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1

The present invention relates in general to
telephone systems, but more particularly to small
community automatic exchanges or C. A. X’s of
the all relay type, generally similar to that de-
scribed in Patent No. 2,333,039, issued October
26, 1943, to Edward S. Peterson.

An automatic telephone system of this type
must be low in cost, and yet must provide most
of the services provided with a larger system,
plus some additional. It usually has a capacity
of less than 200 lines, and should be sufficiently
flexible to permit adding or changing lines or
services with a minimum of disturbance. For
reasons of economy, many of the lines in such a
system will be multi-party lines, and as likely
as not, code ringing will be employed for signal-
ling, particularly with the smaller switchboards.

Such an exchange will usually not have any
toll operator, but must provide means whereby
any subscriber can get access to an idle trunk
leading to a toll operator at some nearby ex-
change, easily and quickly. Means must also be
provided whereby a special subscriber, or a local
or distant operator, may have easy access to
groups of direct trunks to certain other ex-
changes. Provision must also often be made for
additional trunk groups leading to one or more
private branch exchanges or P. B. X’s, in the
community.

It is the main object of the present invention
to provide improved means for automatically se-
lecting idle toll, inter-office or P. B. X irunks in
an all relay system of the character describad,
without any sacrifice of speed, convenience or
flexibility. Speed is obtained by the pre-selection
of idle trunks, in all cases. Convenience is
achieved through the use of single-digit call
numbers for all toll and inter-office trunks, with
four-digit call numbers used in all other cases.
Finally, flexibility is obtained through provisions
permitting the assignment of trunks and sub-
scribers’ lines to any tens group, under normal
circumstances.

Another object of the invention is to provide
separate points of access for lighi traffic and
heavy traffic trunk groups, thereby to permit calls
to both classes of trunk to proceed simulta-
neously, and independently of each other.

A further object of the invention is to provide
a separate point of access for P. B. X trunks, so
as to permit calls to such trunks to proceed si-
multaneously with calls to other classes of trunks,
without delay or interference between them.

Still another object of the invention is to nro-
vide means whereby two trunk groups may be
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assigned in the same tens group, thus avoiding
in certain cases, the use of more tens relays than
are actually required, in the links.

Other objects and features of the inventlon
will be apparent from the specification and claims
following, considered in conjunction with the
accompanying drawings comprising Figs. 1 to 11,
which show one embodiment of the invention as
applied to a 100 line all relay system of the type
described. It should be understood that the ar-
rangement illustrated is merely one embodiment
of the invention and not necessarily the preferred
embodiment, and that numerous modifications
and rearrangements thereof are possible, with-
out departing from the spirit or scope of the
invention as disclosed.

Referring to the drawings, Figs. 1 to 5 inclu-
sive, when arranged as indicated in Fig. 11, with
adjoining lines abutting, represent the essential
parts of one of the connectors employed in the
all relay links of this system. For purposes of
simplicity, various special features of this con-
nector, such as restricted service, reverting call
facllities, timing of “permanents” or shorted
lines, and incompleted calls, and the timing of
conversations, have been omitted. For similar
reasons, the finder end of the link has also been
omitted, together with the associated allotter or
link selector, common control relays, and line
circuit, These parts are not considered neces-
sary to an understanding of the invention, and
furthermore, are very similar to those disclosed
in the Patent No. 2,333,039 issued to Edward S.
Peterson, previously mentioned. The same 3-
relay line circuit is employed, with the same
cut-off and lockout relays in series, and provi-
sions for disconnecting the line control or “C”
lead through the finder from the associated con-
trol normal or “CN” lead to the connector ter-
minals, whenever the line relay of the line circuit
is operated, and for reconnecting them when the
line relay is restored to normal. The finder is
also identical, with the same arrangement of
tens and units relays, and the units divided into
the same two sub-groups 1 to 5 and 6 to 0, con-
trolled by five units relays and one sub-group
relay.

Figs. 6 to 8 inclusive, when likewise arranged
as indicated in Pigure 11, with respect to one
another and the connector, represent the various
types of additional equipment required to provide
the automatic trunk selecting features already
mentioned. In Fig. 6, for example, the relays on
the left of the sheet are the “Group access re-
lays,” whose function is to pass trunk calls from
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the connectors to the proper trunk groups, in
regular order, by way of the “Group select relays”
on the right of the same sheet. The operation
of one of the group select relays, in conjunction
with an operated one of the group access relays,
extends the units conductors and the busy con-
ductor of the connector, through to the proper
group of “Trunk select relays” such as indicated
by the rectangles 655 and 656, or such as shown
in the upper part of Fig. 9.

Fig, T shows a group of “P. B. X trunk select
relays” whose function it is to pre-select the
next idle trunk in the associated P. B. X trunk
group, by preparing, in advance, a circuit to the
connector units relay or relays corresponding to
said next idle trunk. This circuit becomes effec-
tive immediately whenever these relays are seized
by a connector. The P. B. X select relays are
reached directly from the connector, no interven-
ing group access or group select relays being pro-
vided. For this reason, the select relays of this
group require separate sets of units-controlling
contact springs for each connector.

Fig. 8 shows a separate group of “Trunk access
relays” associated with a second group of trunks
in the same tehs group, in this case, group 30.
The function of these relays is to pass trunk calls
from the connectors to the associated trunk
group by way of a separate set of trunk select
relays, such as indicated in the lower part of Pig.
9, no intervening group select relays being em-
ployed. The operation of one of the trunk access
relays therefore, extends the units conductors and
the busy conductor of the connector direct to the
trunk select relays involved.

Fig. 9 shows the arrangement of the trunk
select relays, two separate groups being indicated,
both associated with the tens group 30. The
function of these relays is to pre-select the next
idle trunk in the associated trunk group. This
they do by preparing, in advance, a circuit to the
connector units-relay or relays corresponding to
said next idle trunk. This circuit then becomes
effective whenever the trunk select relays are
seized by the group access and group select relays
or by the trunk access relays.

Fig. 10 shows a schematic layout of the Pigs. 1
to 2 on a single sheet with circuit details omitted,
and only the basic interconnections indicated in
order to more clearly portray the relationships
between the various figures. Thus the two rec-
tangles 1000 to 1010 at the left represent two
identical connectors such as shown in the Figs. 1
to 5 inclusive, while the two rectangles 1020 and
1030 immediately adjacent represent the Group
access relays of Fig. 6 and the Trunk access re-
lays of Fig. 8 respectively., The rectangle 1040
represents the Group select relays of Fig. 6; the
rectangles 1050 and {060 on the extreme right of
the sheet represent the Trunk select relays indi-~
cated at 655 and 656 in Pig. 6; and the rectangle
1070 represents the group of trunk select relays
shown in the upper half of Fig. 9. Rectangle
1080 on the other hand represents the Trunk
select relays in the lower part of Fig. 9, and rec-
tangle 1098 the P. B, X trunk select relays of
Figure 7. With respect to the interconnections,
the upper three leads at the connectors, marked
GS10, GS20, GS30 are outgoing “group select”
leads, and directly under these is an incoming
“group select ground” lead marked GSG. Below
this are two outgoing “group access” leads desig-
nated GA and GA2, and underneath this is an in-
coming “units” lead, which actually represents
the flve possible numerical units leads plus the
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units sub-group lead. Still below all of these ate
three additional leads to the P, B. X trunk select
relays, including an outgoing “sub-group select”
lead and a “P. B. X trunk select” lead designated
US and TS respectively, and a second incoming
“units” lead representing again a possible five
Units leads and a units sub-group lead. Both sets
of units leads are multipled together inside of the
connector, as shown in Fig. 4.

To continue the description of the equipment
shown in the individual circuit drawings in some-
what greater detail, Fig. 1 shows the incoming
end of a connector in one of the finder-connector
links of this system. Conductors 80 and 81 at the
upper left of this figure are the talking conductors
from the finder, where of course, they may be
connected as required to any calling line, and are
so connected, almost instantly, upon the initia-
tion of a call. Conductor 82 is 2 supervisory con-
ductor from the finder, where it is grounded or
not grounded on a call depending on the nature
of the calling line, and whether or not reverse
battery supervision is desired. Conductor 83 is
the line control or “C” conductor to the finder
where it is switched through to the line circuit
of a calling line at the same time that the talking
conductors are connected to the calling line. This
conductor is grounded in the connector, imme-
diately upon the seizure of this equipment by a
call. Conductor 84 is the hold conductor which
is also grounded in the connector immediately
upon its seizure by a call, and serves to lock up
the operated tens and units relays of the finder
pPreparatory to the release of the allotter and the
associated common equipment. Conductors 85
and 86 are locking conductors, which are opened
in the connector upon its seizure to prepare the
release of the associated link select relay in the
allotter, thereby to permit pre-selection of the
next idle link. The other, open ended conductors
in this figure go to the tone and timer equipment,
the ringing interrupter and the ringing generator
as indicated. The ringing interrupter places neg-
ative battery on conductor 88 during each ringing
cycle, and momentarily on conductor 89 just be-
fore the start of each ringing cycle.

Fig. 1 also comprises ten relays as shown num-
bered 160 to {90 inclusive. Relay 100 is a switch
through relay which operates on a call to a trunk,
to by-pass the talking condensers and connect
the talking conductors straight through to the
trunk repeater, which then takes over the normal
function of the connector such as timing, pulse
repeating, and the like. Relay (10 is the con-
nector line relay, which operates over the talk-
ing conductors 80 and 8! upon seizure of the
connector, and causes the operation of the release
relay 130 and the hold relay 140. Relay 120 is
the battery reversing relay, normally controlled
from the back bridge relay 168. Relay 150 is
the counting chain release relay which controls
the resetting of the pulse counting relays after
each digit of the call number dialled by the call-
ing party. Relay 110 is the ringing digit switch-
ing relay which operates upon the dialling of the
ringing digit to prepare the ringing circuits: relay
180 is the pickup relay which operates from the
ringing interrupter to assure that the ringing
current will be connected to the called line only
at the start of a ringing cycle; and relay 180 is
the ring-cut-off relay which operates to stop the
ringing, when the called party answers.

Fig. 2, which is a continuation of the connector
circuit, consists also of ten relays, numbered 200
to 280 as indicated. Relay 200 is a drain relay,



L

23,056

5

which operates in conjunction with the ring cod-
ing relay 220, to prevent ringing voltages from
being stored up in the line. Relay 210 is the ring
switching relay, which is controlled from the
sixth counting relay, and determines which side
of the called line is to be rung. Relays 230 and
240 are the husy test and idle test relays, which
determine the busy or idle condition of the called
line, relay 2850 is the preliminary digit switching
relay, and relays 260 to 280 are digit transfer
relays which operate in succession after the first,
second and third digits of a local call number, to
prepare various switching and control circuits
which will be discussed in more detail in the de-
scription of the operation. Relay 290 on the
other hand is a dialling transfer relay, which op-
erates on each digit of a call number, to hold the
switching circuits open during the actual pulsing,
and releases to close them after each digit.

Fig. 3 contains ten counting chain relays desig-
nated 310 to 300 inclusive and three counting
chain control relays 3i0°, 320’, and 330’. These
counting relays control the outgoing switching
circuits of the connector, and operate in response
to the dial pulses, as repeated over the pulsing
circuit of the connector. The counting relays op-
erate in succession during the first half of each
pulse, and a counting control relay operates in
series with them during the second half of each
pulse, each pair of relays being released when the
succeeding pair operates. The counting control
relays are used reflexively, so that relay 310’ will
operate with counting relay 310, and also with re-
lays 340, 370 and 300. Likewise, relay 320° will
operate with counting relays 320, 350 and 380, and
relay 330’ with counting relays 330, 360 and 390.
The last operated relays complete the switching
operations required, between digits, and then also
release, in preparation for the succeeding digit.

Fig. 4 shows a portion of the connector tens
and units relays, together with the units switch-
ing or sub-group relay 400. Only one tens or
group relay is shown, that being the relay 470 in
the upper right corner of the sheet, representing
the first tens group, also designated as group Ti0.
These tens group relays are operated selectively
by the counting relays in response to the dialling,
and when operated connect the outgoing talking
and control conductors of all ten lines or trunks
in that group to the switching springs of the
various units relays. To save space, only 4 lines
are shown outgoing from relay #70, these being
the first, fifth, sixth and tenth, or more properly,
lines {1, 15, 16 and 19, represented by the four

sets of three conductors each, extending to the °

right from relay 470. In a fully equipped 100
line switchboard, ten of these relays would be
required in each connector. A total of five units
relays is also provided in each connector, al-
though only two are shown in Fig. 4. These are
the relays 410 and 450 representing the units
1 and 6, and 5 and 0 respectively. The units re-
lays are also operated selectively by the counting
relays, or indirectly by the trunk selecting relays,
and when operated, each relay serves to connect
two sets of talking and control conductors from
the tens relays to the break-make springs of the
units switching relay. As to which of these sets
is actually connected through to the talking and
control conductors (58, 165 and 215 in the con-
nector, depends on the position of the units
switching relay 400 which is also controlled from
the counting relays or from the trunk selecting
relays in the same manner as the units relays,
to determine the units sub-group. With relay 400
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normal, the 1o 6 sub-group is involved, and with
relay 400 operated, the 5 to 0 sub-group is in-
dicated. Thus with relays 470 and 410 operated,
if relay 400 is normal, the connector will be cut
through to line {1, by way of back contacts 401,
402 and 404, make contacts #11, 412 and 43, and
make contacts 415, 418 and 477; while if relay 400
is operated, the connector is cut through instead
to line 16, by way of make contacts 401, 402 and
404, make contacts 4i4, 415 and 416, and make
contacts 484, 482 and 483. And so on, for the
entire ten lines of the group controlled by the
group relay 410.

In Fig. 5 are shown additional tens or group
relays designated 520, 530 and 550 representing
groups 20, 30 and 50 respectively. Each of these
relays is identical with the group relay #4710 of
Fig. 4, and operates similarly, except that group
relay 550 is assoclated with the P. B, X trunks.
As in the case of relay #4719, only four sets of line
conductors are shown outgoing from each of these
relays, all having corresponding values. Thus
with reference to group relay 520, the four lines
indicated represent the lines 21, 25, 26 and 20, in
that order, while the four lines shown outgoing
from the springs of relay 530 represent the lines
31, 35, 36 and 30. And for relay 550, the out-

. going lines shown are the lines 51, 55, 56, and 50.
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These group relays operate from the counting re-
lays, in conjunction with the units and sub-group
relays to select the dialled line, exactly as ex-
plained for the group relay 410 of Fig, 4.

In Fig. 6, a group access relay such as 6§10, 620 or
630 is provided, for each connector in the system,
although only three are indicated in this case.
These relays operate when seized by the associated
connector on a trunk call and connect the units
switching leads from the connector through to the
group select relays to the right of this figure,
The group access relays are operated only
momentarily, and are provided with a special
lockout chain which prevents a second relay op-
erating while any other relay is operated, in order
to prevent, or reduce the likelihood of double con-
nections. Lockout relay 640 and kick-off relay
650 are common relays which are also a part of
the group access relays. Relay 640 operates
momentarily when any access relay is operated,
to open the operate circuit of the other access
relays, and if the call is not cut through promptly,
relay 650 restores to give the busy signal and at
the same time preselect the next idle trunk. A
group select relay, such as 680, 670 or 6§80 in Fig. 6,
is provided for each tens group to which toll or
interoffice trunk egroups have been assigned.
These relays operate from the tens relays in the
connector, from a special ground provided by the
group access relays, and extend the units switch-
ing leads from the operated access relay, through
to the proper trunk select relays.

In Fig. 7 is shown a complete set of trunk select
relays for a P. B. X trunk group having a total of
ten trunks. In practice, in a small town, such a
large group of P. B. X trunks would seldom if
ever be required, and the number of relays would
be reduced accordingly. However, the complete
set is shown here, to better indicate the arrange-
ment. The relays shown in the lower row, such as
T10, 120, etc., are the trunk busy relays, one of
which is required for each trunk in the group
except the last. This applies regardless of the
number of trunks involved. One of these relays
is connected to the test conductor of each trunk in
the group but the last, and operates from ground
on this lead whenever the associated P. B. X trunk
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is engaged. The relays shown in the upper row,
such as 715, 125, etc., are the trunk select relays,
and one of these is required for each P. B. X trunk
in the group. They are controlled entirely from
the trunk busy relays, and no more than two of
these relays including the first, can be operated
at any given time. ‘The function of each of thece
relays is to prepare a circult to the corresponding
units relay or relays in the connector, which cir-
cuit is completed in response to the dialling of the
third digit in the P. B. X call number. Since no
locking circuit is provided, the first idle trunk is
selected in all cases. Separate sets of units and
sub-group contacts must be provided on these re-
lays for each connector in the system.

In Fig. 8, a trunk access relay such as 810, 820,
or 830 is required, for each connector in the sys-
tem, although here also, as for the group access
relays, only three are shown. These relays op-
erate momentarily when seized by the associated
connector over the separate access leads pro-
vided, and serve to connect the units switching
conductors from the connector, direct to the spe-
clal group of trunk select relays in the lower part
of Fig. 9. The arrangement of the trunk access
relays is identical with that of the group access
relays of Fig. 6, except for the omission of the
group-select-ground springs such as 611, These
springs are not required in this case, since no
group select relays are used. Relays 840 and 850
are the lockout and kick-off relays corresponding
to the relays 640 and 650 of Fig, 6. The arrange-
ment of these relays is again identical, except that
the lockout relay 840 provides the trunk select re-
lays with the units operate ground normally ob-
tained from the group select relays of Fig. 6.

In Fig. 9 is shown the basic circuit for the regu-
lar trunk select relays, two separate relay groups
being shown, each equipped to handle three
trunks. In these circuits, a trunk busy relay such
as 810 or 950, and a trunk select relay such as
915 or 955 is required for each trunk in the
group. Each trunk busy relay is normally op-
erated, through a series of break contacts in the
associated trunk repeater, and releases whenever
the trunk is seized by a call, whether incoming
or outgoing. The trunk select relays operate one
at a time in rotation, under the control of the
trunk busy relays, to preselect the next idle trunk.
As each select relay operates, it releases the pre-
viously operated select relay, and prepares the
circuit of the proper units relay in the connector.
Grouni for the operation of the connector units
relays is received from the group select relays of
Fig. 6 or the trunk access relays of Fig. 8 as re-
quired. Relays 940 and 980 are reset relays whose
function it is to re-set the select chain after the
last trunk has been seized, and relays 945 and 985
are all-trunks-busy relays, which control the vari-~
ous counting meters indicated, such as, if desired,
a peg count meter, an al] trunks busy meter, and
an overflow meter.

