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This invention relates to telephone systems
and more particularly to a link circuit for ex-
tending subscribers’ lines to. switching trunks
and to register senders. The invention has for

efficiency of the switching and registering ap-
paratus required for establishing the connec-
tions.

Owing to the relatively small capacity of the
switches used in automatic telephone -systems,
the subscribers’ lines and trunks are divided into
small groups each having access to a particular
group only of all the outgoing trunks of the
corresponding switching stage. It is known that
this grouping of lines increases the total num-
ber of trunks required to handle the traffic and,
consequently, reduces the traffic carrying effi-
ciency of the trunks themselves because of. the
greater traffic variations in small groups. It
is also recognized that the larger the groups of
trunks worked in common, the more efficient is
the service and the fewer: the total number of
trunks required to carry the traffic. The same,
of course, is true of register senders.

It has been proposed to improve the efficiency
of trunks and senders by interconnecting an
additional switching stage between subscribers’
lines and outgoing trunks thereby giving sub-
scribers’ lines access to a larger number of out-
going lines and an additional switching stage
between trunks and senders without increasing
the capacity of the connecting switches. The
known double pre-selecting system is an example
of this method of increasing the efficiency of the
trunks without increasing the capacity of the
switches and my. invention is concerned with
further increasing the efficiency of such systems
and further extending the principle thereof to
register senders.

In accordance with the invention, therefore,
one specific embodiment of which is disclosed
herein by way of illustration this is accom-
plished in the following improved manner:

The link circuit which is the subject of this in--

vention uses a switching medium ‘of known con-
struction of the coordinafe type. It comprises
g primary selector and a sender selector, the
former being arranged to connect subscribers’
lines arranged in main groups and subdivided
into horizontal groups of convenient size in the
known coordinate manner, with outgoing trunks
gceeessible through the primary selector, and the
latter veing arranged to connect an available
outgoing trunk with an idle sender which is ac-
cessible through the sender selector. Bach link

(CL 179—18)

is "accessible to a particular horizontal group
of lines and is associated with other links in-
the same: horizontal group through a horizontal
lock-out circuit which controls-the -extension. of

calling lines from its own horizontal group, and:

also a common vertical lock-out circuit for con-
trolling the extension-of calling lines from dif-
ferent horizontal levels. - - ‘

The primary selector comprises a connecting

relay which has access to a horizontal group
of lines and to a plurality of outgoing trunks.
If, for example, a decimal arrangement is. as-
sumed for convenience and then primary . selec-
tors to each horizontal group of lines are pro-
vided and -each primary selector; in turn, with
accessibility to ten outgoing trunks, it is evident.
that each horizontal group of subscribers’ lines

has an overall accessibility to- one hundred out-:

going trunks, the same trunks, of course, being

multiplied to the primary selectors of other hori-.

zontal groups of lines. By using the subscribers’
lines in larger main groups than is now possible
with mechanical line finder frames-of.known.
construetion, and outgoing trunks also in. larger
groups, greater efficiency in the use of the equip-
ment can be realized and, therefore, less appara-
tus needed for carrying the same traffic load.

The sender selector is generally of the same
construction as the primary selector and, in the
present embodiment of the invention, comprises
a group of connecting relays.each having access
to a plurality of groups of trunks and to a group
of senders through each sender selector. The
groups of trunks are multipled to as many send-
er selectors as are necessary by traffic conditions
and each sender selector to which-said trunks are
extended increases. the number .of senders with
which said trunks may establish connection by

the number of trunks available through said.

selector.. The senders may be extended to as
many sender selector groups as may be required
for the most efficient handling of the traffic.
One novel feature of my invention is the cor-
relation of each group of ten outgoing trunks
with a particular group of sender ‘selectors;
that is, the selection of an outgoing trunk in
a group reached through a particular primary
selector involves the simultaneous selection of
an idle sender in the group of sender selectors
correlated with the particular group of out-
going trunks containing the chosen trunk. - If,
in fact, & trunk is available while a sender se-
lector is not available in the correlated. sender
selector group then, after a momentary interval,
selections will be made in another. ‘available
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correlated group of trunks and sender selectors
through a control circuit which advances prefer-
ably to successive correlated groups. In order
to reduce this “cover-up” effect resulting from
the possible non-use of idle outgoing trunks and
senders, all trunk groups are made available
to a plurality of main subscriber groups so that

" the correlated groups of trunks: and senders are
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heavily loaded up with traffic from all the main
groups.
In general, my invention works in the follow-

ing way: When a calling subscriber in any hori-

zontal group initiates a call, the horizontal and
vertical group lock-out circuits operate to ex-
tend the calling line to one of the ten primary
selectors through each of which a group of
outgoing trunks may be reached. Each primary
selector is tested for its idle:or “busy - condition
and all the idle primary selectors cause the op-
eration of corresponding test relays which, in
turn, ‘close through the respective group con-
trol circuits of the outgoing trunk groups asso-
ciated with each of the idle primary selectors.
These control circuits are each serially extended
through the test circuit of the correlated group
of -sender selectors and should no sender selec-
tor be- available in any or all of the correlated
sender groups; then the corresponding
control circuits remain open and the selection
of a trunk and sender is restricted to a pre-
ferred trunk group whose corréelated sender se-
lector-group does contain-an idle sender selector
and available senders thereover.

“The-selection of a preferred trunk group from
all available trunk groups is made by simultane-
ously and separately making a trunk group test
of all said available groups.
than one idle trunk in each group then the
group selected is the one in the highest order
of preference.
trunks or all the trunks but one in each group
are‘busy, the entire group fests as if all the
trunks within it were busy. TUnder such cir-
cumstances the failure to lock-in a trunk group
during the trunk groups test causes the trunk
group test of all said groups to be canceled and
the groups are then retested to select the one
idle trunk in a preferred group which had previ-
ously “tested all busy but which, in faet, did
contain an idle trunk. In this way all groups
are tested so as to spread the flow of traffic
as evenly as possible through all groups.

The sender selector operations in any or all
groups are so much like what has already been
deseribed with reference to the primary selec-
tors that it is hardly necessary to repeat it in
this brief digest,
from the following detailed description and ap-
pended claims.

The scope and purpose of the invention will
be the more clearly understood by the following
description taken in connection with the at-
tached drawings in which:

Pig, 1 represents the first horlzontal group of
lines with .the associated group of primary se-
lectors.

Fig. 2 represents the last houzonta,l group of
lines with the a,ssoclated group of primary se-
lectors.

Fig.” 3 shows the hne and - prxmary selector
control circuits.

Fig. 4 shows a skeletonized outgolnor trunk’

selector of the panel type, and a diagrammatic
presentation of a group of senders.

group

If there is more

If, on the other hand, all the:

it being readily understcod.
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Pig. 5 shows the first group of sender selectors
with associated trunk -and sender groups.

Fig. 6 shows the last group of sender selectors
with associated trunk and sender groups.

Fig. 7 shows the sender selector control cir-
cuit.

Pig. 8 shows a diagrammatic representation
of the relationship ‘which exists between sub-
seriber primary selector, sender selector and

.sender groups.

Fig. 9 indicates how Figs. 1 to 8 should be ar-
ranged with respect to each other in order fo
completely disclose the invention.

Before proceeding  to a detailed description
of the particulars of the invention, it may be

“well to consider it somewhat in general terms

from a study of Fig. 8.

For purposes of illustration it may be assumed
that,Flg 1 represents a main group of 1600 sub-
scribers’ lines. '
ten groups of 100 lines each and each group ar-
ranged for connection to any one of ten primary
selectors. Since there are ten groups of lines,
there will be ten horizontal groups of lines and
selectors, namely -the zero horizontal group up
to and including the ninth horizontal group.. It
will be further assumed that there are 100 out-
going trunks which may be used in common by
said group of 1000 lines and also by other simi-
lar groups if the quantity of the traffic war-
rants it. This main group of 100 trunks is di-
vided into:ten separate subgroups of ten trunks

each and each trunk within each subgroup is ar-:

ranged for -connection to a particular primary
selector in the first.or zero horizontal group and
to corresponding selectors in.other groups.
instance, the .first or zero trunk of 0-subgroup
might be arranged.for connection with the first
or zero primary selector in the zero horizontal
group and for connection with the correspond-
ingly. numbered selector in other horizontal
groups. In the same way the corresponding
trunk in each subgroup would be multipled to

the same corresponding selector in each group,-

which is the way the trunks are shown for con-
nection in Fig. 8.

But while the lines and primary nelectors are’

arranged in ten horizontal groups, the sender
selectors are arranged in five horizontal groups
composed of ten sender selectors to the group.
To each of these horizontal groups of sender se-
lectors are extended two trunk subgroups avail-
able to the 1000 subscribers and also to other
pairs of trunk subgroups available to other
groups of 1000 subscribers.
zero. horizontal group of sender selectors may
be connected with trunk' subgroup zero and
trunk subgroup 9, the third horizontal group
with frunk subgroups 2 and 1, while the fourth
or last with trunk subgroups 8 and 5. This dis-
tribution is, of course, not intended to limit the
invention to the arrangement as shown, but sim-
ply indicates that where the traffic density per-
mits it, the number of trunk subgroups: termi-
nating on any horizontal group of sender selec-
tors may be increased or diminished as desired.

It might be possible, for example, to have ten

groups of sender selectors and terminate one
trunk subgroup over-from each group of lines
on one sender selector group. -

The main group of sen dem is availakle to all
sender selectors, and is arrangsd for conncction
amongst them in the same way as the trunks
were arranged amongst the primary selectors;
that is, each sender is connectible to one sender

These lines are subdivided into

For.

TFor instance, the
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selector of a horizontal group of selectors and to
each corresponding selector in each of the cther
horizontal groups of sender selectors.

Obviously, the connection of a calling line in
any heorizontal group with an idle trunk and an
idle sender must take place through the inter-
mediate agency of a primary selector and a
sender selector. Calling line A, for instance,
may ectablish a connection with an idle sender
only through the selection of an idle primary
selector which has accessibility to a trunk in a
subgroup whose correlated group of sender se-
lectors also contains an idle sender selector
which has accessibility to an idle sender. If
a sender selector and a sender is not available,
then the calling line must select an idle trunk
from scme other trunk subgroup accessible
through the primary selectorg but which, at the
same time, can obtain an idle sender selector
and an idle sender through its own correlated
group of sender selectors and senders.

A detailed description of the system will now
be given with reference to the remaining fig-
ures of the drawings.

When a subscriber A in any horizontal group,
the @8-group, for instance, removes his receiver
from the hook, a circuit is closed for relay 178
which extends from battery through the wind-
ing of relay 478, the inner contacts of relay {74,
subscriber’s loop, to ground through the outer
contacts of relay i{71. The operation of relay
{79 causes a circuit to ke closed extending from
ground on the left contacts of relay 385, con-
ductor 395, outer contacts of relay {19, back con-
tact of relay (58, lower winding cf relay (68,
conductor {72, back conitact of relay 387,
centacts of relay 389, winding of rslay 393
to batiery. Relay 180 operates in this
circuit and locks over another circuit ex-
tending from battery through its top winding
and bottom front contact, conductor 178, over &
chain path including the hottom back contact
of each reiay corresponding to relay {89 in the
successive horizontal groups including the bot-
tom back contact of relay 269 in the 8th or last
horizontal grouy, conductor 278, winding of re-
lay 887, contacts of relay 389, winding of relay
393, to battery. Relay 168 further closes a cir-
cuit from ground on its inner upper contact,
conductor 28!, winding of relay 318 to battery.
Relay 3!8 operates and performs functions which
are described hereinafter. Another circuit is
also closed from ground on the top middle con-
tact of relay 180, to the windings in parallel of
all the tens group relays §180—{882 of which
there are as many in each horizontal group as
there are minor subdivisions of ten line groups
in each of said horizgontal groups. Relays (86—
{50n operate and since the calling line A be-
longs to the first group of ten lines controlled
through relay 189, said relay closes a circuit
whose path and function are also - described
hereinafter.

Relay 287 operates in the locking cirenit of
relay 160, opens the operating path of relay 158
in each herizontal group-so that said relays are
prevented from operating after one of their
number has operated and locked in series with
relay 387, closes an obvious circuit to the wind-
ing of relay 388 which operatss to perform other
functions that are noted hereinafier, and fur-
ther closes a group of. five separate circuits to
the relays 320—324 extending from battery
through the winding of relay 393, contacts of
relay 389, inner front contact of relay 381, in

3

parallel through each of the windings of relays.

