
3314, and 3345 and 3316. The corresponding ar-
matures of these cross-points are multipled in
each vertical row and extend over conductors
3400 to 34190, inclusive, to front contacts on relay
3411 which is the ground supply relay for these
route cross-points. Relay 3411 operates as soon
as the decoder marker is seized. e operating
circuit for relay 3411 is traceable from battery
through its winding, over conductor 3412, back
contact of relay 3311, conductor 3101, to ground
over & front -contact of start relay 3100.

All sets of route cross-points which are used
for regular routes on which it is necessary to dif-
ferentiate between the class of service to which
the calling subscriber is entitled are grouped to-
gether in other vertical rows of the route switch.
Three of these route cross-point sets are shown
in the two middle rows of the switch, namely,
cross-points 3306 and 3307, 3318 and 3319, and

8320 and 3321. The corresponding armatures of

these cross-points are multipled in each vertical
row and extend over conductors 3418 to 3428, in-
clusive, to the front contact of ground supply
and block relay 3429 which operates over a cir-
cuit which will later be described.

All sets of route cross-point contacts which
are used for alternate routes are grouped to-
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gether in other vertical contact rows of the route
switch. Three of these route cross-point sets
are shown in the two left vertical rows of the
route switch, namely, cross-points 3322 and 3323,
3324 and 3325, and 3328 and 3327. The corre-
sponding armatures in one vertical row of these
alternate route cross-points are multiplied and
connect directly to ground. The corresponding
armatures of the other vertical row of these cross-
points are also multipled and extend over con-
ductors 3413 to 3417, inclusive, to various points
in the decoder marker where they connect to
ground over circuits which will later be de-
scribed in detail. .

In addition to the routes provided by the cross-

. points of the route cross-bar switch, several other

routings are obtained by the use of multi-contact
relays. Relay 3430, whose contacts perform
functions similar to the cross-points of the route
switch, provides for routing the call to & group of
overflow trunks in the event that all trunks, both
regular and alternate routes (if provided), are
found busy. Service group relay 3431, which
functions in connection with the service relays
shown in the upper portion of Fig. 40, provides
for routing a call to a group of operator trunks

in those cases where & subscriber dials a code

representing a destination to which he is not
entitled. The manner in which the service group
and service relays function is set forth in the
succeeding paragraph.

In the foregoing description, it was assumed
that the class of service to which the calling
subseriber originating the particular call under
consideration is entitled was such that class of
service register relay 3514 of the decoder marker
was operated from the sender circuit. Upon the
previous release of check relay 38520 a circuit
was closed from ground over the upper outer
front contact of relay 3521, upper back contact
of relay 3520, left outer back contacts of relays
3541, 3516 and 3515, left outer front contact of
relay 3514, conductor 3544, to battery through the
winding of service relay 4020 and service check
relay 4021 in series. Relay 4020 operates but
check relay 4021, which has marginal character-
istics, does not operate. Relay 4020, in operat-
ing, operates relay 4023 in a circuit from hattery
through the winding of relay 4023, over the left
outer front contact of relay 4020, conductor 4024,
upper contact of the previously operated cross-
point 3307, to ground. Relay 4023, in operating,
closes a circuit from the operating ground just
traced to its winding, over its inner front con-
tact, conductor 4025, left back contact of relay
3311, conductor 3328, to battery through the
winding of the ground supply block relay 3429
which operates. Relay 3429, in operating, closes
through the conductors which extend to the ar-
matures of the operated route cross-points 3306
and 3307. In this foregoing illustration, the code
dialed by the calling subscriber, as represented
by the operated cross-points 3306 and 3301, was
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unrestricted to this subscriber and the subsequent -

operation of relay 3429 completed the circuits for
making route cross-points 3306 and 3307 effec-
tive. 'To illustrate the manner in which the' cir-
cuit functions where a subscriber dials a: re-
stricted destination, let it be assumed that the
class of service which causes the decoder marker
class of service register relays 3514 to 3511, in-
clusive, all to operate is one to. which access to
the destination represented by route eross-points
3306 and 3307 is restricted. In this instance, the
call progresses up to and including the operation
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of cross-points 3306 and 3307 in the same man- .

ner as' previously described with the exception
that seérvice relay 4022 instead .of service relay
4020 is operated. The operating circuit for relay
4022 is traceable from battery through its wind-
Ing, over conductor #4026, next-to-inner right
front contacts of the operated class of service
register relays 3507, 3516, 3515, and 3514, upper
outer back contact of relay 3520, to ground over

the upper outer front contact of relay 3521, -

Upon the closure of route cross-points 3306 and
3301, a circult is completed from ground over
the upper armature and front contact of cross-

_point 3307, over conductor 4024, left outer front

contact of service relay 4022, conductor 40217,
to battery through the winding of service group
route relay 343{ and service group check relay
3432 in series. Relay 3431 operates but relay
3432, having marginal characteristics, does not
operate. The armatures of relay 343! extend
to front contacts of the previously operated
ground supply relay 34if. The front contacts
of relay 3431 close circuits which perform func-
tions slmilar to the route cross-points of the
cross-bar route switch except that in this in-
stance the call will be routed to an operator in-
stead of being completed to the destination
dialed. Since relay 3428 does not operate under
these conditions, the regular route eross-points
3306 and 3307 are ineffective. As indicated by
strap 2483, the winding of the marginal service
group route check relay 3432 is multipled to the
winding of all service group route relays, such as
relay 3481, Similarly, the winding of the service
check relay 4821 is multipled to the windings of
all service relays such as relays 4028 and 4022,
As hereinbefore set forth, these check relays 3432
and 462{ have marginal characteristics and do
not operate in series with any one of their asso-
ciated service group. route relays and service
relays, respectively. Should more than one serv-
ice group route relay or more than one service
relay operate simultaneously due to a trouble con-
dition, the associated marginal check relay re-
ceives sufficient current to operate and causes
the decoder marker to transmit a release signal
to the sender which thereupon releases from this
decoder marker and chooses and connects to a
second decoder marker in a manner which will
later be set forth in detail. " The contacts of check
relays 3432 and 4021 are grounded and the arma-
tures of these relays extend to a timing circuit
(not shown) which, after a predetermined in-
terval, transmits the trouble release signal to
the sender in a manner which is described and
illustrated in' the patent of S. B. Williams,
1,601,053, September 28, 1926, to which reference
is hereby made for an understanding of the va-
rious operations involved, but not specifically de-
scribed herein, '
The armatures and contacts of overflow route
relay 3430 perform functions similar to the con-
tacts of cross-points on the cross-bar route switch
and provide for routing a call to a group of over-
flow trunks in those cases where all trunks of a
group of a desired route are busy and no alternate
routing is provided, and also in those cases where
all trunks of a group of a regular route and also
all trunks of the associated alternate route group
are busy. Whenever all trunks of g group are
found busy, certain operations take place in the
decoder marker and cause the operation of relay
3317 and the subsequent operation of relay 3329.
The detailed operating circuits for relays 3317
and 3329 will be described in detail in subsequent
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paragraphs. As hereinbefore set forth, in con-

nection with the particular call under considera- .

tion, select magnet 3303 and hold magnets 3304
and 3308 are operated. Upon the operation of

- hold magnet 3305, relay 3301 operated in a local

circuit to ground over the front contact of magnet
3305. Relay 3301, in operating, opens the oper-

ating circuit for select magnet 3303 which re- -

leases, cross-points 3306 and 3307 now being held
in their closed position by the operated hold mag-
nets 3304 and 3305. Relay 3310 now operates in
& circuit from battery through its winding over
the outer front contact of relay 330f, and the
back contact of seleét magnets 8303, 33it, and
3312, to ground. The release of select magnet
3303 and the operation of relay 3310 opens the
operating circuit for hold magnets 3304 and 3308,
these magnets remaining locked, operated in a

circuit traceable from battery through their.

windings in parallel, over the front contact of
magnet 3304, left back contact of relay 3309,
conductor 40£2, and front contact of select mag-
nets 4003, 4092, 4001, and 4600, to ground.
Should all trunks of the regular group extending
to the destination represented by route cross-
boints 3306 and 3307 subsequently test busy, cer-
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tain operations, which will later be set forth in -

detail under the deseription of the trunk testing,
take place in the decoder marker and cause the
operation of relay 3317 followed by the opergation

“of relay 3329. Relay 3311, in operating, opens

the operating circuit for relays 3411 and 3429,
both of which release. The release of relay 3629
opens all conductors which extend from its con-
tacts to the armatures of cross-points 3306 and
3307 thereby making these cross-points ineffective
with the exception of the upper contact of cross-
point 3307 which is grounded directly. Relay
3328 now operates in a manner which will later
be described and completes a circuit from ground
over a right front contact of relay 3108, con-
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ductor 3101, right inner back contact of relay -

3300, inner front contact of relay 3301, lower

Anner- front contact of relays 3310, right outer

back contact of relay 3368, outer front contact of
relay 3329, conductor 3330, outer front contact
of relay 4023, conductor 4029, to battery through
the winding of the cross-bar route switch select
magnet 3311, causing that select magnet to oper-
ate. - Magnet, 3311, in operating, completes a cir-
cuit from ground over the back contact of select
magnet 3312, front contact of select magnet
3311, upper outer front contact of relay 3310, to
battery through the winding of hold magnets
3331 and 3332 in parallel. Hold magnets 3331

and 3332 in operating with select magnet 331

breviously operated, cause the alternate route
cross-points 3324 and 3325 to close. Relay 3333
operates in a circuit from battery through its
winding, to ground over the upper contact of
cross-point 3325 and, over its outer front contact,
prepares the operating circuit for relay 3300, In
this case, the contacts of .the alternate route
cross-points 3324 and 3325 perform functions sim-
ilar to those which will later be set forth for the

-contacts of the regular route cross-points 3306
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and 3307 except that an idle trunk in the alter-

nate instead of the regular trunk group will be

selected and that the information transmitted to

the sender will be such as to enable the sender
to properly complete the connection over this
alternate route.

In the event that all trunks of the alternate
route trunk group are busy, the decoder marker

70

'3




10

15

20

- 40

42

tunctions during the trunk test period and causes
first relay 3300 and then relay 3334 to operate

in a manner which will subsequently be described."

Relay 8300, in operating, opens the holding cir-
cuit for hold magnets 3304 and 3305 and these
magnets - release thereby allowing the regular
route cross-points 3306 and 3307 to restore to
their normal unoperated positions. The oper-
ation of relay 3300 also opens the operating cir-
cuit for select magnet 3311 and the holding cir-
cult for relay 3310 and both said select magnet
and relay release. The release of select magnet
3311 opens the operating circuit for hold mag-
nets 3331 and 3332 which release and allow the
alternate route cross-points 3324 and 3325 to
restore to their normal positions. The release of
hold magnet 3332 also opens the circuif through
the winding of relay 330 which thereupon re-
leases. Relay 3310 may momentarily reoperate
over its original operating circuit traceable from
battery through its winding, over the outer front
contact of relay 3301, to ground over the back
contact of select magnets 3303, 3311, and 3312,
before relay 3301 releases but hold magnets 3331
and 3332 cannot reoperate since their operating
circuit is opened at the front contact of the re-
leased select magnets 3303, 331(, and 3312. Re-
lay 3334, upon its subsequent operation, oper-
ates overflow route relay 3430 in a local circuit
over conductor 3349. The contacts of relay 3430
perform functions similar to those performed by
the route switch cross-points except that in
this case the call is routed to one of a group of
overflow trunks as will be set forth later.

Where no alternate route is provided, the op-
erating circuit for the overflow route relay 3430
is directly under control of the regular route
cross-points and relay 3329, This condition is il-
lustrated in connection with route cross-points
3313 and 3314 which represent a destination for
which no alternate route is provided. Assuming
that cross-points 3313 and 3314 are operated and

.- that all trunks of the group associated therewith

45

are busy, the decoder marker functions and
causes relays 3317,and ‘3329 to operate in a man-
ner which will later be described. Relay 3311,

_in operating, releases the previously operated
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ground supply relay 34i1 which, in turn, opens
the circuits which extend to the various contacts
of cross-points 3313 and 3314 thereby making
that pair of route cross-points ineffective. Since

it is assumed that cross-points 3313 and 3314

are operated, both select magnet 3311 and hold
magnets 3336 and 33371 previously operated to
cause the operation of these aforementioned
cross-points. The operation of hold magnet 3331
operated relay 330f which, in turn, caused the
operation of relay 3310 in a circuit from bat-
tery through the winding of relay 3318, over the
outer front contact of relay 3301, back contact
of select magnet 3303, front contact of select
magnet 3311, and back contact of select magnet
3312, to ground. With relay 3310 operated, the
operation of relay 3329 completes a circuit from
the previously traced operating ground at the
winding of relay 3310, lower inner front contact
of relay 3310, right outer back contact of relay
3300, outer front contact of relay 3328, upper
contact of cross-points 3314, conductor 4035, to
battery through the winding of the overflow route
relay 3430 which operates and causes the call to
be routed to one of the group of overflow trunks.
Relay 3430, in operating, also closes a circuit
from ground over its right outer front contact,

2,008,117

over conductor 4034, lower contact of cross-
points 3314 to battery through register 3338.
Register 3338 operates and records the fact that
there was no available trunk to the desired desti-
nation and that the call was routed to an over-
flow trunk. - ,

Routes for which alternate routes are provided
may also be provided with registers which record
the number of times that all of the regular route
trunks are busy.and.the call is rerouted over the
alternate route. This arrangement is {llustrated
in connection with the route represented by
route cross-points 3306 and 3301. When all regu-
lar route trunks associated with these aforemen-
tioned cross-points are busy, this fact is recorded
on register 3339 which operates in a circuit from
battery through its winding, over the lower con-

tact of cross-point 3307, to ground over the left

front contact of relay 3333, this latter relay op-
erating from the alternate route cross-points
3323 as previously set forth, Alternate routes may
also be provided with registers which record the
number of times that the decoder marker routes
the call to an overflow trunk due to all trunks of
a particular alternate route being unavailable.
This arrangement is illustrated in connection
with alternate route cross-points 3324 and 3325.
As previously set forth the decoder marker, upon
finding no available alternate route trunks, func-
tions and causes relays 3300 and 3334 to oper-
ate. Relay 3334, in operating, operates overflow
route relay 3430 for the purpose of routing the
call to an overflow trunk. Upon the operation
of relay 3430, a circuit is completed from ground
over its right outer front contact, conductor 4034,
lower contact of cross-point 3325, to battery
through the winding of register 3338. Register
3335 operates and records the fact that no trunk
of the particular alternate route with which it
is associated was available at that time,

Route cross-points 3306 and 3307 having oper-
ated, as hereinbefore set forth, the information
necessary for the sender to properly control the
subsequent selective operations at the desired
distant office in the completion of the connection
is now transmitted by the decoder marker to the
sender. Upon. the operation of start relay 3100
at the time of the seizure of the decoder marker,
relay 3600 operated in a circuit from batlery
through its winding, over conductor 3681, to
ground over s right front contact of relay 3100.
Relay 3600, in operating, supplies ground over its
various front contacts to the decoder marker
transmitting relays of which the office brush and
office group relays are shown in Fig. 36, the extra
or second office brush and extra or second office
group relays in Fig. 37, the compensating resist-
ance and class relays in Fig. 38 and the zone
relays in Fig. 39. With both relays 3100 and 429
operated, as previously set forth, a circuit is
closed from ground over a right front contact of

relay 3100 over conductor 3102, the right front

contacts of relay 3428, and over conductors 3418
to 3423, inclusive, to each pair of contacts of
route cross-point 3306, Each of the six contacts
of cross-point 3306 connects to the winding of a
decoder marker transmitting relay, the particular
relay to which each contact connects depending
upon the selective operation which the sender is
required to control in the completion of the call
over the particular route represented by cross-
points 3306 and 3307.

Transfer of decoded information to sender
Assuming that the call is to be routed through
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an intermediate office equipped with moving type
switches, such as panel switches, and that the
route represented by cross-points 3306 and 3307
requires the selection of office brush { and office
group b of the first distant office selector and that
no second distant office selector is involved in the
connection, the necessary information for con-
trolling these selections is transmitted to the

sender in the following manner: As previously -

set forth, all of the contacts of cross-point 3306
are grounded under control of the operated relays
3100 and 3428. The first office brush transmit-
ting relay 3602 operates In a circuit traceable
from battery through the winding of relay 3603,
winding of relay 3604 and upper winding of relay
3602, conductor 3348, and over a closed set of con-
tacts of cross-point 3306 to the previously traced
ground. Relay 3604 also operates in this afore-
mentioned circuit, but relay 3603, which has mar-
ginal characteristics, does not operate. Upon
the operation of relay 3602, a circuit is closed
from ground over the upper outer front contact
of relay 3600, winding of relay 3605, inner front
contact of relay 3692, outer back contacts of re-
lays 3606, 3607, and 3608, conductor 3609, a front
contact of the operated multi-contact decoder
mearker connecting relay 2102 and sender con-
necting relay 2709, conductor 2708, continuation
of conductor 2709 in Fig. 25, and through the
upper winding of the sender first office brush re-
lay 2580 to battery. Relay 2500, in operating,
partially closes its locking circuit which may be
traced from battery through its lower winding
and over its lower front contact, over conductor
2501, upper outer front contact of relay 2325, to
the upper armature of the as yet unoperated re-
lay 2330. Relay 3605, the winding of which is in
series with the upper winding of the sender first
office brush relay 2568, operates simultaneously
with relay 2500. Relays 3603, 3604, and 3605 are
provided for the purpose of checking the first
office brush information transmitted from the
decoder marker to the sender and function in a
manner which will subsequently be described.
Should the route represented by cross-points
3306 and 3307 require the selection of some other
brush of the first office selector, instead of office
brush {1, as illustrated, conductor 3340 would be
connected to some other winding of one of the
first office brush transmitting relays. Assuming,
for example, that the selection of brush 3 of the
first office selector is required, conductor 3340 in
this case connects to the lower winding of the
office brush transmitting relay 3606 and relay
3606 operates in a circuit from ground on con-
ductor 3340 from the operated route cross-point,
through the lower winding of relay 3606, windings
of relays 3610 and 3603 in series, to battery. Re-
lay 3610 operates in the aforementioned circuit
but marginal relay 3603 does not operate. With
relays 3606 and 3619 operated, conductors 3609,
3611, and 3612 which extend to the sender are
grounded and cause the operation of sender relay
2500 and two additional sender relays, thereby
preparing the sender for selecting brush 3 of the
first office selector. The ground for operating
the three sender relays in this case is supplied in
circuits which are traceable from ground-over the
upper outer front contact of relay 3600 through
the winding of relay 3605, inner front contact of
relay 3606, outer back contact of relay 3613, mid-
dle back contact of relay 3608, to conductor 361 i;
from the ground over the upper outer front eon-
tact of relay 3600, through the winding of relay
3614, outer front contact of relay 3606, outer back

43

_contact of relays 3607 and 3608, to conductor

3608; and from the ground over the upper outer
front contact of relay 3600 through the winding.
of relay 3615, front contact of relay 3610 to con-
ductor 3612. Relays 3605, 36!4, and 3615 each
operate to the battery supplied through the lower
winding of the respective sender relay, such as

- relay 2500, to which they are connected over con-~

ductors 3608, 3611, and 3612. Relays 3605, 3614,
and 3615 prepare a checking circuit which will
subsequently be described.

The information necessary to prepare the

.sender for controlling the selection of group § of

the first office selector is transmitted in the fol-
lowing manner. The previously traced ground
at the contacts of cross-points 3306 extends over
an operated set of contacts of those cross-points
and over conductor 3341 which is cross-connected
to the lower winding of the first office group
transmitting relay 3616. Relay 3616 operates
through its lower winding to battery through the

winding of relays 3617 and 3618 in series. Relay’

3617 also operates in this aforementioned circuit
but relay 3618, having marginal characteristics,

-does not operate. Relay 3616, in operating, ¢:

closes in part a checking circuit which will be de-
scribed later. Relay 3647, in operating, closes a
circuit traceable from ground over the upper
inner front contact of relay 36038, through the
winding of relay 3€19, over the front contact of
relay 3611, conductor 3620, a front contact of
connecting relays 2702 and 2708, conductor 2116,
continuation of conductor 2710 in Fig. 25, and
through the upper winding of the sender first
office group relay 2502 {o battery. Relays 2502
and 3619 both operate, relay 2502 partially clos-

ing a future locking circuit over its lower front,
contact to conductor 2501. - Relay 3619, in oper-

ating, closes a portion of the checking path al-

ready partially closed by the previous operation-

of relays 3602, 3604, 3605, and 3616. For any first
office group, other than group §, conductor 3341
would be cross-connected to some other upper or
lower winding of the first office group transmit-
ting relays 3616 and 8621 to 3625, inclusive, the
particular relay and winding thereof ‘depending
upon the first office group selection desired. The
operation of a particular office group transmit-

40

ting relays 3616 or 3621 to 3625, inclusive, to- -

gether with the operation of either series relay

" 3617 or 3626, depending upon which winding of

the office group transmitting relay is energized,
grounds one or two of the conductors 3620 and

- 3627 to 3629, inclusive, which extend through the

winding of the sender first office group relays and
cause the operation of those relays in a manner

similar to that described for the operation of the

sender first office group relay 2502 by the ground
supplied over conductor 3620. Had there been
no distant office selector invelved in the route
represented by route cross-points 3306 and 3301,
conductor 3341 would ‘cross-connect to the upper
winding of relay 3625 instead of to the lower
winding of relay 36{6. Under this condition,
relays 3628 and 3626 operate in series and con-
ductor 3638 would be grounded in a circuit trace-
able over the inner front contact of relay 3625,
winding of relay 3631, to ground over the inner
front contact of relay 3600. Conductor 3630 ex-
tends over a front contact of connecting relays
2102 and 2700, over conductor 211 1, continuation
of conductor 2111 in Fig. 25, to battery through
the upper winding of the sender skip office relay

2503. Relays 2503 and 3631 operate in series, the 7
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operation of relay 2503 indicating to the sender
that no first office selection is required.

Since it has been assumed that there is no

second; office selector involved in the -selected
route as represented by route cross-points 3306
and 3387, the decoder marker transmits only
such informsation to the sender to inform that
circuit to skip the second office selections. In this
instance, conductor 3342 is cross-connected to
the upper winding of the second office brush
transmitting relay. 3780 and conductor 3343 is
cross-connected to the upper winding of the
second office group transmitting relay 3701. Re-
lay 3100 operates from .the previously traced
ground on conductor 3342, through its upper
winding and through the windings of relays
3102 and 3703, to battery. Relay 3102 also oper-
ates in this series dircuit but relay 3763, having
marginal characteristics, does not operate. Re-
1ays 3700 and 3102, in operating, extend the chain
checking circuit which will be described later.
It will be noted that none of the second office
brush selection transmitting conductors 3704,
3105, and 3796 are grounded in this instance since
it is not required to operate any of the second

- office brush selection relays of the sender. The
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groundover conductor 3343 from route cross-point
3306 operates the second office group transmit-
ting relays 3701 in a circuit through its upper
winding, and through the windings of relays 3701
and 3708 in series, to battery. Relay 3707 oper-
ates in series with relay 3101 but relay 3708, being
marginal, does not operate. Relay 3701, in oper-
ating, closes a circuit from ground over a lower
front contact of relay 3608, over conductor 3633,
through the winding of relay 3789, over the inner
front contact of relay 3781, conductor 3710, a

- front contact of connecting relays 2702 and 2700,
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conductor 2712, continuation of conductor 2712
in Fig. 25, to battery through the upper winding
of the second skip office relay 2504 of the sender,
thereby operating both relays 2504 and 3708. Re-
lay 2504, in operating, closes in part its future
locking circuit from battery through its lower
winding and over its lower front contact to con-
ductor 2801 and indicates to the sender that no
second office selections are required. Relay 3709,
in operating, extends the decoder marker trans-
mitting relay checking circuit from the second
office brush transmitting relays to the compen-

sating resistance transmitting relays shown in .

the upper half of Fig. 38. This portion of the
checking circuit may be traced from the arma-
ture of relay 3102 of the second office brush
transmitting relays, over the upper front con-
tact of relay 3781 and the' front contacts of
relays 3709 and 3707 of the second office group

transmitting relays, to the compensating resist-

ance transmitting relays, over conductor 31{f.
It will be noted that since no second office selec-
tions are required for the selected route, none
of the second office group selection transmitting
conductors 3712 to 3715, inclusive, is grounded.

The information which enables the sender to
insert the proper compensating resistance in the
loop during its subsequent control of the dis-
tant office selections and during trunk. test is
transmitted from the decoder marker under con-
trol of the compensating resistance transmitting
relays shown in the upper portion of Fig. 38.
Conductor 3345, which extends from a grounded
contact of cross-point 3308, is cross-connected to
one of the windings of one of the ten compensat-
ing resistance transmitting relays 3800 to 3809,

75 inclusive, the particular relay and winding there-
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of depending upon the value of the compensating
resistance required to be set up in the sender by
the particular route selected. For the route rep-
resented by cross-points 3306 and 3387 it will be
assumed that conductor 3348 is cross-connected

to the upper winding of the compensating resist- .

ance transmitting relay 3802. Relay 3802 oper-
ates from the ground on conductor 3345 in a
circuit through its upper winding, and through
the windings of relays 3810 and 38i1 in series,
to battery. Relay 3810 also operates in this
series circuit, but relay 3811, having marginal
characteristics, does not operate. Relay 3802, in
operating, connects ground to the compensating
resistance transmitting conductor 3813 in a cir-

10

cuit traceable from that conductor, over the in- .

ner back contacts of relays 3806 and 3803, inner

front contact of relay 3802, winding of relay

3812, conductor 3814, to ground over & front con-
tact of relay 3600. This ground on conductor
3813 extends to the sender where it causes the
operation of one of several compensating resist-
ance relays. These sender compensating resist-
ance relays are not shown, but are similar to
the sender office brush and office group relays,
having an operating winding and a locking wind-
ing which are connected in a manner identical
with the similar respective windings of the sender
office group relays, such as relay 2802, for ex-
ample. Relay 382 operates in series with the
sender compensating resistance relay and ex-
tends the transmitting relay checking -circuit.
This checking circuit may be traced from con-
ductor 3111, over the outer front contact of relay
3802, and over the front contact of relays 3812
and 3810 to the class of call transmitting relays
shown in the lower portion of Fig. 38.

The information regarding the type or class of
call is transmitted to the sender by means of the
relays shown in the lower half of Fig. 38. One
contact of each set of route cross-points is cross-
connected to one of the windings of a class trans-
mitting relay, the particular relay and winding
thereof depending upon the class of the call
represented by the route cross-point. In the
case of route cross-points 3306 and 3307 the next
to the lowest set of contacts of cross-point 3306
is shown cross-connected over conductor 3344
to the upper winding of class transmitting relay
3815. Relay 3815 operates from the ground over
conductor 3344, through its upper winding, and
through the windings of relays 3818 and 3817 in
series, to battery. Relay 3818 operates in this
series circuit, but relay 3817, being marginal,
does not operate, Upon the operation of relay
3815 the class of call transmitting conductor 3818
is grounded in a circuit from that conductor, over
the outer back contact of relay 3819, inner back
contact of relay 3820, inner front contact of relay
3815, winding of relay 3821, and over conductor
3822 to ground over a lower front contact of relay
3600. Conductor 3818 extends over a front con-
tact of connecting relays 2883 and 2881 to bat-

tery through the winding of one of several class

of call relays (not shown) in the sender circuit.
The particular sender class of call relay operates
in series with relay 3824 which also operates and
further extends the {ransmitting relay checking
circuit. The extension of this checking circuit
may be traced from the armature of relay 3818,
over the outer front contact of relay 38185, front
contacts of relays 3821 and 3816, and over con-
ductor 3823, to the zone transmitting relays
shown in Fig. 39.

One of the contacts of cross-point 3387 is
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cross-connected over conductor 3346 to one of
the windings of one of thirteen zone relays shown
in the upper and lower portions of Fig. 39. In
the case illustrated, conductor 3346 is connected
to the upper winding of zone relay 3900, and
relay 3900 operates in a circuit traceable from
battery through the windings of relays 3802 and
3801 in series, through the upper winding of re-
lay 3900, over conductor 3346, a front contact of
cross-point 3307, conductor 8424, a front contact
of relay 3429, conductor 3436, to ground over a
back contact of relay 3103. Relay 3901 also oper-
ates in this aforementioned circuit, but relay 3902
being marginal does not operate. Relay 3900,
In operating, grounds conductor 3903 in a circuit
traceable from that conductor, over the outer
back contacts of relays 3904, 3905, 3906, 3907,
and 3808, inner front contact of relay 3900, both
windings of relay 3909, and over conductor 3910
to ground over the lower inner front contact of
relay 3600. Conductor 3903 extends to the dis-
trict frame connector circuit shown in Fig. 20 and
its function will be set forth in the description
of the operation of the district trunk circuit. Re-
lay 3909, in operating, completes a circuit for
operating relay 38(f. This circuit may be traced
from battery through the winding of relay 3914,
over the front contact of relay 3909, conductor
3912, to ground over the right outer front con-
tact of relay 3100. Relay 3911, in operating, con-
nects ground to both windings of relay 3909,
thereby shunting the upper operating winding of
relay 3908 which thereupon releases. Upon the
release of relay 3909, relay 3913 operates in series
with relay 3911 to the ground on conductor 3912,
The transmitting relay checking circuit previous-
ly traced to conductor 3823 is now extended over
the front contacts of relays 3901 and 3913, the
outer front contact of relay 8860, and over con-
ductor 3914 to the lower middle armature of
relay 3{84 of Fig. 31 where it will function in a
manner which will subsequently be described.

Each of the aforementioned decoder transmit-
ting relays which operated was energized in series
with a marginal relay such as relays 3603, 3618,
31703, 3708, 3814, 3817, and 3902, as previously
set forth. These marginal relays are provided
to determine whether more than one transmit-
ting relay in any group is operated at a time,
thereby insuring the integrity of the informa-
tion transmitted to the sender. Should more
than one transmitting relay of any group oper-
ate, due to a trouble condition, the marginal relay
associated with that group of transmitting relays
recelves sufficient current through its winding to
operate. The contacts of each of these marginal
checking relays is connected to ground and the
armatures of these relays connect to a common
conductor 3634 which in turn connects to a tim-
ing circuit (not shown). The grounding of con-
ductor 3634 by the operation of any of the mar-
ginal checking relays causes the associated tim-
ing cireuit to function and, after an interval, to
connect a trouble indicating circuit (not shown)
to the decoder marker to take a record of the
trouble condition encountered and to send a re-
lease indication to the sender. The sender there-
upon releases itself from the decoder marker in
trouble and attaches itself to some other decoder
marker for a second trial. The manner in which
the timing circuit and the trouble indicating cir-
cuit function is well-known to the art and no fur-
ther reference to their operation will be made
herein.

All transmitting conductors between the de-
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coder marker and the sender which are not
grounded by the decoder marker on a particular
call connect over the back contacts of the vari-
ous transmitting relays with which they are as-
sociated and over the back contacts of a cut-
off relay to battery through the windings of two
trouble detecting relays 3716 and 3717. For illus-
tration, of the transmitting conductors associat-
ed with the first office brush transmitting relays
shown in the upper half of Fig. 36, only con-
ductor 3609 is grounded for the call being de-
scribed, as previously set forth. The remaining
conductors 3611, 3612, 3635, and 3636 connect
over the back contacts of the various unoperated
first office brush transmitting relays, over upper
back contacts of cut-off relay 3637, and over con-
ductor 3638 to battery through the winding of
trouble detecting relay 37146. 'The ungrounded
conductors 3627 to 3630, inclusive, which are
associated with the first office group transmitting
relays shown in the lower half of Fig. 36 connect
over back contacts of the various unoperated first
office group transmitting relays, over lower back
contacts of cut-off relay 3637, and over con-
ductor 3638 to battery through the winding of
relay 3716. Similarly, all ungrounded conductors
associated with the second office brush transmit-
ting relays shown in the upper half of Fig. 37
connect over the back contacts of the unoperated
transmitting relays and over the upper back con-
tacts of cut-off relay 3718 to battery through the
winding of relay 3716. The ungrounded con-
ductors associated with the second office. group
transmitting relays shown in the lower half of
Fig. 37 connect over back contacts of the tnop-~
erated transmitting relays and lower back con-
tacts of relay 3718, to battery through the wind-
ing of the second trouble detecting relay 37(7.
The ungrounded conductors associated with the
compensating resistance and class transmitting
relays of Fig. 38 connect over the back contacts
of their associated unoperated transmitting re-
lays, over the upper and lower back contacts of
cut-off relay 3824, and over conductor 3825 to
battery through the winding of relay 3711. The
ungrounded conductors associated with the zone
transmitting relays of Fig. 39 connect over the
back contacts of their associated unoperated
transmitting relays, over the back contacts of
cut-off relay 3915, and over conductor 3825 to
battery through the winding of relay 37T17.
Should any transmitting conductor which is not
being used in conjunction with a particular call
become falsely grounded or crossed with some
conductor which is being used and is therefore
grounded by the decoder marker, the trouble de-
tecting relay 3706 or 3741, with which it is ag-
sociated, -will operate. The operation of either
relay 3716 or 3717 connects ground to conductor
3634 which in turn connects to the timing circuit.
The timing circuit (not shown) functions, con-~
nects a frouble indicating circuit to the decoder
marker and causes a release signal to be sent
to the sender which thereupon releases and con-
nects to another decoder marker. The cut-off
relays 3837, 3718, 3824, and 3915 are operated by
the trouble indicating circuit over circuits which
are not shown and, by their operation, isolate
each transmitting conductor, thus enabling the
indicating eircuit to record the trouble encoun-
tered on any particular conductor.

Marker connects to district and office frames

Simultaneous with the transmission of the se-
lection information to the sender, connections
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between the decoder marker and the districtframe
on which the district trunk serving the call is lo-
cated, and between the decoder marker and the
pair of office frames containing the group of trunks
extending to the desired destination, are being
established. With the district frame register re-
lay 3202 and check relay 3521 operated and
check relay 3520 released, as previously set forth,
a circuit is completed from ground over the upper
outer front contact of relay 3521, upper outer back
contact of relay 3520, over conductor 3545, outer
front contact of relay 3202, middie back contact of
relay 3200, inner back contact of relay 320!, mid-
dle front contact of relay 3202, inner back con-
tacts of relays 3203 and 3204, to battery through
the right windings of district frame relays 3212
and 3213, both of which operate. Relays 3214
and 32¢5 represent another pair of district frame
relays, there being one pair of these relays for
each district frame to which the decoder marker
may connect. Relay 3212, in operating, closes a
circuit from battery over its left front contact
and over conductor 3216, to ground through the
winding of relay 2000 of the district link and
frame connector circuit shown in Fig. 20.

As hereinbefore set forth in the general de-
scription, the district link and connector circuit
is provided with ten primary and twenty sec-
ondary district link cross-bar switches. Cross-
point 2004 of Fig. 20, together with select magnet
2005 and hold magnet 2006 represenis a partic-
ular crosspoint of one of the ten primary district
link switches. Similarly, crosspoint 2007, to-
gether with select magnet 2008 and hold magnet
2008, represents a particular crosspoint of one
of the twenty secondary district link swifches.
The contacts of crosspoints 2004 and 2007 are
interconnected by a district link or “A” trunk
2010. Associated with the ten primary district
link switches is a 200 point cross-bar switch 2011,
the function of which is to connect the test con-
ductors, from the twenty “A” trunks extending
between any one of the primary district link
switches and the twenty secondary district link
switches, to the decoder marker. One of these
«A"” trunk test conductors is shown, conductor
2014, which extends from the lowest or sleeve
conductor of “A” trunk 2010 to a contact of cross-
point 2045 of switch 201f. Associated with the
ten secondary district link switches is a similar
cross-bar switch, 2012, which provides means for
operating the secondary district link switch select
magnets, such as seléct magnet 2008, and also
extends the test conductors of the “B” trunks,
such as conductor 206 of “B” trunk 2013, to the
decoder marker.

Upon the connection of battery to conductor
3216 by the decoder marker, as previously set
forth, relay 2000 of the district link and frame
connector circuit operates. Provided that relay
2001 or 2002, the windings of which extend to
other decoder markers (not shown) are not oper-
ated at this time, the operation of relay 2000
closes a circuit from ground over the outer back
contacts of relays 2002 and 2001 and over the
outer front contact of relay 2000, to battery
through the winding of the multi-contact district
frame decoder marker connector relay 2003 which
operates and closes through the various conduc-
tors from the district frame to the decoder mark-
er. Relays 2017 and 2018 are similar in function
to relay 2003 and serve to establish connections
to the decoder markers to which the windings of
relays 2001 and 2002 connect. Relay 2000, in op-
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erating, also closes a circuit from ground over
the inner back contacts of relays 2002 and 2001,
inner front contact of relay 2000, conductor 2019,
to battery through the winding of relay 3217.
Relay 32171 operates and closes & circuit from
ground through the upper contact of relay 3108,
lower contact of relay 3107, lower front contact
of relay 3106, the latter relay having operated
in a circuit over the front contact of relay 3100,
normal contacts of relay 3105, conductor 314,
closed contacts of relay 32171, conductor 3230
through the marker connector to conductor 2228,
winding of relay 2232 to battery. Relay 2232
operates and extends the grounded conductor
2228 over its front contact thence over conductor
1825 through the sender selector switch to con-
ductor 1701 through the back contact of relay
1711 to battery through the winding of relay
1712. Relay 1712 operates and closes a local
circuit over conductor 713 to operate select mag-
net 2005 of the primary district link switch. Re-
lay 1112 also extends its operating ground over
its lower inner front contact and over conductor
{7114 to battery through the winding of select

magnet 2020 of switch 2011, operating magnet £

2020. In addition, the operation of relay 1712
extends conductor 1702 and the windings of relays
1719 and §720 of the district trunk, over con-
ductors 716, (11T, and (145, respectively, and

over front contacts of the operated district frame -

connector relay 2003, to the decoder marker.
Relay 1718, the function of which will later be
set forth, is also operated in a local circuit from
a front contact of relay 1712. Select magnet
2020, in operating, extends-its operating ground
over its inner front contact, a front contact of
relay 2003, conductor 2024, to battery through the
winding of relay 3185 which operafes. Relay
3106 previously operated in a local circuit upon
the operation of the decoder marker start relay
3100. Relay 3105, in operating, locks in & cir-
cuit over its upper front contact, lower outer
front contact of relay 3106, lower outer back con-
tact of relay 31017, to ground over the upper outer
back contact of relay 3108. Relay 3105 extends
its holding ground over its upper front contact
back on conductor 2021 to hold select magnet
2020 and relay 712 since the original operating
circuit for relay {112 and select magnet 2020 is
opened at the upper back contact of relay 3105.
Also this holding ground is extended over con-
ductor 1714 through the inner lower front con-
tact of relay 1112, back contact of relay {Til and

thence into the sender to hold the relay 2232

operated, the original operating circuit of this
latter relay having been opened by the operation
of relay 3165. Hold magnets 2022 and 2023 oper-
ate in multiple from ground over the outer front
contact of select magnet 2028 and cause the clo-
sure of crosspoint 2015 as well as the other cross-
points in that level of switch 2011 with which
select magnet 2020 is associated. The test con-
ductors of the twenty district links or “A” trunks
to which the district trunk shown in Fig. 17 has
access are extended over the operated crosspoints
of switch 20i{ and over front contacts of con-
nector relay 2003 to the decoder marker. The
circuit for the test conductor of “A” trunk 2010
may be traced from the lower contact of the
primary district link switch crosspoint 2004, over
conductor 2014, crosspoint 2015 of switch 2011, a
front contact of relay 2003, conductor 2024, right
inner back contact of channel relay 3800, to the
left winding of channel testing relay 3607. There
dre twenty channel relays and twenty channel
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testing relays, one of each for each of the twenty
“A” trunks to which a particular district trunk
has access. Seven channel relays, 3000 to 3006,
inclusive, and seven channel testing relays, 3007
to 30138, inclusive, are shown.

The pair of office frames to which the decoder
marker connects on a particular call is deter-
mined by the cross-connection of one of the
route crosspoint contacts to one of the ten de-
coder marker office frame relays of which two,
relays 3218 and 3219, are shown. In the case
illustrated it is assumed that the group of trunks
extending to the destination represented by route
crosspoints 3308 and 3307 contains less than
forty trunks and is therefore not split into trunk
subgroups. It is further assumed that one-half
of this desired group of trunks appear on the
even office frame shown in part in Fig. 41 while
the other half of the group appear on the odd
office frame indicated by block 4200 in the upper
half of Fig. 42. Upon the previous closure of
route crosspoints 3306 and 3307 the decoder
marker office frame relay 3218 operated in a
circuit from battery through its winding, over
cross-connecting terminal. 3220, conductor 3221,
a contact of crosspoint 3307, conductor 3426, a
contact of relay 3429, conductor 2437, to ground
over a back contact of relay 3103. Upon the sub-
sequent operation of relay 3217, during the con-
nection of the. decoder marker to the district
frame as hereinbefore described, circuits are
closed from battery over the right front con-
tacts of relay 3217, left front contacts of relay
3218, to the start conductors 3222 and 3223 which
extend to the office frame connector circuit of
the two office frames on which the desired trunk
group appears. The battery on conductor 3222
operates the office frame start relay 4100 in a
circuit through the winding of that relay, over
the lower back contacts of relays 4104 and 4102,
to ground over the upper inner back contact of
office frame make-busy relay 4103. Relay 4100,
in operating, operates the office frame decoder
connecting relay 4104 in a circuit from battery
through the winding of relay 4104, over the upper
outer front contact of relay 4100, to ground over
the upper outer back contact of relay 4103. The
operating circuits for the office frame connector
start and decoder connecting relays are arranged
in chain circuits so that only one decoder con-
necting relay can operate at any one time. For
example, with start relay 41980 and connecting
relay 4164 operated, the operation of start relay
4181 or 4192 from some other decoder marker

5 s ineffective in operating connecting relay 4§05

or 4106 since the operation of relay 4100 opens
the operating circuits for relays 4105 and 4106.
Had start relay 4182 and its associated decoder
connecting relay 4108 been operated from some
other decoder marker at the time that battery
was connected to conductor 3222 by this decoder
marker, connecting relay 4194 would not operate
since its associated start relay 4100 could not
operate due to its operating circuit being open
at the lower back contact of relay 4102,

Each office frame is provided with ten primary
and ten secondary cross-bar switches as previ-
ously described in the general description.
Crosspoint 4107 of Fig, 41, together with select
magnet 4108 and hold magnet 4109, represents a
particular crosspoint of one of the ten primary
office switches located on the No. 0 office frame.
Crosspoint 411€ together with select magnet
4111 and hold magnet 4112, represents a par-
ticular crosspoint of one of the ten secondary
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office switches located on the same office frame.
Extending from the district frame to the office
frame are “B” trunks, such as trunk 2013 which
extends from the district frame shown in Fig. 20
to crosspoint 4107 of the primary office switch
of Fig. 41. The primary and secondary office
switches are interconnected by office links or
“C” trunks such as trunk 4113. The horizontal

multiple on the secondary office switches, such

as represented by the armatures of crosspoint
4110, connects to outgoing trunks such as trunk
4114, Associated with the ten primary office
switches is a 200 point cross-bar switch 4115, the
function of which is to connect the test con-
ductors of twenty office links or “C” trunks ex-
tending from any primary office switch, to the
decoder marker. Associated with the secondary
office switches are ten multi-contact relays, one
for each level of the secondary office switches,
the function of which is to connect the test con-
ductors of the outgoing trunks, as well as the
secondary office switch select magnets associated
with the levels in which these trunks appear, to
the decoder marker. Three of these ten relays,
relays 4116, 4117, and 4118, are shown, relay
4118 being associated with that level of the sec-
ondary office switches in which outgoing trunk
4114 is located. The operation of the office frame
decoder connector relay 4104, upon the operation
of start relay 4100 as previously set forth, extends
the circuit from the windings of the select and
hold magnets of switch 41i5 and from the wind-
ings and contacts of relays 4116 to 4118, inclu-
sive, to the decoder marker.

As previously set forth, it is assumed that one-
half of the desired group of outgoing trunks ap-
pear on the even office frame No. 0 shown in
Fig. 41, while the other half of the trunk group
appear on the odd office frame No. 1 which is
indicated by block 4200 in Fig. 42. Upon the
connection of battery to conductor 3223 by the
operation of relay 8211, a start relay and a de-
coder connecting relay of the No. 1 office frame
operate, in a manner similar to that described
for relays 4100 and 4104 of Fig. 41, and by their
operation extend the various select and hold
magnets, as well as the windings and contacts
of the outgoing trunk test conductor multi-con-
tact connecting relays corresponding to relays
4116 to 4118, inclusive; of Fig. 41, to the decoder
marker.

Test of desired trunk group

The decoder marker is provided with ten trunk

location relays of which two, relays 3224 and
3225, are shown. The function of these relays is
to inform the office frame circuit on which levels
of the secondary office switches the desired group
of outgoing trunks is located and to cause the
proper offise frame connecting relays to operate
and extend the test conductors of the trunks in
those levels, as well as the windings of the sec-
ondary office switch select magnets associated
therewith, to the decoder marker. Where the
desired group of outgoing trunks does not exceed
40, or where the trunk group exceeds 40 and is
therefore divided into subgroups each of which is
located in the same level of different pairs of
secondary office switches, the trunk location re-
lays operate directly under control of the de-
coder marker route crosspoint. Since it is as-
sumed that the group of trunks to the -desired
destination does not exceed 40 and, assuming fur-
ther that these trunks are located in the ninth
level -of the secondary office switches of office
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frames No. 0 and No. 1, trunk location relay
3225 operates in a circuit from battery through
its winding, over cross-connecfing terminal 3226,
conductor 3227, a contact of route crosspoint
3307, conductor 3425, a front contact of relay
3429, conductor 3438, to ground over a back con-
tact of relay 3103. Relay 3225, in operating,
closes a circuit from ground over its left front
contact, over conductor 3228, a front contact of
relay 4104, to battery through the winding of
relay 4118 which operates. The ground on con-
ductor 3228 also causes the relay, corresponding
to relay 4118 of Fig. 41, associated with office
frame No. 1 to operate. Relay 4118, in operating,
closes the test conductors of the twenty out-
going trunks extending from the ninth levels of
the secondary office switches of office frame No. 0
to the testing relays of the decoder marker. The
circuit for the test conductor 4113 of outgoing
trunk 4114 may be traced from that conductor,
over a front contact of relays 4118 and 4104,
conductor 4120, upper outer back contact of
trunk relay 2900, to battery through the wind-
ing of testing relay 280f. There are forty trunk
relays such as relay 2900, twelve of which, those
appearing in the same horizontal row containing
relay 2900, are shown. There are also forty test
relays such as relay 2901, twelve of which, those
appearing in the same horizontal row contain-
ing relay 2801, are shown. Each of the test
conductors of the twenty outgoing trunks of the
ninth levels of the secondary office switches of
office frame No. 0 connect, over a circuit similar
to that traced for test conductor 4119 of trunk
4114, to battery through the winding of one of
twenty of the forty test relays. For illustration,
a circuit may be traced from battery through the
winding of test relay 2803, over the upper outer
back contact of relay 2904, conductor 4121, a
front contact of relays 4104 and 4118, and over
conductor 4122 which extends to the test con-
ductor (not shown) of an oufgoing trunk appear-
ing in the ninth level of some other secondary
office switch (not shown) of office frame No. 0.
Relay 4118, by its operation, also prepares the
operating circuit for the select magnet, such as
magnet 4111, associated with the ninth level of
each secondary switch. The circuit for select
magnet 41 I may be traced from battery through
the winding of that magnet, over one of the front
contacts of relay 4118, a front contact of relay
4104, conductor 4123, to an armature of the even
office frame decoder marker relay 30f{4. The
ground connected to conductor 3228 by the op-
eration of relay 3225 also operated a multi-con-
tact connecting relay (not shown), correspond-
ing to relay 4118 of Fig. 41, in the odd office
frame No. 1. The operation of this aforemen-
tioned relay connects the test conductors of the
twenty outgoing trunks of the ninth Jgvels of the
secondary office switches of office frame No. 1,
as well as the windings of the select magnets
associated with these trunks, to the decoder
marker in the same manner as set forth for office
frame No. 0. The twenty test conductors from
office frame No. 1 connect to the windings of the
other twenty of the forty test relays. For illus-
tration, one of the twenty circuits may be traced
from battery through the winding of test relay
2905, over the upper outer back contact of relay
2906, and over conductor 2807 fo a No. 1 office
frame outgoing trunk test conductor (not shown).
The windings of the No. 1 office frame secondary
switch select magnets (not shown) associated
with the ninth levels of those switches are con-
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nected over conductor 4201 to an armature of
the odd office frame decoder relay 3015. Relay
4118, in operating, also closes & circuit from
ground over one .of its front contacts, a front
contact of relay 4104, over conductor 4124, to bat-
tery through the winding of relay 3016 which
operates; Similarly, the No. 1 office frame con-
necting relay corresponding to relay 4118 of the
No. 0 office frame connects ground over conduc-
tor 4202 to battery through the winding of relay
3017 which also operates. The functions per-
formed by the operation of relays 3016 and 3017
will be set forth in the subsequent paragraph.
Whenever an outgoing trunk is in use and
therefore busy, its associated test conductor is
grounded under control of the particular sec-
ondary office switch hold magnet involved in
extending the connection over that trunk, For
illustration, should outgoing trunk 4114 be in
use, both the secondary office switch select mag-
net 4111 and hold magnet 4112 would be operated
to effect the closure of crosspoint 4{10. Ground
over the lower front contact of the operated hold
magnet 4112 would be connected, under this con-
dition, to test conductor 4119 of trunk #4114 as an
indication that this trunk was busy. Upon the
closure of the forty outgoing trunk test conductors
to the windings of the forty test relays, such as
relays 2901, 2903 and 2905, each of those test
relays whose associated test conductor is ground-
ed, thereby signifying that its associated trunk is
busy, operates. Associated with each of the forty
test relays is an auxiliary relay, such as relays
2902, 2908, and 2909 which are associated with
test relays 2801, 2903, and 2805, respectively.
Fach test relay which operates due to the trunk
to which it is connected being busy in turn op-
erates its auxiliary relay. For example, assum-
ing that test relay 2803 operates, a circuit is closed
from battery through the upper winding of relay
2908, front contact of relay 2903, conductor 2910,
to ground over the right front contact of relay
3018, relay 3018 having previously operated, to-
gether with relays 3019 and 3109, over conductor
3020, from ground over a left front contact of the
decoder start relay 3108. Relay 3109, previously
operated under control of decoder start relay 3100,
closed a circuit from battery over its upper switch-
hook contacts to one end of both the upper and
lower windings of polarized timing relay 3110.
The lower winding of relay 3110 is energized
from this battery to ground through resistance
38111, while the upper winding of the relay is
energized, initially, in a circuit from this bat-
tery, over conductor 3112, to ground over the back
contacts of relays 3016 and 30171. The windings
of relay 3110 are connected in opposition, how-
ever, and the relay therefore does not operate
until the circuit through its upper winding is
opened at the back contacts of relays 30i6 and
3017 as will later be set forth.  Upon the previous
operation of relay 3109, relay 3113 operated in a
circuit from battery through its winding, over the
upper inner back contact of relay 3f14, to ground
over the upper outer front contact of relay 3108.
Relay 3116 also operated from battery through its
winding, over the back contact of relay 3111, to
ground over the lower inner front contact of relay
3189. Upon the initial operation of the decoder
start relay 3100, relay 3106 operated in a local
circuit and closed a circuit from ground over its
lower middle front contact, upper outer back con-
tact of relay 3114, back contact of relay 3ti8§, to
battery through the winding of relay 3104 which
operated. Relays 3021 and 30822 also operated at
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this time in & circuit from battery through their

windings in multiple, over the back contact of

relay 3023, conductor 3024, to ground over the
lower inner front contact of relay 3106. The
function of relays 3021, 3022, 3104, 3113 and 8116
will be set forth in detail in subsequent para-
graphs.