Both sets of trunk select relays in Fig. 9 are
identical and are, as stated, associated with the
same tens group. Their select springs are also
associated with the same units relays, namely 1-6,
represented by connector relay 410, and 2-7 and
3-8, not shown. In the lower set of trunk select
relays in Fig. 9, however, the upper select springs
are wired to the units switching or sub-group con-
ductor, such as 996. By this means, the upper set
of relays is made to serve the #1, 2 and 3 ter-
minals of the 30 group tens relay in the connector
to which the first tiiree trunks are assigned, while
the lower set is made to serve the #6, 7 and 8 ter-
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minals of the same tens relay to which the second
three trunks are assigned.

These trunk groups of course, can be readily
expanded, contracted or re-arranged in almost
any manner desired within the tens group, as-
suming that corresponding changes are made in
the trunk select relays, and any line terminals not
used for trunks may be assigned to subscribers’
lines. The same thing applies to the more usual
case where but one trunk group is assigned to any
one tens relay, as with the select relay sets indi-
cated by the rectangles 655 and 656 in Fig. 6.
Such groups may include as many as ten trunks if
desired. This of course would require g full set
of ten select relays, with the units switching lead
connected up in five of them, and not connected
in the other five.

Numbering scheme

The switchboard is normaliy arranged so that
toll trunks and inter-office trunks are assigned to
tens groups, 10, 20, 30 and 40, while P. B, X trunks
are assigned to tens groups 50 and 60. The trunk
groups usually start on the first terminal and use
successive terminals of the tens group, in order
to facilitate expansion. This is not essential how-
ever. Subscriber lines may be assigned to any
tens group where terminals are available.

Toll and inter-office trunks are seized, in all
cases, by dialling a single-digit number. These
single-digit numbers are “0,” “9,” “8" and “q.n
Normally, the digit “0” operates group relay #10
(tens relay 410), the digit “9,” group relay #20
(tens relay 520), the digit “8,” group relay #30
(tens relay 530), and the digit “7,” group relay
#40, not shown. In the arrangement employed
in the present disclosure however, both of the
digits “8” and “7” will operate group relay #30,
thus eliminating the need for group relay #40,
or freeing it for other uses, such as calls to sub-
scribers’ lines entirely. On all trunk calls, the
proper units relay is operated automatically,
from the trunk selecting equipment, as previously
indicated.

Subsecriber call numbers consist invariably of
four digits, always beginning with a preliminary
digit “2,” followed by a variable tens digit, a
variable units digit, and a variable ringing or
code selecting digit. The last three digits may
be any digit from 1 to 0 inclusive, or as per-
mitted by the assignment of trunks.

P. B. X, call numbers also consist of four digits,
the first or preliminary digit being always “2,”
the second or tens digit either a “5” or a “8,”
the third or units digit a “1,” and the fourth
or ringing digit also a “1.” The complete call
numbers would thus be either “2511” or “2611.”
The units digit “1” in this case, may or may not
operate the first units relay, as this depends en-
tirely on the idle or busy condition of the first
P. B. X. trunk. The final digit “1” selects the
first ringing code in all cases. This consists of
a single long ring of about two seconds’ duration,
repeated intermittently,

To summarize briefly:

1. A first digit “0” indicates a call to a toll
trunk;

2. A first digit “9,” “8"” or ‘“7” indicates a call
to an inter-office trunk:

3. A first digit “2” indicates a call to a sub-
scriber’s line or to a P. B, X. trunk;

4. First digits “1,” “3,” “4,” “5” or “6” gre
not used, and if dialled, inadvertently or other-
wise, they are absorbed, and are thus for all
practical purposes without effect.
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The general description of the apparatus and
its general method of functioning having been
completed, a detailed description of the opera-
tion of the circuits will now be given, by actually
following a few typical calls through the system.

Seizure of the connector

When a finder, upon the initiation of a call,
connects the calling line through to the as-
sociated connector, the connector line relay 110
operates over the calling line loop as follows:
ground through the upper winding of relay {10,
break contacts {21, break contacts 101, line con-
ductor 80, through the calling subscriber’s line
and telephone instrument, back over line con-
ductor 81, through break contacts 102, break
contacts 122, and the lower winding of relay (10
to negative battery.

The connector line relay 110 operating, at make
contacts |11 closes a circuit from ground through
break springs 106 to release relay 130 which
operates. The release relay (30 in turn, at make
contacts 131 closes an obvious circuit to the hold
relay 140, which also operates.

The hold relay (40 upon operating, at make
contacts 144 connects ground from make springs
131 to the control conductor 83 and thence back
through the finder of the link to the cut-off and
lockout relays in the line circuit of the calling
line, which relays operate in series and discon-
nect the line relay of the line circuit from the
line. The subscriber’s line relay thereupon re-
stores to start the release of the allotter and at
the same time re-connects the control and con-
trol normal leads together as previously men-
tioned.

The hold relay 140 also, at make contacts 149
connects ground to the tone and timer start
conductor 871 in order to start the timing and
tone generating equipment, and at make con-
tacts 141 connects dial tone to the calling line.
This latter circuit extends from ground battery
and the secondary of the dial tone induction coil
to the dial tone conductor 249 shown in the
upper part of Fig. 2, through break contacts 271
and 261, conductor 156, makes contacts {41, con-
ductor 135, line condenser (09, break contacts
122 and 102, negative line conductor 8(, through
the calling subscriber’s telephone and back over
the positive line conductor 80, and through back
contacts 101 and 121 and the upper winding of
connector line relay 110 to ground. Dial tone
is made audible at the calling telephone over this
circuit as an indication that dialling may pro-
ceed.

The hold relay also, at make contacts (42 pre-
pares locking circuits for relays 120, 170, 210, 230,
and the counting relays of Fig. 3; at make con-
tacts 143 prepares the pulsing circuit; at make
contacts 145 prepares a circuit for the test relay
240; and at make contacts 146 prepares locking
circuit for test relay 240, and for the transfer
relays 260, 270, and 280. Finally at make con-
tacts 147, relay 140 grounds the hold conductor
84 back to the finder to hold the finder tens
and units relays operated, and at break con-
tacts 148 opens a locking circuit to the associated
link select relay in the allotter, by way of the
locking conductors 85 and B8, thereby to permit
the release of this relay and the preselection of
the next idle link.

Call to a subscriber’s station

The connector is now ready for dialling, with
the line, release, and hold relays 110, {30 and 140
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operated. The operation on a call to a regular
subscriber’s station will be described first, it being
understood that a 4 digit number starting with
the digit “2” is used on all such calls. Sub-
scribers’ lines may appear of course in any tens
group, but for purposes of illustration it will be
assumed that the call is to a station having the
call number “2151” The calling subscriber on
hearing the dial tone, proceeds therefore to dial
the first digit «“2.”

The connector line relay (10 follows the dial
pulses and at each pulse, its make contacts (11
momentarily open the circuit of release relay 130.
Because of the slow release nature of relay (30
however, due to the use of a copper sleeve over
the coil, this relay is not outwardly affected and
remains operated. At each release of the line
relay also, its break contacts i1l momentarily
close the pulsing circuit to the counting relays,
and to the transfer relay 299 which is in parallel
with this circuit. Relay 290 operates on the
first pulse, and because of its slow release nature,
due again to the use of a copper sleeve over the
coll, remains operated during the succeeding
pulses of each digit, releasing shortly after the
end of each series of pulses.

On the first release of line relay {10 therefore,
the back contacts {11 close a circuit to the puls-
ing relay 310 as follows: ground at break con-
tacts 106, break contacts {11, make contacts 143,
break contacts 1T}, conductor 179, break contacts
234, conductor 206 left, break contacts 333‘, break
contacts 323’, break contacts 313‘, and the wind-
ing of the counting relay 310 to negative battery.
A branch of this circuit also extends from break
contacts 234 over conductor 206 right, to the
winding of transfer relay 290 and negative bat-
tery.

Relays 230 and 310 operate over this circuit,
the principal function of relay 290 being at this
time to open the grounding circuits to the springs
of the counting relays. The counting relay 310,
at its make contacts 311, extends its operating
ground to the winding of the counting control
This latter relay is not affected at
the moment however, due to having ground also
on the other side of its winding, from make con-
tacts 142, by way of break contacts i5! and 103,
conductor 167, break contacts 233, conductor 205,
and break contacts 324’, Relay 310 also, at make
contacts 316, prepares the operate circuit of the
next counting relay 320.

Upon the re-energization of line relay 110, at
the end of the first impulse, make contacts {11
re-close the circuit of release relay 130, while
break contacts {i{ open the pulsing circuit mo-
mentarily to the transfer relay 290 and counting
relay 310. Relay 290 maintains its armature in
the operated position during this interval, due
to its slow to release nature, as previously men-
tioned. The opening of the operate circuit to
the pulsing relay 310 however, removes the short
cireuit from the winding of the counting control
Relay 310 thereupon operates in
series with relay 310, locking the latter relay in
its operated position over the following circuit:
ground through make contacts 142, break con-
tacts 151, break contacts 103, conductor [67,
break contacts 233, conductor 205 left, break con-
tacts 324’, winding of relay 310’, make contacts
311, and the winding of relay 3(0 to negative
battery.

Relay 310’ upon operating, at its break contacts
313’ disconnects the pulsing circuit from the op-
erating circuit of counting relay 310 and at make
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contacts 313’ connects it to the operating circuit
of counting relay 320 by way of make contacts
316. The operation of the remaining contacts
on relays 310’ and 310 is without effect at this
time.

Upon the next release of line relay 110, at the
start of the second impulse of the first digit “2,”
make contacts |11 again open the circuit of re-
lease relay 130 momentarily, while the make con-
tacts {11 again connect ground to the impulsing
circult momentarily. Counting relay 320 op-
erates over this circuit which as before is from
ground at break contacts 106, through break con-
tacts 111, make contacts 143, break contacts 171,
conductor 179, break contacts 234, conductor 206
right to the winding of relay 290, conductor 206
left, break contacts 333’ and 323’ and thence
through make contacts 313’ and 316, and the
winding of relay 320 to negative battery.

Counting relay 320 upon operating, at make
contacts 323 prepares a circuit to the preliminary

digit switching relay 250, at make contacts 326

prepares the operating circuit of counting relay
330, and at make contacts 321 extends its own
operating ground to the winding of the counting
control relay 320°. Relay 320’ does nothing how-
ever, at the moment, because of also having
ground on the other side of its winding, from
make contacts 142, by way of conductor 205. Re-
lay 290 remains operated.

Upon the next re-energization of line relay
110, at the end of the second and final impulse
of the first digit, make contacts {11 again close
and re-establish the circuit of release relay 130,
while break contacts ({1 open and again remove
pulsing ground from the pulsing circuit, thereby
opening the operate circuits to relays 280 and
320. This removes the short circuit from the
counting control relay 320’ and this relay there-
fore operates in series with counting relay 320
over the following circuit: ground through make
contacts 142, break contacts I5{ and 103, con-
ductor 167, break contacts 233, conductor 208,
break contacts 334’, winding of relay 320’, make
contacts 321 and the winding of relay 320 to
negative battery.

Relay 320’ upon operating, at break contacts

Relay 320’ upon operating, at break contacts
324’ opens the locking circuit of relays 310’ and
310, whereupon both of these relays release. Re-
lay 320’ also, at break contacts 323’ disconnects
the pulsing conductor 208 from the operate cir-
cuit of counting relay 320, and at make contacts
323’ connects it to the operate circuit of count-
ing relay 330, by way of make contacts 326. Fi-
nally, relay 320’ at make contacts 325’, grounds
conductor 204 leading to break springs 294 on the
transfer relay 290. The other contacts of relay
320 are without effect at this time.

Transfer relay 290 now releases. after a short
delay, and at break contacts 294, 293 and 292 con-
nects ground to conductors 253, 254 and 259 and
thence through the cable 227 to the springs of
the counting relays. This circuit is from ground

. at make contacts 142, conductor | 86, conductor
203, make contacts 325, conductor 204, conductor
199 right, and break contacts 284, at which point
the circuit divides and goes on to the counting
relays over three separate paths. One of these
paths is through break contacts 292, 264 and 215
and the conductor 253 to the counting relays,
where only open contacts are encountered. This
branch is therefore without effect at this time. A
second path is through break contacts 265, 276,
277 and 293, and the conductor 259 to the coung-
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ing relays, where again only open contacts are
encountered. 'This branch is therefore likewise
without effect when a “2” is dialled. The third
path is through break contacts 265, break con-
tacts 276, conductor 254, through cable 221, con-
ductor 254 in the counting relays, make contacts
323, conductor 228, and the winding of relay 250
to negative battery.

The preliminary digit switching relay 250 now
operates, and at make contacts 251 extends its
operating ground to the winding of the prelimi-
nary digit transfer relay 210. This latter relay
however, has ground also on the other side of its
winding, from conductor {84 left and make con-
tacts 146 on the hold relay, and does nothing at
the moment. Relay 250 also, at make contacts
252 completes a circuit to the counting chain re-
lease relay 150 as follows: ground from make con-
tacts 146, through conductor 184, make contacts
252, break contacts 274 ard 263, conductor 186,
and the winding of relay 150 to negative battery.

The counting chain release relay 150 operates
momentarily over this circuit, and at break con-
tacts 151 disconnects ground from the conductors
167 and 205, and hence from the counting and
counting control relays 320 and 320, which as
previously explained, are held locked in series
over these conductors from the ground at make
springs (42, Relays 320 and 320’ thereupon re-
lease and restore their springs to normal., The
opening of make contacts 325’ and 323 opens the
operate circuit of the preliminary digit switching
relay 250. This removes the ground shunt from
the preliminary digit transfer relay 270, permit-
ting the latter relay to operate in series with re-
lay 250 and locking hoth relays operated. The
locking circuit for these relays is from the ground
at make contacts 146, over conductor 184, through
the winding of relay 270, make contacts 251, and
the winding of relay 250 to negative battery.

The preliminary digit transfer relay 270 upon
operating, at break contacts 271 obviously opens
the dial tone circuit to the calling line, and at
make contacts 212 prepares an alternative circuit
for the transfer relay 290 from the pulsing circuit,
shunting the break contacts 234 on the busy relay
230. At break contacts 213 relay 210 opens the
circuit of the switch-through relay 100, and at
make contacts 273 prepares a circuit for operat-
ing the counting chain release relay 150 from the
units relays. Relay 270 also, at break contacts
274, opens the original circuit to relay 150, there-
by causing the release of this relay, and at make
contacts 274 prepares a circuit for operating re-
lay 150 from the tens group relays. Finally, relay
270 at contacts 275, 276 and 277 opens the circuits
leading to the counting relay conductors 253, 253
and 2589, and prepares circuits to the conductors
255 and 256 leading to the group selecting springs
of the counting relays. Connector relays 110, 130,
140, 250 and 270 are now operated.

The second digit of the call number “2151”
causes line relay 110 to release and re-operate
once only, in response to the sccond operation of
the dial. On the break of the pulse, when relay
{10 releases, transfer relay 280 and counting re-
lay 310 again operate in parallel over the pulsing
conductors 179 and 206, from the ground at break
springs 106, as previously explained. Release re-
lay 1308 remains operated as usual, since its cir-
cuit is only broken momentarily at make contacts
f11. On the make of the pulse, when line relay
{10 re-operates, the circuit of release relay 130 is
reestablished and the operate circuit of relays
290 and 310 is broken, The opening of the op-
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erate circuit of the counting relay 310 permits the
operation of counting control relay 310’ as before,
in series with counting relay 310, from ground at
make springs {42, by way of conductors 167 and
205, and break springs 324’. Relay 310 therefore
remains operated.

Transfer relay 290 releases however, after a
short delay, and at break contacts 294 and 292
connects ground to conductors 255 and 256 and
the associated “group” springs of the counting
relays. This circuit is from ground at make con-
tacts 142, over conductors 166 and 203, through
make contacts 315’, conductor 204, conductor 199
right, and break contacts 294, at which point the
circuit divides and goes on to the spring of the
counting relays over two separate paths. One of
these paths is through break contacts 265, make
contacts 276, and conductor 256 to the counting
relays, where only open contacts are encountered.
The other circuit is through break contacts 292,
break contacts 264, make contacts 215, conduc~
tor 255, over the cable 221, conductor 255 at the
counting relays, make contacts 314, conductor
421, and the winding of the first tens-group relay
470 to negative battery.

Tens relay #10 operates over this latter circuit
and closes its contacts, thereby preparing cir-
cuits to all of the lines in the called line tens
group. At make contacts 474, group relay 470
extends its own operating ground to the winding
of the tens digit transfer relay 260, by way of con-
ductor 217. Relay 260 does nothing at this time
however, due to having ground also on the other
side of its winding from make contacts 1486,
through conductor 184, Group relay 470 also, at
make contacts 473 completes a circuit for the
operation of the counting chain relase relay 150
* as follows: ground at make contacts (46, conduc-
tor 184, make contacts 473, conductor 225 down,
make contacts 274, break contacts 263, conductor
186 and the winding of relay 150 to negative bat-
tery.

The counting chain release relay 158 operates
over this circuit and at break contacts 151 dis-
connects ground from conductors 167 and 205
and hence from the counting and counting con-
trol relays 310 and 310’ which are held locked in
series over these conductors from ground at make
contacts 142, Relays 310 and 310’ thereupon re-

lease and restore their contacts to normal. The &

opening of make contacts 315’ and 314 opens the
operate circuit to the group relay 410. This re-
moves the shunt from the winding of the tens
digit transfer relay 260, whereupon relay 260 op-
erates in series with relay 410 and locks the latter
relay in its operated position over the following
circuit: ground at make contacts 146, conductor
184, winding of relay 260, conductor 217, make
springs 414, and the winding of relay 470 to nega-
tive battery.

The tens digit transfer relay 260 upon operat-
ing at break contacts 261 opens a second point
in the dial tone circuit, and at make contacts 262
prepares a circuit for the units switching or sub-
group relay 400, over conductors 213 and 214.
Relay 260 also, at break contacts 263 opens the
circuit to the counting chain release relay (50
causing this relay to release, and at make con-
tacts 266 grounds the ringing machine start lead
198 by way of conductor 197 and break contacts
{15. Finally, relay 260 at break-make contacts
264 and 265 opens the circuits leading to the
counting relay conductors 255 and 256 associated
with the tens selecting springs, and prepares cir-
cults to the conductors 257 and 258 leading to the
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units selecting springs of the counting relays.

Connector relays 110, 130, 140, 250, 260, 210 and
470 are now operated.

The third digit of the call number “2151” causes
the connector line relay 110 to release and re-
operative five times, the transfer relay 290 operat-
ing as before on the first pulse, in parallel with
the pulsing circuit, and remaining operated until
shortly after the last pulse of the digit, since it
is re~energized momentarily at each release of re-
lay 110.