320—324 to ground for each of said circuits on
the top outer contacts of relays 315319 re-
spectively. Relays 328324 operate and re-
move the short circuit around resistances, such
as 3269 and 826¢ which are used for making
primary selector and trunk tests. as described
hereinafter. Relay 383 is marginal and slow-
to-operate and does not operste in the above
named circuits. It operates only if, due to some
trouble condition, two horizontal group relays,
say relays. 160 and 268, should remain operated
at the same tims after an interval long enough
to have caused the opening of their operating
circuits through the contacts of relay 387, Un-
der such circumstances, the current flowing
through the two separate. circuit branches and
combined through the: winding of relay 323
will be sufficient to energize said relay, where-

upon a circuit is closed to an alarm circuit (not

shown) which calls the attention of the main-
tenance force to the presence of the trouble con-~
dition.

With regard to the horizontal distribution of
subscriber’s line groups, the above chain lock-
cut circuit through the various horizontal group
relays 188269, makes it clear that one hori-
zontal group’ at a time will be recognized as
calling. If there are two or more subscribers
initiating calls .in different horizontal groups,
then the relay in each ‘group. corresponding to

relay {68 of the 8-group, or relay 269 of the.

9th group, would be operated by circuits similar
to the circuit of vrelay 168 described above.
Since, hoewever, the locking circuit of each pre-
ceding relay is controlled through the normally
closed contacts of each succeeding. relay, it fol-
lows that although the group lock-out relay in
each group may operate in response to the ini-
tiation of simultaneous calls in their respective
horizontal groups, yet only the lock-out relay
which -is electrically. nearest to relay 387 can
possibly lock; that is, the relay whose locking
path through the winding of relay 887 is un-
disturbed by the open back contacts in the chain
of previous relays which may have been oper-
ated. The breaking of the locking circuit at any
point will cause all horizontal group relays to re-
lease except the one which has been success-
fully locked. All the other horizontal group
relays will then await their turn on the re-estah-~
lishment of the operating circuit, which occurs
when the calling line in the horizontal -group
which has been locked in has been connected
to an outgoing trunk, as more complﬂtely de-
scribed hereinafter.

Assuming, however, that relay {69 of the first
horizontal group has been locked in and that
no line in any other group, or in the same group,
is calling simultaneously withh line A, then a
circuit is closed to the winding of relay 158
which extends from battery through the winding
of said relay, top outer.contacts of relay 189,
conductor 174, lower outer contacts of relay
388 to ground. Relay 188 operates, opens the
path from the contacts of line relay {10 to the
operating winding of relay  183,. and locks
through its inner contacts, conductor 175, to
ground on the lower inner contacts of relay
328. Now, at the time relay {80 operated, relay
188 was also operated as already described.
Consequently, a circuit is:.then closed extending
from ground on conductor 39§, contacts of relay

£79, No. § centact-set of relay. 180, conductor:

176, upper winding of relay 230 to battery. Re~
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lay 230 operates, ‘locks 'in"a circuit -extending
from battery through its bottom winding and
bottom front contacts, over a chain path in-
cluding the bottom back contacts of other re-
lays 231—239, one of which ‘is furnished for
each vertical row of subscribers’ lines in each
tens horizontal sub-group, winding of relay 250,

which is'a common relay for ten successive ver-’

tical rows of lines, back contacts of similar in-
termediate relays, back contact of the end re-
lay 288», conductor 252, top contacts of relay
388, to ground. Over its top contacts, relay 230
closes an obvious circuit to the windings of all

vertical selecting magnets, 220—128 in the first-

vertical row of the first tens subgroup; that is,
the one which contains. the calling line. These
magnets operate and. position the wire bar of
the switch to lock the cross contacts at the ap-
propriate time, as more completely  described
hereinafter. .

It will be observed that: the ground for the
locking circuit of each of :the relays 230—239
and the winding of each of the relays 250—258n,
one of which is in the above mentioned locking
circuit of a relay in the appropriate group, is
taken over a series chain of back contacts of
each of said relays 250—250», In the present
embodiment of the invention, the -subscriber’s
lines are divided into' ten main horizontal
groups. Each group is further subdivided into
a plurality of subgroups of ten lines each, and
provided with a group relay, such as relay {89
for the first subgroup of ten lines in the 8-hori-
zontal group, through each of whose ten sets of
contacts a calling line served by a particular
subgroup relay may be further extended into
the control circuit. Consequently, if there are
simultaneous calls in different subgroups of the
same or different horizontal group, the opera-
tion of the lock-out relay in the group 250-—-258n
in series ‘with the most preferred relay in a

group. of relays 230—239 cuts off the operating .

circuit of all succeeding relays 250—2502 and
the locking circuit of all relays in the preceding
groups 230—239, by virtue of the fact that the
operating ground of each preceding relay is
cut off at the back confacts of each succeeding
relay. By means of this arrangement, only one
relay in the group 280289 can operate as de-
scribed hereinafter, and all horizontal groups
containing calling lines must wait until the call-
ing line in the most preferred horizontal group
has been connected to an outgoing trunk before
the lines in the less preferred groups can be
extended for further operation. In this man-
ner, successive horizontal subgroups are locked
out to await their turn in accordance with the
preference - arrangement.

In the meanwhile, the operation of rela,y 250
closes a circuit for relay 289 extending from
ground on the top contacts of relay 388, conduc-
tor 252, back contacts of relay 2502, back con-
tact series path of intermediate relays in the
group of relays 250—250n, front contacts of re-
lay 250, winding of relay 280 to battery. Relay
280 operates and closes a path to relays 198,
290, etc. of each horizontal group. Since a line
in the 0-horizontal group is calling while all
other groups are locked out, a circuit is com-
pleted for relay 198, extending from battery
through the winding of relay {98, conductor 111,
No. 0 contact set of relay 280, conductor 25i,
top inner contacts of relay {68 to ground, and
in parallel therewith over conductor 25f, wind-

ing of relay 310 to battery. Relay 190 opﬂera,tes»
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and partially closes through each of ten paths
to the ten. separate horizontal magnets of the
first subgroup of lines in the 0-horizontal group
which contains the calling line. - 'The circuit of
the appropriate horizontal magnet is not com-
pleted, however, until a primary selector, an idle
outgoing trunk accessible through said selector
and an idle sender -connectible to said outgoing
trunk have all been selected, as more completely
described hereinafter.

It will be recalled that relay 310 operated at
the time relay 138 operated. Relay 310 partially
closes circuits through the windings of the hori-
zontal magnets of a group of ten primary selec-
tors connecting with the whole group of out-
going trunks all of which are accessible to the
lines in the 8-horizontal group through said ten
brimary selectors, as more completely described
hereinafter. -

Now, each prnnary selector provides accessi-
bility to a subgroup of ten outgoing trunks and
the test for an available trunk, therefore, is di-
vided into two- separate but simultaneous tests;
first, the test for an available primary selector
and secondly, a test for an idle trunk accessible
through the available primary selector. Each
busy primary selector is arranged.to have its
horizontal magnet operated, and since the wind-
ing of this magnet is connected directly to- the
sleeve conductor of the associated selector, the
ground . on  this conductor also furnishes the
test of the availability of the selector. Conse-
quently “when relay 318 operates, each of the
sleeve conductors of each of the primary selec-
tors in the group of the calling line is extended
through the contact sets of relay 310 to a wind-
ing of a fest relay. These relays are 330 to. 339,
inclusive. Idle primary selectors have no ground
connected to the slesve conductor and hence,
upon the operation of relay 3{8, a circuit is
closed for each idle primary selector from bat-
tery through the winding of the horizontal mag-
net of each idle primary selector to the winding
of the test relay. A typical circuit is that for
the 0-primary selector which extends from bat-
tery through the winding of the selector hori-
zontal magnet 116, conductor 178, No. 0 contact
set of relay 310, winding of relay 330, to ground.
Relay 330 operates but the quantlty of current
flowing through the circuit is not sufficient to
permit the magnet to operate. Each test relay
in the group. 336—339 corresponding to an idle
prlmary selector thus operates in the same man-
ner.

Now the outer contacts on each of what may
be designated the first pair of test relays, name-
ly, relays -330 and 338, are connected to the
windings of a relay 3{5, while those of relays
335 and 338, the last pair, are connected to

the windings of relay 319, the contacts of inter-

mediate pairs of test relays (not shown) being
connected, respectively, to the windings of the
intermediate relays 316, 3{7 and 3I8 (not
shown) in the group of five relays 315—319.
Consequently, those test relays which have op-
erated as a result of the idle condition of the
primary selector to which they were connected,
further close circuit paths from ground through
their bottom outer contacts, top winding of re-
lay 315, for example, if it be assumed that the
6 or 8th primary selector or both are idle and
that, in consequence, relay 330 or 328 or hoth
have been operated, conductor 399, contacts of
any normal horizontal magnet of the group
of sender selectors .8 to 9, in the 0-horizontal

10

15

20

30

40

45

50

85

60

65

75



10

15

20

25

40

50

<o
<

60

-¥
o

2,004,599

group of sender sélectors, as, for instance, con-
tacts of magnet 5i9, conductor 591, back con-
tacts of relay 1392, which relay is normal if
any sender available through the 9th -sender
selector of the @-horizontal group is idle, as
more completely described hereinafter, conduc-
tor 582, back contacts of relay 388, to baitery.
Relay 315 operates in this circuit and locks over
its lower winding and lower inner front con-
tacts, over the series chain of back contacts
of other relays identical with 3{5, such as 3i&»
associated with other main district groups which
have accessibility to the same subgroup of
senders as more completely described herein-
afier, winding of relay 388, to batiery. Relay
38D opsrates in this circuit and, by opening
conductor %82, orens the operating circuit of
every like relay in the chain 8{5—3{82  The
operation of relay 2i5 further .opens the circuit
of relay 328 but. this relay, being slow to re-
lease, does not releagse immediately. In the
meanwhile, and during the interval in which
relay 328 remains in its operated position, relay
245 causes a circuit to be closed from ground,
through resistance 326 and inner contacts of
relay 333, if this relay has operated in response
to the idle condition of the 8-primary selector,
top inner contacts of relay 3i§, winding of re-
lay 816, top middle back contact of relay 32§,
in parallel through the upper winding of each
of thes relays 348 to 248, conductor 397 of relay
388 and a similar conductor on each of . the
cther relays in said group of relays 345—348,
contacts of cam 450, to battery in each of the
cutgoing frunk selectors correlated to the ten
relays of the group of relays 3480—349. If each
selector is idle, then each of their respective
sequence switches arve in position 3 and all re-
lays 348 to 349, inclusive, operate. On the other
hand, if any selector is busy, its associated se-
quence switch will have been advanced beyond
position 3 in the well known manner and a cir-
cuit will not be closed through the winding of
its corresponding relay .in the group of relays
340—249. Assuming, however, for purposes of
illustration, that the district selector shown in
Fig. 4 and associated with relay 2490 is idle and
in position 3, while at the same time other
trunks in the same greup are also idle, then
the circuit through relay 340 and others in the
group corresponding to said idle trunks is closed
and if two or more trunks are idle then relay
270, which is marginal, operates but the guan-
tity of current flowing through the separate test
relays 2340—2849 is not sufficient to cause said
relays to operate. Relay 370, on operating,
closes a circuit extending from ground on the
right back contacts of relay 388, contacts of re-
lay. 238, lower winding of relay 360, to battery
causing velay 6% to operate and lock in a circuit
extending from batiery through its top winding
and top inner front contacts, winding of relay

538,. contacts of relay 38! to ground on -the

middie contacts of relay 337. The operation
of relay 385, cvens the operating circuit. of
relay 368 and closes a circuit from ground on
ite front contacts, bottom front contacts of
relay 380 to the circuit path of relay 348 as
already described. Relay 348 now operates and
locks in a circuit over its bottom winding and
Lkottom contacts, bottom contacts of relay 3485,
winding of relay 225, back contacts of relay 38!
to ground on the contacts of relay 387. Relay
225 operates, opens the operating circuit of all-
relays in groups 340349 and 350—359, and

5
closes a -circuit for -relay 300 eXtendi_ng; from
ground on the lower front contacts of “relay