As previously described, the operation of the
office frame relays, such as relay 4118, in addition
to closing the outgoing trunk test conductors to
the decoder marker trunk testing relays, also
operated relays 3046 and 3017 which, in turn,
remove ground over conductor 3112 from the
upper winding of relay 31108 and also from con-
denser 3118 which, up to this time, has been
short-circuited. As previously stated, the wind-
ings of relay 3110 are so connected that the force
exerted by the upper winding opposes that of the

operate as long as both windings remain ener-
gized. When the ground is removed from the
upper winding of relay 3i18 by the operation of
relays 3016 and 3017, relay 3110 does not operate
immediately since condenser 3118, having its
short circuit removed, now charges through the
upper winding of relay 3110 and momentarily
maintains the energizing current through that
winding. As condenser 3118 approaches its
charged state the current through the upper
winding of relay 3110 diminishes to a point where
it no longer sufficiently opposes the current
through the lower winding of the relay and relay
3110 thereupon operates. The capacity of con-
denser 3118 and the value of resistance 3119 are
50 chosen that the charging time of the con-
denser delays the operation of relay 3110 for an
interval sufficient to insure the operation of all

- test relays which may be associated with busy

outgoing trunks at that time.

As set forth above, forty outgoing trunk test
gonductors representing the forty outgoing trunks
extending from the secondary office switches of
affice frames Nos. 1 and 0 are now connected to
the decoder marker trunk testing relays. Since
g group of trunks to a particular destination, as
represented by a particular set of route cross-
points, may contain less than forty trunks, it is
necessary for the decoder marker to know the
exact location of the trunk group. For this
purpose, two contacts of each set of route eross-
ppints are employed, one representing the first
trunk and the other representing the last trunk
of -the desired trunk group. . These group start
and group end route cross-point contacts are
cross-connected to terminsals located on terminal
strips 2911 of Fig. 29, the particular cross-con-
nection depending upon the size of the trunk
group extending to the destination represented by
that route cross-point. There are twenty cross-
connecting terminals, such as terminals 2912 to
2815, inclusive, and 2819 on terminal strip 2911,
seven of these terminals being shown. These ter-
minals connect to the upper armature of every
other auxiliary trunk test relay, such as relays
2902, 2908, and 2916, with the exception of the
last of the twenty terminals, terminal 2915, which
connects to the upper front contact of the last
of the forty auxiliary trunk test relays, relay 2918.
Only twenty trunk group terminals are provided
since it is assumed that the number of trunks in a
group will always be in multiples of two. It is to
be understood however, that the trunk groups may
be in multiples of one, in which case forty ter-
minals would be provided, one connecting to each
of the auxiliary trunk test relays. It will be

49
assumed that the group of trunks extending to
the destination represented by route cross-points
3306 and 3307 contains thirty-eight trunks, and

that these are the first thirty-eight trunks of the
group of forty trunks being tested. The group

start contact of route cross-point 3307 is there-

fore cross-connected over conductor 3347 to. ter-
minal 2912 of terminal strip 2911, and the group
end contact of the cross-point is cross-connected

over conductor 3348 to terminal 2948 6f terminal -

strip 2911, Upon' the operation of relay 3118,
after an interval sufficient to permit the opera-
tion of all trunk test relays associated with busy
trunks as set forth in the preceding paragraph,.-a
circuit is closed from ground over the front con-
tact of relay 3113, lower back contact of relay
3114, upper back contact of reiay 3120, front con-
tact of relay 3110, upper outer front contact of

relay 8118, lower outer front contact of relay:

3104, outer back contact of relay 3103, conductor
3121, a front contact of relay 8429, conductor 3421,
a contact of route cross-point 33071, conductor
3341, to the upper armature of the first auxiliary
trunk test relay 2908. The upper back contacts
of each auxillary trunk test relay, such as relay
2908, extend to the winding of an associated trunk
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relay, such as relay 2804, and the upper front -

contact of each auxillary trunk test relay connects
to the upper armature of the succeeding similar
relay. Since the trunk test relay and auxiliary
trunk test relay associated with any busy. out-

going trunk are both operated at this time, the

ground supplied over conductor 3347 to the chain
circuit starting at the upper armature of relay
2908 will be connected over the front contacts of
the operated auxiliary trunk test relays associated
with busy trunks and over the back contact of

.the unoperated auxiliary trunk test relay asso-

ciated with the first idle trunk, to the winding
of the trunk relay of that idle trunk. It will be
assumed that, of the particular thirty-eight
trunks being tested in connection with the call
being described, all of the trunks whose test con-
ductors connect to the windings of the trunk test
relays shown to the left of relay 290 are busy,
and that trunk 4114 of office frame No. 0, whose
test_conductor connects to the winding of relay
2901, is the first idle trunk of the group extending.
to the desired destination. Since the trunks.
whose test conductors connect to the windings of
the test relays shown at the left of relay 2901
are assumed to be busy, these test relays are all
operated and have, in turn, operated their®asso-
ciated auxiliary test relays shown at the left of
relay 2902. The ground connected to0 conductor
‘3341 by the operation of relay 3110 therefore ex-
tends over the upper armature and front contact
of each of the operated auxiliary test relays, such
as relays 2908, 2909, 2916, etc., over the upper
armature-and back contact of the unoperated
auxiliary trunk test relay 2902 which is asso-
ciated with idle outgoing trunk 4114, through the
winding of relay 2900, over conductor 2920, wind-
ing of relay 3025, conductor 3026, lower inner
back contact of relay 3101, to battery over the
back contact of relay 3122, Relay 2900 operates
over this aforementioned circuit and extends its
operating ground over its upper inner front con-
tact and over conductor 2921 to battery through
the winding of the even office frame relay 3014
since trunk 4114 is located on the even office
frame No. 0. Relay 3014 operates and closes a
circuit from ground over its outer front contact
and over conductor 3021 to battery through the
winding of relay 3115 which operates. The func-
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tion of relay 3115 will be described in subsequent
paragraphs, e .

Upon the previous operation of relays 381¢ and
3011 these relays connect ground, over conductor
3028, to battery through the winding of trunk
lock relay 2822 which operates and connects
ground over its upper front contact to the lower
armature of each of the auxiliary trunk test
relays. Any of the auxiliary trunk test relays
such as relay 2808 for example, upon béing op-
erated through its upper winding under control
of its associated trunk test relay, such as relay
2903, locks through its lower winding to this
ground supplied over a front contact of relay 2922.
The purpose of locking these auxiliary trunk test
relays, when operated, is to—prevent an initially
busy trunk, becoming idle during trunk selection,
from interfering with the seizure of the first
initially idle trunk. It was assumed in the fore-
going paragraph that the trunk associated with
test relay 2901 was the first initially idle trunk,
and trunk relay 2900 therefore subsequently op-
erated. Assuming now, for illustration, that the
trunk associated with test relay 2903 became idle
while trunk selection was in progress, relay 2903
would release due to the removal of ground from
the test conductor connected to its winding. Re-
lay 2908, however, would remain operated, being
locked through its lower winding, and thereby not
interfere with the operating circuit for trunk relay
2300.

During the selection and seizure of an outgoing
trunk by the decoder marker an unguarded in-
terval exists during which a selector of the panel
type located at some other office and hunting
over the same group of trunks might seize the
trunk already selected by the decoder marker,;
For example, the trunk 4114, and other trunks
of the same group, may be multipled to the
banks of panel type selector switches as well as
being multipled to the contacts of the cross-bar
office secondary switch illustrated in Fig. 41. To
guard against this possibility of a double selec-
tion the decoder marker is arranged to check for
this double connection and, if encountering it,
to release the initially selected trunk and select
another idle trunk of the same group. Upon the

- operation of relay 2900 the test conductor 4119 of

trunk 4114 is transferred from the winding of
test relay 2801, to the winding of relay 3104 in
a circuit traceable from conductor 4i20, upper
outer front contact of relay 2900, conductor 2923,
and lower inner front contact of relay 3104, this
latter relay having previously operated as herein-
before set forth. The operation of relay 3115,
which occurred upon the operation of the even
office frame decoder marker relay 3014, opens the
operating circuit for relay 3104 which, if the

. trunk is still idle, releases. If the trunk has been
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seized by a panel type selector in the meantime,
relay 3104 will remain locked over its lower inner
front contact and over the previously traced cir-
cuit to the sleeve or test conductor of the trunk
which will have been grounded by the panel se-
lector. With both relays 3104 and 3115 operated,
a circuit is completed from battery through the
winding of relay 3114, upper front contact of
relay 3104, to ground over the lower inner front
contact of relay 3115. Relay 3114, which is slow
in operating in order to permit relay 3104 to re-
lease if the trunk is idle, thereupon operates and
opens the previously traced operating circuit for
trunk relay 2900 and the even office frame de-
coder marker relay 3014, both of which release.
Relay 3014, In releasing, releases relay 31415.

2,003,117

With relay 3114 operated, the release of relay
311§ opens the circuit through the winding of
relay 3113 which releases. The release of relay

3113 releases relay 3114 which, in turn, closes the

previously traced operating circuit through the
winding of relay 3184.. Relay 3184 reoperates
and again closes ground, over a previously traced

circuit, over the group start contact of route

cross-point 3307 to the upper armature of aux-
fliary trunk test relay 29008. This ground ex-
tends over the upper front contact of the oper-
ated auxillary trunk test relays associated with
busy trunks and causes the selection of the first
idle trunk of the desired group in the same man-
ner as hereinbefore set forth. Upon the oper-
ation of the frunk relay, such as relay 2980,
the even or odd office frame decoder marker

relay 3014 or 3015 will again operate, depending’

upon which frame the selected trunk is located,
and reoperate relay 3115. This trunk is there-
upon tested for double connection in the same
manner as described above.

Testing the “A”, “B” and “C” trunks and

operation of district and office switches

Upon the operation of relay 2988 during the se-
lection of outgoing trunk 4114, as set forth in the
preceding paragraph, a circuit is closed from
ground through the winding of relay 3028, over
conductor 3030, the lower inner front contact of
relay 2900, conductor 2924, a front contact of
relay 4104, to battery through the winding of
select magnet #125 of switch 4115. Select mag-
net 4125 operates, but relay 3628, being marginal,
does not operate. The function of relay 3029
which is a trouble detecting relay, will be described

10

later. Upon the operation of select magnet 4125 -

a circuit is closed from battery through the wind-
ing of hold magnets 4126 and 4127 in parallel,
over a front contact 4128 of select magnet 41285,
a front contact of relay 4104, conductor #1289, to
ground over g front contact of the even office
frame decoder marker relay 3614, Hold magnets
4126 and 4127 operate and, since select magnet
4125 is already operated; cause the closure of the
cross-point of switch 4115 in that level with
which select magnet 4125 is associated. The
closure of these cross-points extend the test con-
ductors of the twenty office links or “C” trunks

" over which the selected outgoing trunk may be

reached to the right windings of the twenty
channel testing relays of the decoder marker.
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The circuit for test conductor 4130 of “C” trunk -

4113 may be traced from that conductor, over
cross-point 4131 of switch 4115, a front contact
of relay 4104, conductor 4132, right outer back
contact of relay 3000, to the right winding of
channel testing relay 3007. The test conductors
of the nineteen other “C” trunks over which the
connection may be extended to outgoing trunk
4114 are similarly connected to the right wind-
ings of the other nineteen channel testing re-
lays over other cross-points in the same level
with cross-point #4131 and other front contacts of
relay 4104.

Upon the previous operation of relay 3014 a
circuit was closed from ground through the
winding of relay 303f, a front contact of relay
3014, conductor 4123, a front contact of relays
4104 and 4118, to battery through the winding
of select magnet 41l of the secondary office
switch, thereby operating that select magnet. As
indicated by strap 4133, the winding of select
magnet 4111 is multipled to the winding of the
select magnet (not shown) of the corresponding
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level of the other secondary .office switches and
these select magnets also operate. Relay 3014
also closes a circuit from ground through the
winding of relay 3032, a front contact of relay
3014, conductor 3033, a right front contact of re-
lay 8218, conductor 3229, s froht contact of the
district frame connecting relay 2003, winding of
- select magnet 2026 of the “B” trunk cross-bar
connecting switch, to battery over the lower front
10 contact of hold magnets 28623 and 2022 of the “A”
trunk cross-bar connecting switch of the district
frame. Select magnet 2025 operates and closes its
contacts 2026 and 2021, Ground over contact

2027 energizes the winding of select magnet 2008
15 which is associated with that level of the second-

- ary district link switch from which “B” trunk

2018 extends. The windings of the select magnets

of the corresponding level of each secondary dis-

trict link‘switch are multipled, as indicated by
20 strap 2031, and these magnets also energize from
the ground over contact 2021. Ground over con-
tact 2026 extends over conductor 2032, to battery
through the winding of select magnet 4108 of the

primary office switch on which cross-point 4017
25 appears. - The windings of the select magnets

of the corresponding level of each primary office

switch are multipled, as indicated by strap 4134,

and these magnets therefore all energize from the

ground over conductor 2082. Ground over the
30 left contact of contacts 2026 operates hold mag-

nets 2028 and 2023 and, since select magnet 2025

is already operated, cause cross-point 2030 of the

“B” trunk switch 2012 to close and extend the test

conductors of the 20 “B” trunks to the decoder
o marker. The circuit for test conductor 2016
of “B” trunk 2013 may be traced from conductor
2016, over a contact of cross-point 2030, a front
contact of relay 2003, conductor 2033, a right
back contact of relay 3000, to the middle winding
of channel testing relay 3007. The middle wind-
ings of the other channel testing relays, such as
relays 3007 to 3013, inclusive, connect to the test
conductors of other “B” trunks in a manner simi-
lar to that described for relay 3007.

As previously stated, relays 3021 and 3022
operated upon the seizure of the decoder marker,
These relays connected ground over their front
contacts to the middle winding of each of the

" twenty channel testing relays 3007 to 3013, in-
5o clusive, all of which operated. The circuit for

relay 3607 may be traced from ground over the

left inner front contact of relay 3022, right
middle back contact of relay 3000, middle winding
of relay 3007, to battery over the left outer front
55 contact of relay 3018 which previously operated
upon the operation of start relay 3100. This
battery also connects to the left and to the right
windings of each of the channel testing relays.

The other end of the left, middle, and right wind-

ings of each channel testing relay has been con-

nected to the test conductor of an “A”, “B”, and

“C” trunk, respectively, which represents a pos-

sible path over which the connection may be

extended from the primary district link switch to
65 the selected outgoing trunk. Taking relay 3007
for example, the upper ends of its three wind-
ings connect to battery over the left outer front
contact of relay 3018. " The lower end of its left

winding connects to test conductor 2014 of “A”

trunk 2010 over a previously traced circuit. 'The

lower end of its middle winding connects to

test conductor 2016 of “B” trunk 2013 over g

previously traced circuit. The lower end of its

right winding connects to test conductor 4130 of
75 “C” trunk 4113 over a previously traced circuit.

[+
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In addition, the lower end of the middle winding
of relay 3007 also connects to ground over the left
inner front contact of relay 3022, the relay being
operated over this local circuit through its middle
winding at this time.
each of the other nineteen channel testing relays
are connected to “A”, “B”, and “C” trunk test
conductors in a manner similar’to that described

. for the windings of relay 3007. When hold mag-

nets 2028 and 2028 of the “B” trunk switch 2012
operated, a circuit was closed from ground over

‘their front contacts, a front contact of relay

2003, conductor 2034, to battery through the
winding of relay 3023, Relay 3023 operates and
opens the circuit through the windings of relays
3021 and 3022, Relays 3021 and 3022 both release
and open the circuit through the middle winding
of each of the channel testing relays. Each
channel testing relay which has no ground con-
nected to any of its three windings over the
three test conductors connected thereto, i. e., if
the “A”, “B”, and “C” trunks with which this
relay is associated are all idle, will release and
thereby indicate that this path or channel is
avallable for the extension of the call from the
district trunk to the outgoing trunk. Those
channel testing relays which have ground con-
nected to any or all of their windings due to any
or all of the trunk test conductors associated
therewith being grounded from a busy trunk, will

remain operated. It will be assumed that relays

3008 to 3013, inclusive, all remain operated due to
one or more of the trunks associated therewith
being busy, and that only channel testing relay
3007 releases upon the release of relays 8021 and
3022. With. relay 3023 operated and relay 3022

The three windings of
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released, relay 3035 operates in a circuit from

battery through its winding over the back con-

tact of relay 3022, front contact of relay 3023,

conductor 3024, to ground over a front contact, of
relay 3106. Relay 3035 is slow-to-operate to per-
mit sufficient time to elapse for the channel test-
Ing relays associated with idle channels to release.
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Relay 3035, in operating, closes a circuit from .

ground over its front contact, conductor 3036,
upper outer back contact of relay 3104, conductor
30317, back contact of relay 3038, conductor 3039,
lower outer front contact of the operated trunk
relay 2900, conductor 2925, front contacts of the
operated channel testing relays 3013 to 3008, in-
clusive, in that order, back contact of channel
testing relay 3007, winding of channel relay 3000,
to battery through the winding of relay 3041,
Relay 3000 operates but relay 3041, which has

- marginal characteristics, does not operate. The

function of relay 3041 will be described in a subse-
quent paragraph. Relay 3000, in operating, ex-
tends its operating ground, over its left front
contact, to battery through the winding of relay
3038. Relay 3038 operates and locks over its
right front contact to the ground previously
traced to conductor 3047. In addition, the opera-
tion of relay 3038 removes the ground from con-
ductor 3039 thereby opening the operating cir-

-cuit for relay 3000 which remains locked in a

circuit over its left front contact and over the

right front contact of relay 3038 to the ground -

on conductor 3047.

Relay 3000, upon its operation also transfers
the test conductors of the “A”, “B” and “c”
trunks from the windings of relay 3007 to arma-
tures of relays 3128 and 3124. A circuit is thereby

completed from ground over the outer back con- .

tact of relay 3123, outer back contact of relay
3124, conductor 3125, the right inner front con-
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tact of relay 3000, conductor 2024, a front con-
tact of relay 2003, crosspoint 2815 of the “A”

- trunk switch 201{, and over conductor 20i4 to
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battery through hold magnet 2006 of the primary
district link switch and hold magnet 2008 of the
secondary district link switch. Since the primary
district link switch select magnet 2008 and the
secondary district link switch select magnet 2008
have previously operated, the operation of hold
magnets 2006 and 2009 cause crosspoints -2004
and 2007 of the primary and secondary district
link switches, respectively, to close and thereby
extend the connection from the district trunk of
Fig. 17, over the district link or “A” trunk 2010
to the “B” trunk 2013. A circuit is also com-
pleted, upon the operation of relay 3000, from
ground over the outer back contact of relay 3123,
inner back contact of relay 3124, conductor 3126,
right outer front contact of relay 3000, conductor
4132, a front contact of relay 4104, crosspoint
4131 of the “C” trunk switch 411§, and over con-
ductor #130 to battery through the winding of
hold magnet 4109 of the primary office switch and
hold magnet #4112 of the secondary office switch,
both of these hold magnets operating. Select
magnets 4108 and 4111 of the primary and sec-
ondary office switches, respectively, having previ-
ously operated, the operation of hold magnets
4109 and 412 cause crosspoints 4107 and 410 of
the primary and secondary office switches to close.
The connection is thereby further extended from
«B” trunk 2013, over “C” trunk 4113 to the
selected outgoing trunk 41i4. As soon as hold
magnet 2009 of the secondary district link switch
operates, it extends its operating ground over its
front contact to test conductor 2016 of the “B”
trunk. Test conductor 2016 extends to the right
middle armature of relay 3000, over a previously
traced circuit, and this ground extends from that
point over the middle front contact of relay 3000,
conductor 3042, inner back contact of relay 3123,
to battery through the winding of relay 3127
which operates. Relay 3121, extends its operat-
ing ground over its inner front contact to battery

through the winding of relay 3123 which operates. |

Relay 3123, in operating, removes the direct
ground from the “A” and “C” trunk test conduc-
tors, these conductors now being connected to
ground through the upper winding of relay 3128.
The operated hold magnets 2006, 2009, 4109, and
4112 of the district link and office switches remain
operated in this circuit to ground through the
upper winding of relay 3128. The operation of re-
lay 3123 also opens the operating circuit for relay
3121, but relay 3127, together with relay 3123,
remains locked in a circuit over conductor 3123,
to ground over the lower inner front contact of
relay 2922. If there are no false grounds on the
«A™ gnd “C” trunk test conductors, relay 3128
operates through its upper winding to the battery
supplied through the four aforementioned district
link and office switch hold magnets in parallel,
Relay 3128, in operating, closes a circuit from
ground previously traced over conductor 3128,
over its front contact, upper inner back contact
of relay 3108, to battery through the winding of
relay 8111. Relay 3117 operates and energizes
the middle winding of relay 3128 in a circuit from
battery through that winding, over the upper
outer front contact of relay 3111, to ground over
the lower inner front contact of relay 3109. Re-
lay 3128 is of the polarized type and its lower
winding, which is energized in a circuit to ground
over a lower front contact of relay.3109 at the
time that the decoder marker is seized, is so con-

2,008,117
nected that the flux which it produces maintains

the armature of the relay in its unoperated posi-

tion. The upper winding of the relay is 8o con- -~

nected that its flux opposes and overcomes that .

,of the lower winding and the relay therefore
operates to the battery through the four parallel
hold magnets as has just been set forth. The
middle winding of relay 3128, which is energized
by the operation of relay 3i11, is so connected
that its flux opposes that of the upper winding
and relay 3128 therefore releases when its middie
winding is energized, provided that the current
through its upper winding is not greater than
that produced by four parallel hold magnets.
Should a fifth hold magnet or pair of magnets be
falsely connected to the “A” or “B” trunk test
conductors due to & trouble condition, the current
through the upper winding of relay 3128 is obvi-
ously increased, in turn increasing the flux ex-
erted by that winding to a point where the flux
produced by the middle winding of the relay is
incapable of causing the release of the relay.
The release of relay 3128 therefore checks that
only four district links and office switch hold
magnets are operated. Relay 3128, in releasing,
removes the short-circuit from the winding of re-
lay 3108, and relay 3108 and now operates in
series with relay 3117, over the upper inner front
contact of relay 3117, to ground over conductor
3129. Relay 3117 holds operated in this eircuit
in series with relay 3108.

Relay 3108, in operating, opens the holding cir-
cuit for relay 3185 which releases, and also re-
moves the ground from conductor 2021 which ex-
tends to the district link and connector circuit.
The removal of ground from conductor 202l re-
leases select magnet 2020 of the “A” trunk con-
necting switch 2011 and also releases relay 1712
of the district trunk. Relay 1742 in releasing
opens the energizing circuit of relay 17(8 but the
latter relay holds in a circuit from battery through
its winding and lower front contact, conductor
1763 through the sender selector switches 1808
and 1802, conductor 1826, back contact of relay
2323, back contact of relay 232i, back contact
of relay 2230, resistance 2290 to ground at the
front contact of relay 2211. Relay (712 in releas-
ing also closes an operating circuit for relay
{711. This circuit may be traced from battery
through the upper winding of relay {711, front
contact of relay 17118, back contact.of relay (112,
thence over the sleeve conductor 1700 through
the sender selector switches 1800 and 1802, con-
ductor 1824, resistance 2214 to ground at the
front contact of relay 2206. The release of relay
1112 connects a holding ground to the armature
of hold magnet 2005 of the primary district link
switch from which point it extends to the hold
magnet of the secondary district link switch and
the primary and secondary office switches over
the armatures and front contacts of these afore-
mentioned hold magnets and the sleeve conduc-
tors of the “A”, “B” and “C” trunks. The cir-
cuit for this holding ground may be traced from
the armature of primary district link switch hold
magnet 2006, over conductor 1721, upper back
contact of relay 1712, lower inner back contact
of relay (107, upper outer back contact of relay
1709, conductor 1700, a contact of crosspoint 1800
of the primary sender link switch, a conductor of
link i80f, a contact of crosspoint 1802 of the
secondary sender link switch, conductor 824,
resistance 2214, to ground over the upper middle
front contact of relay 2206 of the sender, this be-
ing the same ground which is also holding the
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Iine link and sender link primary and secondary
switch hold magnets operated. Relay 3108, in
operating, also operates relay 3124 in a circuit
from battery through the winding of that relay,
over, the lower front contacts of relays 3108 and
31186, to the previcusly traced ground on conduc-
tor 3128, The operation of relay 3124 connects
the “C” trunk test conductor, the circuit for
which was previously traced to the upper inner
armature of relay 3124, to the winding of relay
3120 over the lower back contact of relay 3130.
If relay {712 of the district trunk has properly
released and connected the holding ground to the
district link and office switch hold magnet, and
if the sleeve conductor of the “A”, “B” and “C”
trunks over which this ground extends is con-
tinuous, relay 3120 now operates in a circuit
from battery through its winding, over a previ-
ously traced circuit to test conductor 4130 of the
“C” trunk 41183, to the ground extended from the
district to the sleeve of this “C” trunk. Upon the
previous release of relay 3104, the sleeve or test
conductor 41 (9 of outgoing trunk 41 (4, which ex~
tends to the lower inner armature of relay 3104
over g previously traced circuit, is connected over
the upper inner contact of the operated relay
3116 to the winding of that relay. When relay
3147 operates as set forth in the preceding para-
graph, after crosspoints 4167 and 4110 of the
primary and secondary office switches have oper-
ated, it opens the operating circuit for relay 311 6,
relay 31{6 now holding operated to the ground
supplied over the front contact of the secondary
office switch hold magnet 4112 to conductor 4119,
Relay 3116, by holding, checks that the test con-
ductor of the outgoing trunk has been made busy
by the office switch. Should relay 3116 fail to
hold, the operating circuit for relay 3124 is not
closed and the test conductor of the “C” trunk
is not closed through the winding of relay 3120
during the check of the continuity of the sleeve
conductor from the district to the office frame
switches as set forth in the preceding paragraph.
Relay 3120, which controls the release of the
decoder marker as will subsequently be de-
scribed, therefore cannot operate and the decoder
marker will not release, but will, after an interval,
cause a frouble indication to be given.
Crosspoint 4137 of Fig. 41—A together with
select magnet 4138 and hold magnet 4139, repre-
sents g secondary office switch crosspoint similar
to crosspoint 4110 and select and hold magnets
4t11 and 4112, The horizontal multiple of cross-
point 4131, however, instead of extending to an

outgoing trunk as in the case of crosspoint 41 i0,

connects to an overflow trunk 4140 which is
provided with a source of tone 414f. Whenever
the overflow route relay 3430 of the decoder
marker operates, under any of the several over-
flow conditions outlined herein, its contacts close
circuits similar to those closed by any of the sets
of crosspoints of the route switch, such as cross-
points 33066 and 3307 for example. The decoder
marker thereupon functions in & manner similar
to that hereinbefore set forth for the establish-
ment of connections between the district trunk
shown in Fig. 17 and the outgoing trunk 41 {4, and
causes a connection to be completed, over an idle
“A”, “B” and “C” trunk channel, from the dis-
trict trunk to the overflow trunk 4140. An audi-

ble signal from the tone source 4i4{ is there-.

upon transmitted back to the calling subscriber as
an indication that the call cannot bé completed
and that it will be necessary for the subseriber
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to repiace his receiver and subsequently initiate
a second call.

Marker releases from sender

When relay 3104 released after the check
for the double connection of a panel type selec-
tor with the outgoing trunk, as hereinbefore set
forth, it closed a circuit through the transmit-
ting relay checking path to operate the decoder
marker release relay 2330 of the sender circuit.
This circuit may be traced from ground on con-
ductor 3639, outer front contact of office brush
transmitting relay 3602, front contact of relays
3605 and 3604, front contact of relays 3616 and
3619, conductor 8632, front contact of relays 3700
and 3702, outer front contact of relay 3701, front
contacts of relays 3709 and 3707, conductor
31711, front contacts of relays 3802, 3812, 38i0,
outer front contact of relay 3815, front contact
of relays 3821 and 3816, conductor 3823, front
contact of relays 3901, 3913, outer front contact
of relay 3900, conductor 3914, lower outer back
contact of relay 3104, conductor 3131, a front
contact of relays 2702 and 2700, conductor 2336,
winding of relay 2330, to battery over the upper
Inner front contact of the sender decoder start
relay 2325. Relay 2330 operates, locks and closes
a circuit from ground over its upper outer'front
contact, over the upper outer front contact of
relay 2325, to conductor 2501 for the purpose of
locking the sender selection relays, such as re-
lays 2500, 2502, 2503, and 2504, which were
operated by the decoder marker transmitting
relays. The operation of relay 2338 also removes
the battery from conductor 2329 thereby releas-
ing relays 2800 and 2814. Relay 2800, in
releasing, releases the sender connecting relays
2700 and 2801. The release of relay 280f re-
leases relay 2802, The release of sender con-
necting relays 2700, 280, and 2802 opens all
direct connections between the sender and the
decoder marker.. The removal of battery from
conductor 2329 also releases relay 2808 which, in
turn, releases relays 2702 and 2809. Relay 2809,
In releasing, releases relay 2810, thereby restor-
ing the decoder marker connector circuit to nor-
mal. At the time that the decoder marker was
seized, the operation of relay 3100 closed a cir-
cuit from ground over its left outer front contact,
conductor 3134, outer back contact of relay 3916,
back contact of relay 89i1, conductor 3817, back
contact of relay 3133, to battery through the
winding of relay 3132. Relay 3132 operated and
locked over its upper front contact to ground
over a front contact of relay 3100. In operat-
ing, relay 3132 closed a circuit from the winding
of relay 3183, over conductor 3135, to the lower
outer front contact of relay 3111. The subse-
quent operation of relay 3117 grounded conduc-
tor 3135 but relay 3133 did not operate at that
time sincé a short-circuit is maintained around
its winding by the ground supplied over the
front contact of relays 3100 and 3132, Upon the
release of relay 2889 of the decoder marker con-
nector circuit ground is removed from conductor
2824 thereby releasing the decoder marker start
relay 3180. Relay 3100, in releasing, removes the
short-circuit from the winding of relay 3133,
that relay now operating in series with relay
3132, and both relays 3132 and 3133 holding to
the ground over conductor 31i35. Relay 3133, in
operating, opens the circuit over which rélay
3132 originally operated under control of relay
3100. Upon the previous release of relay 3104 g
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circuit was closed from ground over the lower
inner front contact of relay 3115, upper middle
back contact of relay 3104, to battery through
the winding of relay 31386. Relay 3136 operated
and connected ground to conductors 3137 to
3149, inclusive, for the purpose of locking the
operated district and office frame and trunk
level relays. District frame relays 3212 and 3213
lock through their left windings to ground on
conductor 3138, office frame relay 3218 locks
over conductor 3139, and trunk level relay 3228
locks over conductor 3140. The ground on con-
ductor 3137 locks split trunk group relay 30490
through its left winding if this relay was oper-
ated. When relay 3123 operated following the
operation of the “A”, “B”, and “C” trunk hold
magnets, it operated relay 3103 in an obvious
circuit. Relay 3108, in operating, opens the cir-
cuit to the zone, trunk level, office frame, group
start and group end contacts of the route cross-
point 3307. Relays 3900 and 3301 thereupon re-
lease. When relay 3120 is operated, as herein-
before described, following the check for con-
tinuity of the sleeve conductor of the “A”, “B”,
and “C” trunk, it opens the circuit through the
windings of relays 2900 and 3014 and both of
these relays release. Relay 3014, in releasing,
opens the circuit for select magnet 2025 of the
«“B” trunk switch. Magnet 2025 releases, in turn
releasing hold magnets 2028 and 2029 and thereby
restoring switch 2042 to normal. Relay 2900, in
releasing, opens the circuit through the wind-
ing of select magnet #4125 of the “C” trunk
switch, releasing that magnet. The release of
relay 3014 also opens the circuit to the windings
of hold magnets 4126 and #1217 of the “C” trunk
switch, releasing these magnets and thereby re-
storing switch 4115 to normal. In addition, the
release of relay 30(4 opens the circuit through
the winding of relay 8115 which releases and,
in turn, releases relay 3136.
releasing, opens the locking circuit for relays
3212, 3213, 32i8, and 3225, all of which release.
The release of relay 3212 removes the battery
from conductor 3216 thereby releasing relay 2000
which, in turn, releases relay 2003. The release
of relay 2003 opens the connections between the
district frame and the decoder marker and re-
stores the district- frame connector circuit to
normal. Relay 3217 releases upon the breaking
of the connection between the district frame and
the decoder marker. The release of relay 322%
opens the circuit through the winding of relay
4118 which releases and opens the connections
to the test conductors of the outgoing trunks in
the selected level. The release of relays 3217
and 3218 opens the circuit through the winding
of the office frame relay #100 which releases, in
turn releasing the connector relay 4104. The
release of relay 4(04 opens all connections be-
tween the office frame and the decoder marker
and restores the office frame connector circuit
to normal. Select magnet 4108, together with
the select magnets associated with the same level
of the other primary office switches, released
upon the previous release of the “B” trunk
switch 2012. Select magnet 4111, together with
the select magnets associated with the same level
of the other secondary office swilches, released
upon the previous release of relay 30i4. The re-
lease of the office frame connector circuit re-
leases relays 3016 and 30617 which, in turn, re-
lease relay 2922. Relay 2922, in releasing, re-
leases any of the locked auxiliary trunk test
relays, such as relays 2908, 2909, and 2916, and

Relay 3136, in -
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also releases relays 3108, 3117, 3123, 3124, and
3121. The release of relay 3117 releases relays
3132 and 3133. If the decoder marker start re-
lay 3100 has not yet been operated in response
to selzure by another sender circuit, the release
of relay 3132 releases relays 3108 and 3109. The
release of relays 3106 and 3109, together with the
previous release of relay 3100, release all the re-
maining operated relays thereby restoring the
decoder marker to normal.

Should the decoder marker be seized by a sec-
ond sender after its disconnection from the first
sender and before the release of relay 3109, start
relay 3100 reoperates and holds relay 8109 oper-
ated upon the. subsequent release of relays 3132
and 3133. Relay 3109, in turn, holds relay 3106
operated over the lower back contact of relay
3108. Certain of the decoder marker register re-
lays shown in Fig. 35 will operate in response to
the setting of the dial register of the second
sender and cause the operation of the hundreds
and tens translating switches of Fig. 40 which,
in turn, cause the closure of a pair of crosspoints
of the route cross-bar switch in a manner similar
to that hereinbefore set forth. With relay 3188
operated, ground is supplied over conductor 3102
to those contacts of the route cross-points which
connect to the first and second office brush and
group, class, and compensating resistance trans-
mitting relays, certain of which operate, depend-
ing upon the particular route, and, in turn, cause
the proper selection register relays in the sender
to operate in the regular manner as hereinbefore
set forth. The closure of the route cross-points
for this second call, however, does not operate a
second office frame relay, such as relays 3218 or
3219, a second trunk level relay, such as relay
8224 or 3225, or any of the Zone transmitting re-
lays of Fig. 39, since relay 3103, which is held
operated over the contacts of relays 3100, 3132,
and 3133, holds open the ground from the con-
ductors over which the office frame, trunk level
and zone transmitting relays operate. The pur-
pose of delaying the operation of the zone trans-
mitting relays at this time is to prevent the clo-
sure of the transmitting relay checking circuit
which, if completed, would cause the decoder
marker release relay 2330 of the second sender to
operate and release the decoder marker. The
district frame relays 38212 and 3213, the office
frame relay 3218 and the trunk level relay 32285,
which were operated for the first call, are at this
time still locked to the ground over the contacts
of relay 3136 which is being held operated by
relay 3115, relay 3415 in turn being held by the
even office frame relay 30i4. In response to
information from the second sender, certain of
the district frame identification relays 3200 to
3205, inclusive, operate and, in turn, operate a
corresponding pair of district frame relays, such
as relays 3214 and 3215, for example. The opera-
tion of these district frame relays connects bat-
tery to the start conductor, such as conductor
3216, of the district frame on which the district
trunk associated with the second call is located.
In this manner the second district frame may be
seized before the release of the frame containing
the first call takes place. Upon the seizure of
the second district frame the operation of a start
relay returns ground over conductor 2019 there-
by operating relay 3211. On the first call the
operation of relay 3217 closed a circuit from
ground over the upper outer back contact of
relay 3108, lower outer back contact of relay

3101, lower outer iront contact of relay 3106,
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back contact of relay 3108, conductor 3141, front
contact of relay 3211, conductor 3230, and
through the decoder marker connector and
sender circuit over previously traced circuits to
battery through the winding of relay 2232, caus-
ing in turn the operation of relay {112 of the
district trunk. Relay 1712 caused the operation
of the “A” trunk switch select magnet and closed
certain conductors through to the decoder
marker. In the case of the second call, however,
the relay of the second district trunk, correspond-
ing to relay (712, cannot operate at this time
since its operating circuit is open at the upper
outer back contact of relay 3108. During the
aforementioned operation of the decoder marker
in connection with the second call, the release of
the decoder marker in connection with the first
call, as set forth in the preceding paragraph, is
simultaneously taking place. The operation of
relay 3120, following the check for the continuity
of the sleeve conductor from the district through
the “A”, “B” and “C” trunks, opens the circuit to
the windings of relays 2900 and 3014, both of
which release. Relay 30H, in releasing, releases
relay 3115 which, in turn; releases relay 3136.
Relay 3136, in releasing, releases relays 3212,
3213, 3218, and 3225, all of which were operated
for the first call. The release of relay 3014 also
causes the office frame connector circuit to re-
store, as described in the preceding paragraph,
thereby releasing relays 3016 and 3017. The re-
lease of relays 3016 and 3017 releases relay 2922
which, in turn, releases relays 3108, 3117, 31 23,
3124, and 3127. Relay 3108, in releasing, closes
ground over the previously traced circuit to cause
the operation of the relay of the second district
trunk, corresponding to relay i7{2, which now
operates and connects this second district to the
decoder marker. The release of relay 3117 re-
leases relays 3132 and 3133 which, in turn, release
relay 3188. The release of relay 3103 connects
ground to the conductors extending to the route
cross-point contacts which control the operation
of the office frame, trunk level and also the zone
transmitting relay and these relays now operate
in & manner identical with that described for the
first call. As soon as relay 3133 releases, relay
3132 reoperates from battery through its wind-
ing, over the back contact of relay 3133, con-
ductor 3817, back contacts of relays 3911 and
3916, conductor 3134, to ground over the left outer
front contact of relay 3106, and thereupon locks
over its upper front contact to this same ground.
From this point on the decoder marker functions
in the same manner, in connection with the sec-
ond call, as has been set forth for the first call.
The purpose of this overlap operation just de-
scribed is to permit the decoder marker, after its
decoding functions are complete, that is, after its
receiving and transmitting relays have func-
tioned and set up the proper selection relays in
the sender; to perform these same functions in
connection with a second sender while it is com-
pleting its marker functions on the first call.

Subdivision of large trunk groups

In the foregoing description it was assumed
that the group of outgoing trunks extending to
the destination represented by route cross-points
3306 and 3807 contained no more than forty
trunks (38 trunks) and that these trunks were
located on the No. 0 and No. 1 office frames. The
office frame contact of route cross-point 3307 was
therefore cross-connected, over conductor 3221,
directly to the winding of the decoder marker

office frame relay 3218 which, upon its operation,

closed the start circuit for the No. 0 and No. 1 .

office frame connector circuit. In those cases
where the outgoing trunks to a particular desti-
nation are in excess of forty, the trunk group
is split into at least three subgroups so that each
subgroup contains no more than forty trunks.

- Two of these subgroups, the trunks of which will

be located on different pairs of office frames, will
serve one half of the district frames. The third
subgroup, the trunks of which are connected to
& third pair of office frames, will serve as an over-
flow group for each of the other subgroups. For
those district frames which have regular access
to the first subgroup, the office frame contact of
the route cross-points is cross-connected to ter-
minals, such as terminal 3231, which connect over
a front contact of the district frame relays, such
as relay 3218, to the winding of the office frame
relay associated with the office frames on which
the first subgroup of trunks are located. For
those district frames which have regular access
to the second subgroup, the route office frame
contact is cross-connected over the front con-
tacts of the district frame relays to the winding
of the office frame relay associated with that pair
of office frames on which the second subgroup is

located. By way of illustration, assume for ex- -

ample that the group of outgoing trunks extend-
ing to the destination represented by route cross-
points 3306 and 3307 contains more than forty
trunks and that these trunks are therefore di-
vided into two regular subgroups, one serving
the first ten district frames while the other sub-
group serves the second ten district frames. As-
sume further that the first subgroup of trunks
is located on the No. 0 and No. 1 office frames
while the second subgroup of trunks is located
on the No. 18 and No. 19 office frames.. Under
this condition, the office frame contact of route
cross-point 3307 cross-connects to ten terminals,

such as terminal 3231, which in turn connect to

_ the armatures of the ten district frame relays, .

such as relay 3213, associated with the first ten
district frames. The office frame, contact of
cross-point 3307 is also cross-connected to ten
terminals, such as terminal 3232, which connect
to the armatures of the district frame relays,
such as relay 8215, which are associated with the
second ten district frames. Upon the closure of
route cross-points 3306 and 3307 ground is con-
nected, over conductor 3221, to the armatures
of the district frame relays. The decoder marker
frame register relays have previously operated
under control of the sender and, in turn, caused
the operation of that pair of district frame re-
lays associated with the district frame in which
the call appears. If one of the first ten pairs
of district frame relays, such as relays 3212 and
3213, are operated, office frame relay 3218 oper-
ates and closes battery to the start conductors
3222 and 3223 of the No. 0 and No. 1 office frames
on which the first trunk subgroup is located. If
one of the second ten pairs of district frame re-
lays, such as relays 3214 and 3215, are operated,
office frame relay 3219 operates, and closes bat-
tery to the start conductors 3233 and 3234 which
extend fo the No. 18 and No. 19 office frames (not
shown) on which the second trunk subgroup is
located. From this point on the various circuits
function in the manner previously described.
Where the trunks of a particular outgoing

. group exceed forty and are therefore split into

subgroups located on different pairs of office
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frames as set forth above, the subgroups may or
may not be located in the same level of the sec-
ondary office switches of the two palrs of office
frames. If the same trunk level is employed in
both pairs of frames, the trunk level contacts of
the route cross-point representing these trunks is
cross-connected directly to the winding of the
trunk level relay, such as relay 3225, associated
with the secondary office switch level employed.
If the trunk subgroups are located in different
secondary switch levels on the two pairs of office
frames, the trunk level contact of the route cross-
point is cross-connected to the windings of the
proper trunk level relays over front contacts of
the twenty district frame relays, conductor 3221
connecting, in this case, to terminals such as
3235 or 3236. The operation of the district frame
relay under control of the district frame register
relays closes the circuit for operating the proper
trunk level relay and from this point on the cir-
cuits function as hereinbefore set forth.

As has been set forth in the general descrip-
tion, the horizontal multiple extending across
the contacts of any secondary office switch may
be split at the mid-point of the switch in which
event the switch accommodates twenty outgoing

trunks each of which may be reached over any .

of ten “C” trunks. In the foregoing descrip-

tion it was assumed that the secondary office

switch over which outgoing trunk 4114 is reached
is not split, and therefore twenty “C” trunks
were available for extending the connection to
this outgoing trunk. Since one winding of each
of the twenty channel testing relays, such as
relays 3007 to 3013, inclusive, is connected to
the test conductor of each of the twenty “C”
trunks extending to the secondary office switches
regardless of whether or not these switches are
split, the decoder marker must know which con-
dition it will encounter in order to properly select
the first idle “A”, “B” and “C” channel extend-
ing to the selected outgoing trunk. Relay 3040 is
provided for this purpose and functions in the
following manner:—The operating circuit for
relay 3040 may be traced from battery through
its right winding, over conductor 3043, to the
middle armature of zone transmitting relay 3818
from which point it extends over an armature
and back contact of the other zone transmitting
relays shown in the same horizontal row with
relay 3918. For those routes on which . the corre-
sponding outgoing trunk group may be reached
over but ten “C” trunks, the zone contact of the
route cross-point is cross-connected to one of the
windings of one of these aforementioned zone
transmitting relays. Upon the closure of the
route cross-point the zone transmitting relay, for
example relay 3918, operates through one or the
other of its windings in series with either re-
lays 3920 and 3902 or relays 3901 and 3902 as
the case may be. Relay 3918, in operating, com-
pletes the circuit from battery through the right
winding of relay 3040 previously traced to the
middle armature of relay 3918, to ground through
the winding of relay 3919 thereby operating
both relays 3040 and 3919. Relay 3918, in op-
erating, opens in part the transmitting relay
checking circuit so that this circuit now extends
over a front contact of relay 3918. Relay 3040,
in operating, prepares its future locking circuit
through its left winding, over its left inner front
contact and over conductor 3137 to the upper
front contact of relay 3136. The operation of

. relay 3040 also transfers conductor 2926 from
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the armature of the first channel testing relay
3013 of the first group of ten channel testing
relays to the armature of the first relay 3009 of
the second group of channel testing relays. In
addition, the operation of relay 3040 transfers
the front contact of the last relay 3010 of the
first group of ten channel testing relays to con-
ductor 3044. With relay 3040 operated, the op-
eration of relay 3035, during the test for an idle
“aA”, “B” and “C” trunk channel as hereinbe-
fore set forth, connects ground over conductor
3036, upper outer back contact of relay 3104,
conductor 3037, back contact of relay 3038, con-
ductor 3039, and over the lower outer front con-
tact of the operated trunk relay corresponding
to the first idle trunk of the desired group, to
the armature of channel testing relay 3013 or
3009 depending upon whether the first ten “C”
trunks or the second ten “C” trunks extend to
the desired outgoing trunk group. In this in-
stance the “A”, “B” and “C” trunk channels are
tested and the first idie channel in either the
first or the second group is selected in the man-
ner identical with that hereinbefore set forth
where the twenty “C” trunks were available to

“the outgoing trunk group.