At the first release of relay 110 therefore, re-
lay 280 and the counting relay 310 operate from
break contacts |11, over the plusing conductors
170 and 206, relay 310 preparing its own locking
circuit as before at make contacts 311, and at
make contacts 316 preparing the circuit of count-
ing relay 320. On the re-operation of relay 110,
the pulsing circuit is openad as before at break
springs 11, and counting vontrol relay 310’ op-
erates in series with the first counting relay 318,
from ground on the locking conductors 187 and
205, by way of break springs 324’ and make
springs 31{1.

At the second release of relay 110, counting
relay 320 operates from ground on the pulsing
conductors {719 and 206, by way of make contacts
313’ and 316. Relay 320 at make contacts 321
prepares its own locking circuit, and at make con-
tacts 326 prepares the circuit of counting relay
330. On the re-operation of relay 110, break con-
tacts 1{l again remove ground from the pulsing
conductors 179 and 206 whereupon the counting
control relay 320" operates in series with the
second counting relay 320, from ground .on the
locking conductors 167 and 205, by way of break
springs 334’ and make springs 321. Relay 320’
at break-make contacts 323’ disconnects the puls-
ing conductor 206 from the counting relays 3(0
and 320 and connects it to the counting relay 330.
Relay 320’ also at break contacts 324’ opens the
locking circuit of relays 310’ and 310, causing the
release of these relays. -

At the third release of relay 110 counting re-
lay 330 operates over the pulsing conductors 179
and 206, by way of make contacts 323’ and 326.
Relay 330 at make contacts 331 prepares a lock-
ing circuit for itself and at make contacts 336
prepares the operate circuit of counting relay 3440,
On the re-operation of relay (10, break contacts
111 again open the pulsing ecircuit to conductors
118 and 208, and on the removal of its ground
shunt, counting control relay 330’ operates in
series with counting relay 330 from ground on the
locking conductors (6T and 208, by way of break
springs 314’ and make springs 331. Relay 330’
at break make contacts 333’ disconnects the
pulsing conductor 206 from the counting relays
310, 320, and 330 and connects it to the fourth
counting relay 340. Relay 330’ also at break con-
tacts 334’ opens the locking circuit of relays 320’
and 320, and causes the release of these relays.

At the fourth release of relay i1 0, the fourth
counting relay i340 operates from the pulsing con-
ductors 178 and 208, by way of make contacts 333"
and make contacts 336. Relay 340 at make con-
tacts 341 prepares a locking circuit for itself
through the winding of counting control relay
810’, and at make contacts 346 prepares the op-
erate circuit of counting relay 350. On the re-
operation of the relay 110 ground is again re-
moved from the pulsing conductors 119 and 205
and hence from the operate circuit of counting
relay 340, whereupon the counting control relay
310’ operates in series with relay 340, from
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erate circuit of the counting relay 310 permits the
operation of counting control relay 310’ as before,
in series with counting relay 310, from ground at
make springs 142, by way of conductors {67 and
205, and break springs 324’. Relay 310 therefore
remains operated.

Transfer relay 290 releases however, after a
short delay, and at break contacts 294 and 292
connects ground to conductors 255 and 256 and
the associated “group” springs of the counting
relays. This circuit is from ground at make con-
tacts 142, over conductors 166 and 203, through
make contacts 315, conductor 204, conductor 199
right, and break contacts 294, at which point the
circuit divides and goes on to the spring of the
counting relays over two separate paths. One of
these paths is through break contacts 265, make
contacts 276, and conductor 256 to the counting
relays, where only open contacts are encountered.
The other circuit is through break contacts 292,
break contacts 264, make contacts 215, conduc-
tor 255, over the cable 221, conductor 255 at the
counting relays, make contacts 314, conductor
421, and the winding of the first tens-group relay
470 to negative battery.

Tens relay #10 operates over this latter circuit
and closes its contacts, thereby preparing eir-
cuits to all of the lines in the called line tens
group. At make contacts 474, group relay 410
extends its own operating ground to the winding
of the tens digit transfer relay 260, by way of con-
ductor 217. Relay 260 does nothing at this time
however, due to having ground also on the other
side of its winding from make contacts 148,
through conductor 184. Group relay 470 also, at
make contacts 473 completes a circuit for the
operation of the counting chain relase relay 150
as follows: ground at make contacts {46, conduc-
tor 184, make contacts 473, conductor 225 down,
make contacts 274, break contacts 263, conductor
188 and the winding of relay 1508 to negative bat-
tery.

The counting chain release relay 150 operates
over this circuit and at break contacts 151 dis-
connects ground from conductors {67 and 205
and hence from the counting and counting con-
trol relays 310 and 310’ which are held locked in
series over these conductors from ground at make
contacts {42. Relays 310 and 310’ thereupon re-

lease and restore their contacts to normal. The 5

opening of make contacts 315’ and 314 opens the
operate circuit to the group relay 410. This re-
moves the shunt from the winding of the tens
digit transfer relay 260, whereupon relay 260 op-
erates in series with relay 470 and locks the latter
relay in its operated position over the following
circuit: ground at make contacts 146, conductor
184, winding of relay 260, conductor 217, make
springs 414, and the winding of relay 410 to nega-
tive battery.

The tens digit transfer relay 260 upon operat-
ing at break contacts 261 opens a second point
in the dial tone circuit, and at make contacts 262
prepares & circuit for the units switching or sub-
group relay- 400, over conductors 213 and 214.
Relay 260 also, at break contacts 263 opens the
circuit to the counting chain release relay 150
causing this relay to release, and at make con-
tacts 266 grounds the ringing machine start lead
198 by way of conductor 197 and break contacts
1715. Pinally, relay 260 at break-make contacts
264 and 265 opens the circuits leading to the
counting relay conductors 255 and 258 associated
with the tens selecting springs, and prepares cir-
cuits to the conductors 257 and 258 leading to the
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units selecting springs of the counting relays.

Connector relays (18, 130, {40, 250, 260, 210 and
470 are now operated.

The third digit of the call number “2151” causes
the connector line relay {10 to release and re-
operative flve times, the transfer relay 290 operat-
ing as before on the first pulse, in parallel with
the pulsing circuit, and remaining operated until
shortly after the last pulse of the digit, since it
is re-energized momentarily at each release of re-
lay i10.

At the first release of relay (10 therefore, re-
lay 290 and the counting relay 310 operate from
break contacts (11, over the plusing conductors
1710 and 206, relay 310 preparing its own locking
circuit as before at make contacts 3{{, and at
make contacts 316 preparing the circuit of count-
ing relay 320. On the re-operation of relay 110,
the pulsing circuit is opensd as before at break
springs 11, and counting control relay 310’ op-
erates in series with the first counting relay 310,
from ground on the locking conductors 87 and
205, by way of break springs 324’ and make
springs 3it.

At the second release of relay 18, counting
relay 320 operates from ground on the pulsing
conductors 179 and 206, by way of make contacts
313 and 316. Relay 320 at make contacts 321
prepares its own locking circuit, and at make con-
tacts 326 prepares the circuit of counting relay
330. On the re-operation of relay 1190, break con-
tacts |{1 again remove ground from the pulsing
conductors {719 and 206 whereupon the counting
control relay 320’ operates in series with the
second counting relay 320, from ground on the
locking conductors 167 and 205, by way of break
springs 334’ and make springs 32f. Relay 320’
at break-make contacts 323’ disconnects the puls-
ing conductor 206 from the counting relays 310
and 320 and connects it to the counting relay 330.
Relay 320" also at break contacts 324’ opens the
locking circuit of relays 310’ and 310, causing the
release of these relays.

At the third release of relay |18 counting re-
lay 330 operates over the pulsing conductors 1719
and 208, by way of make contacts 323’ and 326.
Relay 330 at make contacts 331 prepares a lock-
ing circuit for itself and at make contacts 336
prepares the operate circuit of counting relay 340.
On the re-operation of relay [10, break contacts
11 again open the pulsing circuit to conductors
I7T9 and 206, and on the removal of its ground
shunt, counting control relay 330’ operates in
series with counting relay 330 from ground on the
locking conductors (67 and 205, by way of break
springs 314’ and make springs 331. Relay 330’
at break make contacts 333’ disconnects the
pulsing conductor 208 from the counting relays
310, 320, and 330 and connects it to the fourth
counting relay 340. Relay 330’ also at break con-
tacts 334" opens the locking circuit of relays 320°
and 320, and causes the release of these relays.

At the fourth release of relay 110, the fourth
counting relay 340 operates from the pulsing con-
ductors 179 and 206, by way of make contacts 333’
and make contacts 336. Relay 340 at make con-
tacts 341 prepares a locking circuit for itself
through the winding of counting control relay
310’, and at make contacts 346 prepares the op-
erate circuit of counting relay 350. On the re-
operation of the relay 110 ground is again re-
moved from the pulsing conductors 119 and 203
and hence from the operate circuit of counting
relay 340, whereupon the counting control relay
310’ operates in series with relay 340, from
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ground on the locking conductors {671 and 2085,
by way of break springs 324’ and make springs
34(. Relay 310’ upon operating, at make con-
tacts 313’ further prepares the operate circuit for
counting relay 350, and at break contacts 314’
opens the locking circuit of relay 339’ and 330,
whereupon these relays release.

At the fifth release of relay | 18, the fifth count-
ing relay 350 operates from pulsing conductors
119 and 206, by way of break contacts 333’ and
323’, and make contacts 313° and 346. Counting
relay 350 at make contacts 351 prepares a lock-
ing circuit for itself through the winding of relay
320’ and at make contacts 386 prepares the op-
erate circuit of counting relay 360. On the re-
operation of relay 110, removal of pulsing ground
from the pulsing conductors 179 and 206 and
hence from the operate circuit of the counting
relay 350 permits the operation of counting con-
trol relay 320’ in series with relay 350, from
ground on the locking conductors 167 and 205,
by way of break springs 334’ and make springs
351. Relay 325 upon operating, at make con-
tacts 323’ further prepares the operate circuit of
counting relay 360, and at break contacts 324’
opens the locRing circuit of relays 310’ and 340,
causing the release of these relays. The other
contacts of relay 320’ have no particular func-
tions at this time, although make contacts 321’
close an alternative circuit to the ringing ma-
chine start conductor 198 from ground through
make contacts 266 and conductor 201. The
original circuit, through make contacts 268,
conductor 107 and break contacts i15 remains
intact however, for the time being.

Transfer relay 290 now releases, shortly after
the fifth and last digit, and at break contacts
294 and 292 connects ground to conductors 257
and 258 and thus to the associated “units”
springs of the counting relays. The circuit starts
as before from ground at make contacts 142, and
passes through conductors 166 and 203, make
contacts 325, conductor 204, conductor 199 right,
and break contacts 294, at which point the cir-
cuit divides and proceeds over two separate paths.
One of these paths is through make contacts 265,
break contacts 286, conductor 258, cable 227, and
conductor 258 again in the counting relays, where

only open contacts are encountered.  The second .

path is through break contacts 292, make con-
tacts 264, break contacts 285, conductor 257, cable
221, conductor 237 in the counting relays, make
contacts 355, conductor 435, and the winding of
the 5-0 units relay 458 to negative battery.

The units relay 450 operates over this circuit,
and at make contacts 451 and 452 extends the
talking conductors of the connector to the called
line 15. Thus, the talking conductor 158 in the
upper part of Fig. 4, is connected through break
contact 481, make contacts 464 and make con-
tacts 478 to the line conductor 15, while talking
conductor (68 is connected through break con-
tacts 402, make contacts 452 and make contacts
418 to the line conductor 15’. Similarly, test
conductor 2i5 is connected through break con-
tacts 404 and make contacts 453 and 480 to the
test conductor {8’ of the called line, which will
be assumed to have negative battery on it, indica-
tive of an idle line.

The units relay 450 also, at make contacts 458,
extends its own operating ground to the winding
of the units digit transfer relay 280, by way of
conductor 218. Relay 280 is not affected at the
moment, however, due to having ground aiso on
the other side of its winding, from conductor 8§
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and make contacts (46. Finally, relay 450 at
inake contacts 457, completes a circuit to the
counting chain release relay (50 as follows:
ground at make contacts 146, conductor (84,
make contacts 457, conductor 219, make contfacts
213, break contacts 284, conductor 186, and the
winding of relay 150 to negative battery.

The counting chain release relay 50 operates
over this circuit, and at break contacts 151 dis-
connects ground from conductors 16T and 209, to
which the counting and counting control relays
350 and 320’ are held locked in series, as previ-
ously explained. Relays 350 and 320’ therefore
release and restore their contacts to their normal
position. When the make contacts 325’ and 359
open, they open the operate circuit to the units
relay 450. This removes the ground shunt from
the winding of the units digit transfer relay 280.
Relay 280 thercupon operrtes in series with the
units relay 450, and locks the latter relay oper-
ated, from ground at make contacts 146, by way
of conductor (84, the winding of relay 280, con-
ductor 218, make contacts 458, and the winding
of relay 450 to negative battery.

The units digit transfer relay 280 upon operat-
ing, at break contacts 284 opens the circuit to
the counting chain release relay 150, causing the
release of this relay. At break contacts 285 and
286, relay 280 opens the cireuits to conductors
257 and 258 leading to the units springs of the
counting relays, and at make contacts 285 pre-
pares a circuit to the ringing digit switching
relay {70. At break-make contacts 28{, relay
280 disconnects the units switching or “sub-
group” relay 400 from conductor 213 leading to
springs no the sixth counting relay, and connects
the ring switching or side-of-line-select” relay
210 to the same conductor 213. At make con-
tacts 282, relay 280 prepares an alternative lock-
ing circuit for the counting relays, shunting break
contacts 233 on the busy relay. This action is
without significance at this time, however. Fi-
nally, at break-make contacts 283, relay 280 dis-
connects the busy test relay 230 from the test
conductor 215 and connects the idle test or

" “switching” relay 240 thereto in its stead.

The called line being idle, as stated, a circuit
for the operation of the idle test relay 240 is now
established as follows: ground at break contacts
101, through make contacts 145, conductor 183,
upper winding of test relay 240, break contacts
235, make contacts 283, test conductor 215, break
contacts 404, make contacts 453, make contacts
480, line test conductor 15’* and the windings of
the cut-off and lockout relays in the line circuit
of the called line to negative battery. The line
cut-off and lockout relays operate over this cir-
cuit to clear the called line of attachments in
the usual manner.

The idle test relay 240 also operates and at its
preliminary make contacts 244 locks itself
through its lower winding to the locking ground
on conductor 184, from make contacts 146, At
make contacts 241 and 242, relay 240 prepares
circuits for connecting ringing signals to the
called line. At make contacts 243, relay 240 con-
nects direct ground from conductor {83 to the line
test conductor, by way of break contacts 23§,
make contacts 283 and the connector test con-
ductor 245. At make contacts 245, relay 240 also
prepares g circuit to the ring pickup relay (80,
Finally, at make contacts 248, relay 240 prepares
a start circuit to the ringing interrupter. Con-
nector relays 110, 130, {40, 240, 250, 260, 270, 289,
450 and 470 are now operated.
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The fourth and last digit of the call number
“2151” now causes the connector line relay 110 to
release and re-operate once only. Upon the re-
lease of relay 110, the closure of the break con-
tacts |11 sends a pulse of current over conductors
179 and 206 as before, to again cause the operation
of transfer relay 290 and counting relay 310.
Upon the reoperation of relay 116, the opening of
the break contacts I'{1 opens this circuit and per-
mits the counting control relay 310’ to operate
in series with the counting relay 310 as previously
explained, from ground on conductor 205.

Counting control relay 310’ upon operating, at
make contacts 311’ completes the previously men-
tioned alternative start circuit to the ringing ma-
chine, from ground at make contacts 266, through
conductor 207, make contacts 311’, and conductor
198 to the ringing generator. This circuit shunts
the break contacts 175 on the ringing digit switch-
Ing relay 110, thus assuring continued operation
of the ringing machine when relay i10 operates.
At make contacts 312, relay 310’ further prepares
the start circuit for the ringing interrupter. Re-
lay 810’ also, at break-make contacts 313° pre-
pares the usual operate circuit to the second
counting relay, and at make contacts 315’ pre-
pares the operate circuit of relay {70.

Transfer relay 290 now restores, after a slight
interval, and at break contacts 294 and 292 com-
bletes the operating circuit to the ringing digit
relay 1710, which is as follows: ground from make
contacts (42, conductors 166 and 203, make con-
tacts 315°, conductor 204, conductor 199 right,
break contacts 294 and 292, make contacts 264
and 285, conductor 187, break contacts of the
make-before-break springs 112, and the winding
of relay (10 to negative battery.

The ringing digit switching relay 170 now op-~
erates, and at make contacts 172 locks itself to
the grounded conductors 188 and 203. At break
contacts 171, relay {10 opens the pulsing circuit
to the counting relays, and at make contacts 173
connects the code conductors 194 and {95 to-
gether, preparatory to their connection to the
coding relay 220. At make contacts 174, relay {18
completes the start circuit to the ringing inter-
rupter as follows: ground at make springs 312,
conductor 209, make contacts 248, conductor 196,
make contacts {14, and start conductor 96 to the
ringing interrupter. Relay 170 also, at break con-
tacts 175 opens one of the start circuits to the
ringing machine, and at make contacts 11§ con-
nects ground from conductor 199 to one side of
the ring pickup relay 180,

When therefore, the interrupter places nega-
tive battery momentarily on the pickup lead, just
before the start of the next ringing cycle, a circuit
is completed for the operation of the ring pickup
relay 180 as follows: ground at make contacts
142, conductors 166 and 203, make contacts 315,
conductor 204, conductor 199 left, make contacts
176, break contacts 162, upper winding of pick-
up relay 180, conductor 189, make contacts 245,
conductor (92, and the break contacts of the
make-before-break springs 181 to negative bat-
tery on the pickup conductor 89. Relay 180 there-
upon operates, and at make-before-break con-
tacts 181 locks itself to steady negative battery
from the interrupter on the hold battery conduc-
tor 88, and at the same time disconnects itself
from the pickup conductor 89. Relay 80 also,
at make contacts 182, connects conductor 183 and
the coding relay 220 to the code conductors 194
and 195, and thence to the code springs of the
counting relays. Since the interrupter removes
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negative battery from conductor 88 at the end
of the code cycle, this action is repeated at each
ringing cycle with the pickup relay 180 pulling
up at the start of the cycle and restoring at the
end of the cycle.