325, winding. of relay 3080 to battery, causing
said relay to operate. Another circuit is also

closed extending from ground on the lower in---

ner contacts of relay 325, top outer contacts of
the operated relay 340, No. 8 contacts of relay
388, conductor 289, to the windings in parallel
of all vertical magnets oi the first vertical group
of outgoing trunks, that is, vertical magnets 248,
{48, etc. These magnets operate and a.circuit
is then closed extending from ground on the
contacts of relay 338, winding of relay 392,
contacts of the last vertical magnet 246, con-
ductor 2i§, top outer contacts of relay. 360,
conductor 398, No. § contact set of relay 190,
to the winding of horizontal magnet §08.  This
magnet now operates and since vertical mag-
nets 228120 are already operated, the line
contacts .of the calling line A are extended to
the 8-primary selector. When the contacts. are
closed, the ground which operated magnet 100
is further extended through its own contacts
to the {-primary selector sleeve conductor 178,
winding of 8-primary selector horizontal mag-
net 18 to battery. Magnet (40 operates to close
through the contacts of the @-primary selector
to the §-district selector shown in Fig. 4 thereby
extending the calling line to said trunk.  Relay
292 operates in the circuit of magnet {00 and
causes the operation of relay 384 which, in turn,
operates relay 388. Relay 389 then opens the
original starting circuit through relay 387, caus-
ing said relay to release, releasing thereby relay
338 and also unlocking relay 168. Relay 168 re-
leases, causes the release of relays 180, 1807, etc.
and relays 188 and {58. The release of relay {98
opens the operating. circuit of line Thorizontal
magnet (88 but this magnet does not release
since, in the meanwhile, and as described heére-
inafter, the district selector to which the calling
line has been extended has advanced to'a posi-
tion where ground is connected from the selector
to conductor 179 thereby holding both the line
and- primary selector horizontal magnets 60
and {8 respectively, in an operated position.
With the release of relay 388, relay 258 releases,
thereby releasing relays 230, 280 and the line
vertical magnets {20—220. The release of relay
288 releases relay 310 thereby opening the circuit
of all selector vertical magnets and further re-
leasing the relays in the group of relays 838—
323 which ‘were operated in response to ‘idle
selectors. The line group and line start circuits
are now all normal awaiting thé inifiation of
another call in any of the horizontal groups.

It will be observed that in tracing the origina-
tion of a call from the line station in-any ‘hori-
zontal group to the connecting primary selector

and thence to the trunk selector, it has ‘been

tacitly assumed that (1) the: @-pnma,ry selector
was available; (2) that two or more trunks con=
nectible through said idle primary selector were

idle, and (3) that the sender group correlated
with said trunk group contained an idle sender;
The first assumption was indicated by the op-~
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eration of relay 328 in series with the horizon- .

tal magnet §i8 of the 8-primary selector; the:
second condition was evidenced by the opera-:

tion of the required relays in the group of relays.
340 to 349 of the trunks accessible through the
8-primary selector while the third was mani--
fested by the circuit closure of relay 215 through'
the contacts .0f at least one horizontal magnet
in the:0-hoerizontal group of sender selectors and
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the back -contacts of ‘relay ‘7892 swhich- is' nor-
mal if two or-more senders. accessible through
the - sender  selector correlated - to.the normal
horizontal magnet are-idle as more completely
described hereinafter. .

Obviously, -there may be. a vanatlon in any
one or all of these factors. . There may be, for
instance, no available primary selector in the
horizontal group to which the calling line be-
longs, -although the separate trunks connectible
therethrough may all be idle. - Also, the primary
selectors may all -be idle and yet all the trunks
connectible therethrough may all be busy; then,

again, while an idle primary selector and an idle’

connectible - trunk thereover may both be si-
multaneously available, yet the sender selector
group having access to-the trunk group contain-
ing the idle trunk may have no avaijlable sender
selector or no idle sender.  -In the first instance
supposed the call' may. -be either . dismissed
with' .an “all busy”.signal transmitted to the
calling subscriber, or said subscriber may be
made to wait for a short interval until a pri-
mary selector is .available. Each of the two
last conditions mentioned, however, produces its
own reaction by virtue of which the ¢alling line
is ‘transferred to anothér primary selector with
available idle trunks in trunk groups associat-
ed with sender selector groups containing free
sender selectors. and free .senders thereover.
Each of these separate conditions will now be
considered 1n detail. -

Przmary selectors all busy

When relay 310 operates, one side of the hori-
zontal magnet of each primary selector in the
horizontal group -of selectors available to the
calling line-is connected to a test relay; mag-
net HO of the 8-primary ‘selector being con-
nected to the winding of relay 238 and magnet
119 of the 9th primary being connected. to the
winding of ‘relay 339. If all:of the primary se-
lectors are busy, then ground is connected to the
winding of each of their respective magnets,
thereby short-circuiting the winding of . each
of the test relays 388 to 339, inclusive, none of
which, in this case, will operate. Under such
circumstances there is no primary selector outlet
in the horizontal group to which the calling line
is assigned and the subscriber will be supplied
with -a suitable tone signal (not shown) "indicat-
ing the absence of an outlet for the extension of
the: line. - The subscriber, upon hearing the
tone, will restore the receiver and uhen try again,
after a brief interval.

More than one przmarj/ selector ‘available

The most general condition which will be met
in the practice of the invention, however, .will
be the situation wherein some of the primary
selectors .appertaining to the horizontal group
will be-busy and some will be idle. Let it be
supposed, therefore, that at:the time subscrib-

er A initiates a call, primary selectors [ .to 8,
inclusive, ‘are busy and that-the first and last,
that is 0 and 9th primary -selectors are idle.
Then, when the primary selector test is being

made, primary selectors f to 8, inclusive, will
have ground connected to their respective sleeve

conductors while selectors 8 .and 9 will not.

Under such circumstances relays 331 to 338 in-
clusive, (only relays 385 and: 336 being shown)
of the -group 330 to 338 will' not operate. = Re-
lays 330 and 339, however, will operate. The
circuit -of relay: 330 has already been traced
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while:the circuit of ‘relay -339 extends from bat-
tery through the winding of horizontal magnet
418 of -the 9th- primary selector, conductor 179,
No. 9-contact-set-of relay 310, winding of relay
339, to ground. Relays -330-and 389, in operat-
ing, close a previously described circuit for relay
313 provided that the group of sender seléctors
correlated to' both :primary selectors contains
an available sender selector and idle senders coh-
nectible therethrough. ~If, however, both a send-
er selector-and a sender accessible thereover are
not available simultaneously, the circuit of re-
lay 315 is not completed in which case, since it
has been assumed that the 0 and 8th primary se-
lectors are the only ones idle, all further opera-
tions are-suspended and the subscriber. is sup-
plied with an “all busy” tone in any suitable
manner.

In this connectlon 1t must be recalled of
course, that the preferred embodiment of the in-
vention shows a pair of primary selectors cor-
related to one group of sender selectors, which,
in turn is further correlated to other pairs of
primary selectors assigned to other line groups.
It is, however, just as possible to have a greater
number of groups of sender selectors and to as-
sociate the trunk group or groups of but one
primary -selector with. each group of sender
selectors. Since there is one group of marking
relays in the primary selector control circuit for
each group of sender selectors such as, for in-
stance, relays 315—3i82 for the 8-sender selec-
tor group and relays 3193182 for the 4th
sender selector group, with intermediate relay
groups like 316—3162 etc. (not shown) for inter-
mediate sender selector groups, then, an increase
in-the number of sender selector groups to equal
the number of primary selectors in each hori-
zontal line group would necessarily call for ad-
ditional marking relays for the added groups.
Under such circumstances, each of two primary
selector test relays, as for- instance, relays 330
and 338, instead of closing parallel circuits to
the same sender group marking relay 315, would
each close a circuit to a separate relay each of
which would mark the sender selector group to
which - the primary selector in the line group
tested by the relay is correlated. If these ad-
ditional sender groups were supplied, then, in
the illustration assumed, relays 328 and 339
would close- circuits to. separate relays like re-
lay 815 and if the correlated sender selector
groups contained no available sender selectors
or idle senders connectible therethrough, neither
of these marking relays would operate, in which
event the calling subscriber would again receive
busy tone as described.

It will be further observed that the marking
circuit of each sender selector group in the pri-
mary selector control circuit comprises a group
of relays 315—315" for each of said sender selec-
tor .groups.  The number of relays which com-

prise each marking circuit depends on the num-

ber of primary selector frames using the same
sender selector groups; there being one relay for
each frame. Each of said relays is, in turn,
controlled by the test relays of the primary
selector frame which said relay marks.” When
therefore, a calling line in any of these other
frames seeks access to an outgoing trunk in a

group of trunks accessible over a particular idle

primary selector, say the zero primary selector,
the test relay of said selector, corresponding to
relay 330, will partially close the circuit of a re-
lay, such as 315> in the sender selector marking
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circuit of the sender selector group which has
access to the trunk group containing the idle
trunk. If the sender selector group contains an
idle sender selector and an idle sender accessible
thereover, relay 3150 will operate and thereafter
control further marking tests on its correlated
frame as the already described operations: cf
relay 315 control the marking operations on the
frame under consideration.

Relay 338, in operating, closes a circuit for
relay 37€¢ in parallel with the separate relays of
the trunk group marked by the relay group 340
to 349, as already described, while relay 339 oper-
ates and closes a circuit extending from ground,
resistance 328°, inner contacts of relay 389, top
middle contacts of relay 23i5, winding of relay
379, top inner contacts of relay 325, windings in
parallel of each of the relays in the group
390—389 which appertain to a trunk group of
ten trunks accessible through the 3th primary
selector, to battery on a cam corresponding to
cam 458 of the trunk shown in Tig. 4, in each
of the trunks in said group that are idle. Assum-
ing that there are two or more idle trunks; then
relay 3719 operates and closes a circuit for re-
lay 369 from ground on the right back contacts
of relay 386, contacts of relay 318, bottom wind-
ing of relay 388 to battery.

It will be observed at this point that the idle
condition of the G-primary selector and the
presence thereon of more than one idle tfrunk ac-
cessible therethrough resulted in the operation
of relay 373 while the idle condition of the 8$th
primary selector and the presence thereon of
more than one idle trunk accessible therethrough
resulted in the operation of relay 3718, These
relays cause the operation of relay 380 and re-
lay 388, respectively. But, inasmuch as the
locking circuit of each succeeding relay in the
group of relays 358—368 is controlled through
the back contacis of a relay immediately preced-
ing, only one of the relays so operated can re-
main locked. And the one which will remain
locked is the one whose locking circuit is un-
disturbed by the operation of the preceding
relays in the chain. In the case here being il~
lustrated, the locking circuit of relay 389 is
opened at the back contacts of relay 380, while
that of the latter is continuous through the

- winding of relay 388 as already descrived. Con-

sequently, when relay 38% operates and opens
the operating circuits of both relays 368 and re-
lay 369, said relay 369 releases while relay 380
remains locked. With the operation of relay

. 386, circuits are closed to operate the particulalr

relays in the group 348—348 whose circuits are
closed through the respective idle trunks to
which they appertain.