Second trial—alternate route—overfiow

‘Whenever the marker fails for any reason to
progress with its functions, a time interval may
be measured by any suitable timing means, and
at the end of the interval a signal is transmitted
to the sender, causing the sender to release the
marker. To accomplish this the marker closes
a circuit over conductor 3044 which extends over

& front contact of relays 2702 and 2700, over

conductor 2335, upper inner back contact of re-
lay 2322 of the sender, to battery through the
winding of relay 2321. Relay 2321 .operates and
opens the operating circuit for the sender de-
coder connector start relay 2325 which releases.
The release of relay 2325 removes the battery
from the decoder marker connector start con-
ductor 2329 which releases connector relays 2800
and 2814. The release of relay 2800 releases
sender connector relays 2700 and 2804. The re-
lease of relay 2801 releases relay 2802. The re-
lease of relays 2700, 280(, and 2802 opens all
direct connections between the sender and the
decoder marker. Conductor 2335 heing opened
with the rest opens the operating circuit for re-
lay 2321, relay 2321 holding in a circuit from
battery through its winding, through the wind-
ing of relay 2322, front contact of relay 2321,
conductor 2652, outer front contact of sender
register switch magnet 2634, conductor 2208, to
ground over the upper outer front contact of re-
lay 2200. Relay 2322 operates in this aforemen-
tioned clrcuit in series with relay 2321 and closes
a circuit from the ground previously traced to
conductor 2652, over its lower outer front con-
tact, lower normal contact of relay 2323, lower
back contact of relay 2324, to battery through
the winding of the decoder connector start re-
lay 2325 which again operates and causes the
decoder connector circuit to function in the;man-
ner previously set forth and establish connec-
tions between the sender and the same or an-
other decoder marker. The manner in which a
marker is released by the sender after a meas-

ured interval of time and a second marker

is seized is shown and described in the patent
to Williams 1,601,053 of September 28, 1926.
Relay 2322 in operating, also connects a ground
over its upper outer front contact to conductor
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2224, This ground extends over a front contact

of the operated connecting relays 2700 and 2702,

- over conductor 2713, and through the windings
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of relays 3329 and 3317 to battery. Immediate-
ly upon the establishment of connections be-
tween the sender and the decoder marker for the
second trial, therefore, both relays 3317 and 3329
of the decoder marker operate. The operation
of relay 33171 opens the operating circuit for
relays 3411 and 3428. The decoder marker func-
tions up to and including the operation of the
regular route cross-points 3306 and 3307 in the
manner identical with that. hereinbefore de-
scribed. The operation of cross-points 38806 and
33017 is ineffective, however, due to relay 8429 be-
ing unoperated. Relays 3347 and 38329 being
operated, a circuit is closed from ground over a
right front contact of relay 3100, conductor 310f,
right inner back contact of relay 3800, inner
front contact of relay 3301, lower front contact
of relay 3310, right outer back contact of relay
3800, outer front contact of relay 3329, to con-
ductor 3330. This ground on conductor 3330
causes the alternate route cross-points to operate
in the manner previously described. In this
foregoing manner, therefore, the sender, upon
receiving a release indication from the decoder
marker during the initial trial, releases and sum-
mons & second decoder marker which may be the
same or some other decoder marker, and in-
forms this second decoder marker to immediate-
ly attempt to complete the connection over the
alternate route, if provided, disregarding the
regular route. Should the marker encounter
trouble after it has released from the sender, the
marker timing mechanism counts time and ef-
This may be
done by a timing mechanism of the general type
disclosed in the patent to Williams, No. 1,601,053,
granted September 28, 1926. The release of the
marker causes the sender to attempt, as de-
scribed herein, to continue the extension of the
connection. Since this is impossible, however,
an interval is counted by any suitable timing
mechanism, after which the sender may be re-
leased. : . o ,

Should the decoder marker, in making the sec-
ond trial, fail to progress, ground is applied over
conductor 3044, a front contact of relays 2702
and 2700, conductor 2335, upper inner front con-
tact of relay 2322 of the sender, upper back con-
tact of relay 2324, to the windings of relays
2323 and 2324, operating relay 2323 to battery
through the winding of that relay. Relay 2323,
in operating, opens the operating ecircuit for
the sender decoder connector start relay 2325
which thereupon releases and removes the bat-
tery from the decoder connector start conductor
2328. Relays 2800, 2814, 2700, 2801, and 2802
release In that order as previously set forth and
open the connections between the sender and the
decoder marker. The opening of conductor
2335 opens the operating circuit for relay 2323,
relay 2323 now holding in a circuit from battery
through its winding, through the winding of re-~
lay 2324, lower inner front contact of relay 2328,
lower outer front contact of relay 2322, to ground
previously traced to conductor 2652. Relay 2324
operates in this aforementioned circuit in series
with relay 2323 and connects the ground pre-
viously traced to conductor 2652, over the lower
outer front contact of relay 2322, lower outer
front contact of relay 2323, lower outer front
contact of relay 2324, to battery through the
winding of the sender decoder connector start

857

relay 2325 which reoperates and again connects
battery to conductors 2328 and 2329 and causes
the decoder connector circuit to tunction and es-
tablish connections between the sender and the

same or another decoder marker for the third-

time. Relay 2828, in operating, also connects
ground over its upper front contact to conductor
2334. This -ground extends over front contacts
of the operated connecting relays 2700 and 2702,

over conductor 2114, to battery through the:

windings of relays 3334 and 3300, both of which
operate immediately upon the establishment of
the connections between the sender and the de-
coder marker for the third trial. The call is
thereupon routed to an overflow trunk in a man-
ner which will be described later.

As hereinbefore set forth, direct connection
between the sender and the decoder marker is
broken following the selection of an outgoing

trunk and the checking of this trunk for g double

connection with a panel selector, the sender hav-

-ing at this time received from the decoder mark-

er all information which it requires for the com-
pletion of the call. The sender is still in indi-

rect communication with the decoder marker:

through the district trunk and the district con-
nector circuit. Following the extension of the
connection from the district trunk to the selected

outgoing ‘trunk over an idle “A”, “B” and “C”

channel or link, the decoder marker completely
releases and the sender has no further connec-
tion therewith under normal conditions.
Selective operations now take place first at the
intermediate office or offices if the call is so

routed, and then at the terminating office, under "

the revertive control of the subscriber sender at
the originating office. Where the terminating
office is of the cross-bar type the sender circult
in that office records the entire selection informa-
tion which it requires for the completion of the
connection, functioning in the manner which will
later be set forth in detail. Where the terminat-
ing office is of the panel type, the incoming and
final selector circuits of that office complete the
connection under control of the sender at the
originating office in a manner well known to the
art, Should the panel type office selector circuit
at the intermediate office fail to find an idle
trunk to the desired terminating cross-bar office;
should the sender circuit at the terminating
cross-bar office encounter a trouble condition dur-
Ing its registration of the selection information;
or, on a call to a terminating office of the panel
type, should the incoming selector circuit in the
terminating panel type office find all trunks to
the proper final selective stage busy, the inter-
mediate office selector circuit, the terminating
cross-bar sender, or the panel type incoming se-
lector circuit, as the case may be, will cause a
pulse of reversed bhattery to be transmitted to
the subscriber sender in the originating cross-bar
office. This latter sender recognizes this reversed
battery pulse as an overflow signal, and there-

‘upon functions and causes its selection register

and selection sequence relays to restore to normal
and summons a decoder marker, informing the
decoder marker to route the connection to an
overflow trunk. When any of the above condi-
tions are encountered relay 2337 of the sender op-
erates in a manner which will later be described
and opens the operating circuit for relay 2338
which releases. A circuit is thereupon com-
pleted from ground over the lower front con-

tact of relay 2337, back contact of relay 2338, con-
ductor 2339, upper back contact of relay 2230,»
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conductor 2231, upper back contact of relay 2324,
to battery through the winding of relay. 2323.
Relay 2323 operates and opens the operating cir-
cuit for relay 2328 which releases, in turn releas-
5 ing relay 2330 which, upon its previous operation
during the release of the sender from the original
decoder marker used, locked to battery over the
upper inner front contact of relay 2328, The
release of relay 2325 also opens the operating cir-
10 cuit for relay 2337 which releases. In addition,
the release of relay 2325 removes battery from
conductor 2326 thereby releasing any operated
selection sequence relays shown in the lower por-
tion of Fig. 24. 'The release of relay 2330 removes
\5 the ground from conductor 2501 thereby releasing
any operated selection register relays, such as re-
lays 2500, 2502, 2503, and 2504. Relay 23817, in
releasing, removes the ground from conductor
2231 and from the winding of relay 2323. Relay
20 2323 remains operated in a circuit from battery
through its winding, through the winding of relay
2324, lower inner front contact of relay 2323, to
s previously traced ground on conductor 28%2.
Relay 2324 operates in series with relay 2323 and
25 again closes the operating circuit for relay 2328.
The reoperation of relay 2325 again connects
battery to the decoder marker connector circuit
start conductor 2329 and that circuit functions,
in the manner hereinbefore set forth, and con-
30 nects the sender to an idle decoder marker.
Sender relay 2323 being operated at this time,
‘ground is connected over its upper front contact
to conductor 2334. Upon the closure of the con-
nections between the sender and the decoder
35 marker this ground is extended, over conductor
2714, through the windings of relays 3300and 3334
of the decoder marker, causing both of these re-
lays to operate and function, in the manner
previously described, to route the call to an over-

40 flow trunk.
All trunks test busy

As hereinbefore set forth, should all trunks of
a particular group test busy, the decoder marker
either routes the call over an alternate route, if
provided, or to an overflow trunk in those cases
where no alternate route is provided or where all
the alternate route trunks also test busy. When

" all trunks of a group are busy the trunk tfest re-
50 lays, such as relay 2900, and the auxiliary trunk
test relays, such as relay2901,associated with each

46

trunk of the group are operated in the manner -

previously described. Under this condition a cir-
cuit is completed from ground over the front con-
tact of relay 3113, lower back contact of relay
3114, upper back contact of relay 3120, front con-
tact of relay 3110, upper outer front contact of
relay 3116, lower outer front contact of relay
3104, outer back contact of relay 3103, conductor
3121, a front contact of relay 3429, conductor
3421, the group start contact of cross-point 3301,
conductor 3347, the armatures and front contacts
of the operated auxiliary trunk test relays asso-
ciated with that group of trunks under test, con-
ductor 3348, the group end contact of cross-point
3301, conductor 3428, g front contact of relay 3429,
conductor 3439, a back contact of relay 3103, to
battery through the windings of relays 3122 and
3142 in paraliel, both of which operate. Relay
3122, which has fast operating characteristics,
immediately removes the battery from the wind-
ings of all of the trunk relays, such as relay 2900,
thus preventing the operation of the trunk relay
next after the relay associated with the last trunk
of the group being tested. Relay 3142, in operat-
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ing, locks over its lower inner front contact to
the ground previously traced to the armature of

relay 3110 and also locks over its upper outer

front contact and over conductor 3143 to ground
over the lower outer front contact of relay 2822.
The operation of relay 3142 connects ground to
one side of condenser 31 (8 and to the upper wind«
ing of relay 3i10. Condenser 3f18 discharges
and relay 3110 releases since its windings are so
connected that they oppose each other. The
operation of relay 3142 also closes a circuit from
ground over the right inner front contact of re-
lay 3100, lower outer front contact of relay 3142,
conductor 3144, back contact of relay 3333, back
contact of relay 3329, to battery through the
winding of relay 3311. Relay 3317 operates and
opens the operating circuit for relays 34(1 and
3429, both of which release. The release of re-
lays 3411 and 3429 open all conductors extend-
ing through the operated route cross-points
thereby causing the release of the various relays
which are operated over those contacts including
the office frame relay, such as relay 3218, the
release of which in turn removes the ground from
the start conductors of the associated pair of
office frame connector circuits. The office frame
connector circuits release, in turn releasing re-
lays 3016 and 3017. The release of relays 3018
and 3017 release relay 2922 which, in turn, opens
the locking circuit for relays 3(22 and 3(42. The
release of relay 3122 again connects battery, over
conductors 3026 and 2920, to the windings of
the trunk relays, such as relay 2900. The release
of relay 3142 opens the operating circuit for relay
3311 and that relay now holds in series with
relay 3328 which operates over a circuit from bat-
tery through the windings of relays 3317 and 3329,
front contact of relay 8311, conductor 3(0f, to
ground over a right front contact of relay 3100.
The operation of relay 3329 causes the route
switch select magnet associated with the alter-
nate route cross-point to operate and the circuit
to function in the manner previously set forth
under the description of the operation of the
route cross-points.

Should all trunks of the alternate route group
test busy the subsequent operation of relay 3142,
which operates together with relay 3122 in the
manner hereinbefore set forth, closes a circuit
from ground over the right inner front contact
of relay 3100, lower outer front contact of relay
3142, conductor 3144, back contact of relay 3333,
inner front contact of the previously operated
relay 3329, back contact of relay 3334, to battery
through the winding of relay 3300 which operates.
The operation of relay 3300 causes the regular
and the alternate route cross-points to restore in
the manner previously described. The restoring
of the alternate route cross-points release the
various relays which are operated over the con-
tacts” of those cross-points including the office
frame relay which, by its release, causes the
office frame connector circuits of the two office
frames involved to restore, in turn releasing re-
lays 30{6 and 3017. Relay 2922 thereupon re-
leases and opens the locking circuit for relays
3122 and 3142 both of which release. The release
of relay 3122 again connects battery to the wind-
ings of the trunk relays, while the release of
relay 3142 opens the operating circuit for relay
3300 which holds in a circuit from battery
through its winding, through the winding of relay
3334, front contact of relay 3300, and over con-
ductor 310t to ground over a right front contact
of relay 3100. Relay 3334 operates over this
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aforementioned circuit and operates overflow
route relay 3430 over conductor 3343. The con-
tacts of relay 3430 perform functions similar to
the contacts of the route switch cross-points and
5 cause the call to be routed to éne of & group of
overflow trunks as bereinbefore set forth. Where
no alternate routes are provided, the operation
of relays 3317 and 3329, upon the operation and

release of relays 3122 and 3142 as described above, -

10 cause the original route cross-point to be made
ineffective and also operates the overflow route
relay 3430 in the manner hereinbefore set forth
under the description of the route cross-points,

When the decoder marker is normal the ten

15 trunk level conductors, such as conductor 3228,
are connected over back contacts of relay 3231
to the winding of check relay 3238, the other
end of which winding is connected to ground.
Should any of the contacts of the office frame

20 multi-contact connecting relays over which these
trunk level conductors extend, such as relay 4104,
become crossed, the battery connected to the
common conductor extending to the correspond-
ing armatures of these connecting relays by some

25 other decoder marker will cause relay 3238 to op-
erate and give an alarm signal over a circult
which has not been shown. The conductors
which extend to the select magnets of the “B”
trunk switch of the district frame connector cir-

30 cuit, such as conductor 3228, connect over back
contacts of check relay 3239 to ground through
the winding of check relay 3240 which will oper-
ate, with the decoder marker normal, if any of
these conductors is crossed with some other sim-

35 ilar conductor which has battery connected to it
by some other decodér marker. The ten conduc-
tors, such as conductor 2924, which extend to the
select magnets of the office frame connector
switch, connect over back contacts of relay 3019,

40 to ground through the winding of check relay
3045 which will operate if any of these conduc-
tors is crossed with battery from any of these
select magnets. Battery through the winding of
check relay 3034 is connected to each of the wind-

45 ings of the forty channel testing relays, such as
relays 3007 to 3013, inclusive, and, through these
windings connects to the conductors which ex-
tend to the “A”, “B”, and “C” trunk test conduc-
tors when the decoder marker is in use. Should

50 any of these conductors be crossed or falsely
grounded, with the decoder marker normal, relay
3034 operates and causes an alarm to be given
over a circuit which has not been shown. When
the decoder marker is in use direct battery over

55 the left outer front contact of relay 3018 shunts
out the winding of relay 3034. Should any of the
contacts of the office frame connector multi-con-
tact relays which close the circults from the
forty test conductors of the outgoing trunks to

60 the trunk test relays become short-circuited, the
corresponding . trunk test relay of this decoder
‘marker, such as relay 2903, for example, will op-
erate whenever the office frame connector circuit
Is in use by some other decoder marker and the

65 trunk associated with that particular test relay
is busy. The trunk test relay, sich as relay 2903,
in operating operates its associated auxiliary re-
lay, such as relay 2908, in series with check relay
3048. - Relay 3046, in operating, closes the alarm

70 circuit (not shown). When the decoder marker
is in use, check relay 3046 is short-circuited by
ground over a front contact of relay 3018 which
operates under control of the decoder marker
start relay 3100. Check relays 3041, 3048 and

75 3048 are connected, over back contacts of the even

59

-and odd office frame relays 3014 and 3018, to the

conductors which extend from the armatures of
these relays to the ten decoder marker office
frame relays, such as relays 8218 and 3219, and
to the office frame connector circult, and check
these conductors for short-circuited contacts of
the relays to which they connect. Each of these
check relays, if operated when the decoder mark-
€r is normal, closes the alarm circuit (not shown).
The battery for operating the select magnets of
the “C” trunk switch 41 18 is supplied through the
winding of relay 3028. Relay 3029 has marginal
characteristics and does not receive sufficient cur-
rent through one select ‘'magnet to operate,
Should one.or more additional select magnets
operate falsely due to short-circuited conductors,
relay 3029 operates and closes an alarm circuit
(not shown). Marginal relay 3032 is in series
with the winding of the select magnet of the
“B” trunk switch 2012 and operates if one or
more additional select magnets of this switch
falsely operate, thereby closing an alarm circuit
(not shown). The ground for operating the se-
lect magnets of the secondary office switches,
such as select magnet 4111, is supplied through
the winding of relay 303! which has marginal
characteristics and receives sufficlent current to
operate only if additional select magnets are
falsely operated due to a trouble condition. The
contacts of relay 308f close an alarm circuit.
The battery for each of the forty trunk relays,
such as relay 2904, is supplied through the wind-
ing of check relay 3025 while the battery for each
of the twenty channel relays, such as relay 3000,
is supplied through the winding of check relay
3041. Both relays 3025 and 304! have marginal
characteristics and do not receive sufficient op-
erating current ‘through the winding of one of
their associated trunk or channel relays. Should
more than one trunk or channel relay falsely op-

erate, relay 3026 or 3041 operates as the case may

be, and closes the alarm circuit.
Operation of intermediate office switch

It has been assumed in the foregoing descrip-
tion that route cross-points 3306 and 3307 repre-
sent a destination which extends to the desired
distant office through one intermediate or- tan-
dem office and the decoder marker therefore
caused the operation of certain selection relays
of the sender to enable that circuit to control the
selective operations at this intermediate office.
It was further assumed that the particular des-
tination desired requires the selection of brush f
and group 5 of the intermediate office selector
and sender selection relays 2500 and 2502 were
therefore operated as hereinbefore set forth. At
the time that relay 2232 of the sender was oper-
ated by the decoder marker it closed a circuit
from ground over its lower outer front contact,
over conductor 1833, back contact of relay. 2503,

‘conductor 2505, winding of relay 2400, conductor

2326, to battery over the lower outer front con-

tact of relay 2325. Relay 2400 operates and

closes a circuit from the winding of relay 2401 to
ground over the upper back contact of relay 2403,
but relay 2401 does not operate since it is short
circuited by the ground on conductor 2505. At

-the time that relay 2325 operated and connected

off-normal battery to conductors 2326 and 2321
relay 2404 operates from the battery over con-
ductor 2321, through its winding, back contact of
relay 2415, conductor 2405, to ground over the
lower back contact of relay 2340, Relay 2341
thereupon operates from battery on conductor
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2326, through its winding, conductor 2342, outer

front contact of relay 2404, conductor 24086, to -

ground over the upber inner back contact of re-~

"lay 2380. The release of relay 2232, which takes

[~

place when its holding circuit is opened upon the
disconnection of the decoder marker, opens the
previously traced operating circuit for relay 2400
and that relay now holds in a circuit from bat-
tery over conductor 2326, through its winding,

10 winding of relay 240f, lower front contact of re-

15

lay 2400, to ground over the upper back contact
of relay 2403. Relay 2401 also operates in this
series circuit. Upon the operation of relays 2401
and 2341, the fundamental circuit of the sender
is connected to the outgoing trunk for the pur-
pose of testing the intermediate office selector
circuit to ascertain if it is normal and, if normal,
to cause the selective mechanism of that circuit
to start. This fundamental circuit may be

99 traced from the tip conductor #135 of outgoing
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trunk 4114, a contact of cross-point 4110, tip
conductor of “C” trunk 4113, a contact of cross-
point 4107, tip conductor of “B” trunk 2013, a
contact of cross-point 2001, tip conductor of “A”
trunk 2010, a contact of cross-point 2004, con-
ductor 1722, upper outer front contact of relay
171 of the district trunk, conductor 1701, a con-
tact of cross-point 1800, a conductor of sender
link 1801, a contact of cross-point 1802, conductor
1825, upper back contact of relay 2232, upper
outer front contact of relay 2341, upper outer
back contact of relay 2340, conductor 2343, up-
per outer front contact of relay 2400, upper in-
ner back contact of relay 2407, winding of trunk
test relay 2417, upper inner front contact of
relay 240f, conductor 1827, a contact of cross-
point 1802, a conductor of sender link 180f, a
contact of cross-point 1800, conductor 1702, up-
per middle front contact of relay 1711, conductor
17123, a contact of cross-point 2004, a conductor
of “A” trunk 2010, a contact of cross-point 20017,
a conductor of “B” trunk 2013, a contact of
cross-point 4107, a conductor of “C” trunk 4113, a
contact of cross-point 4110, to the ring conductor
4136 of outgoing trunk 411{4. Assuming that the
intermediate office selector, which is indicated by
block 4500, is normal, trunk test relay 2417 op-
erates over the fundamental circuit to battery
and ground supplied by the office selector circuit.
Relay 2411, in operating, closes a circuit from
ground over the back contact of relay 2418, front
contact of relay 2417, windings of relays 2408,
24069, and 2410 in series to battery over con-
ductor 2327. Relays 2408, 2409, and 2410 op-
erate and lock, through their windings in series
over the front contact of relay 2410, conductor
2419, to ground over the upper inner front con-
tact of relay 234i. Relay 2408, in operating,
closes a circuit from ground over its front con-
tact, conductor 2420, upper outer back contact
of relay 2344, back contact of relay 2345, con-
ductor 2346, lower back contacts of relays 2428
and 2463, lower outer front contact of relay 2401,
winding of relay 2402, to battery over conductor
2326, thereby operating relay 2402. Relay 2340
thereupon operates in a circuit from battery
through its winding, over conductor 2347, upper
inner front contact of relay 2402, to ground over
the upper outer front contact of relay 2401.
Relay 2340, in operating, opens the operating
circuit for relay 2341 which releases, opening
the fundamental circuit and opening the locking
circuit for relays 2408, 2409, and 2410, all of
which release. The release of relay 2408 opens
the operating circuit for relay 2402 which re-
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mains locked in a circuit from battery over con-
ductor 2326, windings of relays 2402 and 2403,
lower front contact of relay 2402, to ground over
the upper back contact of relay 2428. Relay
2403 operates in series with relay 2402 and opens
the locking circuit for relays 2400 and 2401, both
of which release. The release of relay 2401 opens
the opersating circuit for relay 2340 which re-
leases and again permits relay 2341 to operate.
The operation of relay 243t closes the fundamen-
tal stepping circuit of the sender for the rever-
tive control of the brush selection which now
takes place at the intermediate office. The fun-
damental stepping circuit may be traced from
the tip conductor 4135 of the outgoing trunk,
previously traced to conductor 1828, over the
upper outer front contact of relay 234{, upper
outer back contact of relay 2340, conductor 2343,
winding of relay 2418, winding of stepping relay

2429, back contact of relay 2409, upper outer back:

contact of relay 2430, upper inner front contact
of relay 2403, and over conductor §827 which ex-
tends, over a previously traced circuit, to the ring
conductor 4136 of the outgoing trunk 4114. Re-
lay 2429 operates from battery and ground sup-
plied from the distant office selector circuit but
relay 2418, which is polarized, does not operate at
this time since the flow of current through its
winding is in its non-operate direction. Upon

the previous operation of relay 2326 relay 2348 -

operated from battery over conductor 2326 to
ground over the upper inner back contact of re-
lay 2344, The operation of relay 2429 therefore
completes a circuit from ground over its front
contact, over conductor 243{, front contact of
relay 2348, conductor 2349, back contacts of re-
lays 2426 and 2421, lower inner front contact of
relay 2403, upper inner back contact of relay
2430, lower inner back contact of relay 2432, con-

ductor 2433, back contacts of relays 2507 and.

2506, upper outer front contact of relay 2500,
conductor 2508, inner front contact of relay 2404,
winding of the No. 1 counting relay 2411, to bat-
tery over conductor 2321. Counting relay 2411
operates and connects the ground on conductor
2419 to one end of the winding of the No. 1’
counting relay 2421 but this latter relay does
not operate since its winding is short-circuited by
the ground supplied over the front_ contact of

the stepping relay 2429. As the office selector.

circuit proceeds with its operation for the selec-
tion of the office brush and office group it opens
the fundamental stepping circuit once for each
successive step of either of these selections in a
manner well-known to the art. For an illus-

tration and a description of the operation of a.

typical office selector circuit of the panel type
reference may be had to the patent to Johnson
1,567,271 of December 29, 1925. Upon the first
open pulse, relay 2429 releases and opens the
operating circuit for relay 2411, The No. 1’
counting relay 2421 now operates in series with
the No. 1 counting relay 2411 to the ground over
conductor 2419, and both relays 2411 and 2421
hold over the front contact of relay 24i1f. Upon
the reoperation of relay 2428, following the first
open pulse, the No. 0 counting relay 2410 op-
erates in a circuit from battery over conductor
23217, winding of relay 2410, upper back contact
of relay 2421, lower inner back contact of relay
2430, front contact of relay 242i, and over a
previously traced circuit to the ground over the
front contact of stepping relay 2429. Upon the
release of relay 2429 during the second open
pulse, relays 2408 and 2408, their windings in

.
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parallel, operate In series with relay 2410 to the
ground over conductor 2419, relay 2410 remain-
ing locked in this circuit. The operation of relay
2409 opens the fundamental stepping circuit

§ thereby causing the distant office selector circuit
to stop the advance of its brush selection, the two
open pulses representing the selection of office

_ brush No. 1 which was previously assumed to be
the desired brush. Relay 2408, in operating,
10 operates relay 2421 in a circult which may be
traced from battery on conductor 2826, through
the winding of relay 2427, lower outer front con-
tact of relay 2408, lower outer back contact of
relay 2428, conductor 2346, right back contact of
18 relay 2345, upper outer back contact of relay
2344, conductor 2420, to ground over the front
contact of relay 2408. Relay 2350 now operates
from battery through its winding, over conductor
2351, upper inner front contact of relay 2421, to
20 ground over the upper outer front contact of
relay 2403. Relay 2350, in operating, operates
relay 2840 which, in turn, releases relay 2341,
The release of relay 284! removes the ground
from conductor 2419 thereby releasing the oper-
26 ated counting relays 2408, 2409, 2410, 2411 and
2421. The release of relay 2408 opens the oper-
ating circuit for relay 2421. Relay 2427 locks in

& circuit from battery on conductor 2326, wind-

ings of relays 2427 and 2428 in series, lower outer
30 front contact of relay 2427, upper back contact

of relay 2434, to ground over the upper back

contact of relay 246!. Relay 2428 operates In

series with relay 2427 and opens the locking eir-

cuit for relays 2402 and 2403, both of which re-
35 lease. The release of relay 2403 releases relay
2860 which, in turn, releases relay 2340. The re-
lease of relay 2340 operates relay 2341 which
again closes the fundamental circuit to cause the
distant office selector to start its group selection.
During group selection the office selector re-
turns open pulses over the fundamental stepping
circuit which, in the manner identical with that
set forth above for office brush selection, cause
the stepping relay to count down the pairs of
counting relays until relay 2409 operates and
opens the fundamental circuit to cause the office
selector to halt in its group selection advance.
Since it has been assumed that the desired office
group is No. 5, the sender must open the funda-
mental circuit after receiving six pulses during
the office group selection (one pulse accounting
for the No. 0 group). On the initial operation
of relay 2429, upon the closure of the fundamen-
tal circuit at the start of the office group selec-
tion, the No. 6 counting relay 2416 operates in a
circuit from battery on conductor 2327, winding
of relay 2416, conductor 2435, upper front con-
tact of relay 2502, conductor 2508, upper back
contact of relay 2432, upper outer front contact
of relay 2421, lower inner back contact of relay
2430, conductor 2436, upper outer back contact
of relay 2509, upper back contacts of relays 250
and 2541, conductor 2512, lower inner back con-
tact of reilay 2437, lower outer back contact of
relay 2430, lower inner front contact of relay
" 2428, back contacts of relays 2421 and 2426, con-
ductor 2349, front contact of relay 2348, conduc-
tor 2431, to ground over the front contact of re-
lay 2429. Upon the release of relay 2429 during
the first pulse relay 2426 operates in series with
relay 2416 and both relays lock over the front
contact of relay 2416. The reoperation of relay
2429 operates the No. 5 counting relay 245 which
opens the circuit for relay 2404, releasing relay
2404. The release of relay 2429 on the second
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open pulse causes relay 2428 to operate in serles
with relay 2418, both relays locking. For the
third pulse relay 2414 operates followed by the
oberation of relay 2424. The fourth pulse causes
relays 2413 and 2423 to operate. The fifth pulse
operates relays 2412 and 2422. The operation
of relay 2422 extends the pulsing contact of step-
ping relay 2429, over its front contact and over

" the inner back contact of relay 2404, to the wind-

ing of the No, 0 counting relay 2410 and. the wind-
ings of relays 2408 and 2409. The reoperation
of relay 2429 after the fifth open pulse operates
the No. 0 counting relay 2410. On the sixth.open
pulse, which signifies that the office selector has
advanced in its group selection to the desired
group No. 5; the release of relay 2429 causes re-
lays 2408 and 2409 to operate in series with re-
lay 2410, all three relays locking. Relay 2409,
in. operating, opens the fundamental ecircuit
thereby stopping any further advance of the
office selector which thereupon completes its
function and selects an idle trunk to the desired
terminating office. - Relay 2408, in operating, op-
erates relay 2433 in a circuit traceable from bat-
tery on conductor 2326, winding of relay 2433,
conductor 2438, upper front contact of the skip

second office register relay 2504, conductor 2513,

lower outer front contact of relay 2428, conduc-
tor 2346, to ground at the front contact of relay
2408 over a previously traced circuit. Relay
2433, in operating, operates relay 2350 in a cir-
cuit from battery through the winding of relay
2350, over conductor 2351, lower outer front con-
tact of relay 2433, upper back contact of relay
2400, to ground over the upper back contact of
relay 2428. Relay 2350, in operating, operates
relay 2340, which, in turn, opens the fundamental
circuit to keep that circuit open upon the subse-
quent release of relay 2409, removes the ground
from conductor 2405, and releases relay 2341.
The release of relay 234! removes the ground
from conductors 2352 and 2419 thereby releasing
relays 2408 to 2414, inclusive, 2416, 2421 to 2424,
inclusive, and 2426. The removal of ground from
conductor 2405 releases relays 2415 and 2425. The
release of relay 2408 opens the operating circuit
for relay 2433, that relay now holding in series
with relay 2434 in a circuit over the lower front
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contact of relay 2433 to ground over the upper

back contact of relay 2440. Relay 2434 operates
in series with relay 2433 and opens the locking
circuit for relays 2427 and 2428, both of which
release. Relay 2428, in releasing, opens the op-
erating circuit for relay 2350 which releases, in
turn releasing relay 2340. The release of relay
2340 permits relay 2341 to reoperate and close
the fundamental circuit for the purpose of testing
the distant incoming trunk to which the con-
nection has now been extended by the selective
operations of the office selector circuit at the
intermediate office. The fundamental -circuit
over which the sender tests the incoming trunk
may be traced from the tip conductor 4135 of

-the outgoing trunk 4114, to conductor 1825 over

a previously traced circuit extending over the
office frame and district frame switches, district
trunk and sender link circuits, from conduttor
1825 over the upper outer front contact of relay
2341, upper outer back contact of relay 2430,
conductor 2343, upper front contact of relay 2433,
upper inner back contact of relay 2407, winding
of trunk test relay 2417, upper inner front con-
tact of relay 2434, conductor 1827, and thence to
ring conductor 4136 of the outgoing trunk over a
previously traced circuit.
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Trunk #4114, outgoing from the originating
office, is extended by office selector 4500 at the
intermediate or tandem office, over trunk 4501
to the incoming trunk circuit, shown in Fig. 45,
at the desired terminating office. This incoming
trunk circuit connects, over conductors 4508 to
4513, inclusive, to the incoming frame, the tip,
ring and sleeve conductors 4508, 4508 and 4510
connecting to horizontal rows of contacts of the
primary incoming cross-bar switches, a portion
of one of which is indicated by cross-point 5900
of Fig. 59. The incoming trunk circuit also con-
nects, over conductors 4514 to 452{, inclusive,
to the terminating sender link and control cir-
cuit shown in Pigs. 43 and 44. Conductors
45(4 to 4518, inclusive, connect to a horizontal
row of contacts of one of three primary sender
link switches, a portion of the horizontal multiple
of one of these switches being indicated by the
armatures of cross-point #300. The vertical
multiple of this primary sender link switch, indi-
cated by the front contacts of cross-point 4300,
connects over a sender link 4302 to & vertical row
of contacts of a secondary link switch which is
indicated bythe front contacts of cross-point 4301.
One horizontal row of contacts of this secondary
sender link switch which contains cross-point
4301 extends over conductors 4308 to 4313, in-
clusive, to the terminating sender shown in Figs.
46 and 47. As has been set forth in the general
description, the vertical rows of contacts of the
primary sender link switches extend over links,
such as link 4302 to vertical rows of contacts lo-
cated in each of three secondary sender link
switches. Each of these three secondary switches
is provided with ten horizontal rows of contacts,
each row extending to one of thirty terminating
senders. Any incoming trunk, therefore, has ac-
cess over its associated primary sender link
switch and the three secondary sender link
switches to any of the thirty senders. For the
purpose of simplicity, Fig. 43 shows only such
portions of one primary and one secondary
sender link switch as is necessary to illustrate the
manner in which these switches, together with
their associated control circuit, function in estab-
lishing connections between the incoming trunk
and an idle terminating sender.

Operation of terminating sender selector

When office selector 4500 extends outgoing
trunk 4i14 to the incoming trunk 4501, relay
4505 of the incoming -trunk circuit operates in a
circuit from battery through its left winding in
parallel with battery through resistance 4522,
over the outer back contact of relay 4504, tip
conductor 45062 of trunk 4501, through office.se-
lector 4500 and over the previously traced funda-
mental circuit which extends through the wind-
ing of relay 2417 of the originating sender which
functions in the manner which will be set forth
later, back over ring conductor 4503 of trunk
4501, inner back contact of relay 4504, to ground
over the upper middle of contact of relay 4506.
Relay 4505, in operating, operates relay 4507 in a
circuit through the upper inner back contact of
relay 4506. Assuming that sender link 4302 is
idle at this time, hold magnet 4303 of the primary
sender link switch on which crosspoint 4300 is
located is unoperated and a circuit is thereby

completed from ground over the back contact of

magnet 4303, outer back contact of sender group
busy relay 4307 (it being further assumed that not
all senders of the group are busy), over the
upper outer back contact of relay #4314 in parallel
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with the lower back contact of relay 4318 com-
ductor 4520, outer front contact of relay 4507,
conductor 4519, winding of trunk group relay
4316, upper back contacts of the nine other
trunk group relays of which two, relays 4317 and
4318 are shown, to battery through the winding
of relay 4319. Relay 4316, in operating, operates
relay 4315 in a circuit from battery through the
winding of that relay, lower front contact of
relay 4316, conductor 4320, upper outer back con-
tact of relay 4400, conductor 4401, to ground over
the upper inner back contact of relay 4314. Re-
1ay #4316 is associated with that group of ten in-
coming trunks,. of which there are ten such
groups, which connect to the ten horizontal rows
of contacts of a primary sender selector switch
and have access over three vertical rows of con-

tacts of this same primary switch to three sender

links, such as link 4302, Relays 4317 and 4318
each are associated with some other group of ten
incoming trunks which connect to ten horizontal
rows of contacts of a primary switch each of
which has access to three other sender links (not

156

20

shown). The operation of relay 4316 therefore .

identifies the particular group of ten trunks con-
taining that trunk seeking connection with an
idle sender. Relay 4315 is associated with the
same group of trunks as relay 4316 and, by its
operation, selects that group as the one to be
served by the sender link circuit at this time.
Relays 4321 and 4322 are associated with relays
4311 and 4318, respectively. The operation of re-
lay 4316, in addition to operating relay 4318,
opens the chain circuit which extends over its
lower back contact and the lower back contacts
of the similar relays 4317 and 4318 thereby pre-
venting the possible operation of relays 4321 and
4322 in the event that relays 4317 and 4318 should
operate due to simultaneous calls being placed in
incoming trunks of the groups with which they
are associated. In this manner only one group
of ten incoming trunks is served by the sender
link circuit, the other groups remaining locked
out by the operation of the relay such as relay
4316.

There are ten trunk selecting relays, four of
which, relays #4323 to 4326, inclusive, are shown,
which correspond to the ten trunks of any in-
coming trunk group and which select the par-
ticular trunk of that group to be served in the
event that simultaneous calls are placed in more
than one trunk of the group. Upon the operation
of relay #4315 a circuit is closed from the ground
previously traced to conductor 4520, over the
inner front contact of relay 4507, conductor 4521,
an upper front contact "of relay A315, to the
windings of relay 4323. Relay #4323 operates
through its left winding, over the right outer
back contact of relay 4321, conductor 4328, inner
front contact of relay #4402, to battery over the
lower back contact of relay 4400, relay 4402 hav-
ing previously operated over conductor 4403 to
ground over the inner front contact of relay
4319. Relay 4315, in operating, also closes cir-
cuits from the inner front contacts of relays
corresponding to relay 4507 of the other nine
trunks of the group, over nine additional front
contacts, one of which is indicated by conductor
4329 and the upper inner front contact of relay
4315, to the windings of the nine other trunk
selecting relays, such as relays 4324, 4325, and
4326. Those trunk selecting relays associated
with trunks on which simultaneous calls have
been placed operate through their left windings
in a manner similar to that described for relay
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4323. 1t will be assumed that the trunk with
which relay 4323 is associated is the only trunk
of the group on which & call has been placed at
this time and the operation of relay 4328 there-
fore closes a circuit from batery through the
winding of relay 4327, right inner back contacts
of relays 4326, 4325, and 4324, right inner front
contact and right winding of relay 4323, to
ground previously traced to that point. Relay
4323 locks through its right winding in series
with relay 4321 which operates and opens the
operating circuit through the left windings of
the ten trunk selecting relays thereby releasing
all but one of these relays in the event that sev-
eral had operated. For example, had both re-
lays 4323 and 4324 operated, relay 4324 would
lock 'in series with relay 4321 and open the lock-
ing circuit for relay 4323 which would release
upon the subsequent opening of its operating
circuit by the operation of relay 4321.

Relay 4321, in operating, operates relay 4400
in a circuit from bhattery through the lower
winding of that relay, over conductor 4404, to
ground over the outer front contact of relay
4321. Relay 4400, in operating, operates primary
switch select magnet 4304 in a circuit from bat-
tery through that magnet, over the left front
contact of relay 4323, left back contacts of relays
4324 to 4326, inclusive, conductor 4330, to ground
over a front contact of relay §400. Relay 4400 also
opens the operating circuit for relay 4315 which
now holds in a circuit over its lower inner front
contact, conductor 4331, upper outer front con-
tact of relay 4400, conductor 4481, to sround
over the upper inner back contact of relay 43i4.
In addition, relay 44060 locks through its upper
winding and an upper front contact to the
ground on conductor 440¢. As indicated by strap
4332, the conductor connected to the winding of
select magnet 4304 is multipled to the other cor-
responding seleet magnets (not shown) of the
primary switches and these magnets all operate
in parallel and prepare their associated cross-
points for closure upon the subsequent operation
of some primary switch hold magnet. The oper-
ation of relay 4315 completes a circuit from the

back contact of primary switch hold magnet

5308, over one of the upper front contacts of
relay 4315, conductor 4333, outer back contact
of relay 4405, to the left winding of sender group

-relay 4406. There are three sender group relays,

relays 4406, 4407, and 4408, on: for each of the
three groups of ten senders. The left windings
of relays 4407 and 4408 connect over back con-
tacts of relay 4405, over conductors 4409 and
4410, front contacts of relay 4315, and over con-
ductors 4334 and 4335 to the back contacts of two
other primary switch hold magnets (not shown)
which are associated with the row of contacts
corresponding to that row with which magnet
4303 is associated and which contacts can be
connected, by the operation of the switch mag-
nets, to sender links similar to link 4302.

It will be assumed that sender link 4302 is idle.
Its associated hold magnet 43083 therefore being
unoperated connects ground over the previously
traced circuit to the left winding of relay 4406.
The two other available sender links (not shown)
may also be idle at this time in which case their
associated primary switch hold magnets con-
nect ground to the left windings of relays 44907
and 4408. Having indicated by the connection
of ground to the left windings of these sender
group relays which of the three links are idle,
it is necessary to determine if there are any idle
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senders in the three respective groups to which

- these links have access. Relay &#4i{ operates

over conductor 4403 to ground over the inner -

front contact of relay 4318 at the time that relay
4319 operated in series with relay 4316. Relay
4411 completes a circuit from ground over a front
contact, through the winding of relay 4412, upper
back contacts of relay 4413, to the right windings
of the sender test relays 4414 to 4411, inclusive.
There are ten sender test relays, one for each
of the senders, for each of the three groups of
senders. For simplicity of {llustration, only four
test relays, relays &414 to 4417, inclusive, of one
of the three sender groups have been shown. The
winding of relay 4412, therefore, also extends
over three additional back contacts (not shown)
of relay 4413 to the right windings of six addi-
tional sender test relays (not shown) in the man-
ner identical with its connection to the right
windings of relays 4414 to 4411, inclusive. The
other end of the right winding of relay 4414 con-
nects over conductor 4418, over the upper inner
back contact of start relay 4600 of the terminat-
ing sender shown in Figs. 46 and 47, to battery
over the upper outer back contact of relay 4601
of that sender, providing the sender is not in use
and its start relay 4600 is therefore not operated.
Similarly, the right windings of the nine other
sender test relays extend over conductors corre-
sponding to conductor 4418, to battery to their
associated senders if those senders are idle. Re-
lay 4411 is provided with two other front con-
tacts which connect ground, through the wind-
ings of two other relays (not shown) correspond-
ing to relay 4412, which are associated with the
two other groups of ten senders. The other end
of the windings of these relays, corresponding to
relay 4412, connect in a manner similar to that

" described for relay 4412, through the windings of

ten sender test relays to the ten senders of each
of the two additional sender groups. Relay 4412
has marginal characteristics and operates if it
receives battery through the right windings of
two or more sender relays, such as relays 4414 to
4411, inclusive, from two or more idle senders of
the group of ten with which it is associated.
Similarly, the two relays corresponding to relay
4412, have marginal characteristics and also op-
erate if supplied by battery by two or more idle

senders of their respective sender groups. Relay :

4412, if operating, connects battery over its front
contact, lower outer back contact of relay 4413
if that relay is normal, thereby indicating that
its associated group of ten senders is not being

used by some other sender link circuit as will be &

set forth later, and over the inner back contact
of relay 4419 to one end of the left winding of
sender group relay 4406. Relay 4406 operates
through its left winding, over the outer back
contact of relay 4405, conductor 4333, a front
contact of relay 4315, to ground over the back
contact of the unoperated hold magnet 4303 asso-
ciated with the idle sender link 4302. The two
relays (not shown) corresponding to relay 4412,
of the other two groups of senders, if operating,
connect battery over the back contacts of relays
corresponding to relay 4413, over conductors 4420
and 4421, back contacts of relay 4419, to the left
windings of relays 4407 and 4408. Relays 4407
and 4408 will operate over circuits similar to
that traced for relay 4406, if the primary sender
selector switch hold magnets to which they con-
nect are unoperated indicating that the sender
links associated therewith are idle. -

- At the time that the particular incoming
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trunk to be served was selected, as indicated by
the operation of relay 4327 in series with trunk
selecting relay 4323, relay 4400 operated over a
previously traced circuit and opened the operat-
ing circuit for relay 4402. Relay 4402, which has
slow-releasing characteristics, upon its ultimate
release closes a circuit traceable from ground
over the inner front contact of relay 4319, inner
front contact of relay 4321, conductor #336, back
contact of relay 4402, to battery through the
winding of relay 4419. Relay 4419 operates and
transfers the left windings of the sender group
selecting relays 4406 to 4408, inclusive, from the
front contacts of relay #4412 and the two corre-
sponding relays (not shown) of the other sender
groups to the lower inner armatures of relay
4413 and the two corresponding relays of the
other sender groups. If any of the three sender
groups has one idle sender, relay 4413 or the
relay corresponding thereto of the other groups,
will be unoperated since the associated group
busy relay, as relay 4307, is unoperated, and will
supply battery over its lower inner back contact
to the right winding of its sender group selecting
relay, such as relay 4406. The delay introduced
by the slow-reiease characteristics of relay 4402
provides a sufficient interval for any of the
sender group relays #4406 to 4408, inclusive, whose
associated sender groups have more than one
idle sender, as indicated by the operation of relay
4412, to operate and lock before the windings of
these sender group relays are transferred to the
armature of relay 4413 which provides the oper-
ating battery for its sender group relay if only
one sender in that group is idle. In this fore-
going manner the sender link circuit first pre-
fers to place its call in a sender group having
several idle senders, but, if no such group is avail-
able or accessible over an idle sender link, it will
place its call in a group having only one idle
sender.