Ground pulses representative of the first ring-
ing code now pass from the ringing interrupter,
shown as the rectangle 82 at the lower right in
Fig. 3, to the coding relay 220 through make
springs 812 on the operated counting relay 310.
Tais circuit is from ground at the coding springs
of the interrupter, cable 93 and conductor 319,
make contacts 312, conductor 194, make contacts
{82, conductor 193 and the winding of relay 220
to negative battery. PFor the first code, each code
cycie consists merely of one long ring of about
two seconds duration followed by a silent period
of akout three seconds, repeated intermittently
until the called party a-swers. This is the code
employed for ringing on single party lines. The
interrupter of course, also connects various com-
binations of long and short coding pulses to the
other ringing conductors at the same time,
through the cables 93 and 94, but as these circuits
are all open at the springs of the other counting
relays, this action is without effect in the present
instance.

The coding relay 220 follows the code pulses,
and on each encrgization connects ringing cur-
rent to the called line over the following circuit:
the negative “out” terminal of the ringing ma-
chine or ringing generator, the ringing conductor
91 in the upper right of PFig. 1, winding of the
slow-to-operate ring-cut-off relay 180 which is
shown with a copper sleeve over the core and
8 copper s'ug at the armature end, conductor 163,
break contacts 212, make contacts 223, make con-
tacts 242, talking conductor 185, break contacts
402, makez contacts 452, make contacts 419, the
called line negative line conductor 15°, through
the ringer at the called station and back over
the called line positive line conductor 15, make
contacts 478, make contacts 451, break contacts
401, talking conductor 158, make contacts 241,
make contacts 222, and break contacts 211 to
ground.. The bell at the called station now rings
intermittently, in the usual manner. In the case
of a call to a party line, with divided ringing, this
circuit of course would go directly to ground at
the subscribar’s ringer instead of returning over
the positive line conductor. In this case also, the
last digit of the call number, and consequently
the ringing code, would be varied as necessary.

Relay 220 also, at each energization, at make
contacts 221 completes a circuit for providing
ring-back tone to the calling line. A portion of
the ringing current passes back over this circuit
which may be traced as follows: ringing genera-
tor, conductor 91, winding of ring-cut-off relay
190, conductor 163, the low capacity condenser
216, make contacts 221, conductor 157, conductor
138, talking condenser {09, break contacts 122,
break contacts 102, negative line conductor 81,
through the calling telephone, back over the posi-
tive line conductor 80, break contacts 10i, break
contacts 121, and the upper winding of relay (10
to ground. The ringing current is thereby made
audible to the calling subscriber as a low tone,
to indicate that the called line is being signalled.
The ringing current itself is of course prevented
from getting into the calling line by the open
break contacts 222 and 223 on the one hand. and
by the open make contacts (81 and (02 on the
other hand.

Relay 220 also, at make contacts 224 completes
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an obvious circuit for operating the drain relay
200. Relay 200 therefore follows the pulsations
of the coding relay 220, but due to being made
slow to release by a copper slug over the core at
the heel end, relay 200 remains operated for a
short instant, after each release of relay 220.
During this interval, at the beginning of each
silent period, ground and negative battery from
make contacts 201 and 202 are connected momen-
tarily across the called line, by way of break
contacts 222 and 223, make contacts 241 and 242,
and the talking conductors i58 and i65. This
drains the condenser charge from the line caused
by the ringing, and prevents the building up of
heavy voltages therein such as might otherwise
occur, particularly on heavy loaded party lines.
It also tends to prevent premature ring cutoff,
caused by premature operation of the ring cut-
off relay from the same line charge.

‘When the called party answers, if the receiver
at the called station is lifted during a ringing
period, a direct current circuit is completed there-
by for the operation of the ring-cut-off relay 190,
over the previously traced ringing circuit, that
is from negative battery at the ringing generator,
to conductor 91 and relay 190, through the called
line loop and the called subscriber’s telephone,
and back to ground at break contacts 2{({. The
ring-cut-off relay 190 operates over this circuit
and at make contacts 191 completes a circuit to
the mounting chain release relay 150. This circuit
is from ground at make contacts 142, conductors
166 and 203, make contacts 31%’, conductor 204,
conductor 199 left, make contacts (81, and the
winding of relay 150 to negative battery.

The counting chain release relay 150 now oper-
ates, and at break contacts 151 opens the locking
circuit to the counting relays, whereupon the re-
lays 310 and 310’ both release and restore their
contacts to normal. Relay 310’ upon releasing, at
make contacts 311’ removes ground from the
ringing machine start circuit, and at make con-
tacts 312 opens the start circuit to the ringing
interrupter, thereby causing both of these devices
to stop, provided they are not held operated from
some other source, such as another connector, or
a repeater. Relay 310’ also, at make contacts
315’ removes ground from conductors 204 and
198. Removal of ground from conductor 189
right, opens the operate circuit to the ringing
digit relay 170, but this is without effect, as relay
170 is now locked to ground on conductors 188,
203 and 166 as previously explained. Removal
of ground from conductor 199 left however, opens
the circults to both of the counting chain release
relay 150 and the pickup relay 180, and both of
these relays restore. Relay 180, at make contacts
182 opens the circuit to the coding relay 220,
which also restores. Counting relay 310 upon re-
leasing, at make contacts 3i2 further opens the
circuit of the coding relay 220 by disconnecting
the coding conductor 319 from conductor 194.

The coding relay 220 upon releasing, at make
contacts 221 opens the ring-back circuit, and at
make contacts 222 and 223 opens the ringing
circuit causing relay 190 to restore. Relay 220,
at make contacts 222 and 228 prepares the talk-
ing circuit, and at break contacts 224 opens the
circuit to the drain relay 200. Relay 200 now also
releases, after a short delay, and at break-make
contacts 201 and 202 opens the line drain circuit,
and connects the called line loop to the back-
bridge or battery feed relay 160.

The back-bridge relay 180 now operates over
the called line loop by way of the following cir-
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cuit: ground through the upper winding of re-
lay 160, conductor 159, break contacts 201 and
222, make contacts 241, conductor 158, break con-
tacts 401, make contacts 451 and 478, line con-
ductor 15, through the called telephone to line
conductor 15’, make contacts 479 and 452, break
contacts 402, conductor 165, make contacts 242,
break contacts 223 and 202, conductor {64, and
the lower winding of relay 160 to negative bat-
tery. Relay 160 upon operating, at make con-
tacts 161 completes a circuit for the operation
of the battery reversing relay 128 from conduc-
tor 82 which Is now grounded in the finder.
Break-make contacts 162 are also reversed by
the operation of relay 160, but without effect at
this time,

The battery reversing relay 120 now operates,
and locks by way of its make contacts 123 to
ground at make contacis .32. Relay (20 also,
at its make-before-break contacts 121 and 122,
reverses ground and negative battery from relay
110 to the calling line, for metering or super-
visory purposes, as required. The talking cir-
cuit through the connector is now complete, and
extends from the calling telephone by way of
the line conductor 80, through break contacts
101, make contacts 121, talking condenser 109,
conductor (64, break contacts 202 and 223, make
contacts 242, conductor 165, break contacts 402,
make contacts 452 and 4713, line conductor i%’,
the called telephone, line conductor I5, make
contacts 478 and 451, break contacts 40, con-
ductor {58, make contacts 241, break contacts
222 and 201, conductor (59, talking condenser
108, make contacts {22, break contacts 102, and
line conductor 81 back to the calling telephone.
Relay (10 furnishes talking battery to the calling
line, and relay 160 to the called line. Connector
relays 140, 120, 130, {40, {60, 170, 240, 250, 260,
270, 280, 450 and 470 are now operated.

If, instead of answering during a ringing pe-
riod, the called party answers during a silent
period, the action of the connector is slightly
different. In this case, both the coding relay
220 and the drain relay 200 will be at normal,
so that when the called party answers, the back
bridge relay 160 finds itself connected to the
called line loop, instead of the ring-cut-off relay
190. Relay i60 therefore operates immediately,
while relay 190 remains normal. Relay {60 at
make contacts 161, pulls the battery reversing re-
lay 120 as before, and at break contacts {62 opens
the circuit of pickup relay 180 which restores
and prevents any further operation of relay 220.
Relay 180 also, at make confacts 162 completes
a circuit to the counting chain release relay (58
from ground on conductor {99 through make con-
tacts 176 and 315’. The counting chain release
relay 150 operates over this circuit and at break
contacts 151 opens the locking circuit to the
counting relays, whereupgn the relays 318 and
310’ restore. Relay 310’ as before at make con-
tacts 311’ opens the ringing machine start cir-
cuit and at make contacts 312’ opens the inter-
rupter start circuit. Relgy 310’ also, at make
contacts 315’, removes ground from conductors
204 and 199, thereby causing the counting chain
release relay 150 to restore. Counting relay 310
upon releasing at make contacts 312 disconnects
the coding conductor 319 from conductor (94.
The connector is now ready for conversation,
with the talking circuit exactly as stated at the
end of the preceding paragraph.

Called line busy )
" If the called line is busy, its test conductor,
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such as 5’ for example, will have direct ground
on it from the connector through which the
original connection was established. This of
course, has no effect on the dialling of the first
two digits of the call number, but does cause
a change in the operation of the connector fol-
lowing the dialling of the third or units digit.

* Thus, in the case of the call originally de-
scribed, the subscriber line “2151,” the dialling
of the first digit “2” causes the operation of the
preliminary digit switching and transfer relays
250 and 210 exactly as described. Likewise, the
dialling of the second digit “1” causes the opera-
tion of the tens relay 470 and the tens digit trans-
fer relay 260, precisely as before. Upon comple-
tion of this operation, connector relays 110, {30,
104, 250, 260, 270 and 470 are found operated,
just as previously indicated.

Upon the dialling of the third digit “5” the
counting chain counts off the dial pulses as be-
fore. On the fifth pulse, counting relay 350 op-
erates, and on the break of the pulse when the
pulsing or line relay |10 re-operates to open the
pulsing circuit, the counting control relay 320’
operates as before in series with relay 350, from
ground on conductors 205 and 1§67, Transfer
relay 290 operates as usual ocn the first pulse
and releases shortly after the last puilse.

Upon the release of iransfer relay 290, shortly
after the fifth and last pulse, break contacts 294
and 292 of this relay close to complete the pre-
viously traced operate circuit to the units relay
450, which, fo repeat, extends from ground
through make contacts 142, conductor 166, con-
ductor 203, make contacts 325’, conductor 204,
conductor 189 right, break contacts 294, break
contacts 292, make contacts 264, break contacts
285, conductor 257, cable 227, conductor 257 in
the counting relays, make contacts 355, con-
ductor 435, and the winding of the 5-0 units relay
450 to negative battery.

The units relay 450 operates over this circuit,
and connects the talking conductors {58 and 165
through to the line conductors t5 and 15’ as be-
fore, by way of break contacts 401 and 402, make
contacts 451 and 452, and make contacts 418 and
419. This is now without effect however, and the
talking conductors remain open at make contacts
241 and 242, due to the action of the busy relay
230, whose circuit is completed at this time by the
closing of make contacts 453. This circuit is
from ground on conductor 15’°, make contacts
480, make contacts 453, break contacts 404, the
test conductor 215 in the connector, break con-
tacts 283, conductor 169, break contacts 104, con-
ductor 168, and the winding of relay 230 to nega-
tive battery.

Relay 450 also, at make contacts 457 again com-
pletes a circuit for the operation of the counting
chain release relay 180. This circuit as before, is
from ground at make contacts {46, over conductor
184, through make contacts 457, conductor 219,
make contacts 273, break contacts 284, conduc-
tor 186, and the winding of relay 150 to negative
battery. Finally, at make contacts 458, relay 450
prepares its own locking circuif, in series with
relay 280, and at the same time shunts the latter
relay to prevent its immediate operation.

Busy relay 230 and the counting chain release
relay 150 operate over their respective circuits at
approximately the same time, and at break con-
tacts 181 and 233 remove ground from the locking
conductor 205, thereby causing the release of the
counting and counting control relays 350 and 320°,
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which, as explained, are locked in series to this
conductor.

Busy relay 230 also, at make contacts 232 locks
itself to the ground on conductor 166 from make
contacts {42 on the hold relay, and at make con-
tacts 231 connects busy tone to the calling line.
The busy tone circuit is from ground battery,
through the secondary of the busy fone induction
coil, the primary circuit of which is being inter-
rupted in the characteristic well known manner,
and thence to conductor 248 in the upper right
hand corner of Fig. 2, make contacts 231, con-
ductor (56, make contacts {41, conductor 135,
talking condenser 109, break contacts 122 and 102,
out over the calling loop, and back to break con-.
tacts 101 and 121, and the upper winding of relay
110 to ground. Busy tone is made audible at the
calling telephone over this circuit as an indication
of the busy condition, Ielvy 238 also, at break
contacts 234 opens a point in the pulsing circuit.
This is without effect in the present instance how-
ever, since break contacts 234 are now shunted by
the closed make contacts 272 on the preliminary
digit transfer relay. Finally, relay 230, at break
contacts 236 opens a second point in the circuit
of the switch-through relay 100, and at break
contacts 235 opens the operate circuit of the idle
test relay 240 to prevent seizure and ringing of
the called line. :

The counting and counting control relays 350
and 320’ upon releasing, at make contacts 355
and 325’ opens the operate circuit to the units
relay 450. 'This, as previously, removes the
ground shunt from the winding of the units digit
transfer relay 280. Relay 280 thereupon operates
as before in series with relay 450, and locks the
latter relay operated, over the locking conductors
184 and 218. )

The units digit transfer relay 280 upon operat-
ing, at break-make contacts 281, disconnects the
units switching relay 400 from conductor 213 and
the sixth counting relay, and connects the ring
switching relay 210 thereto in its stead. At make
contacts 282, relay 280 prepares an alternative
locking circuit for the counting relays, shunting
break contacts 233 on the busy relay: At break
contacts 283, relay 280 opens the operate circuit
of the busy relay 238, but relay 230 remains locked
to hold relay ground on conductor 166. At make
contacts 283, relay 280 prepares the operate cir-
cuit of the idle test relay 240, but this circuit is
now open at break contacts 235 on the busy relay.
Relay 280 also, at break contacts 284 opens the
circuit of the counting chain release relay 156,
causing the release of this relay; at make con-
tacts 285 prepares the circuit of the ringing digit
switching relay 170; and at break contacts 285
and 286 disconnects the conductors 2571 and 258.

Connector relays (10, 130, 140, 230, 250, 260,
270, 280, 450 and 470 are now operated, and busy
tone is on the calling line.. In the majority of
cases the calling party on hearing the busy tone,
will hang up immediately, without dialling the
final digit. Should the fourth digit be dialled
however, the counting relays will follow the puls-
ing in the usual manner, through make contacts
272, And upon the release of transfer relay 290,
the ringing digit switching relay 1710 operates as
before by way of break contacts 294 and 292,

.make contacts 264 and 285, and conductor 187.

Nothing results from this however, since the open
contacts 245 on the idle test relay now prevent
the operation of the ring pickup relay 180, which
in turn prevents closure of the circuit to the cod-
ing relay 220. Nor is there any circuit at this
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time for the ring-cut-off or back-bridge relays
190 and {60, nor for the counting chain release
relay 150, The counting relays therefore remain
operated. Upon release by the calling party,
however, whether after the third or the fourth
digit, all of the relays release and free the link,
just as for a normal release, following a com-
pleted call.

Digit absorplion

As stated under the heading “Numbering
scheme,” in the last paragraph, first digits “1,”
“3,” “4,” “6” or “6” are not used, and if dialled
are absorbed. The manner in which this digit
absorption occurs will now be described briefly.

Upon seizure of the connector, the connector
line, release, and hold relays 110, {30 and 140 op-
erate in the manner already described, to prepare
the various operating and control circuits.

If the first digit dialled following selzure is a
“1,” the connector line relay {10 will release and
re-operate once. On the release of relay (10,
transfer relay 290 and counting relay 310 operate,
and on the re-operation of relay 118, counting
control relay 310’ operates. Shortly thereafter,
when the transfer relay 290 restores, break con-
tacts 294 and 292 close to complete a circuit to the
counting chain release relay 180, which may be
traced as follows: ground at make contacts 142,
conductor 166, conductor 203, make contacts 315,
conductor 204, conductor 199 right, break contacts
294, 292, 264 and 218, conductor 233, cable 227,
conductor 283 in the counting relays, make con-
tacts 313, conductor 208, conductor 186 left, and
the winding of relay 150 to negative battery. The
same ground is also passed to conductor 284

through break contacts 265 and 276, but this cir-

cuit is now open at the springs of the counting
relays. The counting chain release relay 150
operates over the first circuit, and at break con-
tacts 151 opens the counting chain locking circuit,
whereupon relays 310 and 310’ release. This
opens the circuit of relay {30 in turn, and this
relay then also releases. The connector is still
in the first digit position and dial tone is still
on the calling line, through make contacts 141.
If a regular call number is now dialled, the con-
nector will respond and complete the connection,
just as if the wrong flrst digit had not been
dialled.

If the first digit dialled following seizure is a
“3,” relay {10 will release and re-operate three
times. Relay 290 as always, operates on the first
pulse and releases shortly after the last pulse.
Counting relay 310 and counting control relay
310’ operate on the first pulse, 320 and 320’ on
the second pulse, and 330 and 330’ on the third
pulse. Relay 230 releases as before, shortly after
the last pulse, and at break contacts 294 and 292
again grounds conductors 283 and 254. Con-
ductor 254 is again open at the springs of the
counting relays, but the ground on conductor 253
passes through make contacts 333 of the third
counting relay to conductor 208, and thence to
relay 180 which again operates momentarily, and
releases the counting chain.

Simflarly, if the first digit is a “4,” relay 110
will release and re-operate four times. Relay 290
as before, operates on the first pulse. Relays 3{0
and 310’ also operate on the first pulse, 320 and
320’ on the second pulse, 330 and 330’ on the third
pulse, and 340 and 310’ again on the fourth pulse.
When relay 290 releases, after the fourth pulse,
break contacts 294 and 292 connect ground to con-
ductors 253 and 264 as before. This time, con-
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ductor 253 is open at the springs of the counting
relays, but the ground on conducior 254 passes
through make contacts 343 of the fourth counting
relay to conductor 208 and thence to relay 150.
Relay 150 operates momentarily over this cir-
cuit, and releases the counting chain, as before.

If the first digit is a “5,” relay {10 will release
and re-operate five times, and at the end of the
fifth pulse, relays 350 and 320’ find themselves
operated. Now when relay 290 restores after the
last pulse, and grounds the conductors 253 and
254, the ground on conductor 253 passes through
make contacts 353 on the fifth counting relay to
conductor 208 and thence to relay 150 which re-
leases the counting chain, as before.