Thus, if two or more primary selectors are
both available and each of them contains idle
trunks, that selector is chosen for the con-
nection whose trunk group test relay, such . as
relay 3886 for 8-primery selector or relay 369
for the 9th primary selector, is nearest in elec-
trical preference to relay 386. In the case un-
der illustration, since it has been assumed that
both the 8-primary selector and the 8th pri-
mary selector were both idle as shown by the
operation of their respective test relays 338 and
338, and since both have two or more idle trunks
available, as shown by the operation of relays
318 and 378, then the §-primary selector and
an idle trunk accessible therethrough are chosen
for connection to the calling line as already
described. The number of relays in the group

7
348 to 349 which will operate depends, of course,
on the number of idie trunks, But. the one
which will remain operated and locked, thereby
marking that trunk for service, will be the one
nearest in the preference in respect to relay
325, since, when the relays operate, a locking
circuit for one of them will be closed extending
from ground on the middle contacts of relay
331, contacts of relay 3%i, winding of relay 328,

bottom outer contacts of relay 348, seriss back

contact chain in the group of relays 248 %o
348, front contacts of relay 348, if it is assumed
that the trunk it marks is idle, lower winding
of relay 24§ to baltery. Relay 325 operates,
opens the cperating circuit of all trunk test re~
lays in the group 349 to 348 which will now
release except relay 3489 of the first trunk in
the group which. is locked in series with relay
325. Relay 383 operates as already described
and  a circuit is now closed f{or the primary
vertical magnets as before. When the primary
selector vertical magnet 248 operates, a circuit
is closed extending from ground on the bhack
contacts of relay 389, winding of relay 2982, con-
tacts of magnet. 248, conductor 218, top outer
coatacts of relay 368, conductor 398, No. 8 con-
tact set of relay {98, winding of horizontal mag-
net - 188 to batlery. Horizontal magnet {80
operates and closes through the contact wires
of the calling line on the 0 horizontal path
which extends to the § primary selector. The
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operation of the horizontal magnet 88 further .

extends iis operating ground through its con-
tacts, conductor - {18, winding of the 8 primary
selector horizontal magnet {18 to battery.
Magnet 118 operates and extends the calling
line to the 0 outgoing trunk selector, after which
the line and start circuit release as before.
Should there be a plurality of primary se-
lectors available, then the one which will be
chosen is that which is nearest in electrical
preference as determined by the series lock-cut
circuit of the primary test relays 358 to 269 as
already described. However, as respects  the
available trunks accessible through each of the
free primary selectors, the selection of a trunk
is not necessarily made from that pri’mary se-
lector which is of a preferred choice should
there be -two or more idle primary selectors
available for the connection. The choice of the

primary selector, as between two or more avail-.

able ones, depends under such circumstances,
on which of them has more than one idle trunk
available and of those which do have more than
one idle trunk then the primary selector chosen
is the one which is the earliest electrical prei-
erence. A primary selector which has but one
idle trunk is chosen only when all other primary
trunks also have but one idle trunk each and
the primary selector so chosen is, under such
circumstances, then again determined by the
order of electrical preference. The object in
this “reserve” feature is to spread the flow of
traffic to the less loaded primary  selectors in
periods of heavy loads.  Since the entire group
of 100 trunks is available {0 .a main group of
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calling lines subdivided inte several horizontal
groups, each of which may-have different traffic -

densities, it is obvious that some trunk groups
would obtain an uneqgual portion of the traffic

while other trunk groups would be idle or less’

heavily loaded. Hence, by arranging the order

70

of traffic distribution in a manner such that - ‘

when nine out of the ten frunks available
through one primary selector are busy, the suc-
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-relay 386.

ceeding call can be transferred to a primary
selector which has more than one of its accessi-
ble trunks available, traffic is distributed evenly
throughout theé entire trunk group. This fea-
ture works as follows: ‘ - :

Let it be assumed for the purpose of illustra-
tion that primary selectors | to 8 are again
busy, that primary selector 0 has but one trunk
available, let-us say trunk 8; that primary se-
lector 9 has more than one trunk available and
that further, the sender group correlated to said
two primary selectors has available sender se-
lectors and senders. Then, when subscriber A
initiates a call, primary selector test relays 230
and 388 both operate, each in the manner pre-
viously described, and relay 318 operates in con-
sequence of the availability of a sender selector
and sender, and thereafter locks. Since the
operation of relays 330 and: 339 signifies that
both primary selector 0 and primary  selector
§ are available for extending the connection,
two separate trunk group test circuits are closed,
namely, that controlled by relay: 360 and the
individual test relays 340 to 349 testing the in-
dividual trunks available through. primary se-
lector 8, and that controlled by relay 369 and
the individual test relays 358 to 359 testing the
individual trunks available through primary se-
lector 9. Now, it has been assumed that pri-
mary selector 0 has but one trunk idle, that. is
trunk 6, marked by relay 340; hence a circuit
is established extending from: ground, resistance
328, upper contacts of relay 330, top inner con-
tact set of relay 315, winding of relay 370, top
outer confacts of relay 825, top winding of re-
lay 348 of the 0-trunk, conductor 381, battery
on cam 450 of the idle 0-trunk. Relay 370,
however, is marginal in that, when connected in
series with but one relay of the associated group
of individual test relays 340—348 and resistance
326, the quantity of current flowing through cir-
cuit is not sufficient to operate it. Neither, of
course, does relay 34§ operate.

But while the trunk group test circuit of the
trunks available through primary selector § is
in progress and results in the circuit operations
above  described, the group test circuit -of the
trunks available through primary selector § con-
currently operates, for a circuit path was simul-
taneously completed extending from ground, re-
sistance 326, inner contacts of relay 839, bottom
inner contacts of relay 318, winding of relay 3178,
top inner contacts of relay 325, through the sep-
arate windings, in parallel; of all relays 350 to
359 of the separate idle trunks in the group ac-
cessible through primary selector 9, to battery on
cam 453 in each of the separate trunks. Accord-
ing to the assumption, this group contains more
than one idle trunk and hence two or more par-
allel circuits are closed through the separate
trunk marking relays in the. group of relays
350—339 and the combined current, all flowing
through the winding of relay 379 is sufficient to
cause said relay to operate, Relay 3%9 operates
relay 389, which, in turn, locks in a previously
described circuit which causes the operation of
The - operation of relay - 386 then
causes the closure of previously described circuits
for operating the preferred relay in the group of
relays 350—359 corresponding to an idle trunk

and further causes the operation of relay 325 as-
" previously described. Relay 369 also closes the

circuit of horizontal magnet {03 in the manner

described for horizontal ‘magnet -100 thereby

8 2,004,599

locking the calling line to primary selector 9
through which the line is further extended to the
idle trunk appertaining to the relay in the group
350 to 359 which was locked in series with relay
325.  In this- manner, the selection of the one
available trunk in a preferred primary selector
is avoidad if there are two or more idle trunks
accessible through any other available primary
selector thereby distributing traffic evenly to all
groups. - DR

If it -should happen that all trunk groups avail-
able through the separate idle primary selector
each have but one trunk available, then the line
is switched for connection to the idle primary
selector- which is first choice in the preference
arrangement of primary selectors. This is ac-
complished as follows: Let it be assumed that
all sender groups have available sender selectors
and senders. -Then, when all trunk groups ac-
cessible through each primary selector have but
one trunk idle, and all corresponding primary
selectors in the horizontal group containing the
calling line are available, the primary selector
test relays 336 to 338 operate.  Then the simul-
taneous group test conducted through relays 310
to 379 will cause a failure of each of these relays to
oberate as already described since each of these
relays will not operate in series with a resistance
stch as'326 and one trunk marking relay. It will
be observed, however, that at the time relay 381
operated, relays 320 to 324 inclusive, operated and
their operation served to remove the short cireuits
which normally exist about each resistance such
as resistance 328 controlled through a-set of con-
tacts on each of the primary selector test relays
339—3839. It will also be remembered that the
trunk group test is made with each of these
short circuits removed. Now when all the re-
lays 815 to 318, inclusive, operate in response to
the availability of the sender selector groups

which they mark, the circuits of relays 320 to

324 are opened. These relays, howeveér, are slow
to release and will remain in their operated posi-
tion -after the opening of their respective cir-
cuits for a length of time sufficient to test the
ten trunk groups by means of relays 370—378.
By the time relays 320 to 324 release, either some
primary selector and g trunk in the group acces-
sible through it has been selected as evidenced
by the operation and locking of some one relay in
the group 370 to 379, or each trunk group has
tested busy, either because all of the trunks are
busy and no circuit closure was possible for the
group test relays 870379, or all the trunks but
one in each group are busy, in which case no
relay in the group 370 to 378 has operated since,
as already described, relays .376—379 are mar-
ginal and do not receive sufficient current in a
circuit which consists of the winding of a trunk
test relay, its own winding and the resistance
controlled through the contacts of the operated
primary selector test relay. If no group test re-
lay is operated, then, when relays 229 to 324 re-
lease, ground is applied through their respective
back contacts to short circuit each of the re-
sistances associated with each of the relays 330
to 338, and since no group test relay has oper-
ated, no further operations take place. There-
fore, when relays 320 to 324 release, resistances
such as resistances 326—3262 are short circuited
and the group test is made again, only this time
there is no resistance in series with each of the

relays 370 and 879. Since it has been assumed -
that all trunk groups each have but one trunk-
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available, the separate circuit of each of the
group test relays 370 to 379 is now closed from
solid ground on the contacts of relays 320—324,
through the upper contacts of relays 330—339,
appropriate contacts on the corresponding relays
316—319, winding of each of the relays 370 to
318, respectively, back contacts of the relays 32%
to 328, through the upper winding of the one
relay in each frunk group appertaining to the
idle trunk in that group, to battery on cam 436
of each of the associated idle trunks. The
quantity of current flowing through each circuit
of the separate relays 378 to 378 is now sufficient
to operate each of said relays which, in turn,
causes the operation of each of their correspond-
ing locally controlled relays 368—389. Previously
traced circuits for relays 386, 386 and 340 (as-
suming that the idle trunk in the group acces-
sible through the 8-primary trunk is  that
marked by 348) and 325 are now closed causing
these relays to operate. With the operation of
relay 2386 and the locking of relay 3690, all the
other group relays 361—389 release, and the op-
eration and locking of relay 340, as already de-
scribed, causes the trunk marked by said relay
to be the one chosen for connection with the
calling line. The trunk selected, therefore, is the

f-trunk in the trunk group accessible through

primary selector 8. Horizontal magnets 108 and
148 are now:operated for extending the line to
the available trunk, while all of the relays asso-
ciated with the line, start and sender group start
circuits are released as previously described.

In the foregoing description it has been as-
sumed that when the trunk groups are tested,
their correlated sender selector groups all have
available sender selectors and senders as evi-
denced, for instance, by the continuity of the
separate circuits of each of the relays 315 to 319
marking the sender selector group correlated
with each of the trunk groups accessible through
primary trunks @ to 9, respectively. In the ac-
tual practice of the invention, however, this is
not necessarily true as it is possible that, al-
though free primary selectors may have avail-
able-trunks, yet no sender in the groups ap-
pertaining to the trunk group accessible over
sald primary selectors may be available, in which
event no trunk from such group can be selected.
Under such circumstances, it becomes necessary
to shift the selection of a trunk to other free
primary selectors which have available frunks
in the trunk groups accessible therethrough and
also available senders in the group correlated
with said trunk groups.

Thus, if primary selecters 8 and 8, both have
available trunks and the sender group correlated
with said selectors and marked by relays 318 to
8157 have no senders or sender selectors avail-
able, the cireuit for relay 345 is not completed
since said circuit is completed through the nor-
mal contacts of the horizontal magnet of each
gender selector and the normal contacts of re-
lays 7188—7882 which are operated when all the
senders available through said selector are also
busy, there being one such relay such as relay
789 for each group of senders available through
each' sender selector. The failure to operate
relay 3¢5 precludes all possibility of testing the
trunk groups accessible through primary selec-
tors. 8 to 9 and identified by relays 370 and 379
since, as already described, their respective cir-
cuits are controlled through the operated con-
tacts of relay 345. ) )
- But if, at the same time, any other two trunk

S

groups, say the trunk groups associated with
primary selectors 4 and 5 do have available
senders in the correlated sender group identified
by relay 319, then the circuit of this relay would
be closed over a path controlled over conductor
396, through the back contacts-of all magnets of
idle sender selectors:in the f4th sender selec-
tor -group and the back contacts of relays 789
and- other similar relays which would be nor-
mal if all the senders available through the
particular selectors are not busy, conductor 581,
to battery.. Under such circumstances, a trunk
would be selected from one of the trunk groups
accessible- through - primary selectors 4 or 5, or
through whatever other pair of primary selec-
tors had an available sender and sender selec-
tor in the respective correlated trunk  group
which is nearest in- electrical preference with
respect to the selection of such sender selector
groups as ‘determined the chain preference cir-
cuit of relays 376—379. Once the available
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sender selector groups are determined, then the

selection of the trunk groups is determined by
the preference selection circuit of the group of
relays-310—3179. * Actual trunk group and trunk
selections .are then carried out as described
above. :

: Sender selection

Let it be assumed that trunk 0 is connected
to the subscriber’s line-over primary selector 8.
The sender selector group marked by relay 215,
according to the above described operations, has
ayvailable sender selectors and senders in it;
otherwise a trunk accessible through primary
selector 8 (or primary selector 8) could not have
been selected. When relay 325 operates, it closes
a circuit extending from ground through the
winding of relay 398, the winding of relay 3§i,
top outer contacts of relay 325, conductor 605,
bottom ' winding -of relay 588, conductor 588,

back contacts of relay 100, back contacts of relay.