It will be assumed for the purpose of this de-
scription that the terminating sender shown in
Pigs. 46 and 47 is the only idle sender of that
group of senders of which it is a part. Under
this condition relay #4412 does not receive sui-
ficient current to operate. Upon the operation
of relay 4400, as set forth above, relay 4402 re-
leases and closes the circuit for operating relay
4419. Relay 4406 operates in a circuit traceable
from ground over the back contact of the unop-
erated primary sender selector switch hold mag-
net 4303, a front contact relay 4315, conductor
4333, outer back contact of relay 4405, left wind-
ing of relay #4406, inner front contact of relay
4419, to battery over the lower inner back contact
of relay 4413. Relay 4406, in operating, operates
link lock relay 4422 in a circuit traceable from
ground over the back contacts of relays 4428 and
4425, through the winding of relay 4422, over
the right front contact of relay 4406, back con-
tacts of relays 4407 and 4408 which will be as-
sumed to be unoperated signifying that there are
no available idle senders in the two groups of
senders with which they are associated, to bat-
tery at the lower armatures of relay 4400. Re-
lay #4414 does not operate at this time due to
the resistance of the winding of relay 4412 lim-
iting the current through the right winding of
relay 44i4. Relay 4422, in operating, closes a
circuit from battery through the winding of re-
lay 4405, right winding of relay 4408, left front
contact of relay 4422 to ground, thereby locking
relay 4406 and operating relay 4405. Relay 4405,
in operating, opens the operating circuits through

2,008,117

the left windings of the sender group relays 4406
to 4408, inclusive, and operates relays 4413 and
4431. The circult for relay 4413 is traceable from
battery through its winding, right inner front
contact of relay 4422, to ground over the inner
front contact of relay 4405. The circuit for relay
4431 is traceable from battery through its wind-
ing, over the right outer front contact of relay
4422, to ground over the outer front contact of
relay 4405. Relay 4413, in operating, causes the
group of ten senders with which it is associated
to become unavailable to other sender link con-
trol circuits since it opens the circuits to the
right windings of the ten sender selecting relays,
such as relays 4414 to 4411, inclusive, and also
removes the battery from the inner front con-
tact of relay 4419, Relay 4431, in operating,
closes a circuit from ground over the outer front
contact of relay 4321, over conductor 4404, back
contacts of relay #4432, front contacts of relay
4431, to one end of the right windings of the
sender selecting relays 4414 to 4417, inclusive,
thereby causing those sender selecting relays,
the associated senders of which are idle, to oper-
ate. Since it has been assumed that the sender

.shown in Figs. 46 and 47 is the only idle sender

of the group, sender selecting relay 4414 alone
now operates. The locking circuit for the ten
sender selecting relays is arranged in a circuit
extending over the left armatures and back con-
tacts of these relays in a manner which gives
a preference as to which sender selecting relay
will lock in the event that several operate, the
preference depending upon which incoming
trunk has placed the call and determined by
which trunk relay, such as relay 4323, remains
locked after the operation of relay #43271. Since
relay 4323 previously operated, relay 4414 now
locks in a circuit from ground through its left
winding and over its left front contact, a front
contact of relay 4431, conductor 4433, right outer
front contact of relay 4323, right outer back
contacts of relays 4324 to 4326, inclusive, con-
ductor 43371, to battery through the winding of
relay 4432. Relay #4432 operates, opens the oper-
ating circuit for the sender selecting relays 4414
to 4411, inclusive, operates relay 4434 through the
right winding of that relay, and, in addition,
completes a circuit from ground over the front
contact of relay 43217, conductor 4404, outer front
contact of relay 4432, a front contact of relay
4431, right outer back contacts of relays 44(7,
4416, and 4415, right outer front contact of relay
4414, a front contact of relay 4431, conductor
4435, to battery through the winding of the sec-
ondary switch select magnet 4306. As indicated
by strap 4338, the winding of select magnet 4306
is muiltipled to the windings of the other corre-
sponding secondary switch select magnets (not
shown) and these select magnets all operate in
parallel and prepare their associated crosspoints
for closure upon the subsequent operation of some
secondary switch hold magnet. Relay 4434, in
operating, locks through its left winding and
left inner front contact to ground over the lower
middle front contact of relay 4400, and also éper-
ates hold magnet 4303 of the primary sender
link switch over a circuit from battery through
the winding of that magnet, a front contact of
relay #4315, conductor #4339, left front contact
of relay 4406, outer back contact of relay 4436,
to ground over a left front contact of relay 4434,
Select magnet #4304 having previously operated
upon the operation of relay 4400 after the in-
coming trunk to be served has been selected,
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the operation of hold magnet 4303 now causes
crosspoint 4300 of the primary sender link switch
to close and extend conductors 4514 to 4618, in-
clusive, from the incoming trunk, over sender
link 4302, to the contacts of crosspoints 430(
of the secondary sender link switch. The oper-
ating ground for hold magnet 4304 is extended
over the lower contact of crosspoint 4300 and
over the lower conductor of sender link 4302
to battery through the winding of the secondary
switch hold magnet 4305 which operates and,
since select magnet 4306 previously operated as
set forth above, causes crosspoints 430{ of the
secondary switch to close and further extend
the aforementioned conductors from the incom-
ing trunk, over conductors 4308 to 43.3, inclusive,
to the terminating sender of Figs. 46 and 47.

At the time that relay 4434 operated it closed
a circuit from ground over its right front contact,
a front contact of relay 4431, right inner back
contacts of relays 4417, 4416, and 4415, right
inner front contact of relay 4414, conductor 4438,
to battery through the winding of relay 4700 of
the terminating sender, operating that relay.
The operation of secondary sender link switch
hold magnet 8305 extends its operating ground,
over the lower contact of crosspoint 4381, con-
ductor 4313, a front contact of relay 4700 of the
sender, conductor 4101, a front contact of relay
443{, to battery through the right winding of
relay 8436, Relay 4436 operates and locks
through its left winding and over its left inner
front contact to ground over the lower middie
front contact of relay 4400. Relay 4436, in oper-
ating, opens the short circuit around the winding
of relay 4437 which now operates In series with

the primary switch hold magnet 4383 over a .

previously traced circuit. Relay 8437, in oper-
ating, operates relay 4438 in a circuit from bat-
tery through the winding of that relay, over the
front contact of relay 4437, to ground over the
left back contact of relay §448. Relay 4439, in
operating, locks over its left inner front contact
to ground over the lower middle front contact of
relay 44006, and connects ground over its right
outer front contact and over a front contact of
relay 8431 to conductor 4102 of the sender, and
also connects ground over its right inner front
contact, right front contact of relay 4436, and
over a front contact of relay 4431 to conductor
4702 of the sender. The function of the ground
on conductors 8702 and 4703 will be set forth later
under the description of the operation of the
terminating sender circuit. The terminating
sender performs certain functions which will later
be set forth in detail and returns a ground over
conductor 433 to hold the secondary sender
selector switch hold magnet 4308, this ground in
turn extending over the lowest conductor of
sender link 8302 thereby also holding the primary
sender selector switch hold magnet 4303.
terminating sender also returns a ground over
conductor 4768, in a manner which will subse-
quently be described, and this ground extends
over g front contact of relay 443{ to battery
through the winding of relay 4440, operating relay
4440. The terminating sender also grounds con-
Auctor 4312, this ground extending over a front
contact of cross-point 4301, a conductor of sender
link 4302, a contact of cross-point 4308, conductor
4514, to battery through the winding of relay
4506 of the incoming trunk circuit. Relay 4566
operates and opens the operating circuit for relay
4581, Relay 4507 releases and opens the circuit
between conductors 4520 and 8521 thereby releas-
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ing rela.ys:lsn and 4327 which were holding in
series over conductor 452f. The release of relay

4323 opens the holding circuit extending from

battery through the winding of relay 4432 to
ground through the left winding of relay 4414
and relays 4432 and 4414 both release. The re-
lease of relay 4327 operates relay 4814 in a circuit
traceable from ground over the left back contact
of relay. 4327, conductor 4340, lower inner front
contact of relay 4400, a front contact of relay
4434, left outer front contact of relay 4438, front
contact of relay 4440, conductor 4441, to battery
through the winding of relay 431{4. Relay 4314,
in operating, opens the circuit over conductors
4520 and 4819 thereby releasing relays 4316 and
4319. In addition, the operation of relay 4314
removes the ground from conductor 4401 thereby
opening the locking circuits for relays-4315 and
4400, both of which release. The release of relay

4400 opens the locking circuits of relays 4434,
4436 and 4439, all of which release. Relay 4314,

which upon its previous operation locked over its
front contact and over conductor 434{ to ground
over a front contact of relay 4400, also releases
since its original operating circuit was opened by
the release of relay 4440. Upon the release of
relays 4814 and 4400, ground is again connected
to the chain circuit extending over the lower
armatures and back contacts of the group select-
ing relays 4316 to 43(8, inclusive, so that these
relays may now function should another incoming
trunk desire connection to a sender. The release
of relay 4400 opens the holding circuit for relay
4422 which releases and in turn opens the circuit
through the winding of relay 4405 and the right or
locking winding of relay 4408, both of these latter
relays releasing. Relay #443( also releases, its
operating circuit being opened by the release of
relay 4422. Relay 4431, prior to its release, con-
nected ground over conductor 4442 and over con-
ductor 4443 or 4444 for the purpose of trans-
mitting to the terminating sender information re-
garding the nyumber of the incoming frame con-
taining the incoming trunk which is placing this
particular call. 'The sender circuit functions, in
a manner which will be described later, and re-
tains this information upon the subsequent re-

- lease of relay 4431.

It will be noted that the battery supplied
through the winding of relay 4319 to the wind-
ings of the ten trunk group selecting relays, such
as relays 4316 to 43{8, inclusive, extends in a
chain circuit over the upper back contacts of
these trunk group selecting relays. In addition,
the lower or functional contacts of these relays
also extend over a chain circuit to the ground
normally supplied over conductor 4320 from the
upper inner back contact of relay 4314, This
arrangement provides for the connection of the
sender link control circuit to but one group of
incoming trunks at a time regardless of the num-
ber of trunk groups which may wish simulta-
neous connection to the control circuit. For ex-
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ample, when relay 4216 operated in response to .

the call incoming to the incoming trunk shown
in Fig. 45, it opened the circuit from the ground
over conductor 4320 to the lower armatures of
the other trunk group relays 4317 and 4318. Had
there been a call incoming on a trunk of the
group associated with relay 4317 before the re-

lease of the sender lnk conirol circuit in con--

nection with the csall incoming on the trunk
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shown in Fig. 45, relay 4317 would operate, but

would be ineffective in operating its associated
horizontal group relay 432( due to the lower
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contacts of relay 4316 being open. With relays
4318 and #4317 both operated, relay 4318 would
hold in a circuit from battery through the wind-
ing of relay #4319, upper back contact of relay
4318, upper front contacts of relays 4317 and
4318, winding of relay 4316, conductor 4519, a
front contact of relay 45071, conductor 4520, up-
per outer back contact of relay 4314, lower outer
front contact of relay 4315, conductor 4342, to
ground over a. left front contact of relay 4434.
Upon the establishment of the connection be-
tween the incoming trunk shown in Fig. 45 and
the terminating sender shown in Figs. 46 and 47,
the sender link control circuit release relay 4314
operates in the manner hereinbefore set forth
and opens the holding circuit for relay 4316. Re-
1ay 4316 thereupon releases and closes the circuit
to the lower armature of the operated frunk
group relay 4311 from which point the control
circuit functions in a manner similar to that pre-
viously described. . Should another incoming
trunk in the same group containing the trunk
shown in Fig. 45 be selected at this time its as-
soclated trunk group selecting relay 4316 of the
sender link control circuit cannot operate since
the circuit through its winding is opened at the

-upper back contact of the operated relay 4317.

Upon the subsequent release of relay 4311, when
the trunk in its associated group has been con-
nected to an idle terminating sender, relay 4316
would operate provided that relay 4318 was not
operated at that time due to an incoming call on
a trunk of the group associated with relay 4318.

_ In the event that relay 4318 is operated, the

35

40

45

sender link control circuit wiill function and es-
tablish connections between the trunk of the
group associated therewith before returning to the
second trunk of the group associated with relay
4316. After the lowest numbered trunk group,
namely the group assoclated with relay 4318,
has been served the subsequent operation of re-
lay 4314 during the restoring of the control cir-
cuit to normal, causes both relays 4318 and 4319
to release. The release of relay 4318 again
closes the chain circuit extending from battery
through the winding of relay 4318 over the up-
per back contacts and to the windings of the

- trunk group selecting relays 4316 to 4318, in-
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clusive. The subsequent release of relay 43(4

closes the circuit to start conductor 4520 and any.

of the trunk group selecting relays operate if
a call is awaiting in their respective associated
trunk groups. The trunk group associated with
the highest numbered operated trunk group re-
lay, for example relay 4316, will be served first,
the other operated trunk group relays being in-
effective due to the opening of the circuits
through their functional contacts by the lower
armature of relay 4316.

All sender link and control circuits function
with all terminating senders; therefore upon the
selection of a particular group of ten senders
by a sender link and control circuit it is neces-
sary to lock out the other sender link and con-
trol circuits from that group of ten senders until
the particular sender to be used in connection
with the call has been selected and seized. This
is accomplished by the link lock relays of the
control circuit, each control circuit being pro-
vided with as many link lock relays as there are
groups of ten senders. Since it has been as-
sumed that the sender link and control circuit
shown in Figs. 43 and 44 has access to thirty
terminating senders arranged in three groups of
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ten senders each, this control circuit is there-
fore provided with three link lock relays, relays
4422, 4423, and 4424. Relays 4425 to 4421, in-
clusive, and. 4428 to 4430, inclusive, represent the
three link lock relays of two other sender link
control circuits (not shown). The operating
circuit and the circuit over the left outer func-
tional contacts of each link lock relay of a sender
link and control circuit extends in a chain eir-
cuit over contacts of the corresponding link lock
relays of the other sender link and control cir-
cuits in such a manner that only one control
circuit link lock relay can be effective at a time
during the selection of g particular group of ten
senders. For example, in connection with the
operation of the sender link and control circuit
in establishing the connection to the sender
shown in Figs. 46 and 47, link lock relay 4422
operated and locked and, over its left outer front
contact closed the holding circuit for sender group
relay 8406 through the right winding of that
relay. - Should the control circuifs of which re-
lays 4425 and 4428 are associated function at
this time due to incoming calls on trunks with
which these control circuits are associated, re-
lays 4425 and #4428 may operate, in the manner

identical to the previously described operation-

of relay #4422, but are ineffective in causing the

. selection of the sender group already selected by

the operation of relay 4422 since the opening of
the back contact of relay 4422 has removed the
ground from the left outer armatures of relays
4425 and #4428 and they, therefore, cannot com-
plete the holding circuits for their associated
sender group relays corresponding to relay 4406.
In the event that the group of senders with which
relay 4406 is associated had already been selected

by some other control circuit at the time that

relay 4406 operated during the progress of the
connection hereinbefore set forth in detail, relay
4422 would not operate since its operating ground
would have been removed by the previous opera-
tion of either relay 4425 or relay 4428, depending
upon which of the other sender link and control
circuits had already selected the group of ten
senders associated with sender group rela,y 4406
of this control circuit.

The sender link and control circuit is provided
with a sender group busy relay for each group
of senders to which it has access. Relay 4307 is
the group busy relay assoclated with that group
of ten senders of which the sender shown in Figs.
46 and 47 is a part. . Relays 4343 and 4344 are
group busy relays associated with two other
groups of senders (not shown). A circuit may
be traced from ground over the lower outer ar-
mature and front contact of start relay 4600 of
the terminating sender, over the identical con-
tacts of the start relays (not shown) of the nine
other senders of the group, over conductor 4602,
to battery through the winding of relay 4307.
Whenever all senders of that group are busy this
chain circuit extending over the front contacts
of the ten start relays is closed, thereby operating
group busy relay 4301. Relay 4301, in operating,
opens the circuits from the back contacts of the
ten primary sender link switch hold magnets,
such as magnet 4303, associated with the ten
sender links which extend. to the secondary
sender link switch connecting to the busy group
of senders. The operation of relay 4307 also
closes a circuit from ground over its front con-
tact, conductor 4345, to battery through the wind-
ing of relay 4413 which operates and opens the
operating circuit for the sender group relay as-
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sociated with that group of senders which is

busy, such as relay 4408, in this case, and also .

opens the operating circuits for the correspond-
ing sender group relays of the other sender link
control circuits, these latter circuits being indi-
cated by multiple strap 4443. )

In the event of a failure of the primary or

secondary link switch cross-points to close prop- -

erly, or should the sleeve conductor of a sender
link become crossed with the sleeve conductor
of another sender link, the progress of the con-
nection is blocked and an alarm indication of
this condition is given. At the time that relay
4319 operates in series with any of the trunk
group relays 4316 to 4318, inclusive, it closes a
circuit from ground over its inner front contact,
conductor 4403, outer back contact of relay 4434,
to battery through the winding of relay 4444,
As soon as the terminating sender has been se-
lected, relay 4432 operates followed by the op-
eration of relay 4434 as previously described.
The operation of relay 4434 opens the operating
circuit for relay 4444 and also closes a circuit
from ground over its next-to-inner left front
contact, middle back contact of relay 4436, to
the back contact of relay 4444. Following the
seizure of the sender, that circuit completes an
operating path through the right winding of re-
lay 4436, the ground being supplied over contacts
of the operated primary and secondary sender
link switch cross-points and through the sender
as hereinbefore set forth. The operation of relay
4436 opens the circuit to the back contact of relay
4444 which is slow to release, thereby making that
contact ineffective upon the ultimate release of
the relay. Should either the primary or sec-
ondary switch cross-points fail to close, relay
4436 will not operate and, upon the release of
relay 4444, alarm relay 4445 operates to the pre-
viously traced ground over a left front contact
of relay 4434. Relay 4445, in operating, lights
the alarm lamp 4447 and operates the trouble
register 4446, both over local circuits.

" If, upon the closure of the primary and second-
ary sender link switch cross-points, the sleeve
conductor of the sender link, such as conductor
4341, becomes crossed with the sleeve conductor
of some other sender link which is also in use
at that time, relay 4437 will fail to operate since
it is short-circuited by the ground over a front
contact of relay 4434 on one end of its winding
and the false ground from the crossed. sleeve
conductors on the other end of its winding. The
failure of relay 4437 to operate results in relay
4439 also remaining unoperated. Upon the sub-
sequent release of relay 4444, following the op-
eration of relay 4436 after the closure of the
sender link, a circuit is completed from ground
over the next-to-inner front contact of relay
4434, outer front contact of relay 4436, inner
back contact of relay 4439, back contact of relay
4444, to battery through the winding of alarm re-
lay 4445 which operates and functions as set
forth above, .

As soon as relay 4319 operates in series with
a trunk group relay, at the outset of the func-
tioning of the sender link and control ecircuit
during the establishment of a connection be-
tween an incoming trunk and a terminating
sender, it closes a circuit from ground over its
outer front contact, over conductor 4346, to the
left armatures of relays 4445 and 4448 and to the
armature of interrupter 4449. Upon the first
closure of the left contact of interrupter 4449
relay 4448 operates and locks to the ground over

87
conductor 4346. The operation of ;'elay 4448
closes a circuit from battery through the wind-
ing of alarm relay 4445 to the right contact of in-

terrupter 4449. When interrupter 4449 subse-
quently closes its right contact, relay 4448 op-

erates, locking to the ground over conductor 4346,

lighting alarm lamp 4447, and causing trouble
register 4446 to operate. If key 4450 is in its
unoperated position with its contacts closed, the
operation of relay 4445 also operates release relay
4314 over conductor 444f. The operation of re-
lay 4314 causes the control circuit to release from
the group of trunks with which it was connected,
in the manner previously set forth under the
description of the return of the control eircuit
to normal upon the completion of a normal con-
nection, thereby permitting other groups of
trunks to be served. The cam of interrupter.4449
is arranged to rotate at a speed such that the
time elapsing between the grounding of its ar-
mature by the operation of relay 4319 and the
ultimate operation of relay 4445 is greater than
the time required for a sender link and control
circuit to perform its functions and restore on g
normal connection. On a recurring trouble con-
dition, key 4450 may be operated to prevent the
operation of release relay 4314, thereby blocking
the connection for subsequent investigation.

Recording incoming frame indication

Referring now to the terminating sender shown
in Figs. 46 and 47, at the time this circuit was
selected: its relays 4700 and 4707 operated to a
ground supplied over conductor 4438 by the
sender link .control circuit as previously set forth.
The operation of relay 47100 closes the sender
start conductor 4705 from the winding of start
relay 4600 to the sender link control circuit over
conductor 4703. The operation of relay 443§ of
the sender link control circuit connects ground
to the frame identification conductors 4442 and
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4443 or 4444. There are ten conductors, such as

conductor 4442, extending to ten front contacts
of frame relay 4707 of the sender. Since there
may be as many as twenty fincoming trunk
frames, two additional frame identification con-
ductors, 4443 and 4444, are provided, one or the
other of which is connected to relay 4431 depend-
ing upon whether that relay is associated with
one of the first ten incoming trunk frames or
the second fen incoming trunk frames. It will
be assumed, for illustration, that the incoming
trunk shown in Fig. 45 is located on the nine-
teenth incoming trunk frame. The No. 9 frame
identification conductor 4442 is therefore con-
nected to a front contact of relay 4431 and
grounded by the operation of that relay. In

50
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addition, since the nineteenth frame is used, con-

ductor 4444, which identifies the second ten
frames, is also connected to and grounded by
relay 4431. The ground on conductor 4442 oper-
ates select magnet 4719 of the cross-bar register
switch 4708 of the sender. The ground on con-
ductor 4444 operates relay 4108 which closes, in
part, its locking circuit over its lower front con-
tact and over conductor 4709 to the upper front
contact of relay 4603. The operation of relay
4708 connects ground over the back contact of
relay 4721 to conductor 4720 which extends to
the decoder marker and causes that circuit to
function as will be set forth hereinafter. Had
relay 4121 operated instead of relay 4708, indi-
cating that one of the first ten incoming trunk
frames was being used, conductor 4720 would be
connected to conductor 4723 instead of being
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grounded. Select magnet 4718, in operating, ex-
tends its operating ground over its front contact
and conductor 4728 to battery through the wind-
Relay 4608 operates and locks
itself and select magnet 4719 in a circuit over
its lower front contact, conductor #4608, back
contact of hold magnet 47131 of the register
switch, to ground over a front contact of relay
4107. Relay 4608, in operating, also operates
hold magnet 47131 in a circuit from battery
through the winding of that magnet, upper back
contact of hold magnet #7126, conductor 4732,
lower back contact of relay 4608, to ground over
the upper inner front contact of relay 4605. Re-
lay 4607 also operates from battery through re-
sistance 4609, winding and break-after-make
contact of relay 4807, to ground over the upper
outer front contact of relay 4605. Hold mag-
net 4734, in operating, closes cross-points 47133,
since the previous operation’ of select magnet
4719 prepared these cross-points, as well as the
other cross-points in the same horizontal row,
for operation. Hold magnet 4731 locks over its
lower front contact and over a front contact of
relay 4107 to ground. Four frame identification
conductors extend from the register switch of the
sender, over a decoder marker connector circuit,
to the terminating decoder marker. These con-
ductors are either grounded or connected to con-
ductors 4722 and 4723 in various combinations
depending upon the numerical value of the frame
registration. In the case illustrated, the closure
of cross-points #4133 connects ground to con-
ductors #736 and 4137 and connects conductors
47134 and 4135 to conductors 4722 and 4723, re-
spectively. The function of the decoder marker

in connection with the grounding and closure

of these conductors will be set forth later. The
operation of relay 4607 closes in part, the operat-
ing circuit for relay 48083. :

As hereinbefore set forth, the sender link con-
trol circuit, after checking the continuity of the
sleeve or holding conductor 4347 of sender link
4302, functions and -connects a ground to the
sender start conductor 47103. This ground ex-
tends over a front contact of relay 4700, over
conductor 4105, to battery through the winding
of the sender start relay 4#600. Relay 4600 op-
erates and opens the battery, over the upper
outer back contact of relay 4801, from conductor
4418 thereby making this sender test busy to the
sender link control circuits. ‘Ground over the
lower outer front contact of relay 4608 closes, in
part, the sender group busy chain circuit which

‘extends over front contacts of the start relays
of the other senders of the group to conductor .

46802 as previously described. Ground over the
lower inner front contact of relay 4600 completes
the operating circuit for relay 4603 which op-
erates and connects ground over its lower next-
to-inner front contact to sleeve conductor 4313
for the purpose of locking the hold magnets 4303
and 4305 of the primary and secondary sender
link switches. The operation of relay 4603 also
connects ground over its lower inner front con-
tact over conductor 4618, a front contact of relay
4700, to release conductor #7104 to signal the
sender link control circuit to release in the man-
ner hereinbefore set forth. Upon its release, the
sender link control circuit removes the ground
from conductors 4438, 4442, and 4444, Relays
4700 and 4707 thereupon release, their functions
having been completed. The removal of ground
from conductor 4444 does not release relay 4708,

‘however, since that relay now holds over its
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lower front contact, over conductor 4708 to ground
over the upper outer front contact of relay 4603.
Relay 4603 locks over its upper inner front con-
tact to the ground over the lower inner front
contact of relay 4600. Relay 4600, in turn, locks
over its upper inner front contact, over the upper
inner back contact of release relay 4601, to
ground over the upper middle front contact of
relay 4603. It will be noted that the operating
circuit -for relay 4603 extends over a front con-
tact of relay 4607, this latter relay operating only
it relay 4805 operates. This. is done to insure
that the sender link control circuit will be given
the release indication, by the operation of relay
4803, only if the sender link control circuit has
grounded one of the frame identification con-
ductors and thereby caused the operation of a
select magnet of the register switch for the pur-
pose of recording the number of the incoming
trunk frame used.

At the time that relay 4707 operated it closed
a circuit from ground over its outer front con-
tact, over conductor 4738, upper outer back con-
tact of relay 4600, winding of relay 46811, to bat-
tery through resistance 4612, Relay 4611 oper-
ated and, upon the subsequent operation of re-

lay 4600, locked over its lower inner front con--

tact to the ground over an upper front contact
of relay 4600, relay 4707 maintaining the oper-
ating circuit for relay 46811 until after the oper-
ation of relay 4600 had taken place. The oper-
ation of relay 4611 closes a circult from ground
over its lower middle front contact, through re-
sistance #4613, its lower outer front contact, and
upper front contact of relay 4600, conductor 4310,
a closed contact of cross-point 4301, a conductor
of sender link 4302, a closed contact of cross-
point 4300, conductor 4515, to battery through

" the winding of relay 4504 of the incoming trunk

circuit. Relay 4504 operates and opens the wind-
ings of the supervisory relay 4505 from the tip
and ring conductors 4502 and 4503 of the incom-
ing trunk. Relay 4618 of the terminating send-
er operates as soon as the connections between the
incoming trunk circuit and the sender are estab-
lished in & circuit traceable from battery through
its winding, over an upper back contact of relay
4615, conductor 4308, a conductor of sender link
4302, conductor 4511, tip conductor 4502 of in-
coming trunk 4501, over the incoming trunk to
the originating sender shown in Figs. 22 to 26,
inclusive, over the previously traced fundamental
circuit extending through the windings of step-
ping relay 2429 and overflow relay 2418 of the
originating sender, back over the ring conductor
4503 of the incoming trunk, conductor 4518, a
conductor of sender link 4302, conductor 4309, an
upper back contact of relay 4615, to ground over
the upper outer back contact of relay 4617. Re-
lay 4618, in operating, operates relay 4617 from
battery through the winding of relay 46117, upper
outer front contact of relay 4608, upper outer
back contact of relay 4615, to ground over the
front contact of relay 4616. Relay 4611, in oper-

ating, locks over its upper front contact to its

operating ground and removes, over its upper
outer back contact, one of the grounds which is
short-circuiting the winding of stepping relay
4614. The operation of relay 4504 of the incom-
ing trunk circuit opens the ground over the upper
middle back contact of relay 4506 from conductor
45186, this being the second ground which is short-
circuiting the winding of relay 46i4. Upon the
operation of both relays 4617 and 4504, the step-
ping relay 4614 therefore operates, over the fun-
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damental circuit extending back through the
originating sender, in series with relay 4616, this
latter relay holding. Relay 4614, in operating,
closes a circuit from ground over the lower inner
front contact of relay 4617, front contact of re-
lay 4614, resistance 4618 and retard coil 4619 in
parallel, to battery through the winding of relay
4620. The function of resistance 4618 and retard
coil 4619 is to slow up the operation of relay 4620
sufficiently to insure the operation of stepping
relay 2429 of the originating sender. Relay 4621
also operates to the same ground which operates
relay 4620. Relay 4620, in operating, closes a
circuit from ground over the back contact of re-
lay 4101, conductor 4738, front contact of relay
4620, to the winding of relay 4616 thereby holding

relay 4616 operated but short-circuiting the wind- -

ing of stepping relay 4614 as well as the wind-
ing of stepping relay 2429 of the originating send-
er thus causing both of these stepping relays. to
release. The release of relay 4614 opens the
operating circuit for relay 4620 which releases
and removes the short-circuiting ground from the
windings of stepping relays 4614 of the termi-
nating sender and 2429 of the originating sender,
both of which again operate. This stepping
operation continues until the originating sender
opens the fundamental circuit indicating that its
revertive control mechanism has been satisfled
for the particular selective information being
transmitted to the terminating sender. The de-
tailed functioning of the originating sender in
connection with this phase of the call will subse~
quently be set forth. The manner in which the
terminating sender functions to record the se-
lective information transmitted from the origi-
nating sender occurs as detailed in the succeed-
ing paragraphs.

The terminating sender is provided with six
counting relays, relays 4740 to 47145 inclusive,

which operate in conjunction with relays 4621 .

to 4623, inclusive, under control of the pulses
generated by the operation and release of step-~
ping relay 4614, and in turn prepare the oper-
ating circuits for the various select magnets of
register switch 4708 upon which the selective in-
formation is recorded. . As set forth above, relay
4621 operates upon the initial operation of relay
4614. Upon the first open pulse transmitted, the
opening of the contacts of relay 4614 removes the
ground from one end of the upper winding of
relay 4623 and that relay now operates in a cir-
cuit from battery through the winding of relay
4621, upper winding of relay 4623 in parallel with

2 resistance 8624, back contact of relay 4822, front

contact of relay 4621, to ground over the lower
inner front contact of relay 4617. The =zero
counting relay 4740 thereupon operates in a cir-
cuit from battery through its winding, left outer
back contacts of relays 4741 and 4743, conductor
4746, outer front contact of relay 4628, lower

middle front contact of relay 467, to ground over .

the lower outer front contact of relay 4603. Re-
lay 4740, in operating, locks from battery through
its winding, over its left inner front contact, left
inner back contacts of relays 4741 to 4744, in-
clusive, conductor 47417, back contact of relay
4605, to ground over the lower outer front con-
tact of relay 4603. The operation of relay 4740
also prepares the operating circuit for select mag-
net 4710 of the register switch 471868 should the
originating sender be satisfled by the single pulse
and open the fundamental circuit thereby releas-
ing relays 4616 and 4617. The operating circuit

for select magnet 4710 may be traced from bat-
tery through its winding, right outer front-con-
tact of relay 4740, right back contact of relay
4145, conductor 4748, to the lower back contact
of relay 4611 .from which point it extends over
the inner back contact of relay 4625 to ground
over the lower outer front contact of relay 4603.

Assuming that the originating sender is not

satisfied, the reoperation of relay 4614 following
its transmission of the first open pulse, operates
relay 4622 in a circuit from battery through the
winding of that relay, lower winding and inner
front contact of relay 4623, front contact of re-
lay 4614, to ground over the lower inner front
contact of relay 46f1. The operation of relay
4622 opens the operating circuit for relay 4621
which releases. The release of relay 4614 for
the second open pulse opens the locking circult
for relays 4622 and 4623 both of which release.
The No. 1 counting relay 4141 thereupon oper-
ates in a circuit from battery through its wind-
ing, left middle front contact of the operated
No. 0 counting relay 4740, left outer back con-
tacts of relays 4742 and 4144, conductor 4149,
outer back contact of relay 4623, lower middle
front contact of relay 4617, to ground over the
lower middle front contact of relay 4603. Re-
lay 4141, in operating, locks over its left inner

front contact, left inner front contacts of relays
4742 to 4144, inclusive, to the ground previously
" traced over conductor 4741. Relay 414i
opens the locking circuit for relay 4740 which re-

also

leases, and in addition, prepares the operating
circuit for select magnet 47{1{ over its right outer
front contact and the right back contact of relay
4745 to the previously traced circuit over conduec-
tor 4748, Should the originating sender open the
fundamental circuit after the second open pulse,
select magnet 4711 operates upon the release of
relay 4617, }

The reoperation of relay 4614 following the
second open pulse causes relay 4621 to reoperate.
The release of relay 4614 for the third open pulse
operates relay 4623 in series with relay 4621 in
the manner previously set forth for the first
open pulse. 'The operation of relay 4623 operates
the No. 2 counting relay 4142 over the left outer
front contact of relay 4141, left outer back con-
tact of relay 4748, to the previdusly traced ground
over conductor 47148. Relay 4742 locks over the
previously traced chain circuit to ground over
conductor 4747, opens the locking circuit for re-
lay 4741 which releases, and prepares the op-
erating circuit for select magnet 4712 should re-
lay 4611 release after the third open pulse. Re-
lay 4622 operates in series with the lower winding
of relay 4623 upon the reoperation of relay 4614
following the third open pulse and causes relay
4621 to release, relay 4623 remaining locked
through its lower winding. The release of relay
4614 for the fourth open pulse releases relays 4622
and 4623, the No. 3 counting relay 4143 thereupon
operating over the left cuter front contact of relay
4742, left outer back contact of relay 4144, con-
ductor 4749, and over the lower outer back contact
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of relay 4623 to a previouslytracedground. Relay .

4743, in operating, locks over the left inner front
contact of relay 4144 to ground previously traced
over conductor 4747, releases relay 4742 and pre-
pares the operating circuit for select magnet
4713. When relay 4614 reoperates after the
fourth open pulse, relay 4621 again operates and,
during the fifth open pulse, locks in series with
relay 4623 which operates, in turn operating the
No. 4 counting relay 4144 in a circuit from hat-
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tery through the winding of relay 4144, left back
contact of relay 47145, left outer front contact of
relay 4743, to the previously traced ground over
conductor 4746. Relay 4744, in operating, locks
over the left back contact of relay 4740 and its
own left inner front contact to the previously
traced ground over conductor 4747, opens the
locking circuit for relay 4748 which releases, and
prepares the operating circuit for select magnet
4714, The reoperation of relay 4614 following
the fifth open pulse operates relay 4622 in series
with the locking winding of relay 4623. The op-
eration of relay 4622 releases relay 462i{. The
release of relay 4614 for the sixth open pulse
releases relays 4622 and 4623, the No. 5 counting
relay 4745 thereupon operating from battery
through its winding, over the left outer front con-
tact of relay 4144, conductor 4749, outer back
contact of relay 4623, to a previously traced
ground. Relay 4145 locks over its left inner
front contact directly to the ground over con-
ductor 4147, this locking circuit being independ-
ent of the contacts of the other counting relays.
The operation of relay 4145 prepares the operat-
ing circuit for select magnet 4715, this circuit
being traceable from battery through the wind-
ing of magnet 4115, over the right inner front
contact of the locked No. 4 counting relay 4744,
right front contact of relay 4145, conductor 4748,
to the lower outer back contact of relay 46117
which, in the event that the originating sender
is satisfled with six pulses and opens the funda-
mental circuit, releases and causes select magnet
4115 to operate to the previously traced ground
supplied over the lower outer front contact of
relay 4603. Should the originating sender re-
quire more than six pulses to satisfy a particular
selection the No. 5 counting relay 4145 remains
operated and the No. 0 to No. 3 counting relays
4740 to 4143, inclusive, are reused, providing
means for the registration of a maximum of ten
pulses in the manner set forth below.

Relay 462f operates upon the reoperation of
relay 4614 following the sixth open pulse. On
the seventh open pulse relay #4623 operates in
series with relay 4621 and the No. 0 counting
relay 4740 qperates over a previously traced cir-
cuit. Relay 4740, in operating, releases the
locked No. 4 counting relay 4744 and prepares
the operating circuit for select magnet 4716
traceable from battery through the winding of
that magnet, right inner front contact of relay

" 4740, and over the right front contact of relay
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4145 to the lower outer back contact of relay
4617 over conductor 4748. Relay 4740 also locks
over its left inner front contact, left inner front
contact of relay 4141, left outer front contact of
relay 4740, left middle front contact of relay
4745, to the previously traced ground over con-
ductor 4741. The reoperation of relay A46i4
following the seventh open pulse operates relay
4622 in series with the lower winding of relay
4623. Relay 4622, in operating, releases relay
4621, The release of relay 4614 for the eighth
open pulse releases relays 4622 and 4623 and
counting relay 4741 thereupon operates over a
previously traced circuit. Relay 4741, in operat-
ing, locks over & previously traced circuit, opens
the locking circuit for relay 4740, which releases,
and prepares the operating circuit for select mag-
net 4717 over its right inner front contact and
right front contact of relay 4745. The reopera-
tion of relay 4614 following the eighth open
pulse reoperates relay 462f. The release of relay
4614 for the ninth open pulse causes relay 4623

2,008,117

to operate In series with relay 4621 and the No. 2
counting relay 4742 thereupon operates over a
previously traced circuit. Relay 4742, in operat-
ing, locks as hereinbefore set forth, opens the
locking circuit for relay 4741 which releases, and
prepares the operating circuit for select magnet
4118. Upon the reoperation of relay 46(4 fol-
Jowing the ninth open pulse, relay 4622 operates
in series with relay 4628 and releases relay 462f.
The release of relay 4614 for the tenth open
pulse releases relays 4622 and 4623 and the No. 3
counting relay 4743 operates over a previously
traced circuit. Relay 4743, in operating, locks as
previously set forth, opens the locking circuit for
relay #4742 which releases, and prepares the op-
erating circuit for select magnet 4718 upon the
subsequent release of relay 4617,

In the manner set forth above, the terminat-
ing sender transmits open pulses to, and under
control of, the originating sender, and by means
of its counting relays prepares for operating a
select magnet of register switch 4708 correspond-
ing numerically to the number of pulses trans-
mitted for each selection. This cycle of opera-
tions is repeated flve times, once for each of the
selections controlled revertively by the originat-
ing sender, namely, incoming brush, incoming
group, final hundreds, final tens, and final units
selections, these selections being registered, in
that order, on register switch 4108 in the manner
which will subsequently be set forth.

Transfer of record from originating to terminat-
ing sender

Referring back to the originating sender shown
in Figs. 22 to 26, inclusive, at the conclusion of
the control of the selection of intermediate office
selector 4500, relay 2434 operated in series with

- relay 2433 and opened the locking circuits for re-

lays 2427 and 2428. The release of relay 2428
released relay 2350 which, in turn, released relay
2340. The release of relay 2340 caused relay
2341 to reoperate and close the previously traced
fundamental circuit from the originating sender
to the selected incoming trunk circuit for the
purpose of making trunk test. At this point
trunk guard relay 2417 operates from battery and
ground supplied from the distant incoming trunk
circuit as hereinbefore set forth. Relay 2417,
in operating, closes a circuit from ground over
the back contact of relay 2418, front contact of
relay 2411, windings of relays 2408 and 2409 in
parallel, winding of relay 240, conductor 2321,
to battery over the lower inner front contact of
relay 2325, relays 2408, 2409 and 2410 operating
and locking to ground over conductor 2419. Re-
lay 2439 thereupon operates in a circuit from
battery over the lower outer front contact of re-
lay 2325, conductor 2326, winding of relay 2439,
Iower back contacts of relays 2440, 2442, 2401,
2403 and 2428, conductor 2346, back contact of
relay 2345, outer back contact of relay 2344, con-
ductor 2420, to ground over the front contact of
relay 2408. Relay 2439, in operating, operates
relay 2340 in a circuit from ground over the upper
back contact of relay 240i, upper outer front
contact of relay 2434, upper front contact of re-
lay 2438, conductor 2347, to battery through the
winding of relay 2340. The operation of relay
2340 releases relay 2341 which opens the funda-
mental circuit and the locking circuit for relays
2408, 2409 and 2410, all of which release. Upon
the release of relay 2408, relay 2440 operates in
series with relay 2439 and these relays lock in a
circuit traceable from battery on conductor 2326,
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windings of relays 2439 and 2440, lower front
contact of relay 2439, to ground over the upper
back contact of relay 2442. Relay 2440, in oper-
ating, opens the locking circuits for relays 2433
and 2434 over its upper back contact, and these
relays release. The release of relay 2434 opens
the operating circuit for relay 2340 which re-
leases and causes relay 2404 to operate from
ground over the lower back contact of relay 2340,
conductor 2405, back contact of relay 2415, wind-
ing of relay 2404, to battery over conductor 23217,
Relay 2404, in operating, reoperates relay 2341
in a circuit from ground over the upper inner
back contact of relay 2340, conductor 2406, outer
front contact of relay 2404, conductor 2342, wind-
ing of relay 2341, to battery over conductor 2326.
Relay 2440, in operating, also closes a circuit from
ground over its upper outer front contact, wind-
ing of relay 2407, to battery over conductor 2326.
Relay 2401 locks over its upper inner front con-
tact and operates relay 2430 in a local circuit.
The function of relays 2407 and 2430 is to estab-
lish connections between the register switch
shown in Fig. 26 and. the selection sequence re-
lays shown in the lower portion of Fig. 24 to en-

able the originating sender to revertively control

the incoming and final selections in the terminat-
ing sender. Relay 2341, in operating, again
closes the fundamental circuit between the termi-
nating and originating senders, this circuit being
traceable, in the originating sender, from the
fundamental ring conductor 827, upper outer
front contact of relay 2438, back contact of relay
2408, winding of stepping relay 2429, lower wind-
ing of overflow relay 24i8, conductor 2343, upper
outer back contact of relay 2340, upper outer
front contact of relay 2341, to the fundamental
tip conductor 1828. This circuit extends to bat-
tery and ground in the terminating sender, the
stepping relay 4614 of this latter circuit being in
series with relays 2418 and 2428 as previously set
forth. Relay 2428 operates in series with relay
4614, but relay 2818, being polarized, does not

operate at this time, the current through its

winding being in the non-operate direction.

It has been assumed hereinbefore that the de-
sired number dialed by the calling subscriber is
3168 and corresponding thousands, hundreds
tens and units cross-points of the register switch
of the originating sender have been operated ac-
cordingly in the manner previously described.
The required selections for this number are:—
incoming brush § which represents numbers
from 2000 to 3999 and which requires the trans-
mission of two pulses; incoming group 2 which
represents numbers from 3000 to 3499 and which
requires the transmission of three pulses; final
hundreds 1 which represents numbers from 3100
to 3199 and requires two pulses; final tens 6
which represents numbers from 3160 to 3169 and
requires seven pulses; and final units 8 represent-
ing the called number 3168 and which requires
the transmission of nine pulses.

When relay 2428 operates, following the closure
of the fundamental circuit by the operation of
relay 234 after relays 2439 and 2440 have oper-
ated, it closes a circuit from ground over its front
contact, conductor 2431, front contact of relay
2348, conductor 2349, back contacts of relays 2426
and 2821, lower inner front contact of relay 2440,
conductor 2674, upper contact of the operated

-thousands register cross-point 2656, conductor

2670, conductor 2503, inner front contact of relay
2404, winding of the No. 1 counting relay 2411,
to battery over conductor 2327. Relay 241! op-

71

erates and, upon the release of relay 2429 on the
first open pulse, relay 2421 operates in series with
relay 2411 and both relays lock to ground over
conductor 2419. The reoperation of relay 2428
following the first open piilse operates the No. 0
counting relay 2410 in a circuit from battery over
conductor 2321, winding of relay 2418, back con-
tact of relay 2402, lower back contact of relay
2421, lower inner front contact of relay 2430,
front contact of relay 2424, to ground over the
front contact of relay 2429 over a previously
traced circuit. Upon the release of relay 2420

during the second open pulse, relays 2408 and -

2409, in parallel, operate in series with relay 2410
and all three relays lock over the front contact
of relay 2410 to the ground over conductor 2419,
The operation of relay 2409 opens the funda-
mental circuit and indicates to the terminating
sender that the originating sender is satisfied
with the transmission of two pulses corresponding
to incoming brush |. The terminating sender
thereupon functions, in the manner later fo be
described, and registers this information. The
operation of relay 2408 operates relay 2441 in a
circuit traceable from battery over conductor
2326, winding of relay 2441, lower outer front
contact of relay 2440, lower back contacts of

‘relays 2442, 2401, 2403 and 2428, conductor 2346,

back contact of relay 2345, outer back contact
of relay 2344, conductor 2420, to ground over the
front contact of relay 2408. The operation of
relay 2441 operates relay 2340 in a circuit from
ground over the upper front contact of relay
2440, upper front contact of relay 2441, conductor
23417, to battery through the winding of relay
2340. The operation of relay 2340 releases relay
2341 which makes an additional break in the
fundamental circuit in anticipation of the release
of relay 2409, and also opens the locking circuit
for relays 2468 to 2410, inclusive, all of which
release. Relay 2404 also releases upon the op-
eration of relay 2340. Upon the release of relay
2408 relay 2442 operates in series with relay 2441,
both rglays holding over the lower front contact
of relay 2441 to ground over the upper back con-
tact of relay 2401. The operation of relay 2442
opens the locking circuits for relays 2439 and
2440, both of which release. The release of relay
2440 opens the operating circuit for -relay 2340
which releases and permits relay 2404 to reoper-
ate. Relay 2341 thereupon reoperates and locks
under control of the released relay 2348. .
The operation of relay 2344, with relays 2340
and 2488 released, again closes the fundamental
circuit and relay 2429 thereupon operates to start
the revertive control of the incoming group selec-
tion at the terminating sender. The No. 2 count-
ing relay 2412 operates in & circuit from battery
over conductor 2327, winding of relay 2412, back
contact of relay 2422, conductor 2669, middle con-
tact of thousands register cross-point 2656, lower
contact of hundreds register cross-point 2659,
conductor 2679, lower inner frent contact of relay
2442, back contacts of relays 2421 and 2426, con-
ductor 2348, and over & previously traced circuit
to ground over the front contact of relay 2429,
Upon the release of relay 2429 during the first
open pulse, relay 2422 operates in series with relay

2412 and both relays lock over the front contact

of relay 2412 and the back contact of relay 2416
to ground over conductor 2352 from a front con-
tact of relay 2341, The operation of relay 2422
transfers the circuit from the pulsing contact of
relay 2429, previously traced to the armature of
relay 2422, over its front contact and the inner
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front contact of relay 2404 to the windings of
relays 24{{ and 2421, When relay 2429 reoper-
ates following the first open pulse, the No. 1
The subsequent
release of relay 2429 during the second pulse
causes relay 2421 to operate in series with relay
2411, both relays locking to ground over conduc-
tor 2419, The next reoperation of relay 2428
operates the No. 0 counting relay 2410. -On the
third open pulse relays 2408 and 2409 operate and
lock in series with relay 2410, relay 2409 opening
the fundamental circuit and causing the termi-
nating sender to function and record incoming
group 2. The operation of relay 2408 operates
relay 2400 in a circuit from battery over conduc-
tor 2326, winding of relay 2400, lower outer front
contact of relay 2442, lower back contacts of
relays 2401, 2403 and 2428, and over a previously
traced circuit to ground over the front contact of
relay 2408. Relay 2400, in operating, operates
relay 2350 in a circuit traceable from ground over
the upper front contact of relay 2442, upper inner
front contact of relay 2400, conductor 235l, to
battery through the winding of relay 2350.
Relay 2350 operates relay 2340 in local circuit.
Relay 2340, in operating, releases relay 234t

which further opens the fundamental circuit and -

removes the ground from conductors 2352 and
2419 thereby releasing relays 2408 to 2412, inclu-
sive, and relays 2421 and 2422. Relay 2404 also
releases upon the operation of relay 2340. Upon
the release of relay 2408, relay 2401 operates in
series with relay 2400, both relays locking over
the lower front contact of relay 2400 to ground
over the upper back contact of relay 2483. The
operation of relay 2401 opens the locking circuit
for relays 2441 and 2442 both of which release.
The release of relay 2442 opens the operating cir-
cuit for relay 2350 which releases, in turn releas-
ing relay 2340. Relay 2340, in releasing, reoper-
ates relay 2404 which is followed by the opera-
tion of relay 2341. Relay 2341 locks under con-
trol of the upper inner back contact of relay 2340
and again closes the fundamental circuit to cause

the terminating sender to start sending pulses-

for final brush or hundreds selection. Relay
2429, upon its initial operation following this clo-
sure of the fundamental circuit, operates the No. 1
counting relay 241 { in a circuit from battery over
conductor 2321, winding of relay 2411, inner front
contact of relay 2404, conductor 2508, conduc-
tor 2670, upper contact of the hundreds register
cross-point 2659, conductor 2676, lower inner
front contact of relay 2401, back contacts of relays
2421 and 2426, to ground over the front contact
of relay 2429 over g previously traced circuit.
During the release of relay 2429 on the first open
pulse, relay 2421 operates in series with relay 2411
and both relays lock as previously described. The

operation of relay 2421 transfers the pulsing con-

tact of relay 2429 to the winding of relay 2410
over a previously traced circuit. The reopera-
tion of relay 2429 following the first open pulse
therefore operates the No. 0 counting relay 2410,
Upon the release of relay 2429 during the second
open pulse, relays 2408 and 2409 operate in series
with relay 2410 and all three relays lock as here-
inbefore set forth. The operation of relay 2409
opens the fundamental circuit and causes the
terminating sender to function and record brush |
for final hundreds selection. Relay 2408, in op-
erating, operates relay 2402 in g circuit from bat-
tery over conductor 2326, winding of relay 2402,
lower outer front contact of relay 2401, to ground

76 at the front contact of relay 2408 over a previously
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traced circult. The operation of relay 2402 closes
a circuit from ground over the upper outer front
contact of relay 2401, upper inner front contact
of relay 2402, conductor 2347, to battery through
the winding of relay 2340. Relay 2340 operates,
releasing relays 2341 and 2404. The release of
relay 2341 further opens the fundamental circuit
and opens the locking circuits for relays 2408 to
2411, inclusive, and relay 2421, all of which re-
lease. The release of relay 2408 again partially
closes the fundamental circuit. The release of
relay 2408 allows relay 2403 to operate in series
with relay 2402, both of these latter relays locking
over the lower front contact of relay 2402 to
ground over the upper back contact of relay 2428.
The operation of relay 2403 opens the locking cir-
cuit for relays 2400 and 2401 both of which release.
The release of relay 2401 opens the circuit through
the winding of relay 2340 which releases thereby
reoperating relay 2404 which is followed by the
reoperation of relay 2341. Relay 2341 again
closes the fundamental circuit for the start of the
final tens selection.