Finally, if the first digit is a “6”, relay (10 will
release and re-operate six times. This leaves the
counting and counting control relays 360 and 330’
operated. When therefore relay 290 restores
again after the last pulse to ground conductors
253 and 258, the ground on conductor 254 passes
through make contacts 363 on the counting relay
360 to conductor 208 and relay (50.

Release

Release of the connection is under the control
of the calling party. Thus, when the calling party
replaces the receiver or handset at the end of the
conversation, the opening of the calling line loop
to conductors 80 and 81 opens the circuit of the
connector line relay 110, which immediately re-
leases.

Relay 110 upon releasing, opens make contacts
i1 to open the circuit of the release relay 130.
Relay 110 also closes break contacts 111, but this
is without effect, as the connector pulsing circuit
is now open at break contacts 171 of the operated
ringing digit switch relay 170. The release
relay {39 in response to the opening of its circuit
now releases, after a short delay, and at make
contacts 131 opens the circuit of the hold relay
140, which releases immediately. The opening of
make contacts 131 also removes ground from the
control or “C’ conductor 83, thereby to permit the
release of the cutoff and lockout relays in the line
circuit of the calling line, and restoring said line
circuit to its normal condition.

The hold relay 140 upon releasing, at make

contacts 141 opens an additional point in the dial
tone circuit, preparatory to the closing of break
contacts 261 and 271, and at make contacts 142
opens the locking circuits of the battery reversing
relay 120 and the ringing digit switching relay
110, whereupon relay (70 restores. At make
contacts 147 relay 140 removes ground from the
hold conductor 84 to permit the release of the
finder. Removal of ground from conductor 84
~also removes ground from the supervisory con-
ductor 82 in the finder, whereupon the battery
reversing relay 120 restores, to give release super-
vision. At make contacts 143, the hold relay 130
opens a further point in the connector pulsing
circuit, and at make contacts 144 opens its own
locking circuit.

Relay 140 also, at make contacts (45 opens
the operate circuit to the idle test relay 249,
and at make contacts {46 opens the locking cir-
cuit to relay 240, and to relays 210 and 250 in
series, 260 and 470 in series, and 280 and 450
in series, whereupon all of these relays release.
Upon the release of the tens and units relays
470 and 450 the called line loop is opened and
the back bridge relay 160 thereupon also re-
leases. Finally, hold relay 140, at make con-
tacts 149 removes ground from the tone and
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timer start conductor 87, and at break contacts
148 prepares the operating and locking circuits
to the associated link select relay in the allotter,
by way of conductors 85 and 86. The link is
now normal and ready to receive another call.

If the called party should hang up first, the
opening of the called line loop would cause the
release of the back bridge relay 160. This would
be without effect however, and the connector
would remain operated, over the calling line
loop.

High third and fourth digits

If on a call to a subscriber’s station, the third
and fourth digits of the call number are not
greater than five, that is, any digit from “1” to
“B,” the action of the connector will be as stated
for the call just described to station “2151.” If
however, the third or fourth digits or both, are
greater than five, the action is slichtly different.
In the case of a third digit higher than five, the
units switching relay 400 will operate upon the
dialling of this digit, together with the proper
units relay, to select the high sub-group. And
if the fourth digit is greater than five, the ring
switch relay 2i0 operates on the dialling of this
digit, in addition to the ringing digit switching
relay 170, to direct the ringing to the positive
side of the line, as in the case of party lines,
where ringing may be required to either side of
the line.

In the case of a call to subscriber station
“2101” for example, on the dialling of the first
digit “2,” relays 250 and 270 operate as before,
and upon the dialling of the second digit “1,”

the tens relay 470 and relay 260 operate, exactly -

as previously described.

Upon the dialling of the third digit “0,” the
transfer relay 290 operates momentarily as usual,
and the counting relays count ten, leaving relays

300 and 310" operated, on the completion of the °

last pulse. The units switching relay 400 is oper-
ated “on the run,” upon the sixth step of the
counting relays, when the counting relay 360
operates momentarily. Upon the operation of
relay 360, its make contacts 366 complete a direct
circuit to relay 400 as follows: ground at make
contacts 142, conductor 166, conductor 203, make
contacts 366, conductor 213 across Fig. 4 to Fig.
2, make contacts 262, break contacts 281, con-

ductor 214, and the upper winding of relay 400 °

to negative battery. Relay 400 upon operating,
reverses its connections to the springs of the
units relays at break-make contacts 401, 402 and
404, and at make contacts 403 locks itself to
hold relay ground on conductor 184.

When now the transfer relay 290 releases fol-
lowing the final pulse of the digit, break con-
tacts 294 and 292 again close and connect ground
through make contacts 315’ to conductors 251
and 258. This time the ground on conductor
257 encounters only open contacts in the count-
ing relays. The ground on conductor 258 how-
ever, passes through make contacts 305 to con-
ductor 435 and the winding of units relay 450
to negative battery.

The 5-0 units relay 459 operates over this
circuit and makes connection, not to the ffth
line of group 10 as before, but to the tenth line.
The talking conductors (58 and 165 are con-
nected to the line conductors 16 and 19’ by way
of make contacts 401 and 402, make contacts 454
and 455, and make contacts 484 and 485. The
test conductor 215 is connected to test conductor
10’* by way of make contacts 404, 456, and 486.
‘The balance of the operation and the dialling of
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the fourth digit “1” is as described for the call
to line *2151.”

In the case of a call to subscriber station
“2108,” on the tenth line of group (0, which will
be assumed to be a party line, the operation upon
the dialling of the first three digits will be as
described for a call to station “2101.” That is,
relays 250 and 270 operate on the first digit, 470
and 260 on the second digit, and on the third
digit relays 400, 450 and 280 operate. If the
line is idle, relay 240 also operates following the
third digit, to seize the called line.

Upon the dialling of the fourth digit “8,” the
transfer relay 290 again operates, and the count-
ing relays count eight, leaving relays 380 and
320’ operated. Upon the operation of the sixth
counting relay 360, relay 210 is operated over the
following circuit: ground through make contacts
142, conductors 166 and 203, make contacts 368,
conductor 213 across Fig. 4 to Fig, 2, make con-
tacts 262, make contacts 281, and the upper wind-
ing of relay 210 to negative battery. Relay 210
locks itself operated and reverses its contacts 211
and 212, thereby reversing the ringing generator
and ground connections.preparatory to ringing
the positive side of the called line.

Upon the release of transfer relay 290 following
the final pulse, the closing of break contacts 294
and 292 completes the usual circuit to relay 110
through make contacts 264, make contacts 285
and conductor 181, and relay 170 operates. Pick-
up relay 180 then also operates, under control
of the interrupter as previously explained, and
at make contacts 182 connects the coding relay
220 to the code conductors 194 and 195.

Ground pulses representing the eighth ringing
code now pass from the interrupter 92 to the
coding relay 220 through the cable 94, conductor
389, make contacts 382, conductor 195, make con-
tacts 113, make contacts 182, conductor 193, and
the winding of relay 220 to negative battery.
The coding relay 220 operates on each code pulse,
and on each energization connects ringing cur-
rent to the called line over the following circuit:
negative battery through the “out” terminal of
the ringing generator to conductor 91 in the
upper right corner of Fig. 1, through the winding
of the ring cutoff relay 190, conductor 183, make
contacts 211, 222, and 241, conductor 158, make
contacts 401, 454 and 484 to the positive called
line conductor 10, and through the ringers of the
line to ground. If the ringers are brideed, the
circuit is completed over the negative line con-
ductor 10°, through make contacts 485, 455 and
402, conductor 165, and make contacts 242, 223
and 212 to ground. The balance of the oper-
ation is already described. In the case of bridged
ringers, all the ringers on the line will ring, and
In the case of grounded ringers, only those con-
nected to the side of the line being rung will
operate. Relay 210 releases when the called party
answers, when relays 160 and 150 operate as
before, and relay 158 disconnects ground from
conductor 187,

Third digit “1”

An examination of the control -circuits
through the counting relays of Fig. 3 will show
that the fifth pair of springs of each pair of re-
lays except the first is wired direct to the corre-
sponding units relay. Thus, make springs 325
and 37§ of the second and seventh counting re-
lays are wired direct to the U2-7 units relay,
make springs 335 and 385 of the third and eighth
counting relays to the U3-8 units relay, make
springs 345 and 395 of the fourth and ninth
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counting relays to the U4-9 units relay, and

make springs 355 and 305 of the fifth and tenth -

counting relays to the U5-0 units relays 450.

In the first pair of counting relays however,
the connections are a little different, and the
units contro] is separated in the two relays.
Thus, while the make springs 365 of the sixth
counting relay 360 are wired direct to the Ul-6
units relay 410, make springs 315 of the first
counting relay 30 or wired instead to make
springs on each of the tens relays, so as to control
the Ul-6 units relay indirectly, and give added
flexibility to the arrangement. Where no trunks
are associated with the first terminals of a group
for example, the other side of the stated make
contacts of the tens relays, such as make con-
tacts 472, 522 and 532, would be wired to units
relay 410. In the present instance however, all
of the tens relays shown do serve trunk groups,

and for this reason this wiring is shown dotted.

Where a P. B. X trunk group is involved, the
other side of the corresponding make springs on
the tens relay, such as make springs 552 of tens
relay §50, is wired to the units control springs
of the P. B. X trunk select relays.

The resulting action, when a third digit “1”
is included in a call number, may readily be seen
by a brief description of a call to subscriber line
“2411” for example. On the dialling of the first
digit “2” the counting relays count off two steps,
and operate the preliminary digit transfer relays
250 and 270. On the dialling of the sec-
ond digit “4” the counting relays count off four
steps and operate the group 40 tens relay, not

shown, through make contacts 344 on the fourth

counting relay. On the dialling of the third digit
“1” the counting relays count off one step and
counting relay 310 closes its make contacts 315
to operate the units relay 410, by way of con-
ductor 431, second contacts of the group 40 tens
relay, not shown, to conductor 436 and relay 410.

Except for the foregoing action on the dialling
of the third digit, and the identity of the tens
relays Involved, the operation is identical with
that described for a call to subscriber line “2151.”

Call to a private branch exchange

On a call to a private branch exchange, seizure
of the connector by the calling line operates the
line, release, and hold relays 110, 130 and 140 in
the connector, exactly as before. These relays
prepare the connector for dialling and the hold
relay returns dial tone to the calling line. Upon
hearing the dial tone, the calling subscriber pro-
ceeds to dial the call number of the private
branch exchange, which will be assumed to be
“2511.” It will also be assumed that there are
seven trunks to this exchange, all having the
same call number, and that all of these trunks
are idle.

Upon the dialling of the first digit “2” relay 299
operates, and the counting relays count off two
steps, leaving relays 320 and 320’ operated.
‘When relay 290 restores after the last pulse, break
contacts 294 again connect ground from make
contacts 325 to conductor 254 and thence
through make contacts 323 and conductor 226 to
the preliminary digit switching relay 250 which
operates. Relay 250 at make contacts 251 pre-
pares the operation of relay 210, and at make
contacts 252 connects ground to relay 150, by way
of break contacts 274 and 263 and conductor i86.
Relay (50 operates and releases the counting
relays, The release of the counting relays re-
moves the shunt from relay 278 and this relay
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operates in series with relay 250, to disconnect
the dial tone, release relay 150, and prepare the
operate circuits required for the second digit.
The action, up to this point, is exactly as de-
scribed for a call to a subscriber’s line,

Upon the dialling of the second digit “5,” relay
290 operates and the counting relays count off
five steps, leaving relays 350 and 320’ operated.
Now when relay 280 restores after the last pulse,
break contacts 294 and 292 connect ground from
make contacts 325’ to conductor 255 and the tens
relay 550, by way of break contacts 264, make
contacts 2715, conductor 259, cable 221, conductor
255 in the counting relays, make contacts 353,
conductor 425, and the winding of relay 550 to
negative battery. ‘

The tens relay 550 operates over this circuit
and closes its contacts, thereby connecting the
various trunks and lines of th.s tens group to the
springs of the units relays preparatory to the
selection of one of their number by the subse-
quent action of the units relays. Relay 550 also
at make contacts 552 and 564 prepares circuits
to the units selecting and units switching springs
associated with this connector at the P. B. X
trunk selecting relays, Relay 550 also, at make
contacts 554, extends its own operating ground
to the tens digit transfer relay 260 by way of
conductor 217, thereby shunting the latter relay
and preparing its operation. Finally relay 559,
at make contacts 553 completes a circuit for the
counting chain release relay 150, as follows:
ground at make springs {46 on the hold relay,
conductor 184 across Fig. 2 and Fig. 4, make con-
tacts 5§83, conductor 225 back to Fig. 2, make con-
tacts 274, break contacts 263, conductor 186, and
the winding of relay 150 to negative battery.

The counting chain release relay 150 thereupon
operates, to release the counting relays, and the
latter relays in turn open the operate circuit to
relay 550. This removes the shunt from the tens
digit transfer relay 260, and this relay operates
in series with relay 550, over the following cir-
cuit: ground at make contacts 146 of the hold
relay, conductor 184, winding of relay 260, con-
ductor 217, make contacts 554, and the winding
of relay 550 to negative battery. Relay 260 upon
operating, releases relay (50, starts the ringing
generator, and prepares to operate circuits re-
quired for the third digit.

Upon the dialling of the third digit “1,” relay
290 again operates and the counting relays count
off one step, again leaving relays 310 and 310’
operated. When relay 290 restores shortly after
the completion of the pulse, break contacts 294
and 292 again close, and connect ground from
make contacts 315’ to conductor 257 and the
units relays, by way of the counting relays and
the P. B. X trunk select relays. This circuit, from
break contacts 292, passes through make con-
tacts 264, break contacts 285, conductor 257, cable
221, conductor 257 in the counting relays, make
contacts 316, conductor 431 across Fig. 4 to Fig, 5,
make contacts 5§52, conductor 700 across Fig. 4 to
Fig. 7 where, assuming all relays to be normal,
it passes through break contacts T16 to conductor
104 and thence to the winding of units relay 410
and negative battery. A branch of this circuit
also extends from conductor 43{ through make
contacts 564 to conductor 707, but this is without
effect at this time due to the open make contacts
166 and 176 in the P. B, X trunk select relays.

The 1-6 units relay 410 now operates, and at
make contacts 411 and 412 extends the talking
conductors of the connector to the first P. B. X
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trunk, associated with line terminals 5i shown in
the upper right corner of Fig. 5. This connec-
tion is from the talking conductors 158 and 165
in the upper left corner of Fig. 4, through break
contacts 484 and 402, make contacts 411 and 412,
conductors 428 and 429, and make contacts 555
and 556 to the trunk conductors 51 and 51’. Test
conductor 2i5 at the same time is connected
through break contacts 404, make contacts 413,
conductor 427, and make contacts 557 to the test
conductor §1’’, which has negative battery on it,
indicative of the idle condition of the trunk.

The units relay 418 also, at make contacts 418
extends 1ts own operating circuit to the units
digit transfer relay 280, by way of conductor 218,
thereby shunting relay 280 and at the same time
preparing its operation. Finally relay 410 at
make contacts 4171 completes a circuit for the op-
eration of the counting chain release relay 50,
which extends from ground on the conductor 184,
through make contacts 447, conductor 219, make
contacts 213, break contacts 284, conductor {86,
and the winding of relay 150 to negative battery.

Relay 150 upon operating releases the counting
relays, and the counting relays in turn open the
operate circuit of the units relay. This removes
the shunt from relay 280 and this relay operates
in series with relay 410, from ground on conduc-
tor 184 through the winding of relay 280, conduc-
tor 218, make contacts 418, and the winding of
relay 410 to negative battery. The units digit
transfer relay 280 upon operating, prepares the
operate circuits for the fourth and final digit, re-
leases relay 130, and at make contacts 283 com-
pletes a circuit for the operation of the idle test
relay 240. This circuit is from ground at break
contacts {07, through make contacts 145, conduc-
tor 183, the upper winding of relay 240, break
contacts 235, make contacts 283, test conductor
218, break contacts 404, make contacts 413, con-
ductor #27, make contacts 557, test conductor
51’’, and the line circuit of the P. B. X trunk to
negative battery. Relay 240 operates over this
circuit, locks to conductor (88, connects direct
ground from conductor 183 to the test conductor,
and at make contacts 241, 242, 245 and 246 pre-
pares the ringing circuits.

Upon the dialling of the fourth digit ““1,” relay
290 operates once more and the counting relays
once again count off one step, leaving relays 310
and 310 operated. When relay 280 restores fol-
lowing the completion of the pulse, break con-
tacts 294 and 292 connect ground from make con-
tacts 319’ to the ringing digit switching relay 170,
by way of make contacts 264 and 285, conductor
{87 and break contacts {12. Relay iT0 operates
over this circuit and locks as before to conductor
188. Relay 170 also as before, at break contacts
11§ opens the pulsing circuit, at make contacts
173 prepares circuits for the coding relay 220, and
at make contacts |14 starts the interrupter from
ground at make springs 312’ by way of conduc-
tor 208, make contacts 246, and conductor 186.
Finally, relay 170 at make contacts i76 prepares
the operate circuit of the ring pickup relay 180.

The ring pickup relay 180 now operates from
the next pickup pulse from the interrupter, just
before the start of the next ringing cycle follow-
ing the operation of relay §7T8. The circuit for
relay (80, to repeat, is from negative battery on
the pickup conductor 89, through break contacts
181, conductor {92, make contacts 245, conductor
189, winding of relay 180, break contacts 162,
make contacts 176, conductors 199 and 204, make
contacts 31§, and conductors 203 and (66 to
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ground at make springs 142. Relay 180 locks as
before to conductor 88 and connects the coding
relay 220 to the interrupter coding conductor 3{9
by way of make contacts 82, conductor 194, and
make contacts 312. Relay 220 follows the ground
pulses impressed on the coding conductor 319 by
the interrupter, and at each energization con-
nects ringing current to the trunk at make con-
tacts 222 and 223, as previously explained in con-
nection with a call to a regular subscriber’s line.
The answering, ring cutoff, reverse battery, and
release operations are also identical with those al-
ready described and will not be repeated,

Returning now to the P. B. X trunk select re-
lays, upon the seizure of the first trunk, following
the third digit of the P. B. X call number, ground
from the connector on the test conductor of the
trunk is extended to the trunk busy relay 110 by
way of conductor 113, cavsirg the operation of
this relay. This occurs immediately after the op-
eration of the idle test relay 240 in the connector.
The trunk busy relay 110, at make contacts Til
and T2 closes obvious circuits for the operation
of trunk select relays T15 and 725, by way of break
contacts 767 and 721. Relay TI§ at break con-
tacts T16 disconnects the Ul-6 conductor T0i
from conductor 700, while relay 725, at make con-
tacts 126 connects the U2-7 conductor 102 to the
said conductor 7100. Conductor 100 is open at this
time however, due to the prior release of the
counting relays, and this action is without im-
mediate effect other than to prepare the seizure
of the second trunk.