181, winding of relay 102 to battery. Relay 580
operates, locks in a circuit extending from bat-
tery through its upper winding and bottom con-
tacts, conductor 503, over the back contacts of
the normal lock-out relays of other sender
groups, such as relay 608, conductor 861, wind-
ing of relay 788, back contacts of relay 781, to
battery through the winding of relay 162. Relay
760 operates and opens the operating circuit of
all relays 580—689, so that, during the. interval
when relay 508 is operated, no other lock-out
relay in other sender selector groups can oper-
ate. Relay 500, over its top outer contacts, closes
an obvious circuit for relay 58! which operates
and partially closes the paths for ten groups of
horizontal magnets 5{6—5182 to 5{9—5{9n, in-
clusive, one group for each one of the ten pri-
mary sender selectors of the 8 sender selector
group, while over its top inner contacts, relay
500 . partially prepares circuits to the vertical
selecting magnets 528—%529, intermediate groups
of vertical magnsats groups 538—5839 inclusive.
In the meanwhile, the operation of relay 708
closes a circuit extending from battery through
the winding of relay 792, back contacts of relay
704, front contacts of relay 700, winding of re-
lays T10—T7i98 in parallel, top inner contacts of
relay 720—1729, respectively, to ground. Relays
T18—1719 operate and remove the short circuit
around. the respective resistances- 736—7389.
With the relay 581 operated, the winding of
each test relay 740—749 is connected to the
test conductor -of each sender selector in the
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8 sender selector- group in the vertical contacts
of ‘which terminate each of the trunks in the
groups accessible through ‘primary selector 0
and primary selector 9, as well as other trunk
groups belonging to another main group of 100
trunks serving other main groups of subscribers’
lines.. If any of the sender selectors in this
group are busy with a connection between a
trunk terminating thereon and a sender aceces-
sible through said selector, such a - selector will
have. ground on its sleeve conductor. - Those
which are not busy and, therefore, -available,
do not have: ground conneeted to their respec-
tive sleeve conductors and consequently ecause
separate circuits to be closed between the wind-
ing-of each horizontal magnet 510—519 and the
winding of corresponding test relay in the group
of relays 140—749; a typical circuit bemg one
between ‘magnet 5!0 -and relay 740 which ex-
tends from battery, through the winding of
horizontal magnet 518, No. 0 contact set of re-
conductor 505, winding of relay 140 to
ground, causing thereby the operation of relay
748 but not that of magnet 510. In the same

- way, all’ other idle sender selectors cause the

operation of their corresponding test relays. If
it is assumed that the first or 6 sender selector
is idle, then relay 740 is operated as just de-
scribed and a circuit is further closed extend-
ing from ground through.the outer contacts of
relay 746, top winding of relay ‘720; back con-
tacts of relay 750 to battery. Relay 128 oper-
ates, closes a locking eircuit for itself over its
bottom winding .and bottom inner front con-
tacts, back contacts of other relays such as relay
7282 in a series chain, winding of relay 750 to
battery. Relay 758 operates and opens the op-
erating circuit of all the relays 720—720=,

In this connection, it will be noted that there
is more than one relay 720 supplied for' con-
trolling the circuits relating to. the ‘establish-

ment of a connection over a' 8 primary selector, .

such as for instance, 720%:and that g similar

brovision is made for each of the other selectors,
The ‘reason

such as for instance, relay: 729n;
for this is due to the fact that the senders
which are accessible through each of the sender

selectors available through the five sender se- -

lector groups, may likewise be multipled for the

use: of other groups of sender selectors which

are, in turn, connectible ‘to: other primary se-
lectors serving entirely -different groups. of
trunks.

separate sender group may not.be justified in
which event one sender group may be. used in
common by more than, say, five groups of send-
er selectors. Each -additional group of sender
selectors, and the separate selectors- therein
corresponding to the numerical order of. selec-
tors in corresponding groups, would have g cut-
in relay such ‘as relay 720® or 7292 operated

from the contacts of a corresponding test relay.

of the control circuit of said other sender se-
lector group and its operation would then serve
to connect the calling trunk with a chosen send-

er by operating the horizontal magnets of the -

appropriate sender selector through Whlch such
connection can be -established.

. The operation of relay -128 opens the circuit
of relay Ti6 but this relay, being -slow:release,
does not release immediately, whereupon a. cir-
cuit is cloged, extending from ground: through
the non- mductlve _resistance 130, top inner con-
tacts of - 1elay 140, top outer. contacts:of relay

But due to the quantity ‘of traffic
which is handled by this other trunk group, a’

2;004,599

1268, winding of relay 760, back contacts of re-
lay 770, through the winding of each of the
respective relays in the group 780--180n, to bat-
tery on the back contacts of the corresponding
relays 18{—181n, Relays 18{—18i», -783—183n
and similar groups of relays (not shown) are
test relays each of which is connected to an
individual sender available over similar sender
selectors in the different groups and the oper-
ated or non-operated condition of each of the
said relays marks the associated sender as busy
or idle respectively. Each of the relays in the
group i81—18{» appertains to a sender in the
first or 0-primary sender selector in each hori-
zontal group while each of the relays in the
group 783—183» appertains to a sender in the
last or 9th primary sender selector in each hori-
zontal group.

Now- the trunk circuit which has been as-
sumed to have been marked for the connection,
namely, the 8~trunk, appears in the first or 0-
group of ten sender selectors, which fact was
indicated. by the operation of relay 500. That
is- to.say, by virtue of the fact that the connec-
tion of a selected trunk can-be extended to a
sender through any one of ten possible horizon-
tal paths, it may have accessibility to any one of
the idle senders available through any one of
said sender selector paths.” And at the time the
test of each horizontal path was made over a
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30

circuit connection between the horizontal mag- .

net .and-its corresponding test relay (such as
magnet 510 and relay 140 as already described)
the number of idle sender selectors was deter-
mined which, in turn, indicated that the selector
testing idle was. free. Consequently, the number
of relays in the group. T140—74% which was op-
erated at the time the selector: test was made
indicated.the number of such selectors that were
idle. Hach of these operated relays -further
closed a group test circuit through the corre-
sponding group relays 160—1789, each with its
own group of sender test relays, such as for in-
stance, relay 760. with the group of ten relays
780-—180" locally controlled through contacts of
relays T81—781in for testing each of the senders

in the first or 0-primary selector, and relay 168

with the group of ten relays 782—1782n for test-
ing each of the senders in the last or 8th pri-
mary selector while the same is true for the
intermediate groups which are not shown.

If more than one sender is idle in each group,
each of the separate group relays 766—T7T6§ will
operate in parallel with the windings of -the sep-
arate sender test relays in their respective groups
which mark idle senders, one such circuit hay-
ing been traced through relay 768 and relays
780—780" to battery on the -back contacts of
relays 781—18in. ‘The separate sender test re-
lays, however do not operate. When the group
test relays operate; they close individual operat-

ing circuits for their locally controlled relays

784—184n, ‘one of said circuits being traced from
ground on the back contact of relay - 185, back
contacts of relay 186, front contact of relay 160,
lower winding of relay 188 to battery. Relay
784, and all the others in the group - 184—1784n
which -have had similar circuits closed, all op-
erate. Each of them will endeavor to close a
lockmg circuit for itself from battery through
its respective upper winding and top inner front
contacts, through the top inner back contacts of
other relays in the group which. have not been

so operated, said locking circuit extending in a

series chain over the back contacts of said relays
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through conductor 788, winding of relay 186 to
ground on the back contact of relay 185. How-
ever, in view of the fact that the locking cir-
cuit of each succeeding relay is controlled
through a back contact of the relay immediately
preceding, only one of those operated can.lock
and this relay will be the one whose locking cir-
cuit path is nearest to the winding of relay 785.
If, therefore, relay 784 has operated in response
to the idle condition of more than one sender
in the group of senders available through the
sender selector marked by the test relay 746,
that is, the 8-selector, then, since relay 784 is
nearest in electrical preference to relay 786, said

- relay 784 will lock in series with relay 786, the

latter relay also operating in said locking circuit.
The operation of relay 785 opens the operating
circuit of all relays in the group 7841842 which
will release all those which had operated except
relay 784. Thus, the available sender selectors
are chosen according to a definite preference be-
ginning with the zero selector and ending with the
ninth,

After the sender selector has been marked as
selected and the group of senders available
therethrough has also been marked both by re-
lay 784, if the sender selector chosen is the
8-selector, an idle sender in the group accessible
through that selector is then selected from
among those that are idle. When relay 186 op-
erates, it closes a circuit extending from ground
on the contacts of relay 785, front contacts of
relay 786, bottom front contacts of relay Taé,
bottom contacts of relay 776, top windings in
parallel of all relays in the group 780—786» {o
battery on the back contacts of all correspond-
ing relays in the group of relays 78{—78{n which
are normal because of the idle condition of the
corresponding senders they mark. The lock-
ing circuit of ea¢h of these relays is controlled
through the bottom back contacts of the next
succeeding relay in the group so that the opera-
tion of a preceding relay opens the locking cir-
cuit of the succeeding relay. Hence, if relay 189
is operated, said relay will lock over a circuit
path extending from battery through its lower
winding and front contacts, bottom outer front
contacts of relay 728, winding of relay 710 to
ground on the back contacts of relay 785. Re-
lay 780 locks and relay 7110 operates in series
with said locking circuit, the former opening
the locking circuit of all other sender test relays

in the group and the latter, by opening its back

contacts, opens the operating circuit of all other
test relays causing them all to release.

The sender in the group accessible through
the marked sender selector is thus also chosen
according to an electrical preference arrange-
ment. If the sender marked by relay 788 had
been busy and, in consequence, relay 186 would
not have been operated, then the test relay or
test relays of other idle senders would have op-
erated and the one whose test relay did not have
its locking circuit opened by a preceding relay
would lock and cause the corresponding sender
to be chosen.

When relay 7170 operates, it closes a circuit
extending from ground through its upper con-
tacts, winding of relay 782 to battery. Relay
192 operates and extends the windings of all
five groups of vertical magnets, to the contacts
of the separate test relays of all senders. Hence,
when relay 783 operates, a circuit is closed ex-
tending from ground through the top inner con-
tacts of relay 789, No. 0 contact set-of relay

11

792, conductor: 790, winding of vertical magnet
610 to battery, and in parallel therewith, the
winding .of each of the. other vertical magnets
in each vertical group, up to and including ver-
tical magnet §540. All of said magnets operate,
in preparation for closing through the selected
trunk. to the selected sender.

‘In. the meanwhile, the operation of vertical
magnet 640 closes a circuit extending from
ground o its contacts, conductor 602, winding
of relay 18! to battery and, in parallel with said
winding, top outer front contacts of relay .784,
conductor 508, No. 8§ contact set of relay 501,
winding of horizontal magnet 548 to battery and
in parallel therewith to: the windings of -all
other horizontal magnets in the selector includ-
ing - magnet. 550. Since. vertical magnetis 528
and 548 are operated, the cross points of trunk
6 and the cross points of sender 8 are closed
through on the common conductors of the se-
lector, thereby. establishing the required connec-
tion between trunk and sender.

When the trunk and sender are closed
through, the usual operations in the sender will
cause ground to be connected to conductor 554
which will replace that on conductor 560 to hold
the horizontal magnets operated after the se-
lector control circuit has released.

The operation of horizontal magnet 5i0 opens
a contact in the number of parallel circuit paths
of relay 315 so that when all-of the sender se-
lectors in the B-horizontal group are busy, the
continuity between conductors 389 and 582 is
broken as a signal that no senders are availabie
through-this group.

At the time the circuit of magnet 510 was
closed, another circuit in parallel with it was
closed to the winding of relay 701, as already
described.. Relay 78{ cperates, opens the circuit
of relay 780 and closes a holding circuit for relay
594 from battery winding of relay 782, the front
contacts of relay 701, conductor 784, bottom con-
tacts ‘of relay 504 to the winding of said relay,
holding said relay when relay 5088 releases at the
time relay 781 operates. This is done in order to
insure that the circuit connection to the horizon-
tal magnets is long enocugh to allow for the send-
er to operate and connect ground to conductor
861 to hold said magnets. In the meantime, the
release of relay 788 causes the release of relay
508 which, in turn, releases the vertical mag-
net 529.