The operation of relay 2429 upon this closure
of the fundamental circuit operates the No. 1

-counting relay 24(1 in a circuit from battery over

conductor 2327, winding of relay 241, inner front
contact of relay 2404, conductor 2508, conductor
26170, upper contact of the tens register cross-point
2662, conductor 2671, upper inner front contact
of relay 2430, lower inner front contact of relay
2403, back contacts of relays 242f and 24286, to
ground at the front contact of relay 2429 over a
previously traced circuit. The release of relay
2429 during the first open pulse permits relay
2421 to operate in series with relay 2411, both
relays locking. The operation of relay 2421
transfers the pulsing contact of relay 2429 to
the winding of the No.'6 counting relay 2416 in
a . circuit traceable from the front contact of
relay 2421, lower inner front contact of relay 2430,
lower back contact of relay 2421, upper outer front
contact of relay 2402, conductor 2618, lower con-
tact of tens register cross-point 2662, conductor
2613, conductor 2435, winding of relay 2416, to
battery over conductor 2327. Relay 2416 oper-
ates upon the operation of relay 2429 following
the first open pulse. Relay 2426 operates in
series with relay 2416 upon the release of relay
2429 in response to the second open pulse. Re-
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lays 2426 and 2416 lock in series to ground over _

conductor 2352. The operation of relay 2426
transfers the pulsing contact of relay 2429 to the
winding of relay 2415 which operates upon the
reoperation of relay 2429 after the second pulse.
The operation of relay 2415 opens the circuit
through the winding of relay 2404 which there-
upon releases. The release of relay 2429 during
the third pulse permits relay 2425 to operate in
series with relay 2415 both relays locking to
ground over conductor 24085. The operation of
relay 2425 closes the pulsing circuit to the winding
of relay 2414 which operates upon the operation
of relay 2429 at the conclusion of the third pulse.
The fourth pulse causes relay 2424 to operate in
series with relay 2414, both relays locking. The
operation and release of relay 2429 for the fifth
pulse operates first relay 2413 and then relay
2423 which lock in series. The sixth pulse causes
relays 2412 and 2422 to operate and lock. The
operation of relay 2422 extends the pulsing con-
tact of relay 2429, over its front contact and the
inner back contact of relay 2404 to the winding
‘of the No. 0 counting relay 2410. Relay 2410
operates upon the reoperation of relay 2429 fol-
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lowing the sixth pulse. The seventh open pulse
causes relays 2408 and 2409 to operate in series
with relay 2410, all three relays locking. Relay
2409 opens the fundamental circuit and causes
the terminating sender to function and record
final hundreds or brush selection 6. Relay 2408,
in operating, operates relay 2427 in & circuit from
battery over conductor 2326, winding of relay
2421, lower outer front contact of relay 2403, lower
back contact of relay 2428, and over a previously
traced circuit to ground over the front contact of
relay 2408. The operation of relay 2427 operates
relay 2350 from battery through the winding of
relay 2350, conductor 2351, upper inner front

- contact of relay 2421, to ground over the upper

outer front contact of relay 2403. Relay 2350,
in operating, operates relay 2340 which, in turn,
releases relay 2341 and removes the ground from
conductor 2405 thereby releasing relays 2415 and
2425. Relay 234{, in releasing, removes the
ground from conductors 2419 and 2352 thereby
releasing relays 2408 to 2414, inclusive, 2416, 2421
to 2424, inclusive, and 2426. The release of relay
2409 closes, in part, the fundamental circuit.
Upon the release of relay 2408, relay 2428 op-
erates in series with relay 2421, both relays lock-
ing over the lower outer front contact. of relay
2427, upper back contact of relay 2434, to ground
over the unper back contact of relay 2401. The
operation of relay 2428 opens the locking circuit
for relays 2402 and 2403, both of which release.
The release of relay 2403 releases relay 2350
which, in turn, releases relay 2340. Relay 2340,
in releasing, reoperates relay 2404, Relay 234/
thereupon reoperates and locks, closing the fun-
damental circuit for the start of final units selec-
tion by the terminating sender. )

Upon the operation of relay 2429 after the
aforementioned closure of the fundamental cir-
cuit, the No. 3 counting relay 24{3 operates in
a circuit from battery over conductor 2327, wind-
ing relay 2413, back contact of relay 2423, con-
ductor 2668, upper contact of the operated units
register cross-point 2665, conductor 2679, lower
outer front contact of relay 2430, lower inner
front contact of relay 2428, back contacts of re-
lays 2421 and 2426, to.ground at the front contact
of relay 2429 over a previously traced circuit.
Relay 2423 operates in series with relay 24(3 on
the release of relay 2429 for the first open pulse
and both lock over the back contact of relay 2416
to ground over conductor 2352. The operation
and release of relay 2429 during the second pulse
operates relays 2412 and 2422 which lock in series

. over the back contact of relay 2416. Relays 241

and 2421 operate and lock over conductor 2418
in response to the third open pulse, the operating
circuit for relay 2411 extending over the inner
front contact of relay 2404. Relays 2416 and 2426
operate and lock in response to the fourth pulse,
the operating circuit for relay 2416 extending
from the front contact of relay 2421 over the low-
er inner front contact of relay 2439, lower inner
front contact of relay 2421, conductor 2680, the
lower contact of units register cross-point 2665,
conductor 2518, conductor 2435, winding of relay
24186, to battery over conductor 2327. The opera-
tion of relay 2416 opens the locking circuit for
relays 2412, 2413, 2422, and 2423, all of which re-
lease. Relays 2415 and 2425 operate and lock in
response to the fifth pulse, relay 2415 opening
the locking circuit for relay 2404 which releases.
The sixth, seventh and eighth pulses cause re-
lays 2418 and 2424, 2413 and 2423, and 2412 and

- 2422 to operate in that order, each pair locking

2350 which in turn releases relay 2340,
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in series. Upon the reoperation of relay 2429
following the eighth pulse, relay 2410 operates in
a circuit over the front contact of relay 2422 and
the inner back contact of relay 2404. When relay

‘2429 releases in response to the ninth pulse, re-
lays 2408 and 2409 operate in series with relay -

2410, all three relays locking. Relay 2409 opens
the fundamental circuit and causes the terminat-
ing sender to record final units selection 8, Re-
lay 2408, in operating, operates relay 2433 in a
circuit from battery over conductor 2326, winding
of relay 2433, conductor 2438, upper front contact
of relay 2504, conductor 2513, lower outer front
contact of relay 2428, to ground at the front con-
tact of relay 2408 over a previously traced cir-
cuit. Relay 2433 operates relay 2350 in a circuit
from battery through the winding of that relay,
over conductor 2351, lower outer front contact of
relay 2433, upper back contact of relay 2400, to
ground over the upper outer front contact of re-
lay 2428. Relay 2350, in operating, operates re-
lay 2340 which releases relays 2341, 2415, and
2425. Relay 2431, in releasing, provides an ad-
ditional.open in the fundamental circuit in antic-
ipation of the release of relay 2409, and removes
ground from conductors 2352 and 2419 thereby
releasing relays 2408 to 2414, inclusive, 2416, 2421
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to 2424, inclusive, and 2426. TUpon the release ‘

of relay 2408, relay 2434 operates in series with
relay 2433, both relays locking in a circuit over
the lower inner front contact of relay 2433 to
ground over the upper back contact of relay 2448.
The operation of relay 2434 opens the locking
circuits of relays 2427 and 2428, both of which
release. 'The release of relay 2428 releases relay
Relay
2340, in releasing, reoperates relay 2404 which, in
turn, closes the circuit for reoperating relay 2341.

Relay 2431 operates and closes the fundamental
circuit to await a release signal from the ter-
minating sender. The terminating sender, after
recording the entire selection information which
was revertively controlled by the originating send-
er, causes a long pulse of battery to be applied
to the fundamental circuit, in a manner which
will later be set forth in detail, the polarity of
this battery being the reverse of that which was
connected to the fundamental circuit during the
transmission of the selection information. Relay
2418, which is polarized, did not operate during
selection transmission since the current through
its winding was in the non-operate direction.
However, in response to the long pulse of reverse
battery, both relays 2418 and 2429 of the orig-
inating sender operate. Relay 2418, in operat-
ing, locks in a circuit from ground through its
upper winding and upper front contact, over con-
ductor 2443, lower outer back contact of relay
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2209, to battery over conductor 2326. Relay 2345 .

operates in a circuit from battery through its
winding, over conductor 2445, lower inner front
contact of relay 2407, lower front contact of relay
2434, to ground over the lower front contact of
relay 2418. Relay 2429, in operating, closes a cir-
cuit from ground over its front contact, conduc-
tor 2431, front contact of relay 2348, left outer
front contact of relay 2345, conductor 2444, to
battery through the winding of the No. 0 count-
ing relay 2418 which thereupon operates. When
the reverse battery is removed from the funda-
mental circuit by the terminating sender, relay
2429 releases, relay 2418 remaining locked as set
forth above. On the release of relay 2429, relays
2408 and 2409 operate in series with relay 2410
and all three relays lock to ground over conductor
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2419. The operation of relay 2409 opens the fun-
damental circuit in the originating sender in an-
ticipation of the subsequent action of the district
trunk which connects a trunk closure bridge
across the fundamental circuit in a manner and
for a purpose which will later be set forth. The
operation of relay 2408 operates relay 2209 in
a circuit from battery through the winding of re-
lay 2209, conductor 2235, right front contact of
relay 2345, upper outer back contact of relay
2344, conductor 2420, to ground over the front
contact of relay 2408. Relay 2209 locks over its
lower front contact to ground over the upper out-
er front contact of relay 2200 and, by its oper-
ation, starts a series of operations to cause the
release of the originating sender which has now
completed its functions with respect to the con-
nection being established. The manner in which
the sender releases will be described later.

As set forth under the description of the oper-
ation of the originating decoder marker circuit,
should a trouble condition be encountered dur-
ing the selective operations of an office or in-
coming selector circuit of the panel type or dur-
ing the transmission of the required selection in-
formation between the originating and terminat-
ing cross-bar senders, the originating sender
functions, releases its selection register and se-
lection sequence relays and recalls & second
decoder marker circuit which it signals to route
the connection to an overflow trunk., The man-
ner in which the originating sender functions
under either of these conditions is set forth in
the succeeding paragraphs.

At the time that the office selector #4500 is
hunting for an idle incoming trunk, the originat-
ing sender is in the trunk test position, office
brush and office group selections having been
completed. As hereinbefore set forth, selection
sequence relays 2433 and 2434 are operated at this
time and the fundamental circuit extends through
the winding of relay 2417, the winding of relay
2418 being short-circuited over the upper front
contact of relay 2433. Should the office selector
circuit £ail to find an idle trunk to the terminat-
ing office it goes to overflow and causes a pulse
of reversed battery to be connected to the funda-
mental circuit in a manner well-known to the
art. Relay 2417 operates on this reversed bat-
tery and operates relays 2408, 2409, and 2410,
Relay 2408 operates relay 2438 which in turn
operates relay 2340. Relay 2340 releases relay
2341 which opens the fundamental circuit and
releases relays 2408, 2409, and 2410. The release
of relay 2408 allows relay 2440 to operate in series
with relay 2439, both relays locking, The oper-
ation of relay 2440 releases relays 2433 and 2434.
The release of relay 2434 releases relay 2340
which permits relay 2341 to reoperate and again
close the fundamental circuif, this time through
the windings of relays 2418 and 2428 in series.

"The detailed manner in which these foregoing

operations take place has previously been set
forth. Relays 2418 and 2429 both operate on the
reversed battery. Relay 2418 locks over its upper
winding and closes a circuit from ground over

its lower front contact, lower back contact of

relay 2434, conductor 2354, winding of relay 2344,
to battery over conductor 2326. Relay 2344 op-
erates, and operates relay 2345 in a circuit from
battery through the winding of relay 2348, lower
front contact of relay 2344, conductor 2383, to
ground over the lower front contact of relay
2418. Relay 2“0 operates in a circuit from bat-
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tery over conductor 2321, winding of relay 2414,
conductor 2444, left outer front contact of relay
2348, front contact of relay 2348, conductor 2431,
to ground over the front contact of relay 2429.
The operation of relay 2344 also opens the oper-
ating circuit for the slow-to-release relay 2348
which, after an interval, releases and opens the
operating circuit for relay 2410. Relays 2408 and
2408 thereupon operate and lock in series with
relay 2410 and cause the sender to function in a
manner which will subsequently be set forth.

On a call to a terminating office of the panel
type, the fallure of the incoming selector circuit
of that office to find an idle trunk to the proper
final selecting stage also resulis in the trans-
missfon of a pulse of reversed battery to the
originating sender in the manner well-known to
the art. Relays 2418 and 2429 of the originating
sender both operate on this reversed battery
causing the ultimate operation of relays 2408,
2409, and 2410 in a manner similar to that set
forth in the preceding paragraph. The originat-
ing sender thereupon functions in the manner
which will shortly be described.

If the terminating sender, during lts pulsing

operations in connection with -its recording of

the selection information under the revertive
control of the originating sender, encounters a

20

25

trouble condition which causes more than the '

maximum of ten pulses to be generated, it con-
nects a reversed battery to the fundamental cir-
cuit in a manner which will later be described in
detail. The originating sender at this time is in
incoming brush, incoming group, final hundreds,
final tens, or final units selection position with
the windings of relays 2418 and 2429 in series
across the fundamental circuit as has herein-
before been set forth. Relays 2418 and 2429
both operate on the reversed battery, relay 2418
locking over its upper winding and operating re-
lay 2344 in a circuit from battery over con-
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ductor 2326, winding of relay 2344, conductor

2354, lower back contact of relay 2434, to ground
over the lower front contact of relay 2418. Re-

lay 2344 operates relay 2345 over a previously

traced circuit.. The No. 0 counting relay. 2410
operates over a previously traced circuit extend-
ing over the left outer front contact of relay
2345. Relay 2344, in operating, also opens the
circuit through the winding of the slow-to-release
relay 2348 which, after an interval, releases and
allows relays 2408 and 2409 to operate and lock
in series with relay 2410. The delay introduced
by the slow-release characteristic of relay 2348
provides an interval of closure of the operating
circuit for relay 2410 of sufficient duration to in-
sure the operation of that relay.

‘When relay 2408 operates under any of the
aforementioned conditions, it closes a circuit
from ground over its front contact, conductor
2420, upper outer front contact of relay 2344, to

‘battery through the winding of relay 2350. Relay

2350 operates, operating relay 2340 which, in
turn, releases relay 2341 and also opens the
fundamental circuit. The release of relay 2341
releases relays 2408, 2409, and 2410. Relay 2340,
in operating, closes a circuit from ground over
the upper inner front contact of relay 2344, lower
front contact of relay 2340, winding of relay
23131, to battery over conductor 2326. Relay 2337
operates and locks to ground over its upper front
contact. The release of relay 2408 releases relay
2350 which, in turn, releases relay 2340 thereby
permitting relay 2341 to reoperate, The oper-

45

50

80

65

70

75



10

15

20

25

30

[
St

40

45

50

55

60

70

75

9,008,117

ation of relay 2341 and the release of relay 2346

again close the fundamental circuit as.it was -

before, either through the windings of relays
2418 and 2429 or the windings of relays 2417 and
2418 depending upon which of the conditions set
forth in the preceding paragraphs obtains.
This closure of the fundamenta} circuit is rec-
ognized by the panel type office or incoming se-
lector or by the incoming trunk at the terminat-
Ing cross-bar office, as the case may be, and
causes those circuits to function and restore to
normal. The manner in which the incoming

trunk and terminating sender function under this -

condition will subsequently be set forth.

Relay 2338 operates at the time that relay 2326
operates during the initial functioning of the
originating sender to ground over the upper back
contact of relay 2331. Upon the operation of
relay 2337, relay 2338 holds to ground over the
upper front contact of relay 2340. When relay
2340 releases to close the fundamental circuit,
as set forth above, it opens the circuit through
the winding of relay 2338. Relay 2338 has slow-
to-release characteristics and, after an interval
sufficient to allow the office selector or incoming
trunk circuit to recognize the trunk closure sig-
nal, releases and closes a circuit from ground
over the lower front contact of relay 2331, its own
back contact, conductor 2339, upper back con-
tact of relay 2230, conductor 2231 , upper back
contact of relay 2324, to battery through the
winding of relay 2323. Relay 2323 operates and
opens the operating circuit for relay 2325. Relay
2325 releases and removes the- off-normal battery
from conductors 2326 and 2327 thereby releasing
any operated selection sequence relays and all
other relays which were operated or locked over
circuits supplied by this off-normal battery. The
release of relay 2325 also releases relay 2330.
Relay 2331, releasing with the other operated re-
lays upon the opening of the off-normal battery,
removes the operating ground from the winding
of relay 2323. Relay 2324 thereupon operates in
series with relay 2323, both relays locking over
the lower inner front contact of relay 2323, inner
back contact of relay 2321, conductor 2652, con-
tact of crosspoint 2653, to the off-normal ground
over conductor 2208. The operation of relay
2324 closes a circuit from the ground just traced
to the lower inner front contact of relay 2323,
over the lower outer front contacts of relays 2323

‘and 2324, to battery through the winding of relay

2325 which operates and causes the decoder

_marker connector circuit to function, in the man-

ner hereinbefore set forth, and again establish
connections between the sender and s decoder
marker. During the operations of the originating
sender just described the holding circuit of relay
1718 in the district trunk, which was previously
traced over conductor 1103 through the sender
selector, thence through the contacts of relays
2323 and 2321, thence to ground at the front
contact of relay 2211, is opened temporarily to
permit the release of suid relay 1718. Relay 118
also causes the release of relay 17f1. When the
marker, which the sender has just seized for the
purpose of setting up an overflow connection,
operates relay 2232, relay 1712 of the district trunk
again operates as hereinbefore explained and in
so doing opens the connection to conductor 1721
to permit the deenergization of the holding mag-
nets of the district and office selectors over which
the connection was extended to the distant office.
These switches release the connection to the dis-
tant office. The line switches 1407 and (410 and
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the sender selector switches 1888 and 1802 are
held, however, under the control ‘'of the sender.
The sleeve conductor (781 which is grounded in
the sender extends over the back contacts of
relays 1709 and 1707 and also the back contact
of relay #7110 to conductor 1436 for holding the
line switch hold magnets. Relay 2323 being op-
erated, ground over the upper front contact of
that relay is connected over conductor 2334 and,
upon the establishment of the connection between
the sender and the second decoder marker, causes
relays 3300 and 3334 of the decoder marker to
operate. The operation of relays 3308 and 3334
causes overflow route relay. 3430 to operate and
route the call to an overflow trunk in the manner
hereinbefore set forth. )

Release of originating serider

The subscriber or- originating' sender having
completed its functions with the opening of the
fundamental circuit after incoming advance, re-
lay 2209 operates and locks as hereinbefore set
forth, The operation of relay 2209 opens the cir-
cuit through the winding of relay 2300 which re-
leases, in turn releasing relay 2301. The release
of relay 2301 releases relay 2211 which, in turn,
releases relay 2212, Relay 2212, in releasing,
releases relay 2200 which, in turn, releases relay
2206. The release of relay 2200 also opens the
tip and ring conductors 1822 and 1823 between
the sender link and the sender, opens in part
the group busy chain circuit over its lower front
contact, reconnects battery over its back contact
to conductor 1932 so that the sender again pro-
vides an idle indication to sender link and con-
trol circuits, and also removes the off-normal
ground from conductor 2208 thereby releasing
any relays which were operated or locked thereto.
The release of relay 2206 removes the ground
from conductor 1824 thereby releasing the pri-

mary and secondary sender link switch hold mag-

nets 181f and 18069 which open the sender link
switch crosspoints 1800 and 1802 thereby opening
sender link {801 and restoring that portion of
the primary and secondary sender link switches
which were used for this connection, to normal.
The release of relay 2206 also removes the ground
from conductor 2236 and thereby releases relay
2324 in the event that this relay had operated,
under any of the several aforementioned condi-

.tions, during the progress of the call. The origi-

nating sender is thereby restored to its normal
condition, _ ,
The terminating sender, during the transmis-

sion of pulses under the revertive control of the

originating sender as hereinbefore described, re-
cords the proper selection information on the
crosspoints of its register switch 4708 in the man-
ner which will now be set forth. The two pulses
transmitted for the desired incoming brush I
operate counting relays 4740 and 4141 in the
manner previously described, relay 4140 releas-
ing upon the operation of relay 4711, The open-
ing of the fundamental circuit by the originating
sender after the second pulse ¢auses relay 4616
to release which in turn releases relay 4617, Se-
lect magnet 411 thereupon operates in a circuit
from battery through its winding, over the right
outer front contact of relay 471 {, right back con-
tact of relay 4145, conductor 4748, lower outer
back contact of relay 461, upper inner back con-
tact of relay 4625, to the ground supplied to con-
ductor 4826 over the lower.outer front contact of
relay 4603. Relay 4805 operates in a circuit from
battery through its winding, over conductor 4128,
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operating ground just traced to that point. Re-
lay 4605 locks over its lower front contact and
over the lower inner back contact of relay 4611
to ground over conductor 4626. Counting relay
4141, which remains locked over the back contact
of relay 460% to ground over conductor 4628 upon
the release of relay 46117, therefore releases upon
the operation of relay #605. Ground over the
upper outer front contact of relay 4605 short-cir-
cuits the winding of relay 4601, which together
with relay 4608, was previously operated and
locked during frame registration as hereinbefore
set forth, thereby causing relay #4607 to release.
Hold magnet 4726 operates in a circuit from bat-
tery through its winding, back contact of hold
magnet 4727, upper front contact of hold magnet
4131, conductor 4150, lower front contact of relay
4608, to ground over the upper inner front contact
of relay #4605. Hoid magnet 4126 locks over its
lower front contact to the off-normal ground on
conductor 4738 which is supplied over an upper
front contact of relay 4600. Select magnet ATl
having previously operated, the operation of hold
magnet 4726 causes crosspoint 4151 to close
which connects ground to conductor 47152 and
connects conductors 4153 and 4154 to conductors
4723 and 4724, respectively, for a purpose which
will later be set forth.

When the originating sender recloses the fun-
damental circult for incoming group selection,
relays 4616 and 4611 reoperate. Relay 4617
opens the locking circuit for select magnet 4111
and relay 4605, both of which release. The release
of relay 4605 opens the holding circuit for relay
4608 which releases and prepares the operating

circuit for hold magnet 4721. The three pulses

transmitted for the desired incoming group 2
operate counting relays 4740, 4741, and 4742, re-
lay 4742 locking while relays 4740 and 4TAI re-
lease as previously set forth. Relay 4616 releases
upon the opening of the fundamental circuit fol-
lowing the third pulse and releases relay 4611.
Select magnet 4112 thereupon operates in a cir-
cuit from battery through its winding, right outer
front contact of relay 4742, right back contact of
relay #1485, conductor 4748, lower outer back
contact of relay 4617, upper inner back contact
of relay #4625, to ground on conductor 4626. Re-
lay #4605 operates over conductor 4125 and front
contact of select magnet 4712 to the ground just
traced to that magnet. Relay 4605 locks over &
previously traced circuit and opens the locking
circuit for relay 4742 which releases. Relay 4601
operates to the ground over the upper outer front
contact of relay 4605 and locks to ground on con-
ductor 4738.- Hold magnet 47127 operates in a cir-
cuit from battery through its winding, upper
back contact of magnet 47128, upper front contact
of magnet 4726, conductor 4132, lower back con-
tact of relay 4608, to ground over the upper inner
front contact of relay 4605. Hold magnet 4121
locks over its lower front contact to the off-
normal ground on conductor 4738, Select magnet
47112 being operated, the operation of hold magnet
4721 causes crosspoint 4155 to close thereby con-
necting ground to conductor 4757 and connecting
conductor 4156 to conductor 4122, the function of
these conductors being set forth under the sub-
sequent description of the terminating decoder
marker.

When the originating sender recloses the fun-
damental circuit for final hundreds selection, re-
lays 4616 and 4617 reoperate. Relay 4617 opens
the locking circuit for select magnet 4112 and re-

‘the closure of the fundamental
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lay #4695 both of which release. Relay 4608, in re-

. Jeasing, removes the short-circult from the wind-

ing of relay 4608 which thereupon operates and
prepares the operating circult for hold magnet
4128. The two pulses transmitted for the desired
final brush or hundreds i operate counting relays
4740 and AT41, relay 4141 locking and opening
the locking circuit for relay 4740 which releases.
When the originating sender opens the funda-
mental circuit, relay #4616 releases, in turn re-
leasing relay 4617, Select magnet 4711 there-
upon operates over the identical circuit previously
traced for its operation during the recording
of the incoming brush selection. The operation
of select magnet 4711 operates relay 4605 over a
previously traced circuit. Relay 4605, locks, as
hereinbefore -set forth, and releases relay 4741,
With relay 4508 operated, the operation of relay
4605 short-circuits the winding of relay 4601
which releases. Hold magnet 4128 operates in a
circuit from battery through its winding, back
contact of magnet 4729, upper front contacts of
magnets 4127 and 47134, conductor 4750, lower
front contact of relay 4608, to ground over the
upper inner front contact of relay 4605. Hold
magnet #7128 locks to the ground on conductor
47138 and, since select magnet 4111 is operated,
causes crosspoint 4758 to close. The closure of
crosspoint 4158 connects ground to conductor
4159 and connects conductors 47160 and 4161
to conductors 4123 and 4124, respectively, the
functions of which will be set forth later.

When the originating sender recloses the
fundamental circuit for final tens selection, re-
lays 4616 and 4617 reoperate. The operation of
relay 4517 releases select magnet 4111 and relay
4605. The release of relay ‘4605 releases relay
4608 which prepares the operating circuit for
hold magnet 4729. The seven pulses transmitted
for final tens selection 6 operate counting relays
4740 to 4145, relay 4745 locking while relays
4140 to 4744, inclusive, release, and relay 4740
reoperates and locks & second time in the man-
ner hereinbefore set forth. Upon the release of
relays 4616 and 4617 after the seventh pulse,
select magnet 4116 operates in a circuit from
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battery through its winding, over the right inner -

front contact of relay 4140, right front contact
of relay 4145, to a previously traced ground over
conductor 4748. The operation of select magnet
4716 operates relay 4605 over 8 previously traced
circuit. Relay 4608 locks under control of the
released relay #4817 and operates relay 4607.
Relays 4740 and 4745 release upon the operation
of relay 4608. Hold magnet #729 operates in a
circuit from battery through its winding, back
contact of magnet 4730, upper front contacts of
magnets 4128 and 4726, conductor 4132, lower
back contact of relay 4608, to ground over the
upper inner front contact of relay #4605. Hold
magnet 4729 locks to the off-normal ground over
conductor 4738 and, select magnet 4116 being
operated causes crosspoint 4162 to close thereby
grounding conductors 4163 and 4166 and con-
necting conductors 4764 and 4765 to conductors
4123 and 4724, respectively.

The reoperation of relays 4616 and 4617 upon
circuit for final
units selection causes the release of select magnet
4116 and relay #605. The release of relay 4605
removes the short circuit from the winding of
relay 4608. Relay 4608 thereupon operates and
prepares the operating circuit for hold magnet
4131. 'The nine pulses transmitted for final
units selection 8 operate all of the counting
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relays, relays 47140, 4741, and 4742 operating
twice, and relays 4742 and 4145 remaining locked
in the manner previously set forth. When relays
4816 and 4617 release at the conclusion of the

“ninth pulse, select magnet 4718 operates in &

circuit from battery through its winding, over
the right inner front contact of relay 4742, right
front contact of relay 41485, to a previously traced
ground over conductor 4748. Select magnet 47118
extends its operating ground to the winding of
relay 4605 which operates, locking over a previ-
ously traced circuit and releasing relays 4742
and 4745. The operation of relay 4605 also re-
leases relay 4607 and, in addition, operates hold
magnet 4730 in a circuit from battery through
the winding of that magnet, upper front con-
tacts of hold magnets 4729, 47127, and 4730 in
that order, conductor 4150, lower front contact
of relay 4608, to ground over the upper inner
front contact of relay 4665. Hold magnet 47130
locks over its lower front contact to the off-
normal ground on conductor 4138 and, since
select magnet 4718 is operated, causes cross-
point 4167 to close. The closure of cross-point
4767 connects ground to conductors 4768, 4769,
and 4711 and connects conductor &7170 fto con-
ductor 4724. The function of the grounding and
interconnection of these conductors will be set
forth under the description of the operation of
the terminsating decoder marker circuit.

The operation of hold magnet 4730 for the reg-
istration of the final units selection information
operates relay 46i% in a circuit from battery
through the winding of relay 8615, conductor
8627, upper front contact of magnet 4738, lower
front contact of magnet 4128, to the off-normal
ground  over conductor 4738. Relay 4615, in.
operating, transfers the fundamental tip con-
ductor 4308 from battery through the winding
of relay 4616 to ground over the upper front
contact of relay 46{{, and transfers the funda-
mental ring conductor 4309 from ground over
the upper outer back contact of relay 4817 to
battery through the winding of relay 4616 over
the upper inner front contact of relay 4611,
thereby reversing the polarity of the current
over the fundamental -circuit. Relay 8616 oper-
ates over the fundamental circuit in series with
relays 2418 and 2429 of the originating sénder.
Relay 8618, in operating, closes & circuit from
ground over its front contact, upper inner back
contact of relay 4617, an upper front contact of
relay 4615, to resistance 4§12 thereby shunting
the winding of relay 464{. Relay 4§i{, which
has slow-to-release characteristics, releases after
an interval and removes the battery and ground
from the fundamental circuit. The long pulse
of reversed battery, the duration of which is con-
trolled by the releasing time of relay 461, causes
relays 2418 and 2429 of the originating sender
to operate and bring about the release of the
originating sender in the manner hereinbefore
described. i

Upon the operation of relay 4615 a circuit is
closed from ground through both windings of re-
lay 4628 in series, over the upper inner front
contact of relay 4615, conductor 432, a conduc-
tor of sender link 4302, conductor 4514, to battery
through the winding of relay 4566 of the incom-
ing trunk circuit. Relay #4628 operates, but relay
4506 of the incoming trunk circuit does not, the
resistance of the two windings of relay 4628 limit-
ing the current to a value below that necessary
for the operation of relay 4506. The operation of
relay 4628 operates relay 4629 in g local circuit
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through the upper winding of the latter relay.
Relay 4629 locks through its lower winding and
lower front contact to ground over the upper
outer front contact of relay 4603. When relay
4611 releases after the connection of the re-
versed battery pulse to the fundamental circuit
as set forth above, it closes a circuit from ground
over its upper back contact, upper back contact of
relay 4630, upper outer front contact of relay
4629, to the midpoint of the windings of relay
4628, thereby short-circuiting the upper wind-
ing of relay 4628. The previous release of relay
4611 opened the operating circuit for relay 4504
of the incoming trunk circuit. Relay 4504 re-
leases and connects the tip and ring conductors
4502 and 4503 of the incoming trunk 4501 to the
windings of supervisory relay 4505. Upon the
short-circuiting of the upper winding of relay
4628 the current through the winding of relay
4506 of the incoming trunk circuit increases to a
value sufficient to operate relay 4506. Relay
4505 thereupon operates in a circuit from battery
and ground through its windings, over trunk 4501
and back over the loop extending to the calling
subscriber’s station over previously traced cir-
cuits. The operation of relay 4505 provides a
locking ground for relay 4506 and this ground ex-
tends over the upper inner front contact of relay
4506 and conductor 4514, over a previously traced
circuit, to the lower winding of relay 4628 there-
by short-circuiting relay 4628 which releases.
Relay 4630 thereupon operates in a circuit from
battery through its winding, over the upper inner
front contact of relay #8629, to ground over the
back contact of relay 4628. Relay 4630, in opera-
ting, locks over its upper inner front contact to
ground over the upper middle front contact of re-
lay 4603, and connects battery to conductors 4631
and 4632 which extend to a decoder marker con-
nector circuit and thereupon causes this connec-
tor circuit to function and connect the terminat-
ing sender to an idle decoder marker in a manner
which will be set forth later. The bhattery on
conductor 463! is supplied over the lower back
contact of relay 4601, lower front contact of relay
4830, upper outer back contact of relay 4625,

and over the back contact of relay 4633. The

battery on conductor 4632 is supplied over the
lower back contact of relay 460f and over the
lower front contact of relay 4630, directly to
conductor 4632,

As hereinbefore set forth, the maximum num-
ber of pulses generated by the terminating sender
for a particular selection is ten, the originating

sender becoming satisfied and opening the funda--

mental circuit to stop the pulsing at some point
between the first pulse and the end of the fenth
pulse depending upon the numerical value of the
selection information being recorded. Should
the terminating sender generate more than ten
pulses due to any trouble condition which prevents
the originating sender from being satisfied or
which causes the terminating sender to continue
pulsing after the fundamental circuit has been
opened, an indication is transmitted to the origin-~
ating sender to cause it to recall a decoder marker
circuit for the purpose of routing the connection
to an overflow trunk in the originating office.
The terminating sender, under the above condi-~
tion, functions in the following manner: During
the tenth open pulse, if transmitted, the release
of relay 4614 releases relays 4622 and 4623 which
is followed by the opération of counting relay
4143, relay 4745 having previously operated and
locked in response to the sixth open pulse, These
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aforementioned operations have been detailed
under the description of the operation of the ter-
minating sender during the counting of the
pulses. The reoperation of relay 4614 following
the tenth pulse again operates relay 4621 over a
previously traced circuit. The release of relay
4614 on the eleventh or first false pulse permits
relay 4623 to operate in series with relay 4621,
Upon the reoperation of relay 4614 following the
first additional pulse, relay 4625 operates in a
circuit from battery through its winding, conduc-
tor 4634, left outer front contacts of relays #4145
and 4743, conductor 4746, outer front contact
of relay 4623, lower middle front contact of relay
4611, to ground on conductor 4626.. Relay 4625,
in operating, locks over its upper inner front
contact to the ground on conductor 4626, opens
the decoder marker connector start conductor
4631, opens the circuit over conductor 4748 which
supplies the ground for normally operating the
select magnets of register switch 4108, and, in
addition, operates relay 4615 from battery through
the winding of that relay to ground over the lower
front contact of relay 4625. Relay 4615, in oper-
ating, reverses the polarity of the potential con-
nected to the fundamental circuit. The originat-
ing sender at this point is in some selection posi-
tion with its relays 2418 and 2429 in the funda-
mental circuit. Relays 2418 and 2429 both
operate on the reversed battery and cause the
originating sender to function and recall a de-
coder marker which it signals to route the call
to an overflow trunk in the manner hereinbefore
described in detail. The aforementioned opera-
tion of relay 4615 also closes a previously traced
circuit to shunt the winding of relay 4611 which
releases, and in addition, closes a circuit from bat-
tery through the winding of incoming trunk cir-
cuit relay 4506, over a previously traced circuit,
to ground through the windings of relay 4628 in
series. Relay 4628 operates in turn operating
relay 4629. Relay 4629 locks through its lower
winding. The release of relay 461 short-circuits
the upper winding of relay 4628 thereby causing
relay 4506 of the incoming trunk circuit to oper-
ate as previously set forth. The subsequent op-
eration of supervisory relay 4505 short-circuits
the lower winding of relay 4628 which releases
and causes relay 4638 to operate and.lock. The
operation of relay 4630 under this condition does
not connect battery to the decoder marker con-
nector circuit start conductor 4631 since the cir-
cuit to this conductor is open at the upper outer
back contact of relay 4625. The originating
sender, as it functions to recall another decoder
marker for the purpose of routing the connec-
tion to an overflow trunk, opens the connections
to outgoing trunk 4114 thereby causing super-
visory relay 4505 of the incoming trunk circuit to
release. Relay 4628 of the terminating sender
thereupon reoperates through its lower winding
in series with relay 4506 of the incoming trunk
The operation of relay 4628 closes a cir-
cuit from ground over its front contact, upper
outer front contact of the operated relay 4630,

- to battery through the winding of release relay
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460i. Relay 4601 operates and causes the release

"of .the terminating sender and the subsequent

restoring of the primary and secondary sender
link switches in a manner identical with the nor-
mal release of these circuits which will be set forth
in detalil later. _ ’ '

At the time that relay 4603 operates shortly
after the seizure of the terminating sender it
closes & circuit from battery through the upper
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winding of relay 4635, over the lower middle front
contact of relay 4603, to a timing and alarm cir-.
cuit (not shown) over conductor 4631. This tim-~
ing circuit grounds conductor 4637 and thereby
operates relay 4638 which locks through its lower
winding to ground over the upper middle front
contact of relay 4603. After an interval greater
than that required for the sender to perform its
normal functions and release, the timing circuit
connects a ground to conductor 4638. If the
sender has not yet restored to normal, as indi-
cated by the operated relay 4600, this ground on
conductor 4638 extends over an upper front con-
tact of relay 4600, upper front contact of relay

- 4635, to battery through the upper winding of re-

lay 4636. Relay 4636 operates, locks through its
lower winding to ground over an upper front con-
tact of relay 4603, connects ground to conductor
4639 to cause the alarm circuit to function and
give an alarm indication, and connects ground
over its upper inner front contact to the winding
of relay 4615. The operation of relay 4615 re-
verses the polarity of the potential connected to
the fundamental circuit thereby causing the origi-
nating sender to disconnect from the incoming
trunk circuit and route the connection to an over-
flow trunk in the originating office in the manner
hereinbefore set forth. Upon the operation of
relay 4615, relays 4628, 4629, and 4630 function
as previously described, relays 4629 and 4630 lock-
ing, and relay 4628 releasing upon the operation
of supervisory relay 4505 of the incoming trunk
circuit. When the originating sender opens the
connection to the incoming trunk the release of
supervisory relay 4505 allows relay 4628 to reop-
erate, in turn operating release relay 4601. The
terminating sender thereupon releases in the
manner which will be set forth later.

. Jack 47112 is provided for the purpose of mak-
ing the terminating sender busy if it is desired to
remove the sender from service for maintenance
or any other reason. The insertion of a plug (not
shown), the ring and sleeve elements of which are
strapped together, into make-busy jack 4712
closes a circuit from ground over the sleeve and
ring of the jack and plug, over the back contact of
relay 4100, over conductor 4113, lower back con-
tact of relay 4600, to battery through the winding
of relay 460f. Relay 4601 operates and removes
the battery from conductor 4418 thereby making
this sender present a busy condition to the sender
link and control circuits. The lower front con-
tacts of relay 4601, which parallel the lower outer
front contacts of start relay 4600, close in part
the sender group busy chain circuit previously
described.

Terminating sender connects to a marker

The terminating sender having recorded the
entire selection information, signals the originat-
ing sender to release, and causes the closure of
the incoming trunk to the windings of supervisory
relay 4505 of the incoming {runk circuit, operates
its relay 4630 in the manner hereinbefore set forth
and connects battery, over previously traced cir-
cuits, to conductors 4631 and 4632 fo start the as-
sociated decoder marker connector circuit shown
in Figs. 48 and 49 to function for the purpose of
associating the terminating sender with an idle
terminating decoder marker circuit. Assuming
that the decoder marker connector circuit is not
engaged in establishing connections between some
other terminating sender and a decoder marker,
the battery on conductor 4631 extends through
the winding of relay 4900 which is associated with
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the sender shown in Figs. 46 and 47, over the
back contacts of relays similar to relay 4900, such
as relay 4901, which are associated with other
terminating senders, and through the winding of
relay 4902 to ground, thereby operating both
relays 4900 and 4902. The multi-contact sender
connecting relay 4800, associated with the sender
shown in Figs. 46 and 47 thereupon operates in
a circuit from ground over the upper front con-
tact of relay 4900, conductor 4801, winding of re-
lay 4800, to the previously traced battery over
conductor 4632. The operation of relay 4800
closes the various conductors extending from the
sender, as indicated by the cable 4802, to the mul-
tipled armatures of the decoder marker connect-
ing relays 4804 and 4805. The operating circuits
for the sender selecting relays, such as relays
4900 and 4901, as well as the circuits from their
functional contacts, extend in chain circuits over
the back contacts of these relays in such a man-
ner that only one of these relays is effective at a
time. For example, relay 4900, in operating, locks
over its lower front contact and removes the
ground over its upper back contact from the chain
circuit extending over the upper armatures of the
other similar relays, such as relay 490(. Should
the sender associated with relays 4803 and 4991
desire connection to a decoder marker at this
time, relay 4901 would operate in serles with
relay 4902 and lock over its lower front contact,
but would be ineffective in causing the operation
of relay 4803 until the release of relay 4900 re-
stores the functional ground to the upper arma-
ture of relay 4901. Similarly, had relays 4803 and
4901 been operated at the time that the sender
of Figs. 46 and 47 connected battery to conductors
4631 and 4632, relay 4900 could not operate and
in turn operste relay 4800 until the release of re-
lay 4901 again closed its lower back contact and
completed the circuit for operating relay 4900.
Upon the aforementioned operation of relay
4803 a circuit is closed from the battery over
conductor 4631, over a front contact of relay
4800, conductor 4806, upper back contacts of re-
lays 4903 and 4904, upper back contact of relay
4995, to ground through the winding of decoder
selecting relay 4907 which operates and locks over
its lower front contact. The upper armature of
relay 4907 connects over conductor 4909, over a
chain circuit  extending over the upper arma-
tures and back contacts of the decoder selecting
relays corresponding to relay- 48087, associated
with the same decoder marker, but located in
other decoder marker connector circuits (not

5 shown), to & ground on the last relay, corre-

sponding to relay 4907, in the chain circuit.
Relay 4910 is normally operated from battery
through its winding, over the upper back con-
tact of relay 49017, conductor 4909, to ground over
this aforementioned chain circuit as long as no
decoder marker connector circuit has connected
to.the decoder marker associated with relay 4907
or with a corresponding relay of another de-
coder marker connector circuit. The ground over
the lower back contact of relay 4907 is normally
connected over conductor 4811, over a chain
circuit extending over the lower back contacts
of relays corresponding to relay 4907 in the other
decoder marker connector circuits (not shown)
and back over conductor 4912 to battery through
the winding of relay 4913. Relay 4913 is there-
fore normally operated as long as no decoder
marker connector circuit connects to the decoder
marker with which relay 4907, and similar relays
in the other connector circuits, is associated.
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Upon the operation of relay 4907 the afore-
mentioned chain circuits are opened, releasing
relays 4910 and 4913 which, in turn, connect
ground over their back contacts to the decoder
marker start conductor 4914. Relay 4805 oper-
ates in a circuit from battery through its wind-
ing, over conductor 4807, upper front contact
of relay 4907, and over conductor 4909 to ground
supplied over the chain circuit over which this
conductor extends. The operation of relay 4805
extends the conductors from the terminating
sender to the decoder marker shown in Figs. 50
to 56, inclusive, over conductors indicated by
cable 4808. Ground is connected over a front
contact of relay 4805, over conductor 4809, to one
side of resistance 4915 and to one end of the
upper winding of relay 4905 to shunt that wind-
ing of relay 4905. Ground is connected over an-
other front contact of relay 4805 to the decoder
marker start conductor 4914 and supplements
the ground supplied over the back contacts of
relays 4910 and 49(3. In addition, ground is con-
nected over still another front contact of relay
4805, over conductor 4916, to battery through
the winding of relay 4917. Relay 4917, which
is individual to a particular decoder marker cir-
cuit, thereupon operates and connects ground
to the upper winding of relay 4905 and, over other
front contacts, to the upper windings of relays

_corresponding to relay 4905 of other decoder

marker connector circuits (not shown), relay
4917 having as many front contacts as there are
decoder marker connector circuits having access
to its associated decoder marker. Relay 4905
does not operate since its upper winding is shunt-

ed out by the ground supplied over conductor

4809. The relays corresponding to relay 4905 in
the other connector circuits operate, however,

.opening the circuits to the windings of the de-

ceder selecting relays, corresponding to relay
4907, in the other connector circuits to prevent
those circuits from selecting the decoder marker
associated with relay 4901. The operation of the
relays corresponding to relay 4905 also trans-
fer, over their upper contacts, the decoder select-
ing start circuits to the decoder selecting relays
associated with the next idle decoder marker,
such as relays corresponding to relay 4908 of this
circuit. Whenever a sender connecting relay,

such as relay 4800 or 4803 operates, a ground :

is connected over conductor 4810 to lock any
operated connector busy relay, such as relay
4905 or £#906, through its lower winding. This
is done to prevent a connector which has started
to select a particular idle decoder marker, other
than that of its first choice, to abandon that
decoder marker and return to an earlier choice
if this latter decoder marker becomes idle during
the selecting operation. It will be noted that the
locking circuit for relays 4905 and 4906 extends
in a chain circuit over the lower back contacts
of these relays. This is done to prevent them
from permanently locking in the event that they
should all be operated at any time. Relays 4804,
4906, 4908, 4918, 4919, 4820, and resistance 4921
are associated with some other decoder marker
circuit and perform functions identical with those
performed in connection with the decoder marker
shown in Figs. 50 to 56, inclusive, by relays 48985,
4905, 4907, 4910, 4913, 4917 and resistance 4915,
respectively.

The decoder marker shown in Fxgs 50 to 56,
inclusive, may be rendered busy to all decoder
marker .connector circuits by insertion of plug
4922 into jack 4923 which causes relay 4924 to
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operate. The operation of relay 4924 operates
relay #9171 which, in turn, operates relay #4905
through its upper winding and also operates re-
lays corresponding to relay 4905 of the other de-
coder marker connector circuits. The operation
of relay 4905 transfers the decoder marker se-
lecting start conductor from the winding of relay
4907 to the winding of the next idle decoder
marker selecting relay, such as relay 4908. A
similar operation takes place in the other con-
nector circaits., Plug 4925, jack 4926 and relay
4927 are used for making some other decoder
marker busy and perform functions identical
with those set forth for plug 4922, jack 4923 and
relay 4924, 1If it is desired to make a decoder
marker busy to only a particular connector cir-
cuit, plug 4928 or 4929 is inserted into jack 4930
or 4931 as the case may he. The corresponding
connector busy relay 4905 or 4906 thereupon op-
erates through its upper winding and transfers
the circuit from the winding of its associated
decoder marker selecting relay to the winding
of the next selecting relay whose associated con-
nector busy relay, such as relay 4905 or 4906,
is unoperated. -

The terminating decoder marker connector cir-
cuit is provided with a timing circuit which func-
tions and causes an audible and visual alarm In-
dication to be given in the event that the decoder
marker connector circuit encounters any trouble
condition and fails fo complete its functions in
the normal time required for these functions to
take place. At the time that the terminating
sender connected battery to start conductor 4631
both relays 4900 and 4902 operated in series.
The operation of relay 4302 closes a circuit from
battery, through resistance 4928, to the armature
of interrupter 4928. When the constantly ro-
tating cam of interrupter 4929 -closes the right
contact of that interrupter, relay 4930 operates
and locks to the battery through resistance 4928.
The operation of relay 4930 connects the left
contact of interrupter 4928 to battery through
the left winding of relay 4931. Relay 4931 oper-
ates through its left winding upon the subsequent
closure of the left contact of interrupter 4938 and
locks over its left inner front contact and the
front contact of relay 4902 to battery through
resistance 4928. In operating, relay 4931 con-
nects ground over its left and right outer front
contacts to conductors 4932 and 4933. Conductor
4933 extends to an sudible alarm circuit (not
shown) which, as indicated by multiple strap
4936, is common to all decoder marker connector
circuits, and causes that alarm to function. The
operation of key 4934 causes alarm lamp 4935 to
light in a circuit to the ground on conductor 49832
and thereby giving an indication of which decoder
marker connector circuit has encountered the
trouble condition. Battery over the left contact
of key 4934 extends through lamp 4937 and over
conductor 4938 to ground over a front contact of
sender connecting relay 4800, thereby indicating
which terminating sender is involved in the con-
nection whose failure has caused the alarm indi-
cation to be given. The aforementioned alarm
is given upon the failure of a decoder marker
connecting relay, such as relay 48048 or 4805, to
During
the normal functioning of the decoder marker
connector circuit as set forth in the preceding
paragraph, the operation of -decoder marker con-
necting relay 4805 closed a circuit from ground
over one of its front contacts, and over conductor
4811, thereby shunting the winding of relay 4930
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and causing the alarm timing circuit to be in-
effective. Lamp 4939 is the individual alarm lamp
associated with sender connecting relay 4803.