If the first call to the P. B. X is released before
the next call is received, the release of the trunk
busy relay 710, which follows the release of the
trunk, will cause the release of the select relays
715 and 128. The release of these two relays re-
stores the circuit to its original condition, with
conductor 700 connected to the Ul-6 conductor
701 as before, and all other units leads open.
Thus the first trunk will always be employed, on
successive calls to the P. B, X which are non-
overlapping.

If however, the next call to the P. B. X occurs
before the release of the first, ground from the
counting relays on conductor 700 following the
third digit is passed to the 2-7 units relay, by way
of make contacts 126 and conductor 102, thereby
selecting the second trunk. Upon seizure of this
trunk by the connector, test conductor ground is
extended to conductor 723 and the trunk busy re-
lay 7120, causing the operation of this relay. Re-
lay 128, at break contacts T21 opens the circuit
of relay 125, and at make contacts 7121 closes a
circuit to relay 7135, through break contacts 131.
Relay 7125 thereupon releases and relay 135 op-
erates, to prepare seizure of the third trunk.

A third call following immediately, will there-
fore cause the operation of the 3-8 units relay,
over make contacts 736 and conductor 703, there-
by selecting the third trunk. Seizure of this
trunk causes the operation of relays 730 and 745

and the release of relay 7135, to prepare seizure

of the fourth trunk.

A fourth call following closely thereafter will
accordingly seize the fourth trunk, through op-
eration of the 4-9 units relay, by way of make
contacts 746 and conductor 704. Upon seizure
of this trunk relay 140 operates, and causes the
release of relay T45 and the operation of relay
155 to prepare seizure of the fifth trunk.

Similarly, a fifth call to the P. B. X while the
first four trunks are busy, will cause the opera-
tion of the 5-0 units relay, by way of make con-
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tacts 156 and conductor 105. Upon seizure of the
fifth trunk, relays 150 and 765 operate and relay
155 releases. Relay 165 upon operating, at make
contacts 166 connects conductor 707 to conductor
T06 to prepare the operation of the connector
units switching or sub-group relay 400, and at
break contacts 767 opens the circuit of relay T15.
Relay 118 thereupon releases, and at break con-
tacts 716 connects conductor 108 to conductor
10 to again prepare the operation of the 1-§
units relay 410,

Upon a sixth call to the P. B. X at this time,
while the first five trunks are still engaged, the
units switching relay 400 and the 1-6 units relay
410 operate to seize the sixth trunk. The circuit
for the units switching relay is from ground on
conductor 70T through make contacts 166 and
conductor 706 to negative battery through the
winding of relay 400, while the circuit for the
units relay is as before from ground on conduc-
tor T80 through break contacts T16 and conductor
101 to the winding of relay 410 and negative
battery,

The units switching relay 400 upon operating,
at make contacts #03 locks itself to hold relay
ground on the locking conductor | 84, and at
break-make contacts 401, 402 and 404 reverses
the connections to the units relays. When there-
fore the units relay 410 operates, at substantially
the same instant, connection is made, not to the
first trunk at the terminals 54 of the tens relay
. 580, but to the sixth trunk associated with the
terminals 56. The talking conductors 158 and
188 are now connected to the trunk conductors
58 and 58’ by way of make contacts 401 and 402,
make contacts 414 and 415, conductors 433 and
434, and make contacts 561 and 562, The test
conductor 215 is also connected through to the
test conductor 56" by way of make contacts 404,
make contacts 416, conductor 432 and make con-
tacts 563.

The trunk busy relay 760 now operates, and
at break contacts 161 opens the circuit of relay
168. Relay 185 thereupon releases and at break
contacts T67 re-closes the circuit of relay Ti§
which re-operates. Relay 760 also, at make con-
tacts 161 closes a circuit of relay 115 which op-
erates. Relay 115, at make contacts 171§ again
connects conductors 107 and 706 to prepare the
operation of the units switching relay 400. Re-
lay 115 also, at make contacts 717 closes a circuit
to relay 728 which operates to prepare the opera-
tion of the 2-7 units relay.

In the case of a seventh call to the P. B. X, with
six trunks busy, the units switching relay and the
2-7 units relay will operate to seize the seventh
trunk in a similar manner, Seizure of this trunk
causes no further action in the trunk select re-
lays, since the seventh busy relay is not wired
up when only seven trunks are employed. Select
relays 128 and 115 therefore remain operated,
so that if an eighth call is attempted, with all
trunks busy, the connector involved will attempt
to again seize the last trunk. Due to the busy
condition of this trunk however, the connector
will not cut through, but will return busy tone
to the calling subscribed, exactly as described for
a call to a busy subscriber’s line.

If trunks four and five should now become
idle at the same time, relays 740 and 750 will
release simultaneously, and reverse their contacts.
The opening of the make contacts 141 and 751
causes the release of relay T15. Relay 115 in
turn, causes the release of relay 725. The clos-
ing of break contacts 15! is without effect, but
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the closing of break contacts 741 completes a
circuit for relay T45 which operates to again pre~
pare the seizure of the fourth trunk.

If the second trunk next becomes idle, before
the receipt of any further calls, relay 720 will
release and reverse its contacts. Upon the open-
ing of make contacts 721 relay 745 will release,
and on the closing of break contacts 121, relay
125 operates, and prepares the seizure of the
second trunk. If trunks three, six, and seven now
release, relays 130 and 7160 will restore, but with-
ouf effect, due to the open make contacts 121, and
the circuit remains set for trunk two. It is thus
obvious that the lowest numbered idle trunk is
selected, on every call.

Call to a toll operator—group 10—digit “0”

A call to a toll operator is made, as previously
stated, by dialling the single diwit “0,” whereupon
an idle trunk to the toll operator is selected auto-
matically, and the called operator is signalled
automatically, upon seizure of the trunk.

Upon the initiation of such a call, the con-
nector employed in the call is seized in the usual
manner through the operation of the line, release,
and hold relays (10, 130, and 140. These relays
again prepare the connector for dialling, and re-
turn dial tone to the calling party.

Upon the dialling of the digit “0” by the calling
barty, the transfer relay 290 operates on the first
pulse as before, and the counting relays count
off ten pulses, leaving relays 300 and 310’ operated
at the completion of the tenth pulse. The oper-
ation of pulsing relay 360 and the grounding of
conductor 213 through make contacts 368 on the
sixth pulse, is now without effect, due to the open
make contacts 262 on the tens digit transfer
relay 260,

When relay 290 releases, after the completion
of the tenth pulse, the closing of break contacts
294, 293 and 292 connects ground from make con-
tacts 315’ to conductor 253, by way of break con-
tacts 264 and 275; to conductor 254, through break
contacts 26§ and 276; and to conductor 259, by
way of break contacts 265, 276, 21T and 293. The
ground on conductor 253 encounters only open
contacts in the counting relays, and is therefore
without effect. The ground on conductor 254
however, passes through make contacts 303 of the
tenth counting relay, conductor 491, conductor
421 right, and the winding of the tens relay 470
to negative battery. 'The ground on conductor
259 at the same time passes through make con-
tacts 306 on the tenth counting relay, conductor
607 across Fig. 4 to Fig. 8, through the winding
of the group access relay 610, back contacts 612,
break contacts 642, break contacts 651, and the
resistor 654 to negative battery. Relays 470 and
610 thereupon operate over these circuits, ap-
proximately simultaneously,

The tens relay 470 upon operating, prepares cir-
cuits to the trunks and lines of group 10 as be-
fore, and at make contacts 474 extends its op-
erating ground to the tens digit transfer relay
260, thereby preparing the operation of this re-
lay. .

The group access relay 610 upon operating,
locks itself to negative hattery at its own make
contacts 612, and at make contacts 613 closes
an obvious circuit to lockout relay 640 which op-
erates. Relay 640 at break contacts 642 discon-
nects negative battery from the other group ac-
cess relays to prevent their operation at this
time, and at break contacts 641 opens the eircuit
to the kickoff relay 650. Relay 650 is made slow
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to release however, and in normal operation does
not have time to restore, due to the speed with
which trunk selection is normally effectuated.
Group access relay 610 also extends the units
select leads 601, etc., to the springs of the group
select relays, and at make contacts 611 completes
& circuit to group select relay 660. This circuit is
from ground at make contacts 61 {, over conductor
608, make contacts 471 of the operated tens relay
in the connector, conductor 631 back to Fig. 6,
and through the winding of relay 660 to nega-
tive battery.

Group select relay 660 thereupon operates, and
completes the extension of the units select leads
to the group 10 trunk select relays indicated by
the rectangle 655, which will be assumed to con-
trol three toll trunks all of which are idle. At
make contacts 669 relay 660 also extends units
control ground to the rectangle 655 where it
passes through springs on the first trunk select
relay, back over cable 681, through make con-
tacts 663, make contacts 615, conductor 601, cable
645, conductor 601 in the comnector, and the
winding of the 1-6 units relay 410 to negative
battery. .

Units relay 410 operates over this circuit and
at make contracts 411, 412 and 413 extends the
talking and test conductors of the connector to
the repeater of the first toll trnnk, which is con-
nected to line terminals (1. The talking conduc-
tors 258 and 265 for example, are connected by
way of break contacts 401 and 402, make con-
tacts 411 and 4i2, and make contacts 415 and
476 to the talking conductors {1 and 11’, while the
test conductor 21§ is connected by way of break
contacts 404 and make contacts 413 and 417 to
the test conductor {1’’.

Relay 410 also, at make contacts 418 extends
its own operating ground to the units digit trans-
fer relay 280 to prepare the operation of the lat-
ter relay, and at make contacts 411 completes a
circuit for the switch-through relay 100. This
circuit is from hold relay ground on conductor
184, through make contacts 411, conductor 219,
break contacts 273 on the preliminary digit trans-
fer relay, break contacts 236 on the busy relay,
conductor 185, and the winding of relay 100 to
negative battery.

Switch-through relay 100 now operates, and
at make contacts 101 and 102 connects the calling
line through to the trunk repester, over a direct
loop through the connector, which extends from
the calling telephone, through the finder, con-
ductors 80 and 8!, make contacts 181 and 1902,
conductors 198 and 165 across Fig, 2 to Fig. 4,
break contacts 40t and 402, make contacts 411
and 412, make contacts 415 and 416, and con-
ductors 11 and i1’ to the repeater. 'The toll re-
peater is seized over this circuit, signals the op-
erator automatically, and returns ground to the
connector over the test conductor 11/, At break
contacts 10i and 102, relay 100 disconnects the
line relay 110 from the calling line, whereupon
relay 140 restores and opens the circuit of the
release relay 130, which also restores, but only
after a short delay, due to its slow release char-
acteristics.

Switch-through relay (00 also, at break con-
tacts 10T opens a point in the operating circuit
of the idle-test relay 248, at break, contacts 106
removes ground from pulsing springs {11, at break
contacts 104 opens the operate circuit of the busy
relay, and at make contacts 105 connects holding
ground from the trunk repeater to the locking
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springs of the hold relay 180 to prevent the re-
lease of this relay. This circuit is from ground
on the test conductor 11’’ through make contacts
411, make contacts 413, break contacts 404, con-
ductor 215, conductor 171, make contacts 105,
conductor 83, make contacts 144, and the winding
of relay 140 to negative battery. Relay 140 there-
fore remains operated after the release of relay
130.  Pinally relay 100, at break contacts 103
removes locking ground from conductors 16T and
205 and hence from the counting relays.

The counting and counting control relays 300
and 310’ thereupon release. Relay 300 upon re-
leasing, at make contacts 303 opens the operate
circuit to the tens relay 470. The shunt is therehy
removed from the tens digit transfer relay 260
and this relay operates in series with relay 410,
opens the dial tone circuit and locks relay 416
operated, by way of conductur 2471 and make con-
tacts 474, Relay 300 also, at make contacts 306
opens the circuit of the group access relay 610,
which restores.

Group access relay 610 upon restoring, at make
contacts 611 opens the circuit of the group select
relay 660 which restores; at contacts 612 discon-
nects its own negative battery and re-connects it-
self to the now open break contacts 642: and at
make contacts 613 opens the circuit of lockout
relay 640. Relay 640 thereupon releases, at break
contacts 641 re-establishes the circuit of the kick-
off relay 650, in ample time to prevent the release
of this relay, and at break contacts 642 again con-
nects operate battery to the other group access
relays, any of which may now be seized by an-
other call. Finally relay 618, at make contacts
615 opens the operate circuit to the units relay
410, which removes the shunt from the units digit
transfer relay 280, and this thereupon operates
in series with relay 410, and locks the latter relay
operated by way of conductor 218 and make con-
tacts 418.

Because of the lock on the hold relay, the res-
toration of the line and release relays {10 and 130
is without effect, and the connector remains
switched through, with only relays 100, 140, 260,
280, 410 and 470 operated. The talking connec-
tion to the toll operator is completed through
the trunk repeater, which furnishes talking bat-
tery to the calling line, and when the operator
answers, the repeater reverses this battery for
supervisory or other purposes as required. Con-
densers 108 and 109 in the connector are discon-
nected at back contacts 101 and 102, while the
connector ringing circuit is disconnected at the
open make contacts 241 and 242.

If the first trunk is busy when such a call is
initiated, the trunk select relays will cause the call
to be.connected to the second trunk, and if the
first two trunks are busy the call will be auto-
matically connected to the third trunk. If all
trunks are busy, the trunk select relays will not
complete the connection and the connector will
not switch through, but will return busy tone to
the calling line. This will be explained in more
detall in connection with calls to inter-office
trunks.

Release of the call is under the control of the
calling party. When the calling party discon-
nects, the opening of the line loop causes the re-
lease of the trunk repeater. The release of the
trunk repeater in turn removes ground from the
test conductor 215. Hold relay 140 thereupon re-
leases, and causes the release of the connector
and finder.




23,058

35
Inter-office calls——group 20—digit “'9”

Inter-office calls are made, as previously indi-
cated, by dlalling a single digit “9,” “8,” or “7”
depending on the office wanted. An idle trunk to
the wanted office is selected automatically, in the
same manner as described for a call to a toll op-
erator, whereupon the calling party will be con-
nected to a manual office operator, or to an auto-
matic office switch train, as the case may be. The
chief difference between such calls and those to a
toll operator lies in the use of different tens relays
and different groups of trunk select relays for
each class of call.

If for example the digit “9” is dialled, the call
will be directed to a trunk in the 20 group, reached
through the tens relay 520. Relays 110, {30 and
140 operate in the usual manner upon seizure of
the connector, and when dialling begins, relay 290
operates and the counting relays count, leaving
relays 890 and 330’ operated, at the end of. the
ninth pulse. When therefore, relay 290 releases
after the last pulse, the closing of break contacts
294, 293 and 292 connects ground from make con-
tacts 335" to-conductors 283, 254 and 259. The
ground on conductor 254 now encounters only
open contacts in the counting relays, and is there-
fore without effect. The ground on conductor 253
however, passes through make contacts 393 on
the ninth counting relay, conductor 482, conduc-
tor 422 right, and the winding of the tens relay
520 to negative battery. The ground on conduc-
tor 289 likewise passes through make contacts
388 on the same counting relay, conductor 607,
cable 645, and the winding of relay €18 to nega-
tive battery at make contacts 654. Relays 520
and 610 thereupon operate simultaneously.

The tens relay 520 upon operating, prepares
circuits to the trunks and lines of group 20, and
at make contacts 524 extends its operating ground
to the tens transfer relay 260 over conductor 2117.
The group access relay 610 locks as before to neg-
ative baitery at its own springs, operates the lock-
out relay 640 momentarily, and extends the units
select leads to the group select relays. Relay 610
also at make contacts 611 completes a circuit for
the operation of group select relay 670. This
circuit is from ground at make contacts 811 over
conductor 608, cable 645, conductor 6§08 in the
connector, make contacts 521 on the operated tens
relay, conductor 692, cable 645, conductor 692 in
Fig. 6, and the winding of relay €10 to negative
battery.

Group select relay 670 upon operating, extends
the units select leads from the group access re-
lays to the group 20 trunk select relays indicated
by the rectangle 656. Relay 670 also at make con-
tacts 679, extends units control ground to the rec-
tangle 656, where assuming all trunks to be idle,
it passes through closed springs on the first trunk
select relay, back over cable 688, through make
contacts 673 and 618, conductor 801, cable 8485,
conductor 601 again, and the winding of the units
relay 410 to negative battery.

Units relay 410 operating, extends the connec-
tor talking and test conductors by way of make
contacts 411, 412 and 413, conductors 429, 428
and 421, and make contacts 528, 526 and 527 to
the repeater of the first trunk in the 20 group,
which is connected to line terminals 2. Relay
410 also at make contacts 418 prepares the oper-
ating circuit for the units transfer relay 280, and
at make contacts 41T connects ground from con-
ductor 184 to conductor 219 and the switch-
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through relay 108, by way of break contacts 273
and 236, as before.

Switch-through relay 108 upon operating, at
make-before-break contacts 101 and 102 discon-
nects the line relay 110 from the calling line and
connects the calling line through to the trunk
repeater direct, just as described for a toll call,
with talking battery supplied from the trunk re-
peater. Relay 100 also, at break contacts 103
opens the locking circuit to the counting relays, at
break contacts 104 disconnects the busy relay 230
from the test conductor 215, at make contacts
105 connects the hold relay 148 to the test con-
ductor 215, at break contacts 106 disconnects
ground from the pulsing circuit, and at break
contacts 107 disconnects ground from the idle-
test relay 240.

Relays 110, 130, 330’ and 390 now restore, but
release relay 130 due to i's slow release feature,
remains operated long enough to permit the hold
relay [40 to lock to ground placed on the test
conductor 215 by the trunk repeater when the call
is switched through. Relay 140 therefore remains
operated, so that the release of relays (10 and
130 is without effect. Counting relay 390 upon
releasing, at make contacts 393 opens the operate
circuit to the tens relay 520. This removes the
shunt from the winding of the tens transfer relay
260 and this relay operates in series with relay
520 and locks the latter relay operated through
its make contacts 524. Relay 390 also at make
contacts 396 opens the circuit of the group access
relay 810 which also releases.