Further, when ground is connected to conduc-
tor B61 by the sender, a circuit is closed from
said ground on conductor 56, winding of relay
181 to battery. Relay 78! operates and -closes
a circuit extending from ground on it$ inner
iront contacts, top outer contacts of relay 786,
top inner contacts of relay 178, winding of relay
65 to battery. Relay 785 operates, opens the
circuit of relays 770 and 186 both of which re-
lease, in turn, releasing: relays 782 and 784.
The release of relay 792 opens the circuit of
the vertical magnets §{8—540 while magnet 610,
in releasing, opens the circuit of horizontal mag-
net 518 which is now held operated in the pre-
viously described circuit to ground on conduc-
tor §61. It further releases relay 10{ which, in
releasing, opens the holding circuit ‘of relay 5014
which also releases. The entire circuit is now
restored to normal with the exception: of hori-
zontal magnets 510 and 558 which ‘are holding
the established connection between the trunk
and sender.

The relationship between sender selectors and
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sender groups accessible through said selectors
contains the same “reserve” feature that is con-
tained in the relationship between primary. frunk
selector and trunk groups. The operation of the
circuits with respect to these features will now
be described.

It will be remembered that in extendlng the
connection to an idle sender it has been tacitly
assumed that (1)-the 8-sender.selector in the
group containing the marked:-trunk was avail-
able;  (2) that more than one sender of . the
group of senders connectible therethrough were
idle. . The first assumption was indicated: by
the operation of relay 740:in series with the
herizontal magnet 548 of the 0-sender selector;
and the second condition was -evidenced by the
operation of. relays. in the group 78{—784n which
correspond to- idle- senders. accessible through
the D-sender selector. Obviously, -as respects
these two conditions there may be g variation
in either-or both of these two factors.  ‘There
may be, for instance, no available sender selec-
tors in the 9 group which contains the:tenta-
tively marked trunk although there may be two
or more senders available in each of the sender
selectors comprising the group. - Also, the send-
er selectors may all be.idle and yet -the selec-
tible senders which may be reached.through
them, may all be busy; :or again, while an idle
sender selector and an idle: connectible sender
may both be simultaneously’available yet there
may be other idle sender selectors connectible
to the tentatively marked trunk  which have
more than- one sender available. . Each of the
last two conditions produces-its own regction
by virtue of which the calling line is transferred,

respectlvely, to another sender selector in the

same group connectible to the tentatively marked
trunk, or to another trunk which is connectible
to.the same main group of senders but through
an entirely different ‘group ‘of ‘sender selectors
than the one associated with the tentatively
marked trunk. In the latter case the previously
marked trunk is dropped and another trunk is
marked which is connectible to the senders by
way of another group of sender.selectors.. Each
of these separate conditions will now be de-
scribed in detail.

Sender selectors all busy

If the sender selectors in the horizontal group
accessible to the tentatively marked trunk are
all busy, such as for instance, the ten sender
selectors of the 8-horizontal group accessible to
the trunk 8, then horizontal - ‘magnets 510—519
are all -operated and the circuit of relay 315 is
broken at each of the pair of contacts catried by
said separate magnets. Consequently when the
line start control circuit-shown in-Fig. 3 oper-
ates to-test the various sender selector groups
correlated with the various trunk groups, the
relay 315 which tests the 8-sender selector group
will have its circuit opened.. The failure of the
relay 3i% to operate under -such. circumstances
is a signal to the line start control circuit that
a trunk in the group correlated to the 0-hori-
zontal group of sender selectors' canm not be
marked since there are no sender selectors avail-
able which can be used to establish a connec-
tion between a trunk which terminates on said
sender selectors and the senders accessible there-
through. The line start circuit, of course, is at
the same time testing’ other sender selector
groups through the association of other relays
similar_ to 315, such as relays 316—318- corre-
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lated to other four sender selector groups and
which have their circuit. closures. controlled
through the back contacts of the respective hor-
izontal magnets of said sender selector groups.
The line control circuit then proceeds to mark
a trunk in-a group correlated to a sender selec-
tor. group ‘whose marking relay in the group
315—319 has operated. . If more than one trunk
group shows a.simultaneous availability of cor-
related sender selector groups, then the line con-
trol circuit will mark a trunk in a preferred
group as previously described.:

"On the other hand; the sander selectors in
the 0-sender selector group may all be idle but
the senders accessible therethrough may all be
busy.. This condition is evidenced by the fact
that as each sender becomeés. busy, its test re-
lay- in ‘the control circuit is operated. When,
therefore, all the senders in the group accessible
through the 8-sender selector of the 8-sender
selector group are busy, all' of the sender busy
relays’ . corresponding  to .- senders accessible
through said selectors, and consisting of relays
T8i—178in are all operated, each over g circuit
of  the character already described for relay 781.
It will be observed, however, that the circuit of
the marking relay 315 is ‘not only controlled
through paralleled. contacts on the horizcntal
magnets 510—519 but is further carried over the
back contacts of relays 189-—189n. - Consequent-
1y, . when the circuit of relay 315 is being estab-
lished and its.circuit path is continuous through
the back. contacts of the horizontal magnets

518—519, then, if the senders available through

the' 0-sender selectors are all busy, relay 789

- will' be operated as already. described, and the

path joining conductors 398 and 532 at the back
contacts of this relay is opened.  The circuit of
relay 318, however, has other parallel paths
through -the ofher: horizontal magnets, namely
through magnets 51{—519. If, therefore, any
sender group accessible through the correspond-
ing sender selectors have more than one sender
available. therein, the group relay 78% corre-
sponding to the group of busy relays similar to
781—T81n will be normal, whereupon the -circuit
is then completed through the back contacts of
the horizontal magnet of the idle sender selec-
tor and the normal contacts-.of the relay 723
allocated to the group of relays similar to relays
78{—78{n corresponding ‘to the sender group
available through said sender seléctor. As each
sender group becomes busy and its corresponding
group -relay - 789 is operated, another parallel
path of the circuit of relays 2{5 is opened, so
that- when" all groups .are busy, all paths are
opened and relay 3i5 can not operate. Hence,
if all selectors in the group are busy, all paths
are’ opened at the contacts of the. horizontal

- magnets: of - said selectors; if all sender groups
.available through said sender selectors are busy,

said.paths are broken- at the. appropriate back
contacts on the cperated group relays 789—1789=,
and if all' selectors and all sender groups ac-
cessible through said. selectors are busy, then all
paths are broken and relay 345 can not operate.
Under such circumstances, the line control cir-
cuit then proceeds to mark a trunk in a group
correlated: to one of the other four sender se-
lector groups, each of whose marking relay. 36—
318 may have operated.

If, on the other hand, sll selector groups are
busy and all sender. groups are busy simultane-
ously, the circuit paths of the five marking re-
lays 315—319 are all opened and none of these
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relays can operate, in which event, an all busy
signal is transmitted to the subscriber in any
suitable manner. The circuif is thus guarded
both by the condition when no sender selector is
available .in any group .and when no sender
groups are available through idle sender selec-
tors.

More than one primary selector available

The most general condition which will be met
in the practice of the invention, however, will
be the situation wherein some of the sender se-
lectors appertaining to a group will be busy and
some will be idle. Let it be supposed, therefore,
that at the time subscriber A initiates a call,
sender selectors { ‘to.8, inclusive, in the zero
sroup are busy and that the first and lasi, that
is, 8 and 9, sender selectors are idle. Then,
when the sender selector test is being made, se-
lectors § to & will have ground connected to
their respsctive test conductors while selectors
8 and 8 will not. Under such circumstances re-
lays 741 to 748 (not shown) of the selector test
group of relays 148—149 will not operate. Re-
lays 748 and 748, however, will operate. The
circuit of relay 748 has already been traced
while the circuit of relay 189 extends from bat-
tery through the winding of magnet 559 of the
9%th sender selector,-No. 8 contact set of relay
504, conductor 585, winding of relay 748 to
ground, catising reley 743 to operate. Relay 140,
in operating, closes & circuit for relay 768 in
parallel with the separate relays of the sender
group marked by relay group 18i{—T8In, as al-
ready descrikbed, whils relay 749 closes a circuit
extending ‘from ground on its outer contacts,
top winding of relay 728, back contacts of relay
159 to batitery. Relay 129 operates and closes
a locking circuit from ground through its lower
winding, back contacts all other similar relays
including relay 729n, winding of relay 1898 to
battery. Relay 729 locks and relay 739 oper-
ates in said locking circuit and opens the op-
erating path of all relays 720—728». Now if the
sender group accessible through the 9th primary
selector, that is, the primary selector tested by
relay 749 contains more than one idle sender,
then a circuit is closed extending from ground
through resistance 138, innér contacts of relay
148, top outer contacts of relay T29, winding of
relay 189, bottom contacts of relay 114 to the
windings in parallel of all sender test relays in
the group of relays 782—782», which represent
senders accessible through the $th sender se-
lector, to battery on the respective back con-
tacts of all relays in the group of relays 783—
183n corresponding to idle senders in that group.
Since it has been assumed that there are idle
senders in the group accessible through the 0-
primary selector and since, further, it has been
assumed that there are available senders to the
9th primary selector, both relays 788 and 788
operate and the further operation of their cor-
responding locally controlled relays 784 and 784=
through a preference locking circuit finally
causes the selection of a sender in the group
which can be reached over the &-primary se-
lector as already described.

Should there be more than two sender selec-
tors available then the one which will be chosen
is that which is nearest in electrical preference
as determined by the series lock-out arrange-
ment of the lock-out relays 784—784% as already
described. However, -as respects the available
senders. accessible through each of the available
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sender selectors, the selection of  a sender is
not necessarily made from the sender. selector
which is of a preferred choice should there be
two or more idle sender selectors available for
the connection. The choice of the sender se-
lector as between two or more available ones de-
pends, under such circumstances, on which
of them has more than one idle sender available
and, of those which do-have more than one idle
sender, then the sender selector chosen is the
one which is the earliest clectrical preference.
A sender selector .which has but one idle sender
is.chosen only when. all other idle sender selec-
tors also have but one idle sender each and the
sender selector so chosen is then again deter-
mined by the order of the electrical preference.
The object of this “reserve” feature is to spread
the flow of trafiic to the less loaded sender
selectors and thus .distribute the load evenly
amongst all senders. . This feature functions as
follows: ’

Let it be assumed for purposes of illustration
that sender selector § has but one idle sender, let
us say .sender 8, and that sender selector 9 has
more than one sender available and that, fur-
ther, the intervening sender selectors are all
busy. Then, when the sender group marking
relay 345 operates in evidence of the availability
of senders and.sender selectors in- the group

correlated with the tentatively marked trunk, °

and the sender selector. control circuit oper-
ations are initiated thereby, relays 748 and 748
both operate as already described and ‘relays
128 and 729 operate in.consequence and there-
after lock. Since the -operation of relays 7140
and. 749 signifies that both sender selector ¢ and
sender selector 8 are available for extending a
trunk terminating thereon to a sender acces-
sible thereover, two separate sender group test
circuits are closed, namely that controlled by
relay 780 and the individual relays. 788—788n
responsive to senders available through  sender
selector 8 and that controlled by relay 769 and
the individual. relays 782—782% responsive to
senders-available through sender selector 8. Now
it has been assumed -that sender selector 8§
has but sender 8 idle; hence, a circuit is estab-
lished from .ground through resistance 7389,
inner contacts of relay 746, winding of relay 759,
back .contacts of relay 770, upper winding of
relay. 7180, to -battery on the back contacts of
relay 7181. "Relay 7568, however, is marginal in
that when operating in series with but one re-
lay - of the 'associated group of test relays
780—780» and resistance 720, the quantity of
current flowing through the.circuit is not suffi-
cient to operate either relay 768 or relay 788
and, with the failure of relay 768 to operate,
relay 784 can not operate as a result of which
the operating circuit of relay. 788 can not be
closed through the front contacts of relay 784.
But while the test of the group of senders
available through’ the sender seelctor § is in
progress and -results in the operations above

described, the group test circuit of the senders’

available through sender selector § simultane-
ously operates, for a circuit path-is concurrently
completed for relay 769 in parallel with the sep-
arate operating windings of the individual re-
lays in the group 782-—782n-which are responsive
to senders available through sender selector 9.
Now, according to the assumption, this group
of senders contains more than one idle sender
and, hence, more than one unoperated relay in
the group 782—783% so that the quantity of cur-
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rent flowing through the winding of relay 169 is
sufficient to cause it to operate. With the oper-
ation. of relay ‘769, relay 71840 operates which,
in turn, locks in series with relay 185 as already
described; relay 186 operating in.said locking
circuit and connecting solid - ground from the
back contacts of relay 785, front contacts of re-
lay 786, bottom contacts of relay 7184n, back con-
tacts of relay 174 to. the separate windings in
parallel in the group 782—182n to battery on the
back contacts of relays 783—1783® whose nor-
mal condition attests the idleness of their asso-
ciated senders. The particular sender selected
in the group marked by relay 782—782n is the
one which is nearest in electrical preference to
the locking circuit of relay 182 as already de-
scribed.. In this manner the selection of the
last sender in a preferred sender selector is

_ avoided, if there are two or more idle senders

accessible through any other available sender
selector, thereby causing an even distribution

“of traffic amongst all sender selector groups.