In the event that a decoder marker connecting
relay, such as relay 4804 or 4805, operates, but,
due to a trouble condition, does not release within
a predetermined normal interval, an alarm indi-
cation of this condition is also given. At the time
that relay 4805 operated, during the normal con-
nection previously described, it closed a circuit
from ground over one of its front contacts, over
conductor 4812, to the armature of interrupter
4940. Upon the closure of the left contact of
interrupter 4940, if not initially closed, relay 4941
operates from battery through its winding to the
ground over.conductor 4812, Relay 4941, in op-
erating, locks over its left front contact to ground
over conductor 4812 and closes the right contact
of interrupter 4940 to battery through the right
winding of relay 4931. When interrupter 4940
subsequently closes its right contact relay 4931
operates and locks through its right winding and
right inner front contact fo ground over cons
ductor 4812. Relay 4931, in operating, grounds
conductors 4932 and 4933 thereby causing an
audible alarm (not shown) to sound and also
providing the ground for lighting lamp 4935

~ should key 4934 be operated. The time interval

infroduced by the action of interrupter 4940 and
relays 4941 and 493! is greater than the total
normal time that a decoder marker connecting
relay is operated and the alarm therefore is only
brought in when a trouble condition is encoun-
tered.

Should a false ground be connected to the de- -

coder marker start conductor 4914 at any time,
with the decoder marker connecting relay 4805
and correspending relays in other connector cir-
cuits normal, this ground operates the decoder
marker start relay, such as relay 5300, and causes
a time measure and alarm circuit of the decoder
marker to function, in a manner which will be
set forth later, and give an alarm indication.
When s terminating decoder marker circuit
encounters some trouble condition which prevents

it from completing its functions and returning a

release indication in the regular manner, its tim-
ing circuit functions, as will subsequently be set
forth under the description of the operation of
the terminating decoder marker, and connects a
ground to conductor 4943 as a trouble release
signal to the decoder marker connector circuit.
This ground extends over a front contact of an
operated decoder connecting relay, such as relay
4805, over conductor 4813, lower back contact of
relay 4903, winding of relay 4904, resistance 4944,

conductor 4814, a front contact of an operated

sender connecting relay, such as relay 4800, to
the battery over conductor 4632. Relay 4904
thereupon operates, opens the start conductor
which extends over an upper back contact of relay
4905 or 4906 through the winding of relay 4907
or 4908, respectively, thereby releasing relay 4907
or #908 and causing the associated decoder marker
to release due to the removal of ground from
its start conductor, such as conductor 4914.
Relay 4904, by its operation, also connects ground
over its upper inner front contact to one end of
the lower winding of relay 4903. Relay 4903 does
not operate at this time, however, since its lower
winding is short-circuited by the presence of
ground over conductor 4813 on the other end of
its lower winding. The subsequent release of re-
lay 4805 or 4804, following the release of relay
4807 or 4908, respectively, opens conductor 4813,
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sumed to be frame No. 19, was previously regis- :
- tered in the terminating sender by the operation

‘Relay 4903 thereupon operates ’through its lower

winding in series with the winding of relay 4904,
both relays locking to the ground over the upper
inner front contact of relay 4904. Relay 4904,
in operating, again closes the decoder marker con-
nector start conductor to the winding of some
decoder selecting relay. This circuit may be
traced from battery on conductor 4631, a front
contact of relay 4800, conductor 4806, upper front
contact of relay 4803, upper middle front contact
of relay 4904, to the upper armature of relay 4905

and the upper front contact of relay 4806 from

which point it extends to the winding of relay
4907 or 4908, depending upon whether relay 4905
is operated or normal. Relay 4903 also locks
through its upper winding and upper front con-
tact to the battery over conductor 4806. The
aforementioned closure of the start conductor to
the winding of relay 4907 or 4908 causes one or
the other of these relays to operate and engage
another decoder marker in the manner previousty
described. Relays 4903 and 4904 both remain
operated while this second decoder marker is at-
tached. Should this second decoder marker also
fail to complete its functions, it returns a trouble
release ground over conductor 4943 in the same
manner as the first decoder marker did. This
ground shunts out the winding of relay 4904 and
the lower winding of relay 4903, relay 4804 re-
leasing but relay 4903 remaining locked through
its upper winding. 'The release of relay 4904
closes a circuit from ground over its lower back
contact, lower outer front contact of relay 4903,
conductor 4815, a front contact of relay 4800,
conductor 4774, to battery through the winding
of relay 4633 of the terminating sender. Relay
4633 operates and locks over its front contact to
ground over the upper outer front contact of
relay 4603. The operation of relay 4633 opens
conductor 4631 to prevent the decoder marker
connector circuit from attempting to engage a
third decoder marker, two of these latter circuits
already having been unsuccessful in completing
the connection. Since the terminating sender
can proceed no further in its normal operation
it awalts the action of its time measure and alarm
circuit, consisting of relays 4635 and 4636, which
functions to bring about the release of the con-
nection in the manner hereinbefore set forth.
Upon the release of the terminating sender, the
removal of battery from conductor 4632 permits
the decoder marker connector circuit to restore
to normal.

Transfer of record to terminating marker

Referring now to. the terminating decoder
marker circuit shown in Figs. 50 to 56, inclusive,
the start relay 5300 of this circuit operates as
soon as the decoder marker connector circuit con-
nects ground to conductor 4914 in the manner
hereinbefore set forth. Relay 5300, in operating,
connects off-normal ground to conductors 5301
and 5302 and off-normal battery to conductor
5303 for purposes which will subsequently be set
forth. The closure of conductors 4834 to 48317,
inclusive; 4852 to 4854, inclusive; and 4857; 4856

and 4858 to 4861, inclusive; 4863 to 4866, inclu-

sive; and 4868 to 48711, inclusive; cause the reg-
ister relays shown in Fig. 52 to function and re-
cord the selection information, previously regls-
tered on the register switch of the terminating
sender, in the manner set forth in the subsequent
paragraphs.

The number of the particular frame containing
the incoming trunk used for this connection, as-
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of relay 4108 and register switch crosspoint 4733
of the sender, this latter relay and crosspoint
grounding conductors 4720, 4736 and 4731, and
connecting ‘conductors 4734 and 4735 to conduc-
tors 4722 and 4123, respectively, in the manner
hereinbefore set forth. Conductors 4720, #7122,

@

4723, 4134, 4135, 4736 and 4737 extend over front .

contacts of connecting relays 4808 and 4805 and
over conductors 4820, 4822, 4823, 4834, 4835, 4836

10

and 4831, respectively, to the terminating decoder. )

marker. Conductor 4821 of the terminating de-
coder marker is also grounded over a front contact
of relays 4805 and 4800. The ground on con-
ductor 4820 operates relays 5100 and 5101 through
their windings in parallel to battery. Ground on
conductors 4836 and 4831 operates frame register
relays 5202 and 5203, respectively. Relay 5200
operates from battery through its winding, over
conductor 4834, conductor 4134, contact of sender
register crosspoint 4733, conductors 4722 and
4822, and over the lower outer back contact of
relay 5307 to ground. Similarly, relay 5201 op-
erates over conductors 4835 and 4135, contact of
crosspoint 47133, conductors 4723 and 4823, to
ground over the lower middle back ‘contact of
relay 5301.

The operated incoming brush crosspoint 47151,
incoming group crosspoint 4155, final. hundreds
crosspoint 4758, findl tens crosspoint 4762 and
final units crosspoint 47671 of the terminating
sender register switch have also grounded and
connected. together certain recording conductors
extending from the terminating sender to the
decoder marker, the particular conductors in-
volved as well as the condition imposed thereon
having previously been set forth. 'The thousands
register relays are operated under control of both
the incoming brush and incoming group cross-
points of the sender register, while the hundreds,
tens and units register relays are operated under
control of the final hundreds, final tens and final
units cross-points respectively. Thousands reg-
ister relay 5204 operates from ground over con-
ductor 4852, Relay 5207 operates from ground
over conductor 4857. Relays 5205 and 5206 oper-
ate, respectively, in circuits over conductors 4853
and 4854, contacts of relays 4805 and 48060, con-
ductors 4753 and 4754, contacts of crosspoint
4751, conductors 4723 and 4724, contacts of relays
4800 and 4805, conductors 4823 and 4824, to
ground over lower back contacts of relay 5307.
Hundreds register relay 5208 operates from
ground on conductor 4859. Relays 5209 and 5210
operate respectively over conductors 4860 and
4861, conductors 4760 and 4161, contacts of cross~
point 4758, conductors 4723 and 4124, conductors
4823 and 4824, to ground over lower back contacts
of relay 5307. Relay 5211 operates over con-
ductors 5856 and 4756, over a contact of cross-
point 4755, conductors 4722 and 4822, to ground
over the lower outer back contact of relay 5307.
Tens register relays 95212 and 5215 operate to
ground over conductors 4863 and 4866, respec-
tively. Relays 5213 and 5214 operate respectively
over conductors 4864 and 4865, conductors 4764
and 4765, contacts of cross-point 4762, conductors
4723 and 4724, to ground over previously traced
circuits over conductors 4823 and 4824, Units
register relays 5216, 5241, and 5219 operate to

.ground over conductors 4868, 4869, and 4871, re-

spectively. Relay 5218 operates over conductors
4878 and 4170, a contact of cross-point 47617, con-
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ductors 4728 and 4824, to ground over a lower
back contact of relay §3017. :

Providing that none of the recording conduc- -
tors extending between the terminating sender’

and the decoder marker are open, all of the de-
coder marker register relays are now in their
operated position and complete chain circuits for
operating three check relays 6304, 5305, and
5306. Relay 5304 operates in a circuit traceable
from battery through its winding, over conduc-
tor 5308, right inner front contacts of relays
5211, 5208, 52(2, 5216, 5204, and 5200, in that
order, over conductor 4821, a front contact of

sender connector relays 4805 and 4800, to ground. .

Relay 5384, in operating, locks over its inner
front contact to the ground on conductor 4821
and closes, in part, the operating circuit for re-
lay 53071. Relay 5305 operates from battery
through its winding, over conductor 5309, outer
front contacts of relays 5100 and 5181, conductor
5310, left inner front contact of relay 5201, right
inner front contact of relay 5285, left outer front
contact of relay 5201, left inner front contacts of
relays 5209, 5213, and 5247, to ground on con-
ductor 4821. Relay 5305 locks over the upper

outer back contact of relay 5307 to the ground

on conductor 4821 and advances the as yet in-

complete operating circuit for relay 5307 to the

inner front contact of relay 5306. Relay 5306
operates from battery through its winding, over
conductor 531f, left inner front contacts of re-
lays 5203, 5202, 5206, 5210, 5215, 5214, 5219, and
5218, in that order, to ground on conductor 4821.
Relay 5306 locks over the upper outer back con-
tact of relay 5307 and also completes the operat-
ing circuit for relay 5307. Relay 5301, in oper-
ating, locks over its upper outer front contact to
ground over conductor 4824, opens the locking

-circuits for relays 5304 to 5306, inclusive, and re-

moves the ground from conductors 4822 to 4824,
inclusive. Relays 5304 to 5306, inclusive, mo-~
mentarily remain operated over their original

_ operating circuits which extend over front con-
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tacts of the various register relays. The removal
of ground conductors #4822 to 4824, inclusive,
causes all register relays which are not operated
by direct ground over the contacts of the termi-
nating sender register switch cross-points to re-
lease. In the case of the connection being de-

scribed, only register relays 5202, 5203, 5204,

5201, 5208, 5212, 5215, 5216, 5217, and 5219 re-
main operated. Since at least one register relay

in each chain, over the contacts of which the

check relays 5304 to 5306, inclusive, were oper-
ated, releases, relays 5304, 5305, and 5306 re-
lease. - The release of relays 5304 and 5305 close
circuits from ground over the lower front con-
tacts of relay 5301, over conductors 5312, 5313,
and 5322, to chain circuits extending over the
functional contacts of the register relays, and the
terminating decoder marker thereupon proceeds
with its functions in the manner set forth below.

Marker connects to incoming frame

Ground over conductor 5312 extends in a cir-
cuit over the left back contact of relay 5210, left
inner back contact of relay 5211, left back con-
tact of relay 5209, left middle front contact of
relay 5208, over conductor 5220, to battery
through the winding of select magnet 5501 of the
translating cross-bar switch 5500, shown in Fig.
55. Select magnet 5501 operates, prepares the
sets of cross-point contacts in the associated hori-
zontal row for subsequent operation and, in ad-
dition, operates translating switch hold magnet,

2,008,117 ,
- 5808 In a circuit traceable from ground over the

upper outer front contact of relay 5308, conduc-
tor 8302, outer back contacts of relays §688 to
8662, inclusive, conductor 5603, contacts of select

- magnet 8601, conductor §502, left back contact of

relay 5206, right front contact of relay $207, left
outer front contact of relay 5204, left middle
back contact of relay 85208, conductor 8221, to
battery through the winding of hold magnet
5503. The translating switch §§88 is provided
with one hundred sets of cross-point contacts ar-
ranged in ten horizontal and ten vertical rows,
these being partially indicated by the four hori-
zontal and three vertical rows of contact sets.
The switch is also provided with ten select and
ten hold magnets, only four of the former and
three of the latter being indicated however, to
conform with the partial indication of the rows
of contacts fllustrated. Ten conductors, partial-
ly indicated, extend from the functional con-
tacts of the hundreds register relays 5288 to
8211, inclusive, to the windings of the ten select
magnets of the translating switch. Similarly,
ten partially indicated conductors extend from
the functional contacts of the thousands register
relays 5204 to 5201, inclusive, to the windings of
the ten hold magnets of the translating switch.

Hold magnet 5503, in operating, locks over its
inner front contact to the off-normal ground
supplied over a previously traced circuit to con-

1«
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ductor 5603 and, since select magnet 5501 previ-
ously operated, causes cross-point 5504 of the

translating switch to close its contacts. Select
magnet release relay 534 also operates at this
time in a circuit from battery through its wind-
ing, over conductor 5315, to ground over the
outer front contact of hold magnet 5503, Relay
5314, in operating, locks to the off-normal ground
on conductor 5302, and opens the operating cir-
cuit for select magnet 5501 which thereupon re-
leases. Upon the closure of cross-point 5504 cir-
cuits are completed from battery through the
windings of relays 5604 and 5605, over conduc-
tors 5606 and 5607, contacts of cross-point 5504,
conductors §506 and 5501, to ground through the
windings of relays 5700 and 5701, respectively, of
the final frame connector circuit shown in Fig.
57. Relays 5700 and 5701 both operate, but re-
lays 5604 and 5605, being marginal, do not op-
erate under this condition. The function of re-
lays 5604 and 5605, which are trouble detecting
relays, will be set forth later. Relay 5708, in
operating, opens the chain circuit extending from
ground over its back contact to the windings of
the corresponding relays, such as relays 5702 and
5704, which are associated with other final
frames.
circuit is not already in use, connecting relay
5708 operates in a circuit from battery through
its winding, over the upper front contact of re-
lay 8700, and over the upper back contacts of
relays 5102 and 5704 to ground. . Relay 5181, in
operating, removes the ground from the chain
circuit extending over its back contact over the
back contacts and to the windings of the corre-
sponding relays 5703 and 5705 which are associ-
ated with other final frames. A supplementary
ground is also connected over the upper back con-
tacts of relays 5705 and 5703 and over the upper
front contact of relay 5781 to the winding of re-
lay §708. The operation of multi-contact relay

.5708 closes the circuits between the conductors

indicated by cable 5710 and the conductors indi-
cated by cable 6100 thereby establishing connec-
tions hetween the particular terminating decoder

Provided that the final frame connector.
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marker being used and the fina! frame shown in
Fig. 61 which serves two hundred lines including
the particular line to which it is desired to.com-
plete the connection being described. Ground
over the upper outer front contact of relay 5708
extends over conductor 8709 to battery through
the windings of check relays §102 and 5316 both
of which operate. The operation of relay 5102
opens one circuit from the off-normal ground
on conductor 5302 from the winding of relay 5103
for a purpose which will be set forth later. The
operation of relay 5316 completes a ecircuit to
cause the incoming frame connector -circuit
shown in Fig. 58 to establish connections between
the incoming frame containing that trunk on
which the incoming connection appears and the
terminating decoder marker being used. This
circuit is traceable from battery over the lower

‘back contact of relay 53171, winding of relay

5318, upper inner front contact of relay 5307,
back contact of relay 5306, front contact of relay
5316, back contact of relay 5319, conductor 5320,
right outer front contact of relay 5202, left outer
back contacts of relays 5200 and 5201, right in-
ner front contacts of relays 5202 and 5203, con-
ductor 5222, a front contact of relay 5100, con-
ductor 5104, to the winding of start relay 5800 of
the incoming frame connector circuit. There
are ten conductors, similar to conductor 5222,
which extend from the functional ¢ontacts of the

1irame register relays 5200 to 5203, inclusive, to

the armatures of relays 5100 and 5i01. There
are twenty conductors, similar to conductor 5104
and partially indicated, which extend from the
front and back contacts of relays 5100 and 5101
to the winding of a start relay, such as relay 5800,
in each of twenty incoming frame connector cir-
cuits which are associated with twenty incoming
trunk frames. The particular incoming frame
start relay to be energized depends upon which
combination of frame register relays are oper-
ated and also upon relays 5100 and 5101 which
are operated only where the incoming trunk ap-
pears on one of the second ten of the twenty
trunk frames. It has been assumed that the
incoming trunk used for the connection under
discussion is located on incoming trunk frame
No. 19 and it will further be assumed that the
incoming frame connector circuit shown in Fig.
58 is associated with this particular incoming
trunk frame. Relays 5801 and 5802 represent
start relays associated with other terminating
decoder markers, there being as many start re-
lays as there are decoder markers serving a par-
ticular group of incoming trunk frames. As-
suming that the incoming frame connector is not
engaged in establishing connections for some
other decoder marker, relay 5800 operates from
the previously traced battery over conductor
5104, through its winding, over the chain cir-

cuit extending over the lower back contacts of )

the other start relays associated with other de-
coder markers, such as relays 5801 and 5802, to
ground. Relay 5800, in operating, operates mul-

5 ti-contact connector relay 5803 in a circuit

through the winding of that relay to the off-nor-
mal battery over conductor 5308. The operation
of relay 5803 closes the conductors indicated by
cable 5804 to the conductors indicated by cable
5805, thereby completing the connections be-
tween the incoming frunk frame shown in Fig. 59
and the terminating decoder marker circuit. The
operation of relay 5800 also opens the chain cir-
cuit extending from ground over its outer back

_contact and over the upper outer armatures of
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relays 5801 and §802 thereby preventing the op-
eration of these latter relays under control of
other decoder markers from causing the opera-
tion of their associated connecting relays 5806
and 5807 which would interfere with the con-
nections already established.

Upon the operation of relay §800 of the incom-
ing frame connector a circuit is completed from
ground over the upper inner front contact of that
relay, over conductor 5808, to battery through
the winding of a check relay 5105 which operates,
indicating that connections have been established
between the incoming frame and the .decoder
marker. A circuit is thereupon completed from
ground over the back contact of relay 5108, front
contact of relay §105, conductor 5107, front con-
tacts of relays 4805 and 4800, conductor 4311, con~
tacts of secondary and primary sender selector
switch cross-points 4301 and 4300, conductor
4518, to battery through the winding of relay
4523 of the incoming trunk circuit. Relay 4523
operates and connects ground over its lower
front contacts to conductors 4512 and 4513. The
ground on conductor 4512 operates select magnet
5901 of the primary incoming switch containing
cross-point 5900. The ground on conductor 4513
operates multi-contact connecting relay $907.
Relay 5801 closes a circuit, over conductor 5908;
from the lowest or test conductor of “A” trunk
5906 to the multipled armatures of the incoming.
frame connecting relays 5803, 5806, and 5807,
Since there are sixteen “A” trunks or links in-
terconnecting the primary incoming switch con-
taining cross-point 5900 with the secondary in-
coming switches, as has previously been set
forth in the general description, relay 5907 closes
circuits from the test conductors of fifteen other
“A” trunks (not shown) to the armatures of con-
necting relays 5803, 5806, and 5807. One of
these additional circuits is indicated by the par-
tially shown test conductor 5910 which extends

‘over a front contact of relay 5907 and over con-

ductor 5908 to the frame connector circuit re-
lays. The operation of relay 5907 also ‘closes a
circuit from ground over its outer front contact
to battery through the winding of secondary in-
coming switch select magnet 5905, and, as indi-
cated by multiple strap 5911, to the windings of
the corresponding - select magnets of the other
secondary incoming switches, these latter select
magnets being associated with those rows of
cross-points of their respective switches to which

‘the other fifteen “A” trunks to which the par-

ticular primary switch containing cross-point
5800 has access. The operation of relay 4523 of
the incoming trunk circuit also closes a circuit
from the winding of ringing control relay 4524,
over conductor 45§11, to the frame connector re-
lays. The sixteen “A” trunk test conductors rep-
resented by conductors 5908 and 5909, extend
over front contacts of the operated frame con-
nector relay 5803, over conductors 5809 and 5810,
respectively, to the front contacts of eight “A”
trunk pattern relays 5000 to 5007, inclusive, only
ten trunk test conductors connecting to any of
the relays 5800 to 5007, inclusive, in various ar-
rangements. As set forth above, a particular
primary incoming switch has access to the sec-
ondary incoming switches over sixteen “A” trunks
or links, but, since there are only ten “C” trunks
between the primary and secondary final frame
switches, only ten of the “A” trunks may be used
for a particular connection. It is the function of
relays 5000 to 50017, inclusive, to select, under con-
trol of the translator switch, a particular ten
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“A” trunks in a manner which will subsequently
be set forth.

M.arker' connects to final frame

As hereinbefore set forth in the general de-
scription, the two hundred lines served by a ﬂnal
frame are divided into ten groups of twenty liries
each for testing purposes.
sary for the decoder marker, in addition to asso-
clating itself with the proper final frame, to
further limit its testing operations to the par-
ticular group of twenty lines in which the called
line is located. This is accomplished in the fol-
lowing manner:— When check relay §307 oper-
ated and check relay 5305 released, following the
recording of the desired number by the register
relays of Fig. 52, a circuit was completed from
ground over the lower inner front contact of re-
lay 5301, back contact of relay $305, upper inner
back contact of relay 53117, back contact of relay
5321, conductor 5322, right front contact of tens
register relay 5215, right inner back contacts of
tens register relays 5214 and 5213, right inner
front contact of tens register relay 5212, conduc-
tor 5223, right back contact of relay 5608, to
battery through the winding of relay 5608. Re-
lays 5608, 5612, 5614, 5616, and 5618 are private
branch exchange progress relays, the function of
which is to associate that group of twenty lines
containing the called line with the terminating
decoder marker line testing relays and, should
the called line be one of a group of private
branch exchange lines, to shift the decoder mark-
er line testing relays to the next consecutively

5 numbered group of lines in the event that all of

the lines of the private branch exchange group
appearing in a particular twenty-line group are
busy and the private branch exchange group ex-
tends into another twenty-line group. The de-
tailed manner in which the private branch ex-
change progress circuit functions will be set forth
later, since, for the present, it is assumed that
the called line is an individual line.

Upon the operation of cross-point 5504 of the
translator switch a circuit is closed from the off-
normal battery on conductor 5303, over a contact
of cross-point 5504, conductor 5505, a front con-
tact of relay 57108, conductor 5Til, to ground
through the winding of relay 6101. Relay 6101
operates and closes a circuit from battery through
the winding of relay 6102, outer front contact of

relay 6101, conductor 6104, contact of relay 5708,
conductor 5610, left outer front contact of relay
5608, left outer back contact of relay 5609, conduc-

55 tor 5224, a left front contact of relay 5208, left mid-

GO

dle back contact of relay 5211, conductor 5326, to
resistance 5323 and to ground through: the right
winding of relay 5325.
as relay 6102, for each group of two hundred lines,
one relay being associated with a particular
twenty lines. Only two of these relays, 6102 and
6103, are shown for that group of two hundred
Jines containing the desired called line. Relays
6106 and 6107 are two of ten relays, correspond-
ing to relays 6102 and 6103, respectively, which
are associated with some other final frame serv-
ing a different group of two hundred lines. There
are also ten relays, such as relay 6101, one for
each group of two hundred lines. Only two of
these latter relays, 6101 and 6108 are shown.
The operation of relay 6101, under control of the
translator switch cross-point 5504, therefore iden-
tifies the particular group of two hundred lines

containing the called line and connects the wind-

75 ings of the ten, twenty-line group selecting relays

It is therefore neces-:

There are ten relays, such -

2,098,117

associated therewith, such as relays 6102 and

6103, to the decoder marker. The operation of .

- relay 8101 also closes circuits from the select mag-

nets of the secondary final switches to the de-
coder marker for future operation. The circuit
for select magnet 6111, assoclated with the sec-
ondary final switch containing: cross-point 6117,
may be traced from battery through the winding
of that select magnet, over the inner front con-
tact of relay 6101, conductor 6118, a contact of

"relay 5108, conductor 5712, to the right front

contact of relay 5113. As indicated by multiple
straps 6114 and 6(15, the windings of the corre-
sponding select magnets of all secondary final
switches are connected together. The windings
of the nine other select magnets of the secondary

10

15

final switch containing cross-point 6117 together -

with the windings of the corresponding select
magnets of the other secondary final switches,
are also connected to front contacts of nine other
relays similar to relay 5113, of which only four,

20

relays 5110 to 5113, inclusive, are shown. Only

one of these nine additional circuits has been in-
dicated and may be traced from conductor 6113,
over a, front contact of relay 6101, conductor 61189,
a contact of relay 5708, conductor 5713, to the
right front contact of relay 5110. The operation
of relay 6102 identifies the particular group of
twenty lines containing the called line 6120 and
closes. circuits for testing these twenty lines and
for the future operation of the proper secondary
final switch:hold magnet. The test circuit for
the called line 6120 may be traced from test con-
ductor 6121, over a front contact of relay 6102,
conductor 6123, contact of relay 5108, a conduc-
tor 5114, to the left inner armature of line relay
5404 and thence through the winding of line test
relay 5414, to battery. There are twenty line
relays, eight of which, relays 5400 to 54017, inclu-
sive, are shown. Relay 6102 is provided with ad-
ditional contacts (not shown) and connects the
test conductors of the nineteen other lines of the
group to the left inner armatures of the nineteen
other line relays over circuits similar to that
traced from test conductor 6121, The circuit for
secondary final switch hold magnet 6112 may be
traced from battery through the winding of that
magnet, over a front contact of relay 6102, to a
front contact of relay 6124. As set forth in the
general description, each final switch has ten
horizontal and twenty vertical rows of contacts
and is therefore provided with ten select and
twenty hold magnets. The windings of the re-
maining hold magnets of the secondary switch
on which hold magnet 6f12 is located are also
connected over additional front contacts of relay
6102 to front contacts of relays 6124 and 6126,
the first ten hold magnets being connected to
contacts of relay 6124 while the second ten con-
nect to contacts of relay 6124. The function of
relays 6124 and 6126 will be set forth in a subse-
quent paragraph.

Test of called line

Relay 5325 operates in series with relay 6102
after an interval sufficient to insure the complete
operation.of this latter relay. This delay in the
operating time of relay 5325 is produced by the
action .of condenser 5324 on the left winding of
relay 5325. The two windings of relay 5325 are
electrically opposed and, upon the closure of the
previously traced circuit to battery through the
winding of relay 6102, are initially equally en-
ergized. As condenser 5324 becomes charged,
however, the current through the left winding of
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relay 8328 gradually diminishes to a point where
it no longer overcomes the energy produced in
the right winding of the relay and relay 53285
thereupon operates. Resistance 53238, together
with condenser 5324, determines the length of
this delay interval. At the time that check re-
lay B307 operated, following the recording of the
wanted number by the register relays, it closed
a ground to conductor 5313 as previously stated.
This ground extends in a circuit over the left
outer front contacts of relays 5215 and 5212,
over conductor 5225, to battery through the
winding of relay 5428 which operates. Relay
5428 is operated under control of the tens reg-
ister relays whenever an even tens digit is reg-
istered. In the example given, relay 5428 is
operated when the tens digit 6 is registered and
it closes circuits from the contacts of the units
register relays 5216 to 5219 inclusive to the arma-
tures of the first ten of the t{wenty line test re-
lays, that is, the ten line test relays which are
represented by relays 5410 to 5414 inclusive. Re-
lay 5429, similar in function to relay 5428, is
operated under control of the tens register re-
lays whenever an odd tens digit is registered and
closes circuits from the contacts of the units
register relays to the armatures of the second
ten of the twenty line test relays, that is, the ten
test relays represented by relays 5415 to 5417
inclusive. With relay 5428 operated, the oper-
ation of relay 5325 closes a circuit from ground
over its front contact, conductor 5327, left outer
back contacts of relays 5617, 5615, 5613, 5609,
and 5619, inner back contacts of relays 5602,
5601, and 5600, conductor 5611, left back contact
of relay 5218, a left front contact of the operated
units register relay 5219, right front contact of
the operated units register relay $216, right in-
ner front contact of the operated units register
relay 5211, conductor 5226, a front contact of re-
lay 5428, to the armature of relay 54i4. The test
conductor 6421 of the desired line 6120 was pre-
viously traced to battery through the winding of
relay 5414, Assuming that line 612@ is idle, that
is, there is no ground on test conductor 6121, re-
lay 5414 remains unoperated. The previously
traced ground to the armature of relay 5414
therefore extends through the winding of line
relay 5404 and through the windings of relays
5408 and 5409 to battery. Relays 5404 and 5408
bath operate, but relay 5408, which is a trouble
detecting relay having marginal characteristics,
does not operate. The operation of relay 5404
transfers the test conductor of line 6120, previ-
ously traced to conductor 5714, from the winding
of relay 5414 to a testing circuit which may be
traced over the left inner front contact of relay
5404, conductor 5430, inner back contact of re-
lay 5108, windings of polarized test relays 5109
and 5114 in series, to a potential supplied through
resistance 5115 to battery in parallel with resist-
ahce 5116 to ground. This testing circuit per-
forms two functions; it checks that the line called
hes a potential on its test conductor signifying
that it is a regular and not an intercepted line
whose test conductor is open, and also checks for
a ground on the test conductor prior to the con-
nection of ground fto that conductor by the de-
coder marker in its regular function of making

the called line busy, the former ground, if pres-

ent, indicating that the called line has originated
a call during the interval occurring after its orig-
inal test for busy by relay 5414. Should this lat-
ter condition exist, polarized relay 5109 operates
and causes the decoder marker to function in the

85
same manner as if the line had originally tested
busy as will be set forth later. Assuming that the
called line 8120 is a regular line, a potential on its
test conductor 6121 (the battery through the
winding of the cut-off relay associated with that
line) causes polarized test relay 5t(4 to operate
and function in the manner described in the sub-
sequent paragraphs.

+ Test of “A”, “B” and “C” trunks

The aforementioned operation of line relay
5404 closes a circuit from ground over its left
outer front contact, conductor 6010, to battery

through the winding of relay 5008 which oper- -

ates. Relay 5008 is associated with the even
numbered 'lines of any group of twenty lines be-

ing tested as will be noted by the fact that con-

ductor 5010, over which the relay operates, ex-
tends to the left outer armatures of line relays
5400, 5402, 5404, ctc. Relay 5009 is associated
with the odd numbered lines, its operating cir-
cuit extending to left armatures of relays 5401,
5403, 5405, etc. As hereinbefore set forth, relays
5000 to 5007 are pattern relays which, by their
operation, determine the particular ten “A”
trunks of a group of sixteen trunks which are to

" be used in the extension of the connection. Up-

on the operation of relay 5008 a circuit is com-
pleted from ground through. the winding of relay
5000, a front contact of relay 5008, conductor
5011, a contact of the operated translator switch
cross-point 5504, to the off-normal battery pre-
viously traced to conductor 5303, thereby operat-
ing relay 5000. The operation of relay 5000
closes the circuits from ten “A” trunk test con-
ductors over the outer back contacts of relays
5110 to 5113, inclusive, to the left windings of ten
three-winding channel testing relays of which
four, relays 5120 to 5123, inclusive, are shown,
The circuit for the test conductor of “A” trunk
5906 may be traced from its lowest conductor,
over the inner front contact of relay 5901, con-
ductor 5908, a contact of relay 5803, conductor
5809, a front contact of relay 5000, conductor
5012, outer back contact of relay 5113, left wind-
ing of relay 5123, and thence to the off-normal
battery over conductor 5303. The test conductors
of nine other “A” trunks extend over similar cir-
cuits to the left windings of the nine other chan-
nel testing relays-such as 5120 to 5122, inclusive.

As set forth in the general description, there
are a total of 240 “B” trunks extending from the
secondary switches of a particular incoming
frame to the primary switches of the various final
frames. The test conductors of the particular
ten “B” trunks which may be used to extend the
connection to the final primary switches having
ultimate access, through final secondary switches,

- to the desired called line 6120 are separated from

the total of 240 tést conductors and connected to
the windings of the ten channel testing relays in
the following manner. The 240 “B” trunks are
divided into twenty-four groups of ten trunks
each, each group consisting of one trunk taken
from each of the ten successive portions of the
secondary incoming switches of the frame as has
previously been set forth. The incoming frame
connector circuit, a portion of which is shown in
Fig. 60, is provided with four multi-contact relays
6000 to 6003, inclusive, each of which is provided

"with six sets of contacts making a total of twenty-

four sets of contacts for the four relays. Each
of these aforementioned sets of contacts contains
ten contacts, only four of which, however, are
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ten “B” trunks of the twenty-four groups are
connected to one set of contacts of the relays
6000 to 6003, inclusive. For the connection being
described, relay 6000 operates in a circuit from
battery through its winding, over conductor 6004,
a front contact of relay 5803, conductor 5811, a
front contact of relay 5008, conductor 5013, upper
contact of translator switch crosspoint 5504, to
the off-normal battery on conductor 5303. By
its operation relay 6000 closes test conductor
6005 of “B” trunk 5912 to the inner front contact
of relay 6006. In addition, the operation of relay
6000 also closes the test conductors of fifty-nine
other “B” trunks to front contacts of relay 6006
and four other similar relays, one of which, relay
6001, is shown. Under control of the translator
switch crosspoint 5504 sixty of the 240 “B”
trunks have been separated by the operation of
one of the four relays 6000 to 6003, inclusive.
These sixty “B” trunks (six groups of ten trunks
each) extend from the secondary incoming switch
to primary switches on three different final
frames, one group of trunks connecting to the
odd and even sections of each of the three final
primary switches. It is' therefore necessary for
the decoder marker to identify and separate the
sixty “B” trunks not only as to which one of the
three final frames they extend to, but also as to
which portion, either odd or even, of the par-
ticular final primary switch having access to the
secondary switch over which the called line may
be reached. This is accomplished by the oper-
ated translator switch crosspoint in conjunction
with the even or odd relay 5008 or 5009 which in
turn was operated under control of the line relay
associated with the line called. For the connec-
tion illustrated, the operated translator switch
crosspoint 5504 closes a circuit from off-normal
battery on conductor 5303, next-to-upper con-
tact of crosspoint 5504, conductor 5508, to battery
through the winding of relay 5014, which oper-
ates. The three relays 5014, 505, and 50i6 are
identified with the three different final frames to
which sixty “B” trunks connect and, operating
under control of the {ranslator switch cross-
points, identify which of the three final frames is
the one having access to the called line. The
even relay 5008 was previously operated by -a
ground over conductor 5010 supplied under con-
trol of the operated line relay 5404. Upon the
operation of relay 5014 the ground on conductor
5010 is extended over the inner front contact of
relay 5014, over conductor 5817, a front contact
of relay 5803, conductor 5812, to battery through
the winding of relay 6006. Relay 6006 operates
and extends the ten “B” trunk test conductors
previously traced to its armatures to the middle
windings of the ten channel testing relays. The
circuit for test conductor 6005 of “B” trunk 5912
may be traced over a front contact of relays 6000
and 6006, conductor 6008, a front contact of relay
5803, conductor 5813, a back contact of relay
5113, middle winding of channel testing relay
5123, to battery over conductor 5303. The re-
maining nine “B” trunk test conductors extend
over similar circuits to the middle windings of the
other channel testing relays 5120 to 5122, inclu-
sive. The upper contact of each of the other sets
of crosspoints of translator switch 5560 is cross-
connected (connection not shown) to the wind-
ing of one of three relays 5014, 5015, or 5016 and
the operation of one of these latter relays, in con-
junction with the operation of either the even
relay 5008 or the odd relay 5009, as the case may
be, determines the particular group of ten “B”

2,008,117

trunks to be tested by controlling the closure of
the “B” trunk test conductor circuits through the
operation of one of the relays 6000 to 6003, inclu-
sive, and one of the relays 6006, 6007, etc. of the
incoming frame connector circuit in the manner
set forth above. Each “B” trunk test conductor
also provides operating circuits for the hold mag-
nets of the respective secondary incoming switch
and final primary switch which it interconnects,
as will be noted by the fact that test conductor
6005 of “B” trunk 5912 extends to the winding of
hold magnet 5904 of that portion of the secondary
incoming switch shown in Fig, 59 and also to the
winding of hold magnet 6110 of that portion of
the final primdry switch shown in Fig. 61.

The test and control conductors of the proper
ten “C” trunks which interconnect the final
switches reached by the aforementioned “B”
trunks to the secondary final switch containing
the called line are separated and connected to
the windings of the channel testing relays in the
following manner: Upon the previous operation
of line relay 5404 which is associated with the
called line of the group of twenty lines being
tested, a circuit is completed from ground over
the right inner front contact of that relay, over

‘conductor 5715, a front contact of relay 57108,

conductor 6152, to battery through the winding
of relay 6128. There are ten relays such as re-
lay 6128, two of which, relays 6128 and 6129, are
shown. Each of these relays is associated with
the test conductors of the two groups of ten “C”
trunks which extend from the primary final

switches to the two sections, even and odd, of a-

particular secondary final switch. In addition,
this aforementioned relay also controls the oper-
ating circuits of the final primary switch select
magnets associated with those sets of crosspoint
contacts from which these two groups of “C”
trunks extend. Relay 6128, in operating, closes
test conductor 6131 of “C” trunk 6130, over its
next-to-inner front contact, to a front contact
of relay 6125. Nine other test conductors, one
of which is partially indicated by conductor 6132,
which are associated with the other nine “C”
trunks extending to the even section of the sec-
ondary final switch containing crosspoint 61147,
are also closed over additional front contacts of
relay 6128 to front contacts of relay 6(25. In
addition, the ten test conductors, two of which
are partially indicated by conductors 6133 and
6134, of the ten “C” trunks extending to the odd
section of the same secondary final switch are
also closed over front contacts of relay 6128 to
front contacts of relay 6121. The operation of
relay 6128 also operates select magnet 6109 of
the final primary switch on which crosspoint
6116 is located and, in addition, as indicated by
multiple strap 6135, operates the select magnets
of the corresponding levels of the other primary
final switches. '

Since there are but ten channel testing relays
and since only one group of “C” trunks extend-
ing to either the even or odd section of the sec-
ondary final switch is available for use in extend-
ing the connection, it is further necessary for the
decoder marker to identify and separate the par-
ticular “C” trunk group which it will test. The

.final frame connector circuit is provided with

two pairs of even and odd relays, relays 6124 and
6125 and relays 6126 and 6127 which are oper-
ated, in pairs, by the decoder marker. As set
forth above, the test conductors of the ten “C”
trunks extending to the even section of the sec-

oondary final switch containing crosspoint 6117
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have been connected, Wy the operation of relay
6128, to the front contacts of even relay 6128,
while the test conductors of the.“C” trunks ex-
tending to the odd section of the secondary final
switch have been connected to front contacts of
odd relay 6i21. The previous operation of relay
6102, under control of translator switch cross-
point 5504, has connected the windings of the
ten hold magnets located in the even section
of the secondary final switch containing cross-
point 61IT to front contacts of the even hold
magnet selecting relay 6124 and has connected
the windings of the hold magnets located in the
odd section of the switch to the front contacts
of the odd hold magnet select relay 6126. The
operation of relay 6128 closes a circuit from
ground over its left front contact, conductor 61317,
a front contact-of relay 5108, conductor STi7,
right outer front contact of relay 5404, conduc-
tor 5116, a front contact of relay 5108, conduc-
tor 6136, to battery through the windings of the
even relays 6124 and 6125 in parallel, operating
both relays. Relay 6124, in operating, extends
the operating circuits for the ten hold magnets
of the even section of the secondary final switch
containing crosspoint 6111, over ten conductors
such as 6138 and 6139, front contacts of relay
5708, conductors 5718 and 5719, to the left mid-
dle armatures of the twenty line relays, such as
relays 5400, 5402, 5404, etc., each select magnet
conductor extending to the armatures of two
line relays. For example, conductor 57118, which
extends the operating circuit from the winding
of secondary final switch select magnet 6112, con-

5 nects to the left middle armatures of both relays

5404 and 5405. Since line relay 5404 is operated,
the circuit for select magnet 6112 further ex-

 tends over the left middle front contact of relay
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5404, over conductor 5418, to the outer, front con-
tact of relay 5117, the function of which latter
relay will be set forth later. Relay 6125, in op-
erating, extends the ten “C” trunk test conduc-
tors which include test. conductor 613{ of trunk
6130, over ten conductors such as 6140 and 6141,

5 front contacts of relay 5108, conductors 5720 and

5121, over left back contacts of relays 5110 to 5113
inclusive, to the right windings of the ten chan-
nel testing relays 5(20 to 5123, inclusive, test
conductor 6131 of trunk 6130 extending over con-
ductor 5121 to the right winding of relay 5123,
the other end of that winding connecting to off-
normal battery over conductor 5303. . .
The test conductors of the ten “A”, “B” and “C”
trunks over which the connection may be ex-

5 tended from the incoming trunk shown in Fig.

45 to the called line 6120 have now been con-
nected to the three windings of the ten channel
testing relays. Upon the initial seizure of the
decoder marker, the off-normal ground connected
to conductor 5302 by the operation of start re-
lay 5300 operates relay 5103 over back contacts of
check relays 5102, 5124, and 5125. The operation
of relay 5103 in turn connects ground to the
right windings of the channel testing relays
5120 to 5123, inclusive, all of which operate to

- the off-normal battery on conductor 5303. After

70
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connections have been established between the
final frame and the decoder marker, check relay
5102 operates as previously set forth, and opens
one of the multiple operating circuits for relay
5103. When relay 5000 operates and connects the
ten “A” trunk test conductors to the armatures
of the ten trunk auxiliary relays 5i10 to 5113,
inclusive, it also returns a check ground over its
upper front contact, conductor 50{8, to battery

. relay 51083.

through the winding of relay 5i25. Relay §128
operates and opens a second multiple operating
circuit for relay §103. When relay 6008 of the
incoming frame connector circuit operates to
close through the ten “B” trunk test conductors
it also returns a& check ground over its outer
front contact, conductor 6009, contact of relay
58038, conductor 58i4, to battery through the
winding of check relay 5124. Relay 5124 operates
and opens the last multiple operating circuit for
Relay 5103 thereupon releases and
opens the circuit through the right winding of
each of the ten channel testing relays. Those
channel testing relays whose associated “A”, “B”
and “C” trunks are idle thereupon release. A
busy “A”, “B” or “C” trunk will have its as-
sociated test conductor grounded over the con-
tact of the operated hold magnet of the cross-
point from which this busy trunk extends and
this ground in turn holds the channel testing
relay to which it connects operated through one
of the three windings of that relay. Any channel
testing relay may remain operated over one, two
or three windings depending upon the condition
encountered on the trunks associated with it. An
auxiliary trunk relay is' associated with each

87

10

15

20

25

channel testing relay. Four of these auxiliary

relays, relays 5110 to 5113, inclusive, are shown,
assoclated respectively with channel relays 5128
to 5123, inclusive. The winding of each of these
auxiliary relays connects to the back contact of
the associated channel testing relay. The arma-
tures and front contacts of the channel testing
relays are connected in a chain circuit in such
a manner that only one auxiliary relay can oper-
ate at a time. For example, should all channel
relays release upon the release of relay 5103, only

auxiliary relay 5110 can operate since the cir-

cuits to the windings of the other auxiliary re-
lays 5111 to 5113, inclusive, are open at the front
contacts of relays 5120, 5121 and 5122, respec-
tively.

Incoming and final switches operate

It will be assumed for the particular connec-
tion being described that all channels except that
with which relay 51238 is associated are unavail-
able due to some “A”, “B” or “C” trunk being
in use on each of the other channels. Relays
5120, 6121, and 5122 therefore all remain oper-
ated, only relay 5123 releasing. Auxiliary trunk
relay 5113 operates in a circuit from battery
through its winding, back contact of relay 5123,
front contacts of relays 522, 5121, and 5120,
back contacts of relays 5419 and 5103, front con-
tact of relay 5102, to the off-normal ground on
conductor 5302. Relay 5113, in operating, ex-
tends its operating ground, over its left inner
front contact, to battery through the winding of
end relay 5119. Relay 5119, operates and locks
over its right front contact, back contact of
relay 5103, front contact of relay 5102, to off-
normal ground on conductor 5302 and thereby
also locks relay 5113 operated. The back contact
of relay 5119, which functions after the right
front contacts of the relay have closed, opens the
original operating circuit for relay 5118 and,
since this circuit extends over the contacts of
all of the channel testing relays, stabilizes the
circuit and prevents the subsequent release of
some operated channel relay from operating its
associated auxiliary relay. Ground over the left
front contact of relay 5119 operates the second-
ary final switch hold magnet 611! in a circuit
tx_‘aceable over the right front contact of auxiliary
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relay 5113, conductor 5712, a front contact of
relay 5708, conductor 6118, inner front contact of
relay 6101,to battery through the winding of mag-
net 6111. Asindicated by multiple strap 6114, the
corresponding select magnets of the other sec-
ondary final switches also operate over this same
circuit. The operation of relay 51138 also closes
circuits for operating the proper hold magnets to
close the selected “A”, “B” and “C” trunk chan-
nel. The circuit for hold magnet 5902 of the
primary incoming switch has previously been
traced to the left outer armature of auxiliary re-
lay 5113 from which point it extends over the
left outer front contact of that relay, inner back
contacts of relay 5126, right outer back contact
of relay 5108, front contact of relay 5i(4, con-
ductor 5128, to ground over the front contact
of relay 5408 which previously operated in series
with line relay 5404. Select magnet 590i of the
primary incoming switch having previously oper-
ated, the operation of hold magnet 5902 causes
crosspoint 5800 to close and extend the tip, ring
and sleeve conductors 4508, 4509, and 4510 from
the incoming trunk shown in Fig. 45 to the “A”
trunk 5906. The operating circuit for hold mag-
net 5904 of the secondary incoming switch and
hold magnet 6110 of the primary final switch is
traceable from battery through the windings of
these magnets in parallel, over conductor 6005,
a front contact of relays 6000 and 6006, conductor
6008, a front contact of relay 5803, conductor
5813, next-to-outer left front contact of aux-
illary trunk relay 5!13, right inner back con-
tacts of relay 5126, right outer back contact of
relay 5108, front contact of relay 5(14, con-
ductor 5128, to ground over the front contact
of relay 5408. Select magnet 5905 of the sec-
ondary incoming switch having previously oper-
ated, together with the corresponding select mag-

.nets of the other secondary incoming switches,

the operation of hold magnet 5304 causes cross~
point 5903 to close and extend the connection
over “A” trunk 5906 to “B” trunk 5912. Select
magnet 6108 of the primary final switch having
previously operated, together with the corre-
sponding select magnets of the other primary
final switches, the operation of hold magnet
6110 causes crosspoint 6116 to close and extend
the connection from “B” trunk 5912 to “C”
trunk 6130. The operating ground traced
through the winding of hold magnet 6110 of the
primary final switch extends over the lower con-
tact of cross-point 6116, over conductor 6131, a
front contact of relays 6128 and 6125, conductor
6141, a front contact of relay 5708, conductor
5721, next-to-inner left front contact of relay
5113, back contact of relay 5118, to battery
through the winding of relay 5117. Relay 51417
operates, locking to the off-normal ground on
conductor 5302 and operating relay 5118 which,
in turn, opens the circuit to test conductor 6131
and thereby clears the “C” trunk 6130. The

operation of relay 5117 closes a circuit from the .
winding of relay 5108 to the front contact of-

relay 5109 for a purpose which will subsequently
be set forth. The operation of relay 51{7 also
completes the operating circuit for the secondary
final switch hold maguet associated with that
set of cross-point contacts to which the desired
called line is connected. This circuit may be
traced from ground over the front contact of
relay 5408, conductor 5128, front contact of re-
lay 5114, right outer back contact of relay 5108,
right outer back contact of relay 5126, right
outer front contact of relay 5117, conductor 5418,
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left middle front contact of line relay 5404, con-
ductor 5718, a front contact of relay 5708, con-
ductor 6138, outer front contacts of relays 6124
and 61402, to battery through the winding of
secondary final switch hold magnet 6112, Select
magnet 6111 having previously operated, together
with the corresponding select magnets of the
other secondary final switches, the operation of
hold magnet 6112 causes cross-point 6417 to
close its contacts and extend the connection
from “C” trunk 6130 to the called line 6120.
The operating ground for hold magnet 6112 ex-
tends over the lower front contact of that mag-
net over conductor 6121, a front contact of re-
lay 6102, conductor 6123, a front contact of
relay 5708, conductor 5714, left inner front con-
tact of relay 5404, conductor 5430, right inner
back contact of relay 5108, through the windings
of polarized relays 5109 and 5114 in series to a
potential supplied through resistances 5115 and
5116 in parallel to battery and ground. As previ-
ously stated, a regular line circuit has a potential
connected to its sleeve conductor, such as con-
ductor 6121. This battery is supplied through

the winding of the cut-off relay associated with

that line. 'This condition is illustrated in Pig. 14
in which battery is supplied through the winding
of cut-off relay 1402 to a sleeve conductor 1455
which, together with the tip and ring conductors
1453 and 1454, extends to the cross-point contacts
of some secondary final switch. Conductor 1455
correspunds to conductor 6121 of the called line
6120. This potential on the test or sleeve con-
ductor 6121 originally operated relay 5f(14 as
previously set forth. The connection of ground
to conductor 6121 by’'the operation of hold mag-
net 6112 shunts out the potential on conductor
6121 and thereby reverses the flow of current
through the windings of the polarized relays 5109
and 5114, causing relay 5109 to operate and re-
lay 5114 to release. Relay 5108 thereupon oper-
ates from battery through its winding, over the
right middle front contact of relay 5111, front
contact of relay 51909, back contact of relay 5114,
to a previously traced ground over conductor
5128. .

