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Wayne V. K. Large, Glenwood Landing, N. Y.,

assignor to Bell Telephone
porated, New York, N,

York

Laboratories, Incor-

. Y., a corporation of New

Application December 31, 1942, Serial No. 470,729.
58 Claims. (ClL 178—2)

This invention relates to telegraph . switching
systems and particularly to that class of telegraph
switching and transmission systems which in-
cludes satellite offices.

The principal elements of g satellite system
are, first, a, number of outlying stations or sub-
scriber stations located in a particular region in
which the traffic is insufficient or where there are
other circumstances making it uneconomical or
impractical to maintain 5 centra] office individual
to those subscriber stations. Another element of
the system comprises one or more central of-
fices, usually one, and g satellite, or unattended,
switching station approximately in the geograph-
ical center of the group of subscriber stations, By
means of a small number of trunks extending
from the central office or offices to the satellite
office and individual lines from the satellite of-
fice to the outlying stations and/or subscriber
stations, combined with automatic switching ar-
rangements at the satellite office whereby inter-