Il it should happen  that all sender groups
available through the separate sender selectors
each have but one sender idle, then the con-
nection is established to the idle sender selector
which is first choice in the preference selection
of sender selectors. This is accomplished as
follows: Let it be assumed that all sender groups
available through each of the sender selectors
have been one available sender and that all of
the sender selectors are idle. ‘Hence at the time
the connection is extended to the sender con-

.trol.circuit all of the relays 746748 will oper-

ate in consequence of the fact that all sender
selectors of the B-sender selector group are idle.
Then the simultaneous group test conducted
through relays 760 to 769, inclusive, will cause a
failure of each of these relays to operate as al-
ready described. It will be observed, however,
that at the time relay 108 operated a circuit was
established for each relay in the group 7110—17189.
These relays remain operated only so long as
relays 726 to 729 are normal. As soon as they
operate, however, in response to the operations
of relays T42—149 the circuit of these relays is
opened, but being slow-release relays, said re-
lays will not release immediately. and during the
ime that they remain in an operated condition
the group test for available sender groups is then
made as described. Should that test fail, how-
ever, and it then becomes necessary to.retest
the groups for the one available sender in each
group, then by the time this test is to be made,

relays Ti8 to 119 will have been released, at’

which time each of them will short circuit their
corresponding resistances 730 to 7139. With
these resistances short circuited the group test
through all of the groups is then made again by
connecting solid ground to the winding of each of
the relays 760 to 169 over a remaining path to
each of the relays in the group tests which cor-
responds to the idle sender in that -group.
Since resistances 730 to 7138, inclusive, have been
short - circuited the quantity of current now
flowing through each of the relays 760 to 769,

inclusive, will be sufficient to operate said relays,

whereupon all of the relays in the group 784 to
7847, inclusive, will operate and close a locking
circuit to the one most electrically preferred,
which is to . say, relay 784. - When relay 186
cperates in this locking circuit, as already de-
scribed, a previously traced circuit for relay

188, or any other relay in the group whose cir-

cuit is completed to the normal relay in the
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group 181—78in which corresponds to an idle
sender, is then established, thereby marking the
choice of sender D as the sender selected for
connection to the ftrunk. All the other relays

in other groups, of course, will not have oper- =

ated since, with :the locking of relay 784, all
other relays in said group released.

The connection between the calling line and
a -sender having been established  through a

grunk which. connects them both, the subscriber

proceeds to.establish the - call in. the known
manner. The sender may be: of any well known
type and adapted to control selections over the
particular character of selecting system used.
For instance, if the outgoing trunk is of the
panel type over which selections are controlled
by revertive impulses, the sender may be the
kind shown and described in  Patent. No.
1,862,549, granted June 14, 1932 to R. Raymond
and W. J. Scully. The subscriber receives the
usual dial tone when the sender has become
connected to his line and then proceeds to dial
the proper code of digits to set'the registers of
the sender in accordance with the route and
number of the wanted subscriber. The sender
then proceeds to set the trunk selector-to select
the other required selectors in successmn to
reach the wanted subscriber.

At the time .the selector is se1zed and its
sequence switch is advanced out of - position 3
in the usual manner, ground is connected to con-
ductor 451 which serves to hold the horizontal
magnets -of the primary selector in an operated
position; said ground being maintained so long
as- the .connection is established, after which,
as the sequence switch is advanced to normal,
ground is removed from conductor 45i and said
magnets are likewise restored to normal thereby
freeing the pr1mary selector for other connec-
tions.

When the sender has completed its function
in establishing the required connection, ground
is removed from conductor 561 and the hori-
zontal magnets of the sender selector are also
restored to normal thereby freeing the sénder
selector for other connections.

What is claimed is:

1. In a telephone system having subscribers’
lines, outgoing trunks and primary selectors for
connecting said oufgoing trunks with calling
subscribers’ lines, each of said primary selectors
having access to a plurality of trunks, a control
circuit responsive to the initiation of a call by
one of said lines for choosing one of said pri-
mary selectors having accessibility- to two or
more free outgoing trunks from which to select
an outgoing trunk for connection with said line.

2. In a telephone system, a plurality of groups
of lines, a group of primary selectors for each

-of said groups of lines, a plurality of groups of

trunks accessible through each of said groups
of primary selectors, a group of sender selectors
for one or more of said groups of trunks, a plu-
rality of groups of senders .accessible through
each of said groups of sender selectors, means
responsive to the initiation of a call by a line
in any of said groups of lines for connecting
said line to a free trunk in any one of said
groups - of trunks by the selection of said trunk
through a free primary selector in the group
available -to said line, and means for further
connecting said selected trunk to a free sender
in any-one of said groups of senders by the se-
lection of said sender through-a free sender
selector in the group of sender. selectors avail-
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able to the trunk group containing the selected
trunk.

3. In a telephone system, the combination of
a plurality of groups of lines, a group of pri-
mary selectors for each of said groups of lines,
a plurality of groups of trunks accessible
through each of said groups of primary se-
lectors for connection with said lines, and a
control circuit for said lines, selectors and
trunks comprising relay means responsive to the
initiation of a call by a line in any of said
groups for testing the condition of said primary
selectors, group test means for testing the idle
condition of trunks in each of saild groups of
trunks, and means responsive to said relay
means when operated to mark free primary se-
lectors for controlling the operation of those
group test means which test trunk groups ac-
cessible over said free primary selectors.

4. In a telephone system, the combination of
a, plurality of groups of lines, a group of pri-
mary selectors for each of said groups of lines,
a plurality of groups of ftrunks accessible
through each of said groups of primary selectors

5. for connection with said lines, and a control

circuit for said lines, selectors and trunks com-
prising relay means responsive to the initiation
of a call by a line in one of said groups for
testing the condition of each of the primary

* selectors of the group available to the calling

line group, group test means for testing for
the idle condition of two or more trunks in
each of said groups of trunks, and means re-

_ sponsive to said relay means when operated to

" mark free primary selectors for controlling the

operation of those group test means which test
trunk groups accessible over said free primary
selectors.

5. In a telephone system, the combination of

13" g plurality of groups of lines, a group of pri-
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mary selectors for each of said groups of lines,
a plurality of groups of trunks accessible
through each of said groups of primary selectors
for connection with said lines, and a control

© cireuit for said lines, selectors and trunks com-

prising relay means responsive to the initiation
of a call by a line in one of said groups for
testing the condition of each of the primary
selectors of the group available to the calling
line group, group test means for testing for the
idle condition of trunks in each of said group
of trunks, means responsive to said relay means
when operated to mark free primary selectors
for controlling the operation of those group test
means which test a trunk group accessible over
each of said free primary selectors, and means
responsive to the presence of free trunks in
trunk groups accessible over said free primary
selectors for selecting a trunk in a preferred
trunk group of all tested trunk groups contain-
ing free trunks for connection with said calling
line.

6. In a telephione system, the combination of
2 plurality of groups of lines, a group of pri-
mary selectors for each of said groups of lines,
a plurality of groups of ftrunks accessible
through each of said groups of primary selectors
for connection with said lines, and a control
cireuit for said lines, selectors and trunks com-
prising relay means responsive to the initiation
of a call by a line in one of said groups for
testing the condition of each of the primary
selectors of the group available to the calling
line group, group test means for testing for the
jdle condition of two or more trunks in each

15

of said groups of trunks; means responsive to
said relay means when operated to mark idle
primary selectors for controlling the operation
of those group test means which test trunk

groups ‘accessible over free.primary selectors, -

and means responsive to- the presence of two
or more free trunks in -each group accessible
over said free primary selectors to mairk a pre-
ferred trunk group from which to select an idle
trunk for connection with said line.

7. In a telephone system, the combination of
a plurality of groups of lines, a group of primary
selectors for each of said groups of lines, a plu-
rality of groups of trunks accessible through
each of said groups of primary selectors for con-
nection with said lines and a control circuit for
said lines, selectors and trunks comprising re-
lay means respensive to the initiation of a call
by a line in one of said groups for testing the
condition of each of the primary selectors of the
group available to the calling line group, group
test means for testing for the idle condition of
trunks in each of said groups of trunks, indi-
vidual test means for each trunk, means respon-
sive to said relay means when operated to mark
idle primary. selectors for operating the group
test means which tests the group of trunks ac-
cessible over-said free primary selectors, means
responsive to the operation of said group test
means for marking ‘a preferred trunk group,
and means responsive to the operation of said
individual test means of each idle trunk in said
marked trunk group for selecting a free trunk
in a given order of. preference for . connection
with said line. B

8. In a telephone system the comblnatlon of
a plurality of groups of lines, a group of pri-
mary selectors for each of.said groups of lines,
a plurality of groups of trunks accessible through
each of said primary selectors for connection
with said lines, and a control. circuit for said
lines, selectors. and trunks. comprising relay
means responsive to the initiation of a call by
a line it one of said groups for testing the con-
dition. of each of the primary selectors of the
group available to the calling line group, group
test means for testing for the idle condition
of trunks in each of said groups of frunks, indi-
vidual test means for each trunk, means respon-
sive to said relay means when operated to mark
idle primary selectors for .controlling the oper-
ation of those group test means which test trunk
groups accessible over said free primary selec-
tors, means responsive to the operation of said
group test means for marking a preferred avail-
able trunk group from which an idle trunk can
be selected, and means responsive to the opera-
tion of said individual test means for each trunk
in said marked trunk group for selecting a pre-
ferred trunk for connection with said line.

9. In . a - teléphone system, lines, outgoing
trunks arranged in groups and primary selectors
arranged. in groups, each of said primary selec-
tors having accessibility to certain of said lines
and to a particular one of said trunk groups, and
a control circuit responsive to the initiation of
a call'by one of said lines comprising means for
marking all free primary selectors having at
least one free trunk in the trunk group acces-
sible thereto, and means responsive to said
marking means for choosing a preferred pri-
mary selector of all those so marked for the
selection of a free trunk acce551b1e thereover
to connect with said line.

10. In a telephone- system the combmatlon
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of a plurality of groups of lines, a.group of pri-
mary selectors for each of said groups of lines,
&: plurality of groups of trunks accessible
through each of said groups of primary selectors
for connection with said lines, and a control cir-
cuit for said lines, seléctors :and trunks .com-
prising relay means responsive to the initiation

of a call by a line in one of said groups for

testing the condition of each of. the primary
selectors of the group available to the calling
line group, group test means for testing for the
free condition of two or more free trunks in
each of said groups of trunks, individual test
means for each trunk, means responsive to said
relay means when operated to mark idle primary
selectors for controlling the operation of said
group test means through said individual test

-means responsive to free trunks in the trunk

group accessible over said free primary. selectors,
means respensive to the busy condition of all
trunks but one in each of said trunk groups
accessible over said free primary selectors for
altering the test condition of each of said group
test means to test the idle condition of the one
free trunk in-each of said trunk groups, and

-means responsive to the operation of each of

said group test means when operating in re-
sponse to the one free trunk in its correlated
trunk .group for selecting the one free trunk
in a preferred trunk group for connection with
said line. ) o .