Group access relay 810 upon restoring, discon-
nects the units select leads, and at make contacts
818 therefore opens the operate circuit of the
units relay 410. This removes the shunt from
the winding of the units transfer relay 280, and
this relay operates in series with relay 410 and
locks the latter relay operated through its make
contacts 418. Relay 6i0 also, at make contacts
811 opens the circuit to the group select relay
870 which restores; at make before break con-
tacts §12 disconnects itself from its own negative
battery and re-connects itself to the now open
contacts 642; and at make contacts 613 opens the
circuit of lockout relay 640, Relay 640 now also
releases and at break contacts 641 reestablishes
the circuit of the kickoff relay 650 which there-
fore remains operated. Relay 640 also, at break
contacts 642, again connects operate battery
through resistor §54 to the group access relays.

The connection as before, is held through the
trunk repeater, which furnishes the talking bat-
tery, the talking circuit in the connector now be-
ing free of attachments. If the call is to a man-
ual office, the repeater will signal the operator in
the usual manner, but if the call is to an auto-
matic office, further dialling will be required. In
this case the additional digits will be repeated to
the distant switch train by the repeater line relay.

Inter-office calls-—group 30—digit “8”

As previously indicated, two trunk groups of
three trunks each are associated with tens group
30, and may be reached by dialling the single
digits “8” and “7” respectively. An idle trunk in
the wanted group is selected automatically, by one
of the trunk select relay groups in Fig. 9, depend-
ing on the digit dialled, and the call is switched
through by connector relay {00 in the manner
already described.

Thus if an “8” Is dialled, the call is directed to
the first group of three trunks associated with the
tens relay 530, and with the upper set of trunk
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select relays in Fig. 9. Connector relays {10, 130
and 140 operate as before upon seizure of the
connector, and relay ({0 repeats the dial pulses
to the counting relays. Relay 290 operates on
the first pulse, and at the end of the eighth pulse,
relays 380 and 320’ are left operated. The release
of transfer relay 2980 now connects ground
through make contacts 325 to conductors 253,
254 and 259 and the associated springs in the
counting relays. The ground on conductor 253
encounters only open contacis, but the ground on
conductor 254 causes the operation of tens relay
530, by way of make contacts 383, conductor 493,
conductor 423 right, and the winding of relay 530
to negative battery. The ground on conductor
259 likewise causes the operation of group access
relay 610, by way of make contacts 386, conductor
607, winding of relay 610, back contact 612, break
contacts 642 and 651, and resistor 654 to negative
battery.

Tens relay 530 upon operating prepares circuits
to the trunks and lines of group 30, and at make
contacts 534 extends its own operate ground to
tens transfer relay 260, over conductor 2{1.
Group access relay 610 upon operating, locks to
its own negative battery, operates relay 6§40 mo-
mentarily to lock out the other group access re-
lays until the call is switched through, and ex-
tends the units select leads to the group select
relays. Relay 610 also at make contacts 611
causes the operation of group select relay 680, by
way of conductor 608, make contacts 531, conduc-
tor 693, and the winding of relay 680 to negative
battery.

Group select relay 680 upon operating, extends

the units select leads by way of cable 659 to the
upper set of group 30 trunk select relays in Fig.
9. Relay 680 also at make contacts 689 connects
units control ground to conductor 909 and thence
through cable 659 to conductor 900 in Pig. 9
where assuming all trunks to be idle, it passes
through the closed make contacts 916 of the oper-
ated trunk select relay 915, conductor 901, cable
659, make contacts 683, make contacts 615, con-
ductor 601, and the 1-6 units relay 410 to negative
battery. A branch of this circuit may also be
passed to a peg count meter if desired, to count
the calls made to this trunk group, by way of
make contacts 946 on the normally operated re-
lay 945, and conductor 933.

Units relay 410 now operates, and at make con-
tacts 411, 412 and 413 extends the talking and
test conductors of the connector by way of con-
ductors 429, 428 and 421, and make contacts 535,
536 and 5317, to the repeater of the first trunk in
the group, which is connected to line terminals
31. Relay 410 also at make contacts 418 pre-
pares the operating circuit for the units transfer
relay 280 and at make contacts 417 completes the
circuit of switch-through relay 100 by way of
conductor 219 and break contacts 213 and 236.

Switch-through relay 100 now operates, and at
make-before-break contacts 10f and (02 discon-
nects the line relay 1{0 and connects the calling
line through to the trunk repeater direct, clear
of attachments. This causes seizure of the re-
peater, which returns talking battery and con-
nects ground to the test conductor. Relay 100
a’so at break contacts 103 opens the locking ecir-
cuit of the counting relays, and at make contacts
105 connects the hold relay 140 to the test con-
ductor 2i5.

ine relay 110, release relay 130, counting con-
trol relay 320’ and counting relay 380 now restore,
but hold relay 140 locks to the ground placed on
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the test conductor 215 by the trunk repeater,
and holds the connection. The release of relays
{10 and 130 is therefore without effect. Count-
ing relay 380 however at make contacts 383 opens
the operate circuit of the tens relay 530, thereby
permitting the operation of the tens transfer
relay 260 in series with relay 530 by way of con-
ductor 217 and make contacts 534. Relay 380
also at make contacts 386 opens the circuit of
relay 610 which also restores.

Group access relay 610 restoring, at make con-
tacts 615 opens the operate circuit of the units
relay 410, thereby permitting the operation of
the units transfer relay 280 in series with 410,
by way of conductor 2i8 and make contacts 418.
Relay 610 also, at make contacts 611 opens the
circuit to the group select relay 680 which re-
stores, and at make contacts 613 opens the cir-
cuit to the lockout relay 6#8 which likewise re-
stores to re-establish the circuit of relay 650 and
re-connect operate battery to the group access
relays.

When the call is switched through to the trunk,
seizure of the trunk repeater causes the repeater
to open the circuit of the normally energized
trunk busy relay 810. Relay 910 thereupon re-
leases and reverses its break-make contacts 911.
This opens the operate circuit of the normally
operated trunk select relay 915, from ground
through back contacts 837 and 921, and completes
the operate circuit of the second trunk select
relay 92§, from the same ground, through break
contacts 937, break contacts 927, break contacts
914, make contacts 921 on the normally energized
trunk busy relay 920, winding of relay 925, break
contacts 942, and resistor 943 to negative battery.
Relay 925 thereupon operates and at make con-
tacts 926 connects the now ungrounded conductor
800 to the U2-7 conductor 902 to prepare the
selzure of the second trunk. Relay 925 also, at
make-before-break springs 8271 closes a second
operate circuit for itself, and opens the original
operate circuit by way of break contacts 911.
Finally relay 925 at make before break springs
928 completes a locking circuit for itself, and
opens the locking circuit to relay 915. Trunk
select relay 915 thereupon releases, at make con-
tacts 916 disconnects conductor 900 from the
Ul-6 conductor 901, at make contacts 917 opens
another point in its own locking circuit, and at
back contacts 98 closes a point in the reset
circuit.

The next call to this same trunk group will
therefore cause the operation of the 2-7 units
relay, not shown, by way of make contacts 926
and conductor 902, to select the second trunk,
regardless of whether the first trunk is still busy
or not. If for example, the first trunk is released
before the next call to this group occurs, the re-
operation of the trunk busy relay 810 is entirely
without effect. Relay 815 cannot re-operate, due
to the open back contacts 927, and relay 925 re-
mains locked to its closed make contacts 927 and
928.

Upon seizure of the second trunk however, the
repeater opens the circuit of the normally oper-
ated trunk busy relay 920, causing the release of
this relay. Relay 920 upon releasing, at make
contacts 921 opens the operate circuit of relay
928, but without immediate effect, and at break
contacts 921 closes a circuit to the third trunk
select relay 935. This circuit is from ground,
through back contacts 937, make contacts 927,
back contacts 921, make contacts 931, winding of
relay 935, break contacts 842, and resistor 943 to
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negative battery. Relay 935 operates over this
circuit, and at make contacts 936 connects the
conductor 900 to the U3-8 units conductor 803 to
prepare the seizure of the third trunk. Relay
8935 also, at make-before-break springs 937 closes
a second operate circuit for itself through make
contacts 931, and opens its original operate cir-
cuif through make springs 927 and break springs
921, Finally relay 935, at make contacts 939
closes another point in the reset circuit, at make
contacts 938 completes a locking circuit for itself,
and at break contacts 938 opens the locking ecir-
cuit of trunk select relay 925. Relay 925 there-
upon releases, and at make contacts 926 discon-
nects conductor 900 from the U2-7 conductor
902. Relay 925 also, at back contacts 927 pre-
pares the operate circuit of the first trunk select
relay 915, at back contacts 928 prepares the lock-
ing circuit of relay 815, and at back contacts 929
closes an additional point in the reset circuit.

The next call to this trunk group will now cause
the operation of the 3-8 units relay, not shown,
in the connector, by way of make contacts 93§
and conductor 803, to select the third and last
trunk, If the.second trunk is released before the
third call is received, the release of the trunk will
cause the re-operation of relay 920, but this is
without effect, The open back contacts 9371 pre-
vent the re-operation of either relay 945 or relay
825 and the third call will therefore be directed
to the third trunk regardless of the idle or busy
condition of the first two trunks. This is rota-
tive selection. .

Upon seizure of the third trunk, the trunk re-
peater opens the circuit of the normally operated
trunk busy relay 930, which restores. Relay 830,
at make contacts 931 opens the operate circuit
of select relay 9398, which however, still remains
locked to ground at its own make contacts 938.
Relay 9308 also at break contacts 93f completes
a circuit for the operation of the reset relay 940,
from ground at make contacts 937.

Reset relay 940 upon operating, at break con-
tacts 941 opens the circuit to the all-trunks-busy
relay 945, and at break contacts 942 opens the
circuit of select relay 935. Relay 945 being made
slow to release, remains operated for a moment,
but relay 935 releases immediately and at make
contacts 937 opens the circuit 1o relay 940. Re-
lay 940, unless all trunks are still busy now re-
leases, and at break contacts 941 re-establishes
the circuit to relay 945. Relay 948 also, at break
contacts 942 re-connects negative battery
through resistor 943 to the trunk select relays.

If the first trunk is idle at this time, select
relay 915 now re-operates, from ground through
back contacts 931, back contacts 927, make con-
tacts 911 of the re-operated trunk busy relay
910, winding of relay 915, break contacts 942, and
resistor 943 to negative battery. If the first
trunk is still busy but the second trunk is idle,
select relay 925 will operate instead, from the
same ground, through break contacts 931, 9271
and 911, make contacts 921, and the winding of
relay 925 to negative battery at break con-
tacts 942.

If on the contrary, the first two trunks are
still busy at the time the third call is switched
through, the release of select relay 935 will estab-
lish an alternative circuit to reset relay 940 and
prevent the release of this relay. This alterna-
tive circuit is from ground through break con-
tacts 937, break contacts 921, break contacts 8i1,
921 and 931, and the winding of relay 940 to
negative battery, The all-trunks-busy relay 948
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will therefore have its circuit held open at break
contacts 941 and will therefore release. Relay
845 at break-make contacts 946 opens the peg
count meter circuit and prepares an overflow
meter circuit; at break contacts 941 completes
a circuit for the operation of an associated all
trunks busy meter, by way of conductor 934; and
at break contacts 948 grounds the busy conductor
908, now open in the group select relays.

If a fourth call is now attempted to this trunk
group with all three trunks engaged, the eighth
counting relay in the connector will cause the
operation of tens relay 530, group access relay
610, and group select relay 680 as before. Relay
680 on operating grounds conductor 900 as usual,
but due to the open contacts 916, 926 and 936
on the trunk select relays, no units relay operates
in the connector, and the call is not switched
through. The ground on ~ounductor 3908 however
does pass through back contacts 946 on the all-
trunks-busy relay to conductor 932 and the over-
flow meter, causing the latter to operate. At the
same time, ground from break contacts 948 of
the all-trunks-busy relay passes back over busy
conductor 909, through cable 659, make contacts
688, make contacts 619, conductor 609, cable 645,
conductor 609 in the connector, break contacts
283 on the unoperated units transfer relay 280,
conductor 189, break contacts {04 on the unop-
erated switch-through relay {00, conductor 168,
and the winding of the busy relay 230 to nega-
tive battery. The busy relay 230 operates over
this circuit and at make contacts 231 connects
busy tone to the calling line. Relay 230 also, at
break contacts 234 opens the pulsing circuit, at
break contacts 235 opens the circuit of the idle-
test relay, and at break contacts 23§ opens an-
other point in the circuit of the switch-through
relay 100. Finally relay 230 at break contacts
233 opens the locking circuit of the counting re-
lays. Because of the unoperated condition of the
units transfer relay 280 and the open contacts
282, this rupture is effective and the counting
relays restore, and release the group access and
group select relays.

If with idle trunks available in the called
trunk group, the call is not switched through
promptly following the operation of the group
access and group select relays, the latter will re-
main operated and will fail to re-establish the
circuit of the kickoff relay, thereby permitting
the release of this relay. If for example the
digit “8 is dialled with all trunks in the group
idle and the trunk select relay 815 operated as
shown, and the switch-through relay 100 fails
to operate for some reason, the counting relays
in the connector will not be restored, and relays
610, 640 and 680 will remain operated. After a
short delay, kickoff relay 650 will therefore re-
store.

Kickoff relay 650 upon restoring, at break con-
tacts 651 opens another point in the battery cir-
cult of the group access relays, at break con-
tacts 652 grounds the kickoff circuit and at break

5 contacts 653 grounds the busy circuit back to

the connector, by way of make contacts 619 and
conductor 609. The ground from break contacts
6852 causes the operation of the second select
relay, by way of make contacts 681, conductor
908, cable 659, conductor 908 in Fig. 9, make con-
tacts 918, make contacts 921, winding of relay
825, and through break contacts 842 to negative
battery. Relay 925 upon operating over this cir-
cuit prepares the selection of the second trunk
and releases select relay 818,
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The busy relay 230 also operates, from the
ground on conductor 609, and again gives the
busy signal to the calling party. Relay 230 also
as before, at break contacts 233 causes the re-
lease of the counting relays. This again causes
the release of relays 610, 640 and 680, and the
re-operation of relay 650. A repetition of the
call will therefore now be directed to the second
trunk and if the same failure occurs the select
relays will be kicked over to the third trunk and
50 on.

Inter-office calls—group 30—digit “7”

If with the arrangement shown in the draw-
ings, the digit ‘“7” is dialled, the call is directed
to the second group of trunks associated with
the tens relay 30, and with the lower set of trunk
select relays in Flg. 9, by way of the trunk access
relays of Fig. 8.

Upon seizure of the connector, relays (10, 130
and {40 operate in the usual manner, and relay
110 passes the impulses to the counting relays.
Relay 290 operates on the first pulse, and at the
end of the seventh pulse, relays 370 and 310’
remain operated. The release of relay 290 now
connects ground from make contacts 315’ to
conductors 253, 254 and 259 as before. The
ground on conductor 254 now encounters only
open contacts on the counting relays, but the
ground on conductor 253 causes the operation
of tens relay 530, by way of make contacts 313,
conductor 493, conductor 423 right, and the wind-
ing of relay 530 to negative battery. The ground
on conductor 259 this time causes the operation
of trunk access relay 810, by way of make con-
tacts 316, conductor 801, cable 645, conductor
807 In Fig. 8, winding of relay 810, break contacts
841, make contacts 851, and the resistor 854 to
negative battery.

Tens relay 530 upon operating, prepares circuits
to the trunks and lines of group 30 as before, and
at make contacts 534 prepares the operating cir-
cuit of the tens transfer relay 260. Trunk access
relay 810 upon operating, locks to negative bat-
tery at its own make springs 811, extends the
units select leads from the connector direct to
the second set of trunk select relays in Fig. 9,
and at make contacts 812 completes an obvious
circuit for the operation of the lockout relay 840.

Lockout relay 840 now also operates, and at
break contacts 841 disconnects the common nega-
tive battery from the trunk access relays to pre-
vent the operation of any other of these relays
at this time. Relay 840 also, at break contacts
842 momentarily opens the circuit of the nor-
mally operated kickoff relay 830, and at make
contacts 843 completes a circuit for the opera-
tion of the selected units relay in the connector.
This circuit is from ground, through make con-
tacts 843, conductor 998, cable 838, and con-
ductor 980 in the lower trunk select relays, where
it branches and goes on to the connector over
two paths. Assuming all trunks to be idle at
this time, the first of these paths is through
make contacts 956 of the normally operated se-
lect relay 958, conductor 991, cable 839, conductoz
98( in Fig. 8, make contacts 815, conductor 601,
cable 645, conductor 601 in Fig. 4, and the wind-
ing of the 1-6 units relay 410 to negative battery.
The second path is through make contacts 956,
conductor 996, cable 859, conductor 898 in Fig. 8,
make contacts 814, conductor 608, cable 648,
conductor 606 in Fig. 4, and the upper winding
of the units switching relay 400 to negative bat-
tery.
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Units switching relay 400 and units relay 410
operate substantially simultaneously over these
circuits. Relay 400 upon operating, locks itself
through make contacts 403 to hold relay ground
on conductor 184, and at break-make contacts
401, 402 and 403 reverses the line connections at
the springs of the units relays. Units relay 410
upon operating, extends the talking and test con-
ductors of the connector by way of make con-
tacts 414, 415 and 418, conductors 434, 433 and
432, and make contacts 541, 542 and 543 on the
operated tens relay 530 to the first trunk of the
second trunk group, which trunk is connected to
line terminals 36. Relay 410 also, at make con-
tacts 418 prepares the operating circuit for units
transfer relay 280, and at make contacts 217 com-
Pletes the circuit of switch-through relay 100, by
way of conductor 219, break contacts 213 on the
preliminary digit transfer relay, and break con-
tacts 236 on the busy relay.

Switch-through relay 10C thereupon operates
as before and at contacts 101 and (02 disconnects
relay 110 and switches the calling line through to
the trunk. This causes seizure of the trunk re-
peater over the calling loop, and the repeater
thereupon connects talking battery to the line,
and grounds the test conductor. Relay (00 also
at contacts (03 opens the locking circuit to the
counting relays, and at contacts 105 connects hold
relay 140 to the test conductor.

Line relay 110, release relay {30, counting con-
trol relay 310°, and counting relay 310 now re-
store, but hold relay |40 locks to the ground on the
test conductor and holds the connection. Count-
ing relay 370, at make contacts 373 opens the
operate circuit to the tens relay 530, whereupon
tens transfer relay 260 operates in series with §30
and locks the latter operated. Relay 310 also at
make contacts 378 opens the circuit to trunk
access relay 810, which restores.