Relay 5108, in operating, locks over its left
front contact to the off-normal ground over con-
ductor 5302 and, together with the release of
relay 5114, removes the direct operating ground
for hold magnets 5902, 5905, 6110, and 6112
(supplied over conductor 5128) and substitutes
in its place a ground supplied through the left
winding of polarized relay 5127. The right wind-
ing of relay 5127 is normally energized as soon

as the decoder marker is seized and the opera-

tion of start relay 5380 connects off-normal
ground to conductor 5302, The flux produced
by this right winding is insufficient, however, to
cause the contacts of the relay to operate. The
left winding of relay 5127 is connected in such
a manner that the flux which it produces, when
energized by a current which flows through the
windings of four hold magnets in parallel, aids
that produced by the right winding of the re-
lay sufficiently to cause the relay contacts to
close. Should one of the “A”, “B” or “C” trunks
selected for this call become crossed with some
other busy “A”, “B” or “C” trunk the direct
ground on the test conductor of any of these
latter trunks would be connected to the test
conductor of one of the former trunks (those now
connected to ground through the left winding of
relay 5127) and would shunt the left winding
of relay 5121 and prevent the operation of that
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relay. Under this condition no further progress

. Is made by the decoder marker in completing the
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ceninection as set up and the decoder marker
time alarm circuit eventually functions, as will
be set forth later, and causes & second trial to
be made. Assuming that “A” trunk 5906, “B”
trunk 8912 and “C” frunk 6130 are not crossed
with some other “A”, “B” or “C” trunk, relay
8127 operates and operates relay 5106 in a local
circult for the purpose of preparing a circuit for

“testing the continuity from the incoming trunk

circuit to the called line through the incoming
and final switches.

Relay 51066, in operating, removes the ground
over its right back contact and the front con-
tact of relay 5105 from conductor $107 which
extends to battery through the winding of relay
4523 of the incoming trunk circuit over a pre-
viously traced circuit. Relay 4523 of the incom-
ing trunk circuit thereupon releases and closes
the tip and ring conductors 4508 and 4509 from
the incoming trunk circuit to “A” trunk 5906
through cross-point 5900 of the primary incom-
ing switch from which point these conductors
extend to the tip and ring of the called line 6120
over “B” trunk 5912 and “C” trunk 6130. In
addition, the release of relay 4523 also removes
the ground from conductors 4512 and 4513 and
closes g circuit from ground over the lower outer
front contact of relgy 4506, upper inner back
contact of relay 4523, conductor 4510, lowest
contact of cross-point 5900, to lock the primary
incoming switch hold magnet 5902 operated.
This ground extends over the lowest. conductors
of trunks 5906, 5912, and 6130 to hold magnets
5904, 6110, and 6112 all of which it locks oper-
ated. This ground is further extended over the
lowest contact of cross-point 6111, test conductor

6121, over a previously traced circuit to the right .

inner armature of relay 5108. Relay 5126 oper-

“ates in local circuit upon the operation of relay

5106 and opens the circuit from ground through
the left winding of relay 5127 to the test condue-
tors of the “A”, “B” and “C” trunks thereby
opening the original operating circuits for hold
magnets 5902, 5904, 6110, and 6i12, these mag-
nets remaining locked as has just been set forth.
Upon the operation of relay 5126 the ground
just previously traced to the right inner arma-
ture of relay 5108 is extended over the left front
contact of relay 5126, back contact of relay 5429,
conductor 5130, a front contact of relays 4805
and 4800 of the decoder marker connector cir-
cuit, conductor 4816, to battery through the
winding of release relay 466! of the terminating
sender, operating relay 4601.

Release of terminating marker and sender

The operation of release relay 4601 of the ter-
minating sender releases start relay 4600 and
removes the battery from conductors 4631 and
4632 thereby releasing relays 4900 and 4800 of
the decoder marker connector circuit. The re-
lease of relay 4600 removes the ground from con-
ductor 4738 thereby releasing hold magnets 4126
to 4131, inclusive, of the register switch 4708, the
release of these magnets in turn causing the
various operated cross-points of that switch to
restore to normal. The release of relay 4800 of
the decoder marker connector opens all connec-
tions between the terminating sender and the
deceder marker including conductor 4816 which
provided the operating circuit for release relay
460(. Relay 460! temporarily locks over its up-
per front contact to ground over the upper mid-
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dle front contact of relay 4603. The release of
relay 4600 also opens the locking circuii for re-.
lay 4603. The release of relay 4603 opens wne
locking circuit for relays 4601, 4629, 4630, and
4708, and also for relays 4625, 4635, and 4636 if
previously operated, all of which release. The
release of relay 4603 also removes the ground
from conductor 4313 towards the sender selector
circuit thereby releasing hold magnets 4303 and

4305 of the primary and secondary sender link -

switches, respectively. Cross-points 4300 and
4301 of these latter switches thereupon release,
opening sender link 4302 and restoring the send-
er selector circuit to normal. ‘The release of
relay 4601 again closes the circuit from battery
over its upper outer back contact, upper inner
back contact of relay 4600, to conductor 4418 as
an indication to the sender selector circuits that
this sender is again idle, and also opens its por-
tion of the sender group busy chain circuit ex-
ténding over conductor 4602. With the comple-
tion of these operations the terminating sender
is restored to normal. The release of relay 4600
during the restoring of the terminating sender
removes the battery, supplied over the lower back
contact of relay 4611, from conductor 4310,
thereby removing the short circuit on the wind-
ing of relay 4504 of the incoming trunk circuit
to allow this latter relay to subsequently oper-
ate, in the manner which will be set forth later,
when the called subscriber answers. \

The aforementioned removal of battery from
start conductor 4631 of the decoder marker con-

_nector circuit, in addition to releasing relay 4900,

also releases relays 4802 and 4907 of that cir-
cuit. Relay 4902, in releasing, releases relays
4930 and 4931, if operated. The release of re-
lay 4907 releases relay 4805. The release of re-
lay 4805 opens the connections to the decoder
marker shown in Figs. 50 to 56, inclusive, and
releases relays 4941 and 4931, if operated, there-
by restoring the decoder marker connector cir-
cuit to normal. The release of relay 4805 re-
moves the ground from the decoder marker
start conductor 4914 to cause that circuit to re-
lease in the manner which will be described in
later paragraphs.

At the time that relay 5144 operated to indi-
cate that the calling line is a regular and not an
intercepted line and is idle, it closed a circuit to
operate a ringing control relay in the incoming
trunk circuit shown in Fig. 45. This circuit may
be traced from ground over the front contact of
relay 5408, which operated in series with line
relay 5404, over conductor 5128, front contact of
relay G114, conductor 513(, upper outer back
contact of relay 53171, conductor 5328, a front
contact of relay 5803, conductor 4511, lower in-
ner front contact of relay 4523 which has not yet
released, to battery through the winding of ring-
ing control relay 4524 of the incoming trunk ecir-
cuit.. Relay 4524 operates and locks over its
lower inner front. contact, back contact of ring-
ing trip relay 4525, to ground over the lower outer
front contact of relay 4506. The operation of re-
lay 4524 closes circuits from_a comimon source of
ringing current, over conductors 4526 and 4527¢
and over its upper front contacts to the two outer
back contacts of the operated relay 4523. After
the decoder marker has checked the continuity
of the connection from the incoming trunk to
the called line it causes the terminating sender
and sender selector circuits to release as set forth
in the preceding paragraph. This opens all con-
ductors between the incoming trunk and the de~
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coder marker over the sender link including con-
ductors 4518 and 45i8. The opening of con-
ductor 4515 removes the direct battery from the
winding of relay 4504 and resistance 4528 to al-
low relay 4504 to operate upon the subsequent
operation of relay 4529. The opening of conduc-
tor 4518 releases relay 4523. Relay 43523, in re-
leasing, opens the operating circuit for relay 4524
which remains locked under control of relay
4525; removes ground from conductors 4512 and
4513; closes the holding ground for the incom-
ing and final switch hold magnets over conductor
4510, its upper inner back contact and the lower
outer front contact of relay 4506; and in addi-
tion, connects the ringing current previously
traced to its upper outer back contacts to the tip
and ring conductors 4508 and 4509 which extend
over the incoming and final switches to the called
line 6120. Condenser 4530 provides for feeding
back a portion of the ringing current to the call-
ing subscriber as an indication that the desired
called subscriber’s station is being rung. The re-
moval of ground from conductor 4512 releases
the select magnets of the primary incoming
switches. The removal of ground from conductor
45]3 releases the incoming frame relay 5907
which, in turn, releases the select magnets of
the secondary incoming switches and also opens
the test conductors of the sixteen “A’” trunks
which were connected to the decoder marker
through the incoming frame connector circuit.

Called subscriber answers

When the called subscriber at station 6142

answers, the removal of the receiver from the
switch-hook closes the loop extending from the
incoming trunk over the called line.
ing trip relay 4525 of the incoming trunk there-
upon operates and opens the locking circuit for
relay 4524. Relay 4524 releases, removing the
ringing potential from the called station line and
closing the called station loop, over conductors
4508 and 4509, to condensers 4531 and 4532 and
to battery and ground through the windings of
supervisory relay 4528 which supplies. transmis-
sion battery for the called station. Relay 4528
operates over the called station loop and com-
pletes a circuit from ground over its right front
contact, a back contact of relay 4534 which is a
part of the timing circuit 4533 common to twenty
incoming trunks, and over the upper inner back
contact of relay 4523 to the sleeve or control con-
ductor 4510. This ground supplements the
ground supplied over the lower outer front con-
tact of relay 4506 which is holding the hold
magnets of the incoming and final switches op-
erated. The function of this timing circuit and

the ground supplied under its control will be set °

forth under the description of the disconnection
of the subscribers. Relay 4504 operates in a cir-
cuit from battery through its winding, resistance
4528, lower inner front contact of relay 4506 to
ground over the left front contact of relay 4528,
The operation of relay 4504 reverses the polarity
of the potential supplied, through.the windings
of relay 4505, to the tip and ring conductors of
the incoming trunk 45601, the tip conductor 4502
now connecting to one side of transmission con-

. denser 4532 and over an upper front contact of

relay 4506 to ground through the right winding
of relay 4505 while the ring conductor 4503 now
connects to one side of transmission condenser
4531 and over an upper front contact of relay
4506 to battery through the left winding of relay
4505. This reversal of battery over the incoming

The ring-
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trunk in response to the answer of the called
station causes the district trunk circuit in the
originating office to function as set forth below.

Returning now to the district trunk circuit

_ shown in Fig. 17, the originating sender, after

setting up the outgoing connection, connected a
direct ground to conductor 1108 of the district
trunk circuit in the manner previously set forth.
This circuit may be traced from ground at the
upper contact of relay 2211, closed contact of re-
lay 2209, lower back contact of relay 2230, thence
over contact of relays 2321 and 2323, conductor
1826, thence to conductor 1703. Marginal relay
1707, the circuit for which extends from bat-
tery through its winding, over the upper inner
front contact of relay 1711, and lower outer front
contact of relay (718, operated to this direct
ground on conductor 1103, which excludes the
resistance 2290, and locked in a circuit over the
lower outer back contact of relay §719 to ground
over its own lower middle front contact. The op-
eration of relay 1701 closed the tip and ring con-
ductors 1434 and 1435 from the secondary line
switch, over its upper innerfrontcontactsand the
upper inner back contacts of relay (719, to con-
densers 1724 and 1725 and to ground and battery
through the right and left windings of the called
supervisory relay 1126, respectively; closed the
tip and ring conductors 1722 and 1723 of the
“A” trunk over its upper outer front contacts and
over the upper outer back contacts of relay (719
to the winding of the calling supervisory relay
1727 in series with retardation coil 1728; ground-
ed the sleeve conductor {721 of the “A” trunk
in a circuit traceable from that conductor, up-
per back contact of relay 1712, lower inner front
contact of relay 1707, to ground over the lower
middle back contact of relay [T719; connected
ground over its lower middle front contact to the
lower inner armature of relay (719 to provide for
locking this latter relay upon its subsequent
operation; and also connected ground over its
lower outer front contact to the inner armature
of relay 1720 to hold that relay operated.
When the originating sender completed its
functions and released, as previously described, it
removed the ground from conductor 17103 there-
by releasing relays (T1i1f and 1748. The release
of relay 1718 closed a circuit from ground to the
contact of relay 1726, but since relay 1726 is oper-
ated over the calling station loop, this circuit

_is ineffective. Its function will be described later

under the details of the disconnection of the sub-
scribers. The release of ralay IT1{ closed a cir-
cuit from ground over its inner back contact to
the armature of the calling supervisory relay
1721. Relay {7127 is a polarized relay and its
winding is so connected that the relay does not

operate on the polarity of the potential which

it originally encountered in the incoming trunk
circuit at the terminating office. When the called
subscriber answers however, the incoming trunk
circuit causes a reversal of polarity of the battery
over the incoming trunk, as hereinbefore set
forth, and the supervisory relay 1727 of the dis-
trict trunk thereupon operates. The operation
of relay 1721 connects the ground previously
traced to its armature, over its front contact
and the lower back contact of relay 1709, to the

~armatures of interrupters (729 and 1730 which

control the charging operations of the district
trunk circuit. Upon the closure of the contacts
of interrupter (728, relay {710 operates through
its lower winding and locks over its lower front
contact under control of the operated relay {7121.
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Interrupter 1730 closes its contacts after inter--
rupter 1729 has functioned and completes a cir-
cuit from ground previously traced to its arma-
ture, over the upper front contact of relay 1710,
to battery through the winding of charge relay
1709. Relay 1709 operates and locks jointly over
its lower inner front contact to ground over the
lower outer front eontact of relay 1707 and over
its lower middle front contact to ground previous-
ly traced to the armature of relay 1121. Relay
1709, in operating, releases relay 1710; closes a

-circuit from the back contact of relay 1721, over

its upper middle front contact to conductor 1131
which extends to a common time alarm circuit
(not shown) which functions as will later be set
forth under the description of the disconnection
of the subscribers; connects a ground over its
lower outer front contact to sleeve conductors
1438 and 1721 to hold the holding magnets of the
line, district and office switches; and closes, in

" part, the message register circuit which may be
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traced from ground through the winding of mes-
sage register 1408 associated with the line cir-
cuit of the calling station 1400, a contact of
cross-points {407 and (410 of the primary and
secondary line switches, conductor 1437, upper
inner front contact of relay 1709, upper outer
front contact of relay 1720, to the lower outer
front contact of the as yet unoperated message
register relay 1706.

‘The calling and called subscribers are now in
communication over the completed connection
which may be traced as follows: From the calling
station 1400, tip and ring line conductors 1403
and 1404, two upper contacts of cross-point 1407
of the primary line switch, two upper conductors
of line link (409, two upper contacts of cross-
point 1410 of the secondary line switch, conduc-
tors 1434 and 1435, two upper inner front con-
tacts of relay 1707, two upper inner back con-
tacts of relay 1719, to transmission condensers
1724 and 1725 and to ground and battery sup-
plied through the windings of relay {726. From
the other side of condensers 1724 and 1725 the
transmission circuit extends over two upper back
contacts of relay 1719, two upper front contacts
of relay 1107, conductors 1722 and 17123, two up-
per contacts of primary district switch cross-
point 2004, two upper conductors of “A” trunk
2010, two upper contacts of crosspoint 2007 of
the secondary district switch, two upper conduc-
tors of “B” trunk 2013, two upper contacts . of
crosspoint 4107 of the primary office switch,
two upper conductors of “C” trunk 4113, two
upper contacts of crosspoint 4410 of the
secondary office switch, tip and ring conduc-
tors 4135 and 4136 of outgoing trunk 4114,
through the intermediate office selector 4500, over
the incoming trunk conductors 4502 and 4503,
front contacts of relays 4504 and 4506, to trans-
mission condensers 4532 and 4531 and to bat-
tery and ground through the windings of relay
4505. From the other side of condensers 4531
and 4532, which also connect to ground and bat-
tery through the windings of relay 4529, over
upper back contacts of relays 4524 and 4523,
conductors 4508 and 4509, two contacts of cross-
point 5900 of the primary incoming switch, up-
per conductors of “A” trunk 5906, upper contacts
of crosspoint 5903 of the secondary incoming
switch, upper conductors of “B” trunk 5912, up-
per contacts of crosspoint 8116 of the primary
final switch, upper conductors of “C” trunk 6130,
upper contacts of crosspoint 6117 of the sec-

- 8120 to the called station $142. -

ondary flnal switch, and over the called line

Subscriber release

At the termination of the conversation the
replacing of the receiver on the switch-~hook at
the calling station 1400 opens the calling sta-
tion loop extending to the windings of relay (726
of the district trunk shown in Fig. 17. "Relay
1728 releases and extends the ground previously
traced to its back contact to the armature of
interrupter 1732. When interrupter {732 closes
its contacts, the message register relay 1708 op-
erates through its lower winding and.locks over
its'lower inner front contact to the ground over
the back contact of relay 1728. Relay (108, in
operating, grounds the armature of interrupter
1133; supplies a supplementary locking ground
for relays 1709 and (720 to hold these relays op-
erated upon the subsequent release of relay 1107;
and extends the message register conductor 1431,
previously traced to its lower outer front con-
tact, to the lower outer back contact of operated
relay 17107. When interrupter 1733 closes its con-
tacts it locks relay 1708 through the upper wind-
ing of that relay and this locking ground further
extends, over the upper front contact of relay
1106, to battery through the winding of relay
1719. Relay 1719 operates and opens the bridge
consisting of relay {121 and retardation coil 1728
from across the tip and ring conductors 1722 and
1728 extending toward the terminating office
thereby releasing relay 1727 and causing the in-

- coming trunk circuit in the terminating office

to function as will be set forth in subsequent
paragraphs. The operation of relay (719 also
opens the locking circuit through the lower wind-
ing of relay 1706 which holds through its upper
winding, as set forth above, and, in addition,
opens the locking circuit for relay 1707. Relay
1707 releases and completes the message register
operating circuit. This circuit may be traced
from battery, through resistance 1108, lower outer
back contact of relay 1707, lower outer front con-
tact of relay 1706, upper outer front contact
of relay 1720, upper inner front contact of charge
relay 1709, conductor 1437, and over.a previously
traced circuit to ground through the winding of
message register 1408 which is associated with
the calling' station 1400. Message register 1408
operates and records a completed call. When in-
terrupter 1733 again opens its contacts, relay
1706 releases. The release of relay 17106 releases
relays 1709 and 1720. The release of relay 1709
removes the ground from control conductors 1436
and I721. The removal of ground from conduc-
tor 1436 releases hold magnets 1415 and 1433 of
the primary and secondary line switches which
causes crosspoints 1407 and (410 of those switches
to restore to normal. The removal of ground
from conductor 1721 releases hold magnets 2006
and 2009 of the primary and secondary district
switches, and hold magnets 4109 and 4112 of the
brimary and secondary office switches. The re-

lease of magnets 2006 and 2009 restores cross-

points 2004 and 2007, respectively, of the district

. switches, while the release of magnets 4109 and

4112 restores crosspoints 4107 and 4110, respec-
tively, of the office switches thereby restoring
that portion of these circuits, which was used for
the connection described, to normal. The re-
lease of relay 1706 also completes the circuit
from battery through resistance 1708, lower outer
back contact of relay 1701, its lower inner back
contact, contacts of jack 1705, to conductor 1704
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. which extends to the associated sender selector

10

circuit. This battery again indicates to the send-

er selector’ circuit that the district trunk shown
in PFig. 17 is normal and available for use on
another connection.

In the event that the called subscriber discon-
nects, but the calling subscriber fails to do so,
an alarm indication is given in the following
manner: When the called subscriber disconnects,
the incoming trunk circuit at the terminating
office functions as will be set forth later and re-
verses the polarity of the potential over the trunk
to the originating office. Polarized relay 17127 of
the district trunk releases on this reversal of
polarity and completes a circuit from ground
over the inner back contact of relay 171{, back
contact of relay 1727, over the upper outer front
contact of the operated relay 1709, and over con-
ductor {7131 to a time alarm circuit (not shown)
which functions, after an interval, and gives an
alarm indication of the failure of the calling
subscriber to disconnect at the termination of

- the conversation.
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On calls to an operator, the line, sender selec-
tor, originating sender, originating decoder
marker connector, originating decoder marker,
and ‘district and office frame circuits function
in a manner similar to that hereinbefore set
forth except that the decoder marker, from the
information it receives from the sender regarding
the number dialed by the calling subscriber,
routes the connection to an operator’s trunk in-
stead of to an outgoing trunk. In addition, the
decoder marker connects ground to conductor
1117 instead of IT15 of the district trunk. Under
this condition, relay {119 operates to the ground

. over conductor 1717 and locks to ground over the

lower inner front contact of relay {718, this latter
relay, together with relay 1712, having operated

in the same manner as on a regular through con-

nection. The operation of relay 1718 opens the
bridge of relay 1721 and retardation coil 1728
from across the operator’s trunk and relay 1721
therefore does not operate. With relay 1727 un-
operated, the circuit to the armature of charge
interrupters 1729 and 1730 is open and the charg-
ing feature is therefore inoperative. The opera-
tion of relay 1719 also opens the circuit to the
armature of the disconnect interrupter (732
thereby making the disconnect feature ineffec-
tive.

Returning now to the incoming trunk circuit
shown in Pig. 45, the replacing of the receiver

on the switchook at the called station 6142 opens

the circuit through the windings of the called
supervisory relay 4529 which releases. The re-
lease of relay 4529 removes one of the grounds
from conductor 4510 over which the incoming
and final switches are being held, and also re-
leases relay 4508. The release of relay 4504 re-

verses the polarity of the potential supplied over.

the incoming trunk and causes the release of
supervisory relay 1721 of the district trunk ecir-
cuit in the originating office, as hereinbefore set
forth, if this latter relay has not already released
in response to the disconnection of the calling
subscriber. Assuming that the calling subscriber
has disconnected, the district trunk has opened
the bridge across the outgoing trunk, as previous-
1y stated, and relay 4505 of the incoming trunk
circuit thereupon releases., The release of relay
4505 opens the locking circuit for relay 4506
which releases. The release of relay 4506 again
connects ground and battery, in parallel with
ground and battery through the windings of relay
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45085, to the tip and ring conductors 4502 and
4508 of incoming trunk 43501, and removes the
ground from the sleeve or control conductor 4510,
The removal of ground from conductor 4510 re-
leases hold magnets 5902 and %904 of the pri-

" mary and secondary incoming switches, respec-

tively, and also hold magnets 6110 and 6112 of
the primary and secondary final switches, respec-
tively. The release of hold magnets 5802 and
5904 cause the assoclated crosspoints 5900 and
5903 to release, thereby opening the “A” trunk
§906 and the “B” trunk 5812 and restoring that
portion of the incoming switches used for this
connection to normal. The release of hold mag-
nets 6110 and 6112 causes the associated cross-
points.6116 and 8117 to release, thereby opening
the “C” trunk 6130 and the connection to the
called line 6120, thus restoring that portion of
the findl switches used for this connection to
normal.

Should the called subscriber fail to disconnect
at the termination of the call, relay 4529 remains
operated over the called station loop. The dis-
connection of the calling subscriber causes the
district trunk circuit to function, as hereinbefore
set forth, and opens the bridge across the incom-
ing trunk 4501. Relay 4505 thereupon releases
and opens the locking circuit for relay 4506 which
also releases. A circuit is thereupon completed
from ground over the left front contact of the
operated relay 4529, lower back contact of relay
4506, conductor 4535, through the winding of
relay 4537 of the timing circuit 4533, to the left
contact of interrupter 4538. The release of relay
4506 also opens one of the grounds from con-
ductor 4510, the incoming and final switch hold
magnets remaining operated to the ground over
the right front contact of relay 4529 under con-
trol of the outer back contact of relay 4534 of
the timing circuit. The first closure of the left
contact of interrupter 4538 operates relay 4537
which locks to battery over its inner front con-
tact and connects the right contact of interrupter
4538 to the winding of relay 4534. After a prede-
termined interval, interrupter 4538 opens its left
contact and closes its right contact thereby oper-
ating relay 4534. The operation of relay 4534

opens the ground from conductor 4510 and the -

operated hold magnets of the primary and sec-
ondary incoming and final switches thereupon
release and restore the associated crosspoints to
normal. Relay 4529 releases upon the opening
of conductors 4508 and 4509 thereby releasing
relay 4537 of the timing circuit and restoring the
incoming trunk circuit to normsal. As indicated
by multiple strap 4536, the timing circuit 4533 is
common to a number of incoming trunk circuits,
relay 4534 being provided with as many sets of
back contacts as there are incoming trunks which
are served by the timing circuit, Should the in-
coming trunk be reseized before relay 4534 has
had time to function and open the ground from
the control conductor 4510, the incoming trunk,
sender selector and terminating sender circuit
function in the manner previously described,
registering the desired number and signaling the
originating sender to close through the connec-
tion to the incoming trunk circuit. The incom-
ing trunk circuit thereupon signals the terminat-
ing sender, in the regular manner, that trunk
closure has taken place and the terminating
sender closes a ground to conductor 4518 of the
incoming trunk circuit as hereinbefore set forth.
This ground on conductor 4518 operates relay
4523 of the incoming. trunk circuit which opens
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the ground from-conductor 4510 and causes the
release of the incoming and final switch hold
magnets in the same manner as the operation of
the timing circuit relay 4534 did. From this point
on the second incoming call proceeds as previous-
ly set forth for the connection described.

Called line found busy

In the foregoing description of the completion
of the connection to the called subscriber at sta-
tion 6142 it was assumed that the called line 6120
was idle and the connection was completed ac-
cordingly. Had the line been busy or had the
called subscriber initiated a call following the
initial test of his line by the terminating decoder
marker this latter circuit would perform certain
functions which will subsequently be set forth.
It was further assumed that the desired line 6120
was an individual line and not one of a group
of P, B, X. lines. The operation of the terminat-
ing decoder marker in connection with the estab-
lishment of a connection to a line of a P. B. X,

group may entail several additional operations

depending upon the size of the P. B. X. group and
also upon the conditions encountered on the lines
contained therein, These additional operations
will be described hereinafter. In addition to the
foregoing assumptions it was further assumed
that the terminating decoder marker encoun-
tered an idle “A”, “B” and “C” trunk channel
between the incoming trunk circuit and second-
ary final frame having access to the called line.
It is possible, however, for the terminating de-

coder marker to find all suitable channels un- :

available, in which case the connection is routed
to an overflow trunk in the manner set forth in
subsequent paragraphs.

Let it now be assumed that the called line 620

. Is busy at the time that the terminating decoder

marker makes its initial test of this line by com-
pleting the circuit from battery through the
winding of line test relay 5414 to the sleeve or
test conductor 6421 of the line-over g cireuit which
has previously been traced. Conductor 6421 has
ground connected to it over the lower contact of
some operated secondary final switch crosspoint
which has closed to complete the connection
which makes line 6120 busy. The line test relay
5414 therefore operates and completes a circuit
from the previously traced ground on its arma-
ture (the ground which operated relay 5404 in
the case where line 6{20 was idle as previously
described) and over its front contact, back con-
tact of relay 5424, conductor 5431, to battery
through the winding of busy relay 5602. Relay
5602 operates and locks over its lower inner front
confact to the off-normal ground on conductor
5302. The operation of relay 5602 causes the
call to be routed to one of a group of trunks for
busy lines by performing functions hereinafter
described. The operation of relay 5602 opens the
locking circuit for hold magnet 5503 of the trans-
lator switch 5500 thereby causing that hold mag-
net to release and in turn restore crosspoint 5504
of the translator switch. The restoring of cross-
point 5504 opens all conductors extending from
the contacts of that crosspoint including con-
ductors 5506 and 5507. The opening of conduc-
tors §506 and 5507 releases final frame relays 5700
and $701 which, in turn, release final frame con-
nector relay 5708.
opens all connections between the decoder mark-
er and the final frame and also removes the
ground from conductor 5709 thereby releasing
check relay 5316 of the decoder marker. The

The release of relay 5708

93

release of relay 5318 opens the operating circult
for relay 5800 of the incoming frame connector
circuit. Relay 5800 releases in turn releasing
connector relay 8803 which opens the connec-
tions between the incoming trunk frame and the
decoder marker, The incoming frame connector
circuit is released at this point to prevent the

occurrence of a tie-up which would prevent an- -

other decoder marker, already connected to the
same final frame previously connected to by the

first marker, from establishing connections to.

this same desired incoming frame. For this
reason the definite sequence of first seizing a
final frame and subsequently seizing or reseizing
an incoming frame is always followed.

The aforementioned operation of busy relay
5602 also closes the start conductors to the final

frame over which the busy line trunks may be -

reached and closes circuits similar to those closed
by cross-point 5504 of the translator switch, for
the purpose of establishing a connection between
the incoming trunk circuit ahd the busy line
trunk. The start circuit for the final frame con-
nector circuit may be traced from battery through
the windings of the marginal trouble detecting
relays 5604 and 5608 over two upper front con-
tacts of relay 5602, to conductors 5620 and 5621,
corresponding to start conductors 5507 and 5506

of the final frame connector circuit shown in Fig.

57, and which cause the final frame containing
the busy line trunks to be connected to the
decoder marker in the same manner as that de-
scribed when conductors 5506 and 5507 were
closed by the operation of the translator switch
cross-point §504. The contacts of relay 5602
which close the partially indicated conductors
5620 to 5625, inclusive, perform functions identi-
cal with. those performed by the six contacts of
the translator switch cross-points such as cross-
point §504. Conductors 5620, 5621, and 5622,
which correspond to conductors 5506, 5507, and
5505 extending from cross-point 5504, close simi-
lar circuits (not shown) for establishing connec-
tions between the final frame and the decoder
marker and for connecting the proper group of

twenty lines to the twenty line relays 5400 to

5407, inclusive. Conductors 5623, 5624, and 5625,
which correspond to conductors 5013, 501 i, and
5508 of cross-point 5504, close similar circuits
(not shown) for establishing connections between
the incoming frame and the decoder marker and
for selecting the proper groups of “A” and “B”
trunks. The test conductors of the “A”, “B” and
“C” trunks are connected to the windings of the
channel testing relays 5120 to 5123, inclusive, in
the manner hereinbefore set forth and the de-
coder marker proceeds with its functions as previ-
ously described in connection with the call to line
6120. By the opening of its lower next-to-inner
back contact, relay 5602 opens the previously
traced circuit over which ground was connected
to the armature of relay 5414 which is associated
with the operated line relay 5404. The operation
of relay 5602 also operates relay 5317 in a circuit
from battery through the winding of relay 5311,
over conductor 5330, to ground over the upper
inner front contact of relay 5602. The operation
of relay 5317 opens conductor, 5328 thereby open-
ing the circuit over which the ringing control
relay of the incoming trunk circuit would nor-
mally operate, and opens conductor 5322 over
which relay 5608 of the P. B. X. progress circuit
originally operated. A circuit is also completed,
by the operation of relay 5602, from ground over
the right back contact of relay 5321, over conduc-
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tor 5329, lower outer front contact of relay 5602,
conductor 5626 which extends to one of the ter-
minals of the connecting block 5621, over the right
back contact of one of the relays 5609, 5613, 56185,
5617 or 5619, to batterythrough the winding of one
of the P. B. X. progress relays 5608, 5612, 6614,
5616, or 5618 which operates and performs func-
tions, in connection with the operation of the
proper twenty-line final connector circuit relay,
such as relay 6102, for connecting the group of
lines containing the busy line trunks to the
decoder marker, similar to the functions previ-
ously performed by relay 5608. The operation of
relay 5602 also completes a circuit to supply
ground to the armature of one of the line testing
relays 5410 to 5411, inclusive, which is associated
with the line relay, one of the relays 5400 to 5401,
inclusive, which corresponds to the number as-
signed to the first line busy trunk of the group.
This circuit may be traced from ground over the
front contact-of relay 5325 (which reoperated in
series with a relay such as relay 6102 or 6103 upon
the reestablishment of connections between the
decoder marker and the final frame), over con-
ductor 5321, left outer back contacts of relays
5617, 5615, 5613, 5608 and 5619, lower next-to-
inner front contact of relay 5602, partially indi-
cated conductor 5628 which is cross-connected
(connection not shown) to one of the terminals of
connecting block 5432, to the armature of the
proper relay 5410 to 5417, inclusive. From this
point on the connection is completed to an idle
busy line trunk in the same manner as previously
described for the completion of the connection to
the called line 6120. The busy line trunk (not
shown) is arranged to connect a distinctive au-
dible signal backover the entire connection. This
audible indication is transmitted to the calling
subscriber as a signal that the called line is busy.
Busy line trunks are provided in groups which
may vary in size depending upon traffic condi-
tions. The decoder marker, in attempting to
establish a connection to a busy line trunk, may
find any number of these trunks busy, in which
case it will consecutively test the lines until an
idle one is found in the same manner as it does
when testing for an idle line of a P.B. X, group,
which latter operation is set forth in the subse-
quent paragraphs. '

P. B. X. testing

Referring now to Fig. 61 it will be noted that
each of the twenty-line group selecting relays,
such as relays 6102, 6103, 6106 and 6107, in addi-
tion to having one pair of contacts for closing
the circuits from the test conductor and the asso-
ciated secondary final switch hold magnet wind-
ing for each of the twenty lines which it is asso-
ciated with, is also provided with an additional
‘front contact for each of the twenty lines. These
additional front contacts are connected, by means
of multiple straps such as 6143 to 6146, inclusive,
to the test conductors of their associated lines if
these lines represent first or intermediate lines of

a P. B. X. group. Where the line is the last line.

of a P. B. X. group this multiple strap is omitted
as is also the case of an individual line such as
line 6120 was assumed to be in the foregoing
description. These additional front contacts, if
strapped, extend the test conductors of the asso-
ciated lines over the final frame connector relay
contacts to the windings of the auxiliary line test
relays 5420 to 5427, inclusive, of the decoder
marker. For example, assuming now that line
6120 is the first line of a P. B. X. group, test con-
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ductor 6121, in addition to extending to the wind-
ing of line test relay 5414 over a previously traced
circuit, also extends over multiple strap 6148, a
front contact of relay 6102, conductor 847, &
front contact of relay 5708, conductor §722, to the
winding of the auxiliary line test relay 5424.
Should line 6120 be busy when tested by the
decoder marker, the ground on its test conductor
6121 therefore operates not only line test relay
5414, but also the auxiliary relay 5424. The oper-
ation of relay 5414 opens the circuit to the wind-
ing of line relay 5404 while the operation of relay
5424 transfers the front contact of line test relay
5414 to the armature of the line test relay 5415
which is associated with the next line of the P. B.
X. group. Should this next line of the P. B. X.
group also be busy at this time its associated line
test and auxiliary relays 5415 and 5425 are also
operated and further transfer the circuit from
the armature of relay 5414 to the armature of the
next line test relay 5416. The first unoperated
line test relay encountered, signifying that its
associated line is idle, completes the circuit for
operating its associated line relay, such as relay
5406, for example. From this point on the con-
nection is completed in the manner identical with
that hereinbefore set forth from the point of the
operation of line relay 5404 in connection with
the individual line 6120 except that the proper
final switch magnet operates to close through

‘the connection to the first idle P. B. X. line en-

countered in the group which the called number
represents. As stated above, the last line of a
P. B. X. group is not connected to the winding of
its auxiliary line test relay and, in the event that
this last line is also busy, the decoder marker
functions to route the call to a busy line trunk in
the same manner as it does when it encounters
a busy individual line as has previously been de-
scribed. The groups of busy line trunks are
treated in the same manner as a group of P. B. X.
lines, the decoder marker functioning to select the
first idle busy line trunk in the manner identical
with its operation in selecting the first idle line
of a P. B. X. group.

As has hereinbefore been set forth, the decoder
marker is provided with twenty line, line test and
auxiliary line test, relays and is therefore capable
of testing but twenty lines at a time. Due to the
size of a P. B. X. group or due to the location of
its lines it may be necessary to test several
twenty-line groups before the first idle line is
encountered. For this purpose the decoder mark-
er is provided with a P. B. X, progress circuit con-
sisting of relays 5608, 5608, and 5612 to 5619,
inclusive, of Fig. 56. In the manner previously
described, the operations in the selecticn of the
particular called line are as follows: The opera-
tion of one of ten relays 6101 and 6108 under con-
trol of a translator switch cross-point identifies
that group of two hundred lines containing the
called line and closes circuits from the windings
of the ten twenty-line selecting relays associated
with that group of lines to the left front contacts
of the P. B. X. progress relays 5608, 5612, 5614,
5616, and 5618. One of these latter relays oper-
ates under control of the tens register relays
5212 to 5215, inclusive, and closes circuits from
the windings of two twenty-line selecting relays
of the selected two hundred-line group to the
contacts of the hundreds register relays 5208 to
5211, inclusive. The proper twenty-line selecting
relay (relay 6102 in the case of the connection
previously described) thereupon operates depend-
ing upon which of the hundreds register relays are
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operated. The operation of this twenty-line se-
lecting relay identifies the proper group of lines
of the particular two hundred-line group and con-
nects the test conductors of this group of lines to
the windings of the twenty line testing relays of
the decoder marker. On the previously described
call to line 6120, which represents the number
3168, it will be remembered that P. B. X. counting
relay 5608 operated identifying the 160 to {19
group of a two hundred-line group. Relay 6102
subsequently operated and connected the test
conductors of the lines representing the numbers
3160 to 3179 to the windings of the line test
relays. Assume now that the called line number
3168 represents the first line of a P. B. X. group
containing, say, for example, twenty lines. These
twenty lines then are actually the final numerical
lines 3168 to 3187, inclusive, although they are all
designated by the P. B. X. number 3168. It is
obvious, therefore, that the operation of the
twenty-line relay 6102 only connects a portion of
this P. B. X. group, the lines representing the
actual numbers 3168 to 3179, to the line testing
relays. Should the lines 3168 to 3119, inclusive,
all test busy on a call to the P. B. X. number 3168,
it is therefore necessary for the decoder marker
to transfer its testing operations to the next can-
secutively numbered group of lines, that group
containing lines 3180 to 3199, inclusive, to deter-
mine if any of the remaining lines 3188 to 3181,
inclusive, of the desired P. B. X. group are idle.
This is accomplished in the manner set forth
below. . :

Since it is assumed that the lines representing

5 the final numbers 3168 to 31719, inclusive, are all

busy, their associated line test and auxiliary line
test relays 5414 to 5417, inclusive, and 5424 to
5421, inclusive, all operate from the ground over
the test conductors of the busy lines. A circuit
is thereupon completed from ground over the
front contact of relay 5325, conductor 5321, left
outer back contacts of relays 5617, 5615, 5613,
5609, and 5618, a lower back contact of relays
5602, 560!, and 5600, conductor 5611, left back
contact of relay 5218, a left front contact of relay
5219, right front contact of relay 5216, right
inner front contact of relay 5217, conductor 5226,
& front contact of relay 5428 which previously
operated under control of the operated tens reg-
ister relays 5212 and 52185, over front contacts of
relays 5414, and 5424, 5415 and 5425, 5416 and
5426, and 5417 and 5421, over conductor 5433, to
battery through the winding of relay 5321. Re-
lay §321 operates and opens conductor 5322 there-
by opening the previously traced operating cir-
cuit for relay 5608 of the P. B. X. progress cir-
cuit. Relay 5609 thereupon operates in series
with relay 5608, both relays locking. .This oper-

ating and locking circuit may be traced from bat--

tery, through the winding of relay 5608, winding
of relay 5609, right front contact of relay 5608,
lower inner back contacts of relays 5600, 5601
and 5602, to the off-normal ground on conductor
$302. The operation of relay 5609 opens the cir-
cuit over conductor 5610 thereby releasing the
twenty-line final connecting relay 6{02 the con-
tacts of which had connected the line represent-
ing the numbers 3160 to 379, inclusive, to the
decoder marker. ‘The operated line test and aux-
iliary line test relays 5414 and 5417, inclusive and
5424 to 5421, inclusive, thereupon release and
open the operating circuit for relay 5321. The
release of relay 5321 again closes the original op-
erating circuit for relay 5608, but, since both
relays 5608 and 5609 are operated, the operating

ground extends over the right front contact of
relay 5609, and over the right back contact of
relay 8618, to battery through the winding of
the next P. B. X. progress relay 5618. Relay 5618
operates and closes a circuit for operating the
twenty-line final connecting relay associated with
the next consecutively numbered group of lines,
the lines representing the numbers 38180 to 3199
which include the remaining lines 3180 to 3181,
Inclusive, of the assumed P. B. X. group. This
operating circult may be traced from ground
through the right winding of relay 5325, con-
ductor 5326, left middle back contact of relay
5211, left next-to-outer front contact of the
operated hundreds register relay 5208, conductor
5224, left middle back contact of relay 5619, left
outer front contact of relay 5618, conductor 5630,
a front contact of relay 6708, conductor 6105, a
left front contact of relay 6101, to battery through
the winding of relay 6103. Relay 6103 operates
and closes circuits from the test conductors of
these aforementioned lines and from the wind-
ings of the secondary final switch hold magnets
associated therewith to the decoder marker in

95

[

20:

the same manner as relay 6102 did for the lines 25:

representing the final numbers 3160 to 3119, in-
clusive. .These test conductor and hold maghnet
operating circuits are not fully shown, being in-
dicated by the partially shown conductors 6148

to 6151, inclusive. The test conductors of these ¢

latter twenty lines are thereby connected to the
windings of the twenty line test relays and the
functioning of the circuit in the selection of an
idle line proceeds in the manner hereinbefore
set forth. - Should all lines of the P, B. X. group
test busy, the busy relay 5602 operates. as set forth
in the instance where the individual line 6120

was busy, since the multiple strap at the twenty-.

line final connecting relay is omitted on the last
line of a P. B. X. group just as though this last
line were an individual line. The operation of
relay 5602 causes the terminating decoder marker
to route the call to one of a group of busy line
trunks as previously set forth. A group of busy
line trunks is treated in the same manner as a
group of P. B. X. lines, the P. B. X, progress cir-
cuit of the decoder marker transferring its test-
ing operations from one group to the succeeding
group, if the busy line trunk group exceeds twen-
ty lines, or if its trunks are so located that they
extend into several twenty-line groups, in the
manner identical to that set forth above.

All “A”, “B”, “C” channels in terminating office
busy

In the foregoing description of the completed
connection to the called station 642 it was as-
sumed that the terminating decoder marker en-
countered an idle “A”, “B” and “C” trunk chan-

nel between the incoming trunk circuit and the,

secondary final switch having access to line 6120.
Channel testing relay 5123 remained unoperated
and provided an operating circuit for auxiliary
trunk relay 5i13 and end relay 5118 both of
which operated, stabilizing the channel select-
ing circuit and preparing operating circuits for
the hold magnets associated with the “A”, «“B”
and “C” trunks of the selected channel. Assume
now, however, that none of the channels are
available, all of the channel testing relays 5120
to 5123, inclusive, remaining operated through
one or more of their windings under control of
ground supplied over the test conductors of the
“A”, YB” or “C” trunks with which these relays
are -associated at the time. Under this condi-~

40

GO

[¢5)




[

10

15

20

25

30

35

40

46

50

55

60

65

70

(£

96

tion & circuit is completed from battery through
the winding of relay 5132, front contacts of re-
lays 5123, 5122, 6121, and 5120, back contacts of
relays 5119 and 5103, front contact of relay 5102,
to the off-normal ground on conductor 5302. Re-
1ay 5132 operates and closes a circuit from ground
over its front contact, conductor 5138, to bat-
tery through the winding of the overflow relay
5601 which operates. The contacts of relay 5601
are connected to points similar to those connected
to by the corresponding contacts of busy relay
5602 and close circults which perform similar
functions except that, in this instance, the call

is routed to one of a group of overflow trunks.

instead of to one of a group of busy line trunks
as was the case where relay 5602 operated. The
circuits extending from the contacts of relay 5601
are not shown since the manner of their con-
nection will be obvious from the preceding de-
scription of the operation performed by relay
5602 in connection with the disposition of a call
encountering a busy line. The overflow trunk
(not shown) to which the call is routed when
no available trunk channel is found is arranged
to supply a distinctive audible signal which ex-
tends back over the entire connection and is an
indication to the calling subscriber that the call
is not completed and that it is necessary to insti-
tute a second call in attempting to reach the
desired called station.

At the time that the terminating .decoder
marker makes its second test of the called line
to determine if a call has been initiated over this
line since its initial test by the decoder marker,
it also tests the called line to determine whether
it is a regular or an intercepted line. As here-
inbefore set forth, these testing operations are
performed by the polarized relays 5109 and 5114,
relay 5109 operating and relay 5114 releasing, in
the event that a call has been initiated over the
called line since its initial test, and operating
busy relay 5602 over conductor 5431 from the
previously traced ground on conductor 5128 there-
by causing the connection to be routed to a busy
line trunk in the manner previously set forth.
In the event that the line is idle but is also an
intercepted line, there is neither ground nor bat-
tery on its test conductor and therefore both
relays 5108 and 5114 remain unoperated. Un-
der this condition a circuit is completed from
ground over the front contact of relay 5408
(which operated in series with one of the line
relays 5400 to 5407, inclusive), over conductor
5128, back contacts of relays 5114 and 5109, con-
ductor 5134, to battery through the winding of
the intercepting relay 5600 which operates. The
contacts of relay. 5600 extend to points similar
to those to which the corresponding contacts of
pusy relay 5602 extend and perform similar func-
tions except that in this instance the call is
routed to one of a group of intercepting opera-
tor trunks (not shown) and the call is answered
by an intercepting operator who advises the call-
ing subscriber that the called station is not avail-
able. Conductors 5631, 5632, and 5633 extend
from the conductors over which relays 5600,
5601, and 5602, respectively, are operated and

" connect to register devices (not shown) which

record the number of times that each of these
relays operates under the conditions set forth
above.