11, In a telephone system; 'a plurality of
groups of lines, a group of primary selectors for
each of said groups of lines, a plurality of groups
of trunks accessible through each of said groups
of primary selectors for connection with said
lines, a group. of sender selectors for one or more
of said groups of trunks, a plurality of groups
of senders -accessible through each of said
groups of sender selectors for connection with
trunks accessible thereover, and a control cir-
cuit comprising means responsive to the initig-
tion of a call by a line . in one of said groups
for selecting a free trunk in a group of . trunks
accessible over a free primary selector for con-
nection with said line and for selecting a free
sender in a group of senders accessible over a
free sender selector connectible with the group
of trunks containing said free trunk for connect-
ing said sender with said free trunk.

12, In a telephone system,
groups of lines, a group of primary selectors for
each of said groups of lines, a plurality of groups
of trunks accessible through each of said groups
of primary selectors for connection with said
lines, a group of sender selectors for one or more
of said groups of frunks, a plurality of groups
of senders accessible through each of said groups

of sender selectors for connection with trunks

accessible thereover, means responsive to the in-
itiation of a call by a line in any of said groups
of lines for marking free primary selectors in
the group of primary selectors available to said
calling line group and means responsive to said
marking means for marking each sender selector
group associated with trunk groups accessible
over said marked primary selectors which con-
tain free sender selectors and free senders in the
sender groups accessible thereover.

“13. In a telephone system, a: plurality of line
groups, a group of primary selectors for each of
said groups of lines; a plurality of groups of
trunks accessible- through each of said groups
of primary selectors for connection to said lines,
a group of sender selectors for one or more of

a  plurality of

2,004,599

said groups of trunks, a plurality of groups of
senders -accessible through each of said groups
of sender selectors for connection to trunks in
the trunk groups associated with each of said
sender selector groups, means responsive to the
initiation of. a call by ‘a line in any of said
groups for marking free primary selectors in the
group of primary selectors available to said call-
ing line group, means responsive to said marking

‘means for marking each sender selector group

associated with trunk groups accessible over said
marked primary selectors containing a free send-
er selector and a free sender accessible thereover,
and group test means responsive to the operation
of said last means for testing the condition of
trunk groups available over those marked pri-
mary selectors whose trunks groups are asso-
ciated with marked sender selector groups.

14. In a telephone system, a plurality of line
groups, a group of primary- selectors for each
of said line groups, a. plurality of groups of
trunks accessible through each of said groups of
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brimary selectors for connection to said lines,

a group of sender selectors for one or more of
said groups of trunks, a plurality of senders
accessible through each of said groups of sender
selectors for- connection' to trunks "accessible
thereover, means responsive to the initiation of a
call by a line in any of said groups for marking
free primary selectors in the group available
to said calling line group, means responsive to
said ‘marking .means -for marking each sender
selector group associated with trunk groups ac-
cessible over said-marked primary selectors and
which contain a free sender selector and a free

25.

30

35

sender accessible” therecver, group test means

responsive to the operation of said last means
for testing the condition of trunk groups-avail-
able over-:said marked primary selectors whose
trunk groups are associated with marked sender
selector groups, and means responsive to the op-
eration of said group test means associated with
trunk groups having free trunks for selecting
an idle trunk from a preferred trunk group for
connection with said: calling: line. ) s

15. In a telephone system, a- plurality of lirie
groups, a group of :primary selectors. for each of
said line groups, a plurality of groups of irunks
accessible through each of said groups -of pri-
mary selectors for connection with said lines, a
group of sender selectors for cne or more of
sald groups of trunks, a. plurality of senders
accessible through each of said groups of sender
selectors for conmection with trunks accessible
thereover, means responsive to the initiation of .a
call by a line in any of said line groups for
marking the free primary selectors in the group
available to said calling line group, means re-
sponsive to said marking means for marking
each sender selector group associated with trunk
groups accessible over said marked primary se-
lectors and which contain a free sender selector
and a free sender accessible thereover, group
test means responsive to the operation of said
last means for testing the condition of trunk
groups available over marked primary selectors
whose trunk groiups are associated with marked
sender selected groups, means responsive to the
operation of said group test for choosing a free
trunk from a preferred trunk group for connec-
tion with said calling line, means responsive to
the selection of said trunk for connecting said
calling line to said trunk by the operation of the
marked primary selector having access te said
trunk and other means for connecting said trunk
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toisaid 'sender by the operation of the rharked
sender:selector: having -access to said:sender.. :
:,:16: Id: o telephone system, a plurality -of line
groups; & ‘group of primary selectors for each:of
said line-greups, a ‘plurality .of gréups of trunks

. atcessible: through:each of said- groups:of pri-

mary-seléctors-for connection to .each-of said
lines; means for:marking frunk groups contain-

ing idle-trunks, & group .of sender selectors: for

one-or:more -of'said trunk groups;:a plurality of
sender groups accessible through: each iof $aid
groups:.of: sender. seléctors. for -connection to
trunks: in the trunk groups:accessible thereover;
and a-control circuit for:saidsender selectors and
said.senders -‘comprising means responsive to- the
lmtlatlon of a.call by a line in any of said 11ne
groups for marklng a: partlcular group of. sende1
selector, .assocmted with: marked  group -of
trunks, relay ‘means for testmg the condition of
ihe sender selectors in sald .group, group test
means f01 testmg for the idle condltlon of two or
more senders in’ each of said’ group of senders,
and’ means responswe ‘to said relay means when
operated to mark {idle ‘sender -selectors for con-
trolling the operatmn of 'said group test means
f6r testing sender groups accessrble over sard free
sender selectors '

17,711 a“telephone: system, a plura,hty of line
groups, a group of primary selectors: for each
of rsaid:line! ‘groups,:.a  plurality of groups of
trunks accessible through each of said primary
selector groups for connection with said lines,
a group of sender selectors for one or more.of
said trunk groups, a plurality of sender groups
accessible through each of said groups of sender
selectors for connection to trunks in the trunk
groups associated with each of said sender se-
lector groups, means responsive to the initiation
of a call by a line in any of said line groups for
marking a free primary selector and a free
trunk from a trunk group accessible thereover
for connection to said line, and a control circuit
for said sender selectors and senders comprising
means responsive to said primary selector and
trunk marking means for marking the sender
selector group connectible to the trunk group
containing said marked trunk, relay means for
testing the condition of the sender selectors in
said group, group test means for testing the
condition of each of said sender groups, means
responsive to said relay means when operated
to mark free sender selectors for controlling the
operation of said group test for those sender
groups accessible over a free sender selector,
and means responsive to the presence of free
senders in sender groups accessible over said
free sender selectors for selecting a sender in
a preferred sender group of all available sender
groups for connection with said marked frunk,

18. In a telephone system, a plurality of line
groups, a group of primary selectors for each of
said line groups, a plurality of groups of trunks
accessible through each of said primary selector
groups, a group of sender selectors for one or
more of said trunk groups, a plurality of sender
groups accessible through each of said groups
of sender selectors for connection to trunks in
the trunk groups associated with each of said
sender selector groups, means responsive to the
initiation of a call by a line in any of said line
groups for marking a free primary selector and
a free trunk from a group accessible thereover
for connection to said line, and a control circuit
for said -sender selector groups comprising
means responsive to said primary selector mark-

ing and trunk -marking means for markmg ‘the
sender’ selector group connectible: to the: frunk
group - containing - said - marked . trunk, ..relay
means.for testing;the condition. of said:sender

selectors;: group; test- means for; testing: for the -

idle condition of+two: or more: ‘senders: in each
of . said 'sender groups, means responsive o said
relay means when operated tormark: -idle: sender
selectors for -controlling ithe -operation .of said
sroup test meéans: of the group:ef senders-acces~
sible” over each free sender selector:and means

responsrve o the: presence oftwo or more free .

senders. in . -graups:accessible -over: said: free
sender. gelectors for marking o preferred available
sender group:from which to’select an idle sender
fol connection toisaid marked:frunk.:

19, In/'a telephone system, a plurahty of 11ne
gloup _agroupiof.primary :selectors for: each
of’ sa1d line ‘groups,. & :plurality of./groups:.of
trunks: accessible through each of said primary
selector ‘ groupsfor -connection . with said lines,
a group of sender selectors - for. one :or: more of
said :groups’. of trunks, a plurality. of sender
groups accessible: through -each. of. said groups
of .sender selectors .for connection to trunks. in
the" trunk groups-associated with 'each of said
sender selector groups, ‘means responsive to.the
initiation:of a:call by .a linein any of-said line
groups for marking: a free. primary selector iand
a’ freé trunk-from . group: accessible-fhereover
for connection to said line, and a control cir-

cuit for said sender selector groups comprising

means responsive to said primary selector mark-

ing and trunk marking means for marking the -

sender selector group- connectible to the. trunk
group containing said marked trunk, - relay
means for testing the condition of said sender
selectors, group test means for testing for the
idle condition of senders in each of said groups
of senders, individual test means  for each
sender, means responsive to said relay means
when operated to mark idle sender selectors
for operating said group fest means of the group
of senders available over each of said free
sender selectors, and means responsrve to the
operation of said individual test means of each
idle sender in said group for selecting an 1d1e
sender in a given order of preference for con-
nection with said marked trunk.

20. In a telephone system, a plurality of 11ne
groups, .a group of primary selectors for each
of said line groups, a plurality of groups of
trunks accessible. through each of said primary
selector groups for connection with said lines, a
group of sender selectors for one or more of said
groups of trunks, a plurality of sender groups
accessible through each of said groups of sender
selectors for connection to trunks in the trunk
groups associated with each of said sender selec-
tor groups, means responsive to the initiation
of a call by a line in any of said line groups for
marking a free primary selector and a free
trunk from a group accessible thereover for con-
nection to said line, and a control circuit for
said sender selector groups comprising means
responsive to said prlmary selector and trunk
marking means for marking the sender selector
group connectible to the trunk group containing
said marked trunk, relay means for testing the
condition of said sender selectors, group test
means for testing for the idle condition of send-
ers in each of said groups of senders, individual
test means for each sender, means responsive
to said relay means when operated to mark idle
sender selectors for controlling the operation of
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said: group :test means of the group - of ‘senders
available’ over -each - of "said. free. selectors,
means 1espon51ve to the presence ‘of-free senders
in groups-accessible over sald free sender selec~
tors to mark a préferred available sender group
from which an idle sender can: be selécted, and
means responsive to-the operation of -said in-
dividual test means for each sender in said pre-
ferred. sender. group - for selecting a preferred
sender in said group for connectlon w1th said

- marked trunk.

+21.:In.-a telephone system ha,vmg ca.lhng hnes,
outgorng trunks - and .- primary . selectors for
associating - said ' outgoing trunks. with call-
ing . lines," means’ for .marking a free trunk
for connection with a. calling line, senders send-
er selectors. for associating said senders .with
outgoing trunks and: a control circuit for said
sender “selectors - and said. senders . comprising
means responsive to a: calling line for choosing
a free sender selector which has. accessibility to
two or. .more free senders from- ‘which to select
a sender for connection with a trunk marked for
connection: with ‘said .calling line.-

22. In.a teIephone system havmg trunks ar-
ranged in groups, serider. selectors. arranged in
groups, senders arranged in groups, each. of said
sender  selectors hav1ng ‘accessibility to one of
said ‘sender groups and to:one or more: of said
trunk groups, a control c1rcu1t responsrve to

2, 004 509

the selection of. a trunk in' one of said groups
for marking -all free sender selectors.in the group
of selectors connectible with the trunk:group
containing. the . trunk- selected, .and having -at

least two senders in the sender group accessible =

through each. of them, and means. responsive to
the:operation of said marking means for choos-
ing a preferred ‘sender:selector from those 50
marked for the selection of a. free sender in the
sroup connectible thereover for connectlon w1th
sald selécted trunk. .

-23..In atelephone system havmg trunks ar-
ranged in groups, sender selectors arranged ‘in
groups, senders-arranged in groups, each of: said

.sender selectors: having accessibility to one of

said ‘sender groups and to'.one or more: of said
trunk- groups, a control -circuit responsive to the
selection of a trunk in one of sa.id groups for
markmg all free’ sender selectors in the group
connectible with the trunk group contalmng the
trunk selected and havmg at least one. free
sender in.the. sender group accessmle through
each of them and means responsive to the op-
eration of sa.id marking . means for choosing a
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preferred sender selector from those so marked -

for the selection of the free sender in the group
connectible thereover: for connectlon with the se-
lected trunk. o

- WARREN. w. CARPENTER.
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