Trunk access relay 810 upon releasing, at make
contacts 815 opens the operate circuit to the units
relay 410, whereupon units transfer relay 280 op-
erates in series with relay 410, and locks the latter
operated. Relay 810 also, at make contacts 812
opens the circuit of the lockout relay 840. Relay
840 now restores, re-establishes the circuit of the
kickoff relay 850, and re-connects the common
negative battery to the trunk access relays, there-
by placing these relays in readiness to handle an-
other call, either from the same connector or from
a different connector. Finally relay 840 at make
contacts 843 removes ground from conductor 990,
and hence from the units select springs of the as-
sociated trunk select relays.

Upon sefzure of the trunk repeater the asso-
ciated trunk busy relay 958 is released and the
trunk select relays function to pre-select the next
idle trunk. The operation of these trunk select
relays on subsequent calls, is identical with that
described for the upper set of trunk select relays
and will not be repeated,

The invention having now been described, what
is believed to be new, and for which the protection
of Letters Patent is desired, will be pointed out in
the appended claims.

What is claimed is:

1. In a telephone system, a plurality of relay
type connectors, a plurality of trunk groups ac-
cessible to said connectors and having the single
digit call numbers “0,” “9,” “g" and ‘“7» respec-
tively, a plurality of trunk groups accessible to
said connectors and having four-digit call num-
bers, a plurality of subscribers lines accessible to
said connectors and having four-digit call num-
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bers, from one to ten trunks in each of said trunk
groups, and means for extending calls to at least
two of said single-digit trunk groups, to one or
more of said four-digit trunk groups, and to one
or more of said subscribers lines simultaneously.

2. In a telephone system, a plurality of relay
type connectors, a plurality of trunk groups hav-
ing single-digit call numbers, a plurality of trunk
groups having four-digit call numbers, means for
including up to ten trunks in said four-digit trunk
groups and in at least some of said single-digit
trunk groups, means for completing calls simul-
taneously through said connectors to at least two
of sald single-digit trunk groups and to any of said
four-digit trunk groups, and trunk selecting
equipment common to said connectors for auto-
matically directing such calls to a pre-selected idle
trunk in each called trunk group.

3. In a telephone system, a plurality of relay
type connectors, group and sub-group relays in
said connectors, a plurality of trunk groups hav-
ing single-digit call numbers, a plurality of trunk
groups having four-digit call numbers, means for
including as many as ten trunks in said four-
digit trunk groups and in at least one of said
single-digit trunk groups, means for completing
calls through said connectors and the contacts of
sald group and sub-group relays to at least two of
said single-digit trunk groups and to any of said
four-digit trunk groups simultaneously, trunk se-
lecting equipment common to said connectors for
directing calls for said single-digit trunk groups
to pre~selected idle trunks in said groups on a ro-
tation basis, and other trunk selecting equipment
common to said connectors for directing calls for
said four-digit trunk groups to pre-selected idle
trunks in said groups on a non-rotation basis.

4, In a telephone system, a plurality of relay
type connector switches, group, units and sub-
group relays in said connectors, a plurality of
trunk groups each having a different single-digit
call number, a plurality of trunk groups having
four-digit call numbers, means for including up
to ten trunks in said four-digit trunk groups and
in at least one of said single digit trunk groups,
means for completing calls through said connect-
ors and the contacts of said relays to at least two
of said single-digit trunk groups and at least two
of said four-digit trunk groups simultaneously,

trunk selecting means common to said connectors ;

for directing calls for said trunk groups to pre-
selected idle trunks in said trunk groups, means in
said connectors responsive to the dialing of the
proper single-digit call numbers for seizing the
appropriate trunk selecting equipment, and means
for immediately releasing said trunk selecting
equipment after the extension of the call has been
completed.

5. In an automatic telephone exchange, a
plurality of relay type connectors, group relays,
units relays and a sub-group relay in each con-
nector, contacts on said relays, a plurality of
trunk groups, each of said trunk groups asso-
ciated with a different one of said group relays
and each trunk group having an individual single-
digit call number, another trunk group also asso-
ciated with a particular one of said group relays
and having a different single digit call number,
means responsive to the simultaneous dialing of
the call number of said other trunk group and the
call number of any one of said plurality of trunk
groups for extending calls through said connec-
tors and the contacts of said relays to said other
trunk group and the corresponding dialled one
of said plurality of trunk groups simultaneously,
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trunk selecting equipment common to said con-
nectors for directing calls for said trunk groups
to pre-selected idle trunks in said trunk groups,
means for seizing said equipment to complete
the extension of a call, means for immediately
releasing said equipment after the extension of
the call has been completed, and means for also
releasing said equipment and for returning busy
tone to the calling subscriber in cases where said
extension is not completed promptly.

6. In an automatic telephone system, a plural-
ity of relay type connectors, group relays and
sub-group relays, contacts on said relays, a plu-
rality of trunk groups each connected to contacts
of a different one of said group relays and having
separate single-digit call numbers, another trunk
group also connected to contacts of one of said
different group relays and having a single-digit
call number different from those of the other
trunk groups, means for exte.ding calls through
said connectors and the contacts of said relays
to said other trunk group and any one of said plu-
rality of trunk groups simultaneously, trunk se-
lecting equipment common to said connectors for
directing calls from said trunk groups to pre-se-
lected idle trunks in said trunk groups, means for
seizing said equipment from a connector to com-
plete the extension of a call, means for releasing
the associated selecting equipment immediately
the extension of a call has been completed, means
for also releasing said associated equipment and
giving a busy signal to the calling party in cases
where said extension is not completed promptly,
and means for also causing said trunk selecting
equipment to pre-select the next succeeding idle
trunk whenever said extension is not completed
promptly.

7. In an automatic telephone system, a plu-
rality of relay type connectors, group and units
and sub-group relays in said connectors, con-
tacts on said relays, first and second trunk groups,
both of said trunk groups connected to contacts
on the same group relay in each connector and
each trunk group having a different single-digit
call number, means responsive to the simultane-
ous dialing of said call numbers for extending
calls through said connectors and the contacts
of said relays to both of said trunk groups simul-
taneously, trunk selecting equipment for direct-
ing such calls to pre-selected idle trunks in said
trunk groups, means for seizing a portion of said
equipment on each such call to complete the ex-
tension of the call, means for freeing the asso-
ciated selecting equipment immediately after the
extension of a call has been completed, means
operative when all trunks in the called trunk
group are busy for preventing the completion of
the call and freeing said associated selecting
equipment automatically, and automatic means
in said selecting equipment for freeing said asso-
ciated selecting equipment in cases where idle
trunks are available in the called trunk group
but the extenslon of the call is not completed
promptly.

8. In an automatic telephone system, a plu-
rality of relay type connectors, group and sub-
group relays in said connectors, contacts on said
relays, a plurality of trunk groups connected
to contacts on the same group relay in each con-
nector and each trunk group having a different
single-digit call number, counting relays in said
connectors, means including said counting relays
operative in response to the simultaneous dialing
of said call numbers for extending calls through
sald connectors and the contacts of said relays
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to each of said trunk groups simultaneously,
trunk selecting equipment common to said con-
nectors for pre-selecting idle trunks in said trunk
groups, means for seizing a portion of said trunk
selecting equipment on each such call to complete
the extension of the call to a pre-selected idle
trunk, means for releasing the associated select-
ing equipment immediately after the extension
of a call has been completed, means in said select-
ing equipment operative when all trunks in the
called group are busy to cause said associated
equipment to be released promptly and to cause
a busy signal to be given to the calling party,
and means in said selecting equipment operative
when a trunk call is not disposed of promptly
to cause the automatic release of said associated
equipment and to cause a busy signal to be given
to the calling party.

9. In a telephone system, a plurality of auto-
matic relay type connectors, group relays, units
relays and a sub-group relay in each connector,
contacts on said relays, a plurality of trunk groups
each having an individual single-digit call num-
ber and each connected to the contacts of a dif-
ferent group relay, another trunk group having a
different single-digit call number and connected
to other contacts on one of said group relays to
which one of said first named trunk groups is con-
nected, means responsive to the dialing of the
proper call numbers for operating said relays and
for extending calls through the contacts of said
relays to said second named trunk group and any
one of said first named trunk groups simultane-
ously, trunk selecting means common to said con-
nectors and including a setf of trunk select relays
for each trunk group for directing said trunk calls
to pre-selected idle trunks in said trunk groups,
means for freeing the associated trunk selecting
equipment immediately after the extension of a
call has been completed, and means for causing
the associated trunk selecting relays to prepare
the selection of the next idle trunk and cause a
busy signal to be returned to the calling party in
cases where said extension is not completed
promptly.

10. In a telephone system, a plurality of relay
type connectors, tens relays, units relays and a
sub-group relay in each connector, contacts on
said relays, a plurality of trunk groups each con-

nected to contacts of different ones of said tens 3

relays and having different single-digit call num-
bers, another trunk group also connected to con-
tacts of one of said different ones of said tens
relays and having a still different single-digit call
number, a trunk group connected to contacts of
a still different one of said tens relays and having
a four-digit call number, up to ten trunks being
connected to each of said trunk associated tens
relays,meansfor extending calls through the con-
tacts of said tens, units and sub-group relays to
one of said first named single-digit trunk groups,
to said second named single-digit trunk group,
and to said four-digit trunk group simultaneous-
ly, trunk selecting means common to said connec-
tors for causing sald trunk calls to be extended to
pre-selected idle trunks in said trunk groups, and
means for giving a busy signal to the calling party
in case no idle trunks are available in a called
trunk group.

11. In a telephone system, a relay type connec-
tor, group relays in said connector, contacts on
said group relays sufficient for serving ten lines
or trunks, a sub-group relay in said connector for
dividing the contacts of said group relays into
two sub-groups, trunk groups connects to con-
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tacts of either sub-group on certain of said group
relays one trunk group per relay, another trunk
group connected to other contacts on one of said
certain group relays, each of said trunk groups
having a single-digit call number different for
each trunk group, another similar connector,
means responsive to the dialing of the proper
single digit call numbers for extending calls
through said connectors and through the contacts
of said relays in said connectors to said last
named trunk group and to one of said first named
trunk groups simultaneously, a set of trunk select
relays individual to each trunk group and com-
mon to said connectors, means including said
trunk select relays for directing such calls to a
pre-selected idle trunk in the called trunk group
and in either sub-group, means for pre-selecting
said trunks in rotation, on all trunks busy meter,
means for operating said all trunks busy meter
whenever all trunks in a trun¥. group are engaged,
and means for giving a busy signal to the calling
party whenever a call is attempted to a trunk
group in which all trunks are engaged.

12. In a telephone system, two relay type con-
nectors, group relays, contacts on said relays,
sub-group relays for dividing the contacts of each
said group relay into two sub-groups, trunk
groups connected to contacts of either or both
sub-groups on certain of said group relays one
trunk group per relay, an additional trunk group
connected to other contacts on one of said certain
relays, each trunk group having a single-digit call
number which is different for each trunk group,
means responsive to the dialing of the proper
single-digit call numbers for extending calls
through said connectors and the contacts of said
relays to said additional trunk group and to any
one of said first named trunk groups simultane-
ously, a set of trunk select relays individual to
each of said trunk groups and common to said
connectors, means including said trunk select re-

~ lays for directing such calls to a pre-selected idle

60

frunk in the called trunk group and in either
sub-group, an overflow meter connected to at
least one of said sets of select relays, and means
for operating said overflow meter and for giving
a busy signal to the calling party whenever a call
is attempted to a trunk group in which all trunks
are busy.

13. Int a telephone system, two relay type con-
nectors, group and units relays, contacts on said
relays, sub-group relays serving to divide the con-
tacts of said group and units relays into two sub-
groups, trunk groups connected to contacts of
either sub-group on certain of said group relays
one trunk group per relay, an additional trunk
group connected to other contacts on one of said
certain relays, each trunk group having a single-
digit call number which is different for each trunk
group, means responsive to the dialing of said
single-digit call numbers for extending calls
through said connectors and the contacts of said
relays to said additional trunk group and any one
of said first named trunk groups simultaneously,

3 a set of trunk select relays individual to each of

said trunk groups and common to said connec-
tors, means including said trunk select relays for
directing calls to said trunk groups to a pre-
selected idle trunk in the called trunk group,
means for associating a peg-count meter, an all-

‘trunks-busy meter and an overflow meter to any

of said sets of select relays, and means controlled
by said relay sets for operating said peg-count
meter on each call to the associated group, for
operating said all-trunks-busy meter when all of
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the associated trunks are busy, and for operating
said overflow meter when a call is attempted to
the associated trunk group while all trunks in
said group are busy.

14. In an automatic telephone system, two re-
lay type switches, group and units relays in each
switch, contacts on said relays, a sub-group relay
in each switch for dividing the contacts of said
group and units relays into two sub-groups, a plu-
rality of trunk groups connected to contacts on
certain of said group relays one trunk group per
relay, an additional trunk group connected to
other contacts on one of said certain relays, sepa-
rate single-digit call numbers being assigned to
each of said trunk groups, means responsive to
the dialing of said call numbers for extending
calls through said switches and the contacts of
said relays to said additional trunk and to one of
said first named trunk groups simultaneously,
trunk selecting equipment common to sald
switches and including a set of trunk select relays
for each trunk group, means for seizing a portion
of said trunk selecting equipment on each trunk
call to complete the extension of the call to a pre-
selected idle trunk in the called trunk group,
means for freeing said portion of said equipment
as soon as sald extension has been completed,
means In said selecting equipment to cause the
freeing of said portion of said equipment and the
giving of a busy signal when all trunks in the
called trunk group are busy, means for associat-
ing an all-trunks-busy meter and an overflow
meter to any of said sets of trunk select relays,
and means in said trunk selecting equipment for
operating sald meters.

15. In a telephone system, an automatic relay
connector, group and units relays in said connec-
tor, contacts on said relays, a plurality of trunk
groups associated with said connector and having
separate single-digit call numbers, trunk select-
ing equipment associated with said connector in-
cluding a group access relay, a group select relay
for each trunk group, and a set of trunk select
relays accessible to each group select relay, means
responsive to the dialing of any of said single-
digit call numbers to operate said group access
relay and one of said connector group relays sub-
stantially simultaneously, means controlled by
said operated group access and connector group
relays to operate one of sald group select relays,
means on said operated group select relay to pass
a potential to the associated set of trunk select
relays, and contacts on said trunk select relays
and on said operated group select and group ac-
cess relays for passing said potential back to the
connector to operate one of said units relays and
complete the extension of the call through said
connector and the contacts of said operated
group and unit relays to a pre-selected idle trunk
in the called trunk group.

16. In a telephone system, an automatic relay
connector, group and units relays in said con-
nector, contacts on said relays, a sub-group relay
in said connector serving to divide the contacts
of said relays into two sub-groups, a plurality of
trunk groups each connected to contacts of differ-
ent ones of said group relays and having different
single digit call numbers, trunk selecting equip-
ment associated with said connector including a
group access relay, a group select relay for each
trunk group and a set of trunk select relays for
each trunk group, counting relays in said con-
nector operated responsive to the dialing of any
of sald single-digit call numbers to operate said
group access relay any one of said group relays
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substantially simultaneously, contacts operated
in response to the operation of said group access
and group relays to operate one of said group
select relays, means on said operated group select
relay to pass potential to the associated trunk
select relays, contacts on said trunk select re-
lays and on said operated group select and group
access relays for passing said potential back to
the connector to operate one of said units relays
and complete the extension of the call through
the contacts of said group and units and sub-
group relays to a pre-selected idle trunk in the
called trunk group associated with either sub-~
group of contacts, and means for pre-selecting
said idle trunks in rotation.

17. In a telephone system, two automatic relay
connectors, group and units relays in said con-
nectors, contacts on said relays, a plurality of
trunk groups each connected to contacts of dif-
ferent ones of said group relays in each con-
nector and having different single-digit call num-~
bers, trunk selecting equipment associated with
said connectors and including a group access relay
for each connector, a group select relay for each
said trunk group and a set of trunk select relays
for each said trunk group, means in each con-
nector responsive to the dialing of any of said
single-digit call numbers to operate the associated
group access relay and one of said group relays
in said connector substantially simultaneously, a
circuit completed by said operated group access
and group relays to operate the group select re-
lay associated with the called trunk group from
a potential supplied by said operated group access
relay, and a circuit completed by said operated
group access and group select relays and one of
the trunk select relays in the associated set of
trunk select relays to operate one of said units
relays in said connector from a potential supplied
by said operated group select relay.

18. In a telephone system, two automatic relay
connectors, group and units relays in said con-
nectors, contacts on said relays, a plurality of
trunk groups each connected to contacts of - dif-
ferent ones of said group relays in each con-
nector and having different single digit call num-
bers, trunk selecting equipment associated with
said connectors and including a group access relay
for each connector, a group select relay for each
said trunk group, and a set of trunk select relays
for each said trunk group, means in each con-
nector responsive to the dialing of any of said
single-digit call numbers to operate the group
access relay associated with said connector and
one of the group relays in said connector, a circuit
completed by said operated group access and
group relays to operate the group select relay as-
sociated with the called trunk group, a circuit
completed by said operated group select and
group access relays and one of the trunk select
relays in the set of trunk select relays associated
with said trunk group to operate a pre-selected
one of said units relays in said connector; another
trunk group connected to other contacts on corre-
sponding ones of the group relays in said con-
nectors to which one of said first named trunk
groups is connected, said trunk group also having
a single-digit call number different from that of
any of said first named trunk groups, other trunk
selecting equipment common to said connectors
and including a trunk access relay for each con-
nector and a single set of trunk select relays,
means in each connector responsive to the dialing
of the appropriate single-digit call number to op-
erate the associated trunk access relay and one
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of said group relays in said connector, means on
said operated trunk access relay to pass a po-
tential to the associated set of trunk select re-
lays, and contacts on said last named trunk select
relays and said operated trunk access relay for
passing said potential back to said connector to
operate one of said units relays in said connector.

19. In a relay automatic exchange, 3 plurality
of connectors each including group and units re-
lays, groups of lines accessible to said connectors
through contacts of said relays one of said groups
including a group of trunk lines, units control
conductors corresponding to and connected to
said units relays, trunk selecting apparatus com-
mon to sald connectors, marking conductors in
said common trunk selecting apparatus corre-
sponding to sald units control conductors, means
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in said common apparatus for pre-selecting one of
said marking conductors corresponding to an idle
trunk in said trunk group, means in each con-
nector responsive to the dialing of a digit desig-
nating said trunk group for operating the corre-
sponding group relay in the connector in use,
means for connecting said control conductors to
corresponding ones of said marking conductors
in response to the dialing of said digits designating
said trunk group, and means in said common
apparatus responsive to the operation of said
group relay for connecting an operating potential
to said pre-selected marking conductor to op-
erate the corresponding units relay over the con-
nected control conductor.

JOHN H. VOSS.
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