The terminating decoder marker is provided
with relays for detecting trouble conditions on
the various control conductors extending to the
decoder marker and is also provided with time
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measure and alarm circuits which functfon to

give an alarm indication under various abnormal
conditions which the decoder marker may en-
counter. The manner in which the trouble de-
tecting relays and the time measure and alarm
circuits function is set forth in the succeeding
paragraphs.

The sixteen conductors, such as conductors
5809 and 5810, which extend from the front
contacts of the trunk pattern relays 5000 to
5007, inclusive, and which, during the function-
ing of the decoder marker, are used for asso-
ciating the test conductors of the “A” trunks
to the left windings of the channel testing re-
lays 5120 to 5123, inclusive, also connect to the
armatures of cut-off relays 5019 and 5020 and
over the back contacts of these latter relays to
battery through the right winding of trouble
detecting relay 5022, With the decoder marker
normal, a false ground on any of the conductors
5809, 5810 operates relay 5022. Relay 5022 locks
through its left winding over conductor 5024 to
a ground in an alarm circuit (not shown) and
connects a ground to conductor 5023 which ex-
tends to the alarm circuit and causes that cir-
cuit to function and give an alarm indication
of this aforementioned trouble condition. As
soon as the decoder marker is selected for use
in the establishment of a connection, the opera-

_tion of its start relay 5300 grounds the off-normal

ground conductor 5302 and thereby operates the
cut-off relays 5019 and 5020 which open the
circuits to the left winding of relay 5022 and in
this manner prevent an alarm indication from
being brought in during the normal functioning
of the decoder marker.

The ten conductors, such as conductors 5712
and 5713, which extend from the right armatures
of the ten auxiliary trunk relays 5110 to 513,
inclusive, to the armatures of a final frame con-
nector relay, such as relay 5708, and ultimately
to the windings of the ten final secondary switch
select magnets, are also connected to armatures
of cut-off relay 5021 and thence over back con-
tacts of this latter relay to battery through the
right winding of trouble detecting relay 5022.

A false ground on any of the conductors 5712,

5713 when the decoder marker is normal operates
relay 5022 which functions-to bring in an alarm
indication in the manner set forth in the preced-
ing paragraph. As soon as the decoder marker
is selected for use, cut-off relay 5021 operates
from off-normal ground on conductor 5302 and
opens the circuit to the left winding of relay 5022
to permit the normal operations of the decoder
marker to proceed without bringing in an alarm
at the time that the final secondary switch se-
lect magnet operating circuit is completed.
Battery, through the winding of trouble de-
tecting relay 5135, is connected to each of the
three windings of the ten channel testing relays,
such as relays 5120 to 5213, inclusive, at all times
when the terminating decoder marker is normal.
The other ends of the three windings of each
channel testing relay connect to conductors over
which connections are extended to the “A”, “B”
and “C” trunk test conductors when the decoder
marker is in use. Should any of these conduc-
tors extending from the windings of the channel
testing relays become falsely grounded when the
decoder marker is idle, relay 5135 operates and
connects a ground over conductor 5136 to bat-
tery through the right winding of trouble detect-
ing relay 5022. Relay 5022 operates, locks, and
causes an alarm indication to be given in the
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manner hereinbefore set forth. When the ter-
minating decoder marker is selected, the opera-

tion of its start relay 5300 connects off-normal

battery to conductor 5303. This off-normal bat-
tery connects directly to the windings of the
channel testing relays thereby short-circuiting
the winding of trouble detecting relay 5135 and
making this checking feature inoperative during
the normal functioning of the decoder marker.
The operating battery for the line relays, such
as relays 5400 to 5407, inclusive, is supplied
through the windings of trouble detecting relay
5409 and line end relay 5408 in series. Relay 5409
has marginal characteristics and does not receive
sufficient current to operate in the normal cir-
cuit through its winding in series with-the wind-
ing of relay 5408 and the winding of any one
line relay. However, should the windings of

several line relays become grourded simultane-'

ously due to a trouble condition such as the cross-
ing of adjacent contacts of a final frame connect-
ing relay, such as relay 5708, relay 5409 receives
sufficient -current to operate. The operation of

- relay 5409 grounds conductor 5419 which extends

to battery through the winding of the master
trouble detecting relay 5129. Relay 5129 locks
over its right front contact to the off-normal
ground on conductor 5302 and opens conductor
5130 over which the regular release indication is
normally transmitted to the terminating sender
in the manner hereinbefore set forth. The ter-
minating sender is therefore held and in turn
holds the decoder marker connector and termi-
nating decoder marker circuits, Under this con-
dition the timing circuits of the decoder marker
function, as will subsequently be set forth, to
give an alarm indication and effect a trouble re-
lease of the decoder marker.

The operating battery for the final frame con-
nector start relays, such as relays 5700 and 57101,
is supplied through the windings of marginal
trouble detecting relays 5604 and 5605 respec-
tively. These latter relays operate only if, due
to a trouble condition, they are energized through
the windings of more than one final frame con-
nector start relay. In operating, relay 5604 or
§605, or both, ground conductor 5419 and thereby
operate the master trouble detecting relay 5129
which functions as set forth above,

The operating battery for the incoming frame
connector start relay, such as relay 5800, is sup-
plied through the winding of marginal trouble
detecting relay 5318 which receives sufficient cur-
rent to operate only if, due to a trouble condition,

the battery through its winding extends to ground

through the winding of more than one incoming
frame connector start relay. Relay 5318, if op~
erating, grounds conductor 5419 thereby operat-
ing the master trouble detecting relay 5129 which
functions as set forth above. ) .
At the time of the seizure of the terminating
decoder marker the operation of its start relay
5300 closes a circuit from ground over its upper
inner front contact to the armature of inter-
rupter 533{. Upon the first closure of the left
contact of interrupter 5331 this ground is extend-
ed over the back contact of relay 5333 to battery
through the winding of relay 5332. Relay 5332
operates, locks over its lower front contact to the
ground on conductor 5361, and closes, in part,
the operating circuit for relay 5333. When inter-
rupter 5331 subsequently functions and closes its
right contact, relay 5333 operates from battery
through its winding, back contact of relay 5331,
upper front contact of relay 5332, to the ground

o7

over the right contact of interrupter 5331. Re-
lay 5333, in operating, locks over its lower inner
front' contact to the ground on conductor §301:
closes, in part, the operating circuit for relay
5337; and operates relay 5334 in a local circuit.
The speed of interrupter 5331 is such that the
terminating decoder marker can complete its
normal functions and release, thereby releasing
start relay $308 and removing the ground from
conductor 5301 and the armature of interrupter
§331, before relay 5333 can operate and in turn
operate relay 5334. Should the terminating
decoder marker encounter any trouble which pre-
vents its normal release, relay 5333 operates and,
in turn, operates.relay 5334, Relay $334, in op-
erating, operates relay 5335 locally. Relay 5335,
in operating, grounds conductor 4942 which op-
erates relay 4917 of the decoder marker con-
nector circuit. Relay 4917, in operating, makes
this' decoder marker circuit test busy to all de-
coder marker connector circuits by causing the
operation of relays similar to relay 4805, of the
other decoder marker connector circuit in the
manner previously set forth, The operation of
relay 5335 also extends the trouble release con-
ductor 4943 from the decoder marker ‘connector
circuit, over the lower front contact of start re-
lay 5300, over its own left inner front contact,
to the inner front contact of relay 5338 and the
lower outer armature of relay 5338, and also op-
erates relay 5339 locally. The operation of relay
5339 closes the circuit over conductors 5340 and
5341 which extend to a trouble indicator circuit
(not shown). This trouble indicator circuit funec-

- tions to attach itself to the terminating decoder

marker and records the conditions which have
caused the failure of that ecircuit. Having ob-
tained this record, the trouble indicator circuit
returns a ground over conductor 5341, This
ground extends over the trouble release conduc-
tor 4943 to the decoder marker connector circuit
which functions, in the manner hereinbefore set

. forth, releases the terminating decoder marker,

and establishes connections between the termi-
nating sender and another terminating decoder
marker for a second trial.

The timing circuit of the decoder marker con-
tinues to function during the interval in which
the trouble indicator circuit is attached to the
marker. In the event that the trouble indicator
circuit fails to return a ground over conductor
5341 for the purpose of releasing the decoder
marker, this latter circuit will attempt to release
itself and also give an alarm indication that the

‘trouble indicator circuit has failed to effect the

release. This is accomplished in the following
manner: With relays 5332 and 5333 both
operated, as previously set forth, the next closure
of the left contact of interrupter 5331 operates
relay 5337 which locks over its lower front con-
tact. The subsequent closure of the right con=-
tact of interrupter 5331 operates relay 5338. Re-
lay 5338, in operating, locks to ground on con-
ductor 5301 and connects ground over conductors
5345 to an alarm circuit (not shown) which
functions to give an alarm indication of the
failure of the trouble indicator circuit to release
the decoder marker. The operation of relay
5338 also connects ground over its upper inner
front contact to the frouble release conductor
4943 to cause the decoder marker connector cir-
cuit to release the terminating decoder marker and
function to make a second trial in'the manner
previously set forth. The normal time required for
the trouble indicator circuit to obtain its record
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of the trouble condition and bring about the re-
lease of the decoder marker is less than the time

- necessary for both relays 5337 and 3338 to operate

under control of interrupter 5331. No alarm indi-
cation is therefore given if the decoder marker
releases under control of the ground supplied
over conductor 5341 by the trouble indicator
circuit.

A ground is supplied jointly under control of
relays 5335 and 5339 to the upper armatures of
relays 5343 and 5344 and to the armature of
interrupter 5342, Should the decoder marker
connector circuit fail to effect the release of the
decoder marker upon the connection of ground to
the trouble release conductor 4943 by the opera-
tion of relay 5338, these aforementioned relays
and interrupter function to bring in a major
alarm since the decoder marker is now tied up.
The first closure of the upper contact of inter-
rupter 5342 operates relay 5343 which locks over
its upper front contact. The subsequent closure
of the bottom contact of interrupter 5342 operates
relay 5344 which also locks and connects ground
over conductors 5345 to a major alarm circuit
(not shown) which functions and gives an audible
and visual signal of the tie-up of the terminating
decoder marker. The time required for relays
5343 and 5344 to function under control of inter-
rupter 5342 is greater than that required for the
normal trouble release of the decoder marker by
the, decoder marker connector circuit and the
major alarm is therefore brought in only in the
event of the trouble release failure.

The release conductor 5i30 and the trouble re-
lease conductor 4943 which extend to the decoder
marker connector circuit are connected to bat-
tery through the lower and upper windings, re-
spectively, of relay 5336. Should either of these
conductors become falsely grounded at any time,
with the decoder marker normal relay! 5336
operates through one or the other of its windings.
The operation of relay 5336 grounds conductor
5301 and the decoder marker timing circuit re-
lays thereupon function, in the same manner as
when conductor 5301 was grounded by the opera-
tion of start relay 5300, and cause alarm indica-
tions to be given as set forth in the preceding
paragraph. When the terminating decoder
marker connector circuit releases, either under
the normal or the trouble release condition as

Thereinbefore described, the release of relay 48095

of the connector circuit removes the ground from
the terminating decoder marker start conductor
4914 thereby releasing the start relay 5300 of this
latter circuit. The release of relay 5300 removes
the off-normal ground from conductors 5301 and
5302 and the off-normal battery from conductor
5303. The various operated relays and magnets
of the terminating decoder marker, incoming
frame connector, incoming frame, final frame
connector, and final frame circuits thereupon re-
lease thus restoring these circuits to normal.

‘What is claimed is:

1. In a telephone system, a plurality of primary
line switches, groups of lines, each group ap-
pearing in one of said switches, a plurality of
secondary line switches, groups of trunks, said
secondary switches having access respectively to
said groups of trunks, links interconnecting said
primary and secondary switches, each primary
switch having access through separate links to
each secondary switch, means responsive to a call
in one of said line groups for testing & plurality
of said groups of trunks and for selecting one of
such groups for use, and means dependent on
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the group of lines initiating the call for deter-
mining which group of trunks is selected.

2. In a telephone system, a plurality of primary
and secondary cross-bar switches, groups of lines,
each group appearing in one of said primary
switches, groups of trunks, said secondary

switches having access respectively to said groups |

of trunks, links interconnecting said primary and
secondary switches, each primary switch having
access through separate links to each secondary
switch, means responsive to a call in one of said

line groups for testing all groups of trunks that:

may be reached through idle links and for se-
lecting one such group for use, and means de-
pendent on the group of lines initiating the call
for determining which group of trunks is to be
selected.

3. In a telephone system, primary line switches,

10

groups of lines appearing respectively in - said -

switches, secondary line switches, groups of
trunks, said secondary switches having access
respectively to said groups of trunks, links inter-

connecting said primary and secondary switches,

each primary switch having a separate link ex-
tending to each secondary switch, each link hav-
ing access to all trunks in the group appearing in
the corresponding secondary switch, means for
testing a plurality of groups of trunks and for

selecting one such group for use, and means de-

pendent on the calling group of lines for deter-
mining the trunk group to be selected.

4. In a telephone system, a plurality of primary
line switches, groups of lines, each group appear-
ing in one of said switches, a plurality of sec-
ondary line switches, groups of trunks, said sec-
ondary switches having access respectively to
said groups of trunks, links interconnecting said
primary and secondary switches, each primary
switch having access through separate links to
each secondary switch, means responsive to a
call in one of said line groups for testing a plu-
rality of said groups of trunks and for selecting
one of such groups for use, and means effective
when more than one trunk group has an idle
trunk therein for selecting for use the group pre-
ferred by the group of lines making the call, each
group of lines preferring a different group of
trunks.

5. In a telephone system, a plurality of primary
line switches, groups of lines, each group appear-
ing in one of said switches, a plurality of sec-
ondary line switches, groups of trunks, said sec-
ondary switches having access respectively to said
groups of trunks, links interconnecting sald pri-
mary and secondary switches, each primary
switch having access through separate links to
each secondary switch, means responsive to a call
in one of said line groups for testing a plurality
of said groups of trunks and for selecting one of
such groups for use, means dependent on the
group of lines initiating the call for determining
which group of trunks is selected, means for
selecting an idle trunk in the selected group, and
means for then operating the primary and sec-
ondary switches to extend the line to the selecte
trunk. :

6. In a telephone system, groups of lines,
groups of recording devices, primary switches,
means for extending said lines to any one of said
primary switches, secondary switches having
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access respectively .to said groups of recording -

devices, links interconnecting said primary and
secondary switches, means for testing a plurality
of sald groups of devices responsive to a call in

one of said line groups, and preference means
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effective in accordance with the particular pri-
mary switch to be used for extending the calling
line for determining which one of said groups of
devices is to be selected for use.

7. In a telephone system, groups.of lines, groups
of recording devices, primary switches, means for
extending said lines to any one of said primary
switches, secondary switches having access re-
spectively to said groups of recording devices,
links interconnecting said primary and secontlary
switches, means for testing a plurality of said
groups of devices responsive to a call in one of
said line groups, and means effective when more

.than one group has an idle device therein for

selecting for use the group preferred by the pri-
mary switch selected for use in extending the

-calling line, each primary switch preferring a

different group of said devices.
8. In a telephone system, groups of lines, groups

of senders, primary switches, means for extending. -

said lines to any one of sald primary switches,
secondary switches having access respectively to
sald groups of senders, links interconnecting the
primary and secondary switches, means for test-
ing a plurality of said groups of senders, means
effective in accordance with the particular pri-
mary switch used for extending the calling line
for determining which one of the tested groups of
senders is selected for use, means for selecting an
idle sender in the selected group, and means for
operating the primary and secondary switches to
extend the calling line to the selected sender.
9. In a telephone system, groups of lines,
groups of trunks, a plurality of primary selector
switches, saild trunk groups appearing respectively
in said primary switches, a plurality of secondary
switches, groups of senders, said groups of senders
accessible respectively through said secondary
switches, links interconnecting each primary with
each secondary switch, means effective in re-
sponse to a call in one of said line groups for
choosing any one of said groups of trunks having
an idle one therein for extending the call, means
for testing a plurality of sender groups, prefer-
ence means for selecting one of said sender groups
dependent on the trunk group selected for the
call, means for extending the calling line to an
idle trunk in the selected group, and means for
operating the primary and secondary switches to
exfend said trunk to an idle sender in the selected
group. :
10. In a telephone system, a group of lines, a
plurality of trunk groups accessible to said lines, a
line group control mechanism for controlling the

5 connection of said lines to said trunks, a plurality

of senders, sender selector control circuits, one
for each trunk group for controlling the con-
nection of said trunks to said senders, means
responsive to a call on one of said lines for causing
each of the said control circuits to make a pre-
liminary test to determine if there is an idle trunk
in the corresponding group having at least one
idle path to an idle sender, means effective if
more than one control circuit finds an idle path
for preferring one such control circuit and its
group of trunks and for connecting such control
circuit to said line control mechanism to the ex-
clusion of the other control circuits, means in the
preferred control circuit for making a final test
to select an idle trunk in the group and an idle
sender accessible thereto, and means effective if
all paths inciuding a trunk and a sender become
busy before one is selected for disconnecting said
preferred control circuit from said line group
mechanism,

99

11. In a telephone system, a group of lines,
a Dlurality of trunk groups for extending calls
from said lines, a plurality of recording senders,
sender selector and control circuits, one for each
of said trunk groups for effecting connections
between said trunks and said senders, means re-

sponsive to a call on one of said lines for causing

said control circuits to make preliminary tests of
the corresponding trunk group to determine if
there is at least one idle path from one of said
trunks through the sender selector to a sender,
means for preferring one of said control circuits
to the exclusion of all others in case several of
these circuits succeed in finding an idle path
on the preliminary test, means associated with the
preferred control circuit for making a final test
to select an idle trunk in the group and an
idle sender accessible thereto, and means effective
if all paths including a trunk and a sender become
busy after said preliminary test and before one
of sald paths is selected for use for dismissing
the preferred control circuit and for rendering
all of said control circuits effective to repeat said
preliminary tests. : o

12. In a telephone system, a first group select-
ing stage comprising a plurality of primary
switches and a plurality of secondary switches, a
second stage comprising a plurality of primary
and a plurality -of secondary switches, a set of
links interconnecting the primary and secondary
switches of said first stage, each primary switch
having a link leading to each of the secondary
switches, a second set of links interconnecting
the secondary switches of the first stage with the
primary switches of the second stage, a third set
of links interconnecting the primary and second-
ary switches of said second stage, each primary
switch having separate links leading respective-
ly to different secondary switches, a controlling
device common to all of said switches, means
for selectively connecting said device to the
switches in both stages, means in said device for

&
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testing and selecting links in all of said sets,

and means for operating the primary and second-
ary switches in both stages to extend a connection
over a link in each set through said stages.

13. In a telephone system, a first group select-
ing stage comprising a plurality of primary and
a plurality of secondary cross-bar switches, a
second stage comprising a plurality of primary

and a plurality of secondary cross-bar switches,

a set of links interconnecting the primary and
secondary switches of the first stage, each primary
switch having a link leading to each of the
secondary switches, a second set of links, each of
said second links interconnecting a different sec-
ondary switch of the first stage and a different
primary switch of the second stage, a third set
of links interconnecting the primary and sec-
ondary switches of the second stage, each primary
switch having separate links leading respectively
to different secondary switches, a controlling
marker common to all of said switches, means
for selectively connecting said marker to the
switches of both stages, means in said marker for
testing and selecting links in all of said sets, and
means for operating the primary and secondary
switches of both stages to extend a connection.

14. In a telephone system, a district stage
comprising a number of frames, each frame in-
cluding a plurality of primary and a plurality of
secondary switches, an office stage comprising a
number of frames, each frame comprising a plu-
rality of primary and secondary switches, a set
of links interconnecting the primary and sec-
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ondary switches of a district frame, each primary
switch having a link leading to each of the sec-
ondary switches, a second set of links leading

from the secondary switches of a district frame,

to the primary switches on all of said office
frames, & third set of links interconnecting the
primary and secondary switches of an office
frame, cach primary switch of the office frame
having separate links extending respectively to
the different secondary switches of such frame, a
number of markers, each common to all of the
switches on said frames, means for selectively
connecting any one of said markers to any of said
frames, means in each of said markers for testing

- and selecting links in all of said sets, and means

for operating the primary and secondary switches
of the district frame and the primary and second-
ary switches of an office frame to extend a con-
nection therethrough. .

15. In a telephone system, a number of selec-
tive switches, a group of trunks appearing in a
plurality of said switches, each trunk appear-
ing in only one switch, a switch controlling mark-
er common to said switches, means for connect-
ing said marker simultaneously to all of the
switches in which appear the trunks of a desired
group, means in said marker for testing all of said
trunks to locate an idle one, and means controlled
by said marker for operating the proper switch
to seize the idle trunk located by said test.

16. In a telephone system, a plurality of frames,
each comprising 2 number of cross-bar selector
switches, groups of trunks, each group having
half of its trunks appearing in the switches on one
frame and the other half of its trunks appearing
in switches on another frame, a plurality of switch
controlling markers common to the switches of all
frames, frame connectors, means for operating two
frame connectors to connect any one of said
markers to the pair of frames including the trunks
of a desired group, means in the marker for test-
ing all of said trunks to locate an idle one on
either of said frames, and means controlled by
said marker for operating the proper switch to
seize the idle trunk.

17. The combination in a telephone system of.

a plurality of switches, means for extending a
call to any one of said switches, a group of trunks
for further extending the call, said group divided
into a plurality of first choice subgroups and a
second choice subgroup, means for performing a
simultaneous test of all of the trunks of a sub-
group, means dependent on the switch to which
a call is extended for connecting said testing
means to a particular one of said first choice sub-
groups, and means effective if all trunks of a first
choice subgroup are busy for connecting said test
means to said second choice subgroup.

18. The combination in a telephone system
of a plurality of switches, means for extending
the call to one of said switches, a group of trunks
for further extending the call, said group divided
into a plurality of first choice subgroups and a
second choice subgroup, a marker common fto
said switches and having a series of test relays,
means dependent on the switch to which a call
is extended for connccting said relays to a par-
ticular one of said first choice subgroups, means
effective if all trunks of a first choice subgroup
are busy for disconnecting said relays therefrom
and for connecting them to the trunks of said
second choice subgroup.

19. In a telephone system, a plurality of se-
lective switches, three sets of links interconnect-
ing said switches, said sets being arranged in
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serial relation, a controlling mechanism common

to all of said switches, a series of festing relays
in said mechanism, each relay having three wind-
ings, one winding for a link in each of the three
sets, and means controlled by. the test for selec-
tively operating said switches.

20. In a telephone system, four sets of selec-
tive switches, a first group of links interconnect-
ing the first and second sets of switches, a second
group of links interconnecting the second and
third sets of switches, a third group of links in-
terconnecting the third and fourth sets of
switches, a marker common to all of said
switches, a series of testing relays in said marker,
each relay having three windings, one winding
for testing a link of each of the three groups,
and means controlled by the test relays for se-
lectively operating said switches to extend a
connection involving a link in each of the three
groups.

21. In a telephone system, a switching stage
having a plurality of trunk terminals, groups of
trunks appearing in sald terminals, said groups
being of variable sizes and promiscuously located,

a series of testing relays, one for each trunk 2

terminal appearance, and means for rendering
effective any portion of said series of relays fo
testing a group of trunks. i
22. In a telephone system, a switching stage
having a plurality of trunk terminals, groups of
trunks appearing in said terminals, said groups
being of variable size and promiscuously located,
8 series of test relays, each relay serving to test
a different trunk, and means to render any por-

tion of said relays effective depending on the size -

and location of the trunk group.

23. In a telephone system, a plurality of trunk
terminals, groups of trunks appearing in said
terminals, said trunk groups varying in size, a
marker having a series of test relays therein,
each relay serving to test a different trunk,
means for registering a desired designation in
said marker, and means depending on the desig-
nation received for rendering effective a variable
portion of said relays depending on the number
and location of the trunks in the group under-
going test.

24, In a telephone system, a group of direct
route trunks, a group of alternate route trunks,
switches for extending calls over said trunks, a
common marker for controlling the selective op-
eration of said switches, testing means in said
marker for testing said direct group of trunks,
a set of route contacts in said marker, means

controlled by said contact set for applying said

test means to said alternate group of trunks if
all of said direct trunks test busy, a counting
register for said direct group, and means con-
trolled by said route contacts for operating said
register.

25. In a telephone system, a group of direct
trunks, a group of alternate route trunks,
switches for extending calls over said trunks, a
common marker for controlling the selective op-
eration of said switches, testing means in said
marker for testing said direct group of trunks, a
route contact set in said marker, means controlled
by said contact set for applying the test means
to said alternate group of trunks if all of the
direct trunks are busy, a second route contact
set operable if all trunks in the alternate group
are busy, and registering means controlled by
each of said route contact sets. .

26. In a telephone system, a plurality of auto-
matic switches, a switch-controlling mechanism
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common to saild switches, connecting means for
connecting said mechanism to any one of said
switches, means for extending & call to one of

said switches, a registering device comprising a-

single switch structure for registering the wanted
designation and the identity of the switch to
which said call is extended, and means controlled
by said registering device for selectively operat-
ing said connecting means.

27. In a telephone system, a plurality of auto-
matic switches, a switch controlling mechanism
common to said switches, means for connecting
sald mechanism to any one of said switches,
means for extending a call to one of said switches,
& cross-bar switch register for registering the
designation of a called line and for registering
the identity of the switch to which the call is
extended, and means controlled by said cross-bar
register for selectively operating the means for
connecting said switch controlling mechanism to
the automatic switch to which the call has been
extended.

28. In a telephone system, a subscriber’s line,
a switching stage comprising a plurality of selec-
tive switches, means for extending said line to
said switching stage, a second switching stage
having selective switches thereat for further ex-
tending said line, a register sender for recording
wanted designations, a number of markers,
means for connecting said sender to one of said
markers, means in the connected marker for
selectively operating a switch in the first men-
tloned stage to extend the line to said second
stage, means for operating the switch at said
second stage under the control of said sender to
further extend the subscriber’s line, an auxiliary
circuit appearing in one of the switches at said
first stage, means in said marker operative if
an all-trunks-busy condition is encountered at
said first stage for operating one of the switches
at said first stage to extend the subscriber’s line

to said auxiliary circuit, means for sending a

signal to said sender if one of the switches at
said second stage encounters an -all-trunks-busy
condition, means in said sender responsive to
such signal for causing the connection of one
of said markers to said sender, means in the
connected marker operative as a result of the
signal sent to said sender for causing the oper-
ation of the switches at the first stage to extend

-the subscriber’s line to said auxiliary circuit, and

signaling means in said auxiliary circuit.

29. In a telephone system, a calling line, a first
stage having a plurality of selective switches
thereat, means for extending the calling line to
said stage, a second stage having a plurality of
selective switches thereat, a sender for register-
ing the designations of wanted lines, a plurality
of markers, means for connecting said sender
to any one of said markers, means controlled by
the connected marker in accordance with the

designation registered in said sender for operat- -

ing the switches at said first stage to extend the
calling line to said second stage, means for caus-
ing the release of said marker following the ex-
tension of the line to said second stage, means

+ controlled by said sender for operating a switch
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at said second stage to further extend said line,
overflow circuits appearing in the switches at
sald first stage, means in said marker effective in
case it is unable to operate said switches at the
first stage to extend the line to said second stage
to cause the operation of the switches in the first

stage to extend said line to one of said overflow

circuits, means controlled by the switch at said

- 101

second stage in case it is unable to further ex-
tend said line for sending a signal back to said

sender, means in the sender responsive to such

signal for causing the sender to be connected to
any one of sald markers, means in the marker

5

thus connected to the sender and operative in .

response to the signal received by said sender

for operating the switches at said first selective-

stage to extend said line to one of said overflow
circuits, and in said overflow circuits for send-
ing a signal to said line,

30. The combination of a plurality of switches,
each having a plurality of connecting terminals,
the terminals of each switch being divided.into
first and second portions, groups of outgoing
lines, said groups appearing respectively each in
the first terminal portion of a separate one of

said switches, a plurality of additional groups of -

outgoing lines, each divided in subgroups, the
subgroups of each additional group appearing
respectively each in the second terminal portion
of a separate one of said switches, a plurality of
Incoming lines appearing in the terminal por-
tions of each switch, and operating means for
each switch for effecting connections in both ter-
minal portions thereof.

31. In a telephone system, a plurality of
switches, each having a plurality of connecting
terminals, the terminals of each switch being
divided into first and second portions, groups of
outgoing lines, sald groups appearing each in
the first portion of only one of said switches, a
plurality of additional groups of outgoing lines,
each divided in subgroups, the subgroups of each
additional group appearing in the second portion
of only one of said switches, a plurality of in-
coming lines appearing in the terminal portions
of each switch, and operating means. for each
switch for effecting connections in both termi-
nal portions thereof. »

32. In a telephone system, a plurality of cross-
bar switches, each having a plurality of con-
necting terminals, the terminals of each switch
belng divided into first and second portions,
groups of incoming lines, said groups appearing
respectively, each in the first portion of a sepa-

rate one of said switches, additional groups of

incoming lines, each additional group appearing
in the second portion of a plurality of said
switches, and operating means for each switch
for effecting connections in both terminal por-
tions thereof.

33. In a telephone system, a plurality of cross-
bar switches, each having a plurality of connect-
ing terminals, the terminals of each switch be-
ing divided into first and second parts, groups of
incoming lines, said groups appearing each in the
first part of only one of said switches, other
groups of incoming lines, each of said other
groups multipled to appear in the second part
of a number of said switches, outgoing lines ap-
pearing in the terminals of each of said switches,
and operating means for each switch for effect-
ing connections in both terminal parts thereof.

34. In a telephone system, a plurality of lines
arranged in blocks, a marker common to said
lines and arranged to receive the called designa-
tion of any one thereof, test means in said mark-
er and means for connecting the same to all of
the lines in a block when one.of such lines is
called, a test circuit, and means for extending
said circuit to said test means to determine the
condition of the particular line called.

35. In a telephone system, a plurality of lines
arranged In blocks, a marker common to said
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lines for receiving the called designation of any
one of sald lines, & plurality of test relays in said
marker, there being as many of these relays as
there are lines in a block, means for connecting
the test relays to the lines of any block when
one of these lines is called, a test circuit, and
means for extending sald circuit to the test relay
connected to the called line for determining the
condition of such line.

36. In a telephone system, subscribers’ lines,
private branch exchange lines, said lines being
arranged in blocks having a uniform number of
lines therein, some of said blocks containing both
subscribers’ lines and private branch exchange
lines, & marker commonto saidlines and arranged
to receive the called designation of any one there-
of, means in the marker for testing all of the
lines in any one of said blocks, means for con-
necting the testing means to a block of lines
when any one of the lines therein is called and a
test circuit cooperating with said test means for
determining the condition of the called line.

37. In a telephone system, subscribers’ lines,
private branch exchange lines, said lines ar-
ranged in blocks having a uniform number of
lnes, some of said blocks having both subscrib-
ers’ lines and private branch exchange lines, &
marker common to said lines for receiving the
designation of a called one thereof, a series of
test relays in the marker, one for each line in
any of said blocks, means for connecting said
test relays to the lines of a particular block for
performing a simultaneous test of said lines
when any one of the lines therein is called, a
test circuit, and means for extending the same
to the particular one of said test relays connected
to the called line in the block, and means effective
if said particular relay represents a busy private
branch exchange line for further extending said
test circuit to succeeding test relays connected
to other lines in the same private branch ex-
change group.

38. In a telephone system, selective switches
for establishing connections, a switch controlling
device having mechanism for registering the des-
ignation of the call and mechanism for selectively
controlling said switches in accordance with the
designation registered, means for seizing said de-
vice for use when a call is made, and means for
permitting the seizure of sald device for use on
a second call while it is still operating to control
the extension of the first connection.

39. In a telephone system, selective switches
for establishing connections, a switch controlling
device having registers therein, means for seizing
said device when a call is made and for operat-
ing said registers to register the designation of
said call, means in said device effective in ac-
cordance with the designation registered therein
for controlling the selective operation of said
switches to extend the desired connection, and
means effective in response to a second call for
causing the reseizure of said device and the op-
eration of said registers to register therein the
designation of said second call while said device
is proceeding with the control of said switches
in connection with the first one.

40. In a telephone system, selective switches
for establishing connections, a switch controlling
marker having designation registers therein,
senders for recording call designations, means
for causing a sender to seize said marker and to
transfer a call designation to the registers of
said marker, means in the marker effective in ac-
cordance with the designation registered therein
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for operating said switches to extend the: con-
nection, means for releasing said marker from
the sender before the marker has completed its
control over said switches, means for causing
& second one of said senders to seize said marker
as soon as it .has been released from the first-
mentioned sender and to transfer to said marker
the designation of a second call, and means in the
marker effective in accordance with the designa-
tion of the second call registered therein for pre-
paring to control the selective switches while the
marker is still operating to control the switches
in the establishment of the first connection.

41, In a telephone system, groups of trunks,
automatic switches, a marker, senders for storing
wanted designations, means for causing a sender
to seize said marker and to transfer thereto the
designation of a call, means for causing sald

.marker to test a group of trunks corresponding

to the designation transferred to the marker and
to then operate said switches to extend a con-
nection to an idle trunk in the tested group, and
means for permitting a second sender to seize
said marker and to transfer thereto the desig-
nation of a second call as soon as the marker
has tested the trunks of said group.

42, In a telephone system, calling lines, groups
of trunks, automatic switches, a marker, con-
nectors for selectively connecting said marker to

said switches, digit registering senders, means -

responsive to a calling line for causing a sender
to seize said marker and to transfer thereto the
designation of the call, means in said marker re-
sponsive to the receipt of said designation for
operating one of said connectors to connect the
marker to one of said switches, other means in
said marker operable in accordance with the
designation received for testing the desired one
of said groups of trunks and for operating said

switches to extend the calling line to an idle i

trunk in such group, means for releasing said
marker from the sender after sald designation
has been transferred to said marker and before
the marker has completed its functions, means
responsive to a second calling line for causing a
second sender to seize sald marker as soon as it
is released from said first sender and to transfer
thereto the designation of the second call, and
means for causing the marker to operate another
of said connectors to connect the marker to an-
other of said switches preparatory to the exten-
sion of the second calling line while it is still in
the process of controlling said first-mentioned
switch to extend the first calling line. :

43. In a telephone system, automatic switches,
a group of trunks appearing in said switches, an
auxiliary trunk appearing in said switches, a plu-
rality of markers for testing said trunks and for
controlling the operation of said switches to ex-
tend connections to said trunks, means effective
in response to a call for taking any one of said
markers into use to extend the call over said
group of trunks, means effective if said marker
fails to progress in the performance of its func-
tions for releasing it and again taking any one
of the markers into use, and means for causing
the second marker to control said switches for
extending the call to said auxiliary trunk.

44, In a telephone system, a calling circuit,
automatic switches, a group of trunks appearing
in said switches, overflow trunks appearing in
said switches, a sender, a plurality of markers
for testing said trunks and for controlling the
operation of sald switches to extend connections
to sdid trunks, means effective in response to a
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call on said calling circuit for causing said sender
to selze any one of said markers for extending
the calling circuit over an idle trunk in said
group, means effective if the seized marker fails
to perform its functions for releasing it from said
sender and for causing the sender to seize again
any one of sald markers, and means for causing
the second marker to control said switches for
extending the calling circuit to one of said over-
flow trunks. :

45. In a telephone system, a calling circuit,
automatic switches, a direct route group of trunks
appearing in said switches, an alternate route
group of trunks appearing in said switches, a

plurality of markers for testing said trunks and .

for controlling the operation of said switches,
means effective in response to a call on said call-
ing circuit for taking any one of said markers
into use to extend the calling circuit over an idle
one of the trunks in said direct group, means
effective if said marker fails to progress in the
performance of its functions for releasing it and
again for taking one of said markers into use,
and means for causing said second marker to test
the trunks of said alternate group and to extend
the calling circuit over said switches to an idle
one of the trunks in said alternate group.

46. In a telephone system, a calling line, a
group of direct trunks, a group of alternate route
trunks, overflow trunks, automatic switches hav-
ing access to all of said trunks, a plurality of
markers for testing said trunks and for control-
ling the operation of said switches to extend con-
nections to said trunks, means effective in re-
sponse to a call on said line for taking any idle
one of sald markers into use to test the trunks
of said direct group and to extend the calling
line over said group if any one of the trunks is
found idle, means effective if said marker fails
to perform its functions for releasing it and again
taking any idle one of said markers into use,
means for causing the second marker to test the
trunks of said alternate group and to extend the
calling line over said switches to an idle one of
the trunks in said alternate group, means effec-
tive if said second marker fails to perform its
functions for releasing it and again seizing any
idle one of said markers, and means for causing
said third marker to test said overflow trunks
and for controlling the operation of said switches
to extend the calling line to an idle one of said
overflow trunks.

47. In a telephone system, automatic switches,
telephone lines, a direct group of trunks, an alter-
nate route group of trunks, overflow trunks, auto-
matic switches having access to all of said trunks,
a sender for recording the designations of called
lines, a plurality of switches, controlling markers
for testing said trunks and for controlling the
operation of said switches, means responsive to
2 call on one of said lines for causing said sender
to seize an idle one of said markers for the pur-
pose of extending the calling line over said
switches to a trunk in said direct group, means
effective if said marker fails to progress in its
operation for transmitting a signal to said sender
and for causing the sender to release the marker
and seize again any idle one of said markers,
means responsive to the signal transmitted to
said sender by the first marker for causing said
second marker to test the trunks of said alternate
group and to control the operation of said
switches to extend the calling line over said alter-
nate group if an idle trunk is found therein,
means effective if said second marker fails to
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progress in its operation for transmitting a sec-
ond signal to said sender and for causing the
sender to release said second marker and again
seize any idle one of said markers, and means

, effective in response to the second signal trans-

mitted to said sender for causing the third mark-
er to test said overflow trunks and to control the
operation of said switches to extend the calling

ot

line to an idle one of said overflow-trunks. waor

48. In a telephone system, a group of direct
route trunks, a group of alternate route trunks,
& group of overflow trunks, a selective switch hav-
Ing access to all of said trunks, a marker for test-
ing said trunks and for selectively operating sald
Switch, means in said marker effective if ali of
said direct trunks are busy for causing the ex-

10

tension of a connection over one of said alternate .

route trunks, and means in said marker effective
if all alternate route trunks are busy for extend-

ing a connection to one of said overflow trunks, .

49. In a telephone system, a calling line, a

‘group of direct route trunks, a group of alternate

route trunks, a group of overfiow trunks, selective
switches having access to all of said trunks, a

scnder for recording the designations of called &

lines, a marker for testing said trunks and for
selectively orerating said switches, means re-
sponsive to a call for causing said sender to seize

the marker for the purpose of testing the trunks -

of sa‘d direct group and for operating said
switches to extend the call over an idle trunk in
said group, means in said marker effective if all
sa'd direct trunks are busy for causing it to test
the trunks in said alternate group and for con-
trolling the operation of sald switches to extend
the call over an idle trunk in said alternate group,
and means In said marker effective if all trunks
of the alternate group are busy for causing it to
test said overflow trunks and for operating said

switches to extend the call to an idle one of said’

overflow - frunks.

50. In a telephone system, a calling circuit, a
group of outgoing trunks, an auxiliary trunk,
switches having access to said trunks, a marker,

switching equipment at the distant ends of said +

outgoing trunks, means responsive to a call on
said calling circuit for taking said marker into
use for controlling the selective operation of said
switches to extend the calling circuit over one

of said outgoing trunks, means for releasing said

marker, means for controlling said switching
equipment to further extend the call at the dis-
tant end, means effective if the call fails to pro-
gress at said distant end to send a signal back
over the trunk to the outgoing end -thereof, and
means responsive to sald signal for taking said
marker into use to extend the calling circuit
through sald switches to said auxiliary trunk.
51. In a telephone system, a calling office, a

telephone line therein, a called office, a group of-

trunks outgoing from said calling office to said
called office, an overflow trunk in said calling
office, automatic switches in said calling office
having access to said trunk, a plurality of markers
in said calling office, means responsive to a call
on said line for taking an idle one of said markers
into use for controlling the selective operation of
said switches to extend said line over one of 'said
outgoing ‘trunks to the called office, means for
releasing said marker, switching means in the
called office for further extending the connection,
means effective if the connection fails to progress
in said called office for sending a signal back
over dhe trunk to the calling office, and means
responsive to said signal for taking any idle one
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of said markers into use for controlling said auto-
matic switches to extend said line to said overflow
trunk.

52. In a telephone system, a group selecting
stage comprising a plurality of primary switches
and a plurality of secondary switches, link cir-
cuits interconnecting said primary and secondary
switches, each primary switch having link cir-
cuits leading to a plurality of different secondary
switches, circuits incoming to sald stage, circuits
outgoing from said stage, a number of markers,

each common to all of the switches of said stage,

means for selectively connecting one of said
markers to sald switches, means in the marker
for testing and selecting said- links, and means
for operating said switches to extend a connec-

tion from an incoming circuit to an outgoing cir-

cuit over a selected link.

53. In a telephone system, a group selecting
stage comprising a plurality of primary switches
and a plurality of secondary switches, links inter-
connecting sald switches, each primary switch
having links extending respectively to & plurality
of secondary switches, a plurality of recording
senders, a plurality of switch controlling markers,
trunks incoming to said switch, trunks outgoing
from said switch, means responsive to a call on
one of said incoming trunks for seizing an idle
one of said senders, means for connecting the
seized sender to an idle one of said markers,
means for connecting the seized marker to the
switches of said stage to test said links and out-
going trunks, and means controlled by the seized
marker for operating said switches to complete a
connection from the incoming circuit over said
primary and secondary switches and intercon-

~ necting link circuit..
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54, In a telephone system, a calling line, a
group of direct route trunks, a group of alter-
nate route trunks, a group of overflow trunks,

- selective switches having access to all of said

45

trunks, a sender for recording the designations
of called lines, a plurality of markers each ar-
ranged to test said trunks and to selectively oper-
ate said switches, means responsive to a call for

- causing said sender to seize one of said markers

50
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for the purpose of testing the trunks of said di-
rect group and for operating said switches to ex-
tend the call over an idle trunk in said group,
means in the marker effective if all said trunks
are busy for causing it to test the trunks in said
alternate group and for controlling the operation
of said switches to extend the call over an idle
trunk in said alternate group, means in the selzed
marker effective if all trunks of the alternate
group are busy for causing it to test said over-
flow trunks and for operating sald switches to
extend the call to an idle one of said overflow
trunks, and means effective if said marker fails
to progress for releasing it and causing the sender
to seize another marker for a new trial.

55. In a telephone system, a group of lines,

" groups of trunks accessible to said lines, a line
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group control mechanism for controlling the
connection of said lines to said trunks, a plu-
rality of senders, sender selector control circuits,
one for each group of trunks, for controlling
the connection of said trunks to said senders,
means responsive to a call on one of said lines
for causing said group control mechanism and

.said control circuits to make a test to determine
-which groups of trunks have an idle trunk and

have access to an idle sender, means for estab-
lishing a connection between said line group
control mechanism and the one of said control

2,008,117

circuits corresponding to a trunk group found
to have an idle trunk and to have access to an
idle sender, automatic switches operable to ex-
tend the calling line to a selected idle trunk and

- for extending the selected idle trunk to a selected

idle sender, and means effective if all senders
become unavailable before said switches are op-

Lt

erated to disconnect said control circuit from .

sald line group control mechanism to allow said
group control mechanism to connect again to

one of sald control circuits in a repeated attempt

to complete the connection,

56. In a telephone system, a group of lines,
a plurality of trunk groups accessible to-said lines,
a line group control mechanism for controlling
the connection of said lines to said trunks, a
plurality of senders, sender selector control cir-
cuits, one for each group of trunks, for control-
ling the connection of said trunks to said send-
ers, line links for extending said lines to said
trunks, sender selector links for extending said
trunks to said senders, means responsive to a call
on one of said lines for causing said control
mechanism and said control circuits to make a

preliminary test to determine how many available 2:

paths exist from the calling line by way of said
line links, said trunks, and said sender selector
links, to idle senders, means effective if there
are available paths by way of a plurality of said
trunk groups for choosing a particular one of
said trunk groups for use, means for gonnecting
the line group mechanism to the control mecha-
nism individual to the chosen trunk group, means
for performing a further test to select an idle
trunk in the chosen group and to select an idle
sender accessible to said trunk by way of an idle
sender selector link, automatic switches for con-
necting the calling line to the chosen idle trunk
and for connecting said trunk to an idle sender,
and means effective if all available senders be-
come busy before said automatic switches are
operated- for causing the release of said group
control mechanism from said control circuit to
permit said group control mechanism to perform
again said preliminary test in conjunction with
said control circuits in a repeated attempt to
complete the connection.

57. In a telephone system, a plurality of groups
of lines, a plurality of frunk groups accessible
to said lines, line control mechanisms, one for
each of said line groups, for controlling the con-

" nection of said lines to said trunks, a plurality

of senders, sender selector control circuits, one
for each trunk group for controlling the con-
nection of said trunks to said senders, means
responsive to a call on any one of said lines in
any one of said line groups for causing the cor-
responding control mechanism and said control
circuits to make a test to determine if there are
idle trunks in said groups having access to idle
senders, means effective if more than one con-
trol circuit finds an idle trunk for preferring a
particular one of the control circuits and its
associated group of trunks, means effective if a
plurality of line control mechanisms are at-
tempting to gain access to a sender by way of
the same group of trunks for preferring a par-
ticular one of said control mechanisms, means
for interconnecting the preferred line control
mechanism and the preferred sender selector
control circuit, automatic switches operated un-
der the control of the interconnected control
mechanism and control circuit for extending the
calling line to an idle sender, and means ef-
fective if all available paths to idle senders be-
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come busy before said switches are operated to
disconnect the interconnected control mechanism
and control circuit to allow said control mecha-
nism to make repeated attempts to establish
the connection,

58. In a telephone system, a group selecting
stage comprising a plurality of primary switches
and a plurality of secondary switches, link eir-
cuits interconnecting said primary and secondary
switches, each primary switch having link circuits
leading to a plurality of different secondary
Sswitches, circuits incoming to said stage, trunks
outgoing from said stage, & number of markers,
each common to all of the switches of said stage,
means for selectively connecting one of sald
markers to said switches, means in the marker
for testing and selecting an idle trunk outgoing
from said stage, means in the marker for testing
and selecting said links, and means for opérating
said switches to extend a connection from an in-
coming circuit to a selective outgoing trunk over
a selected one of said link circuits.

59. In a telephone system, a group selecting
stage comprising a plurality of primary switches

5 and a plurality of secondary switches, circuits

incoming to said primary switches, link circuits
interconnecting said primary and secondary
switches, a second group selecting stage compris-
ing primary and secondary switches, trunks out-
going from the secondary switches of said sec-
ond stage, links interconnecting said primary and
secondary switches of said second . stage, links
interconnecting the sécondary switches of said

105

first stage and the primary switches of said sec-
ond stage, a plurality of markers, each of which
is common to all of sald switches, means for se-
lectively connecting one of sald markers to said
switches, means in the marker for testing and
selecting an idle one of said outgoing trunks,
means in the marker for testing all paths com-
prising the Hnk circuits in said stages available
for extending & connection from any one of said
incoming circuits to the selected outgoing trunk

and for choosing a particular one of said paths
. if idle, and means for operating sald switches to
.complete the. connection over the chosen idle

path.
60. Ina telephone system, a plurality of frames,
each comprising a number of selector switches,

. groups of trunks, each group having part of its

trunks appearing in the switches on one frame

and part of its trunks appearing in the switches -

on another frame, a plurality of switch control-
ling markers common to the switches of all
frames, connectors, means for operating said con-
nectors to connect any one of said markers to
the pair of frames including the trunks of a de-
sired group, a series of testing relays in the
marker for making a simultaneous test of all the
trunks of said group to locate an idle one on either

of said frames, some of said relays testing the

trunks on one frame and other of said relays

" testing the trunks on the other frame, and means

for operating one of said switches to establish a
connection to an idle trunk.
WARREN W. CARPENTER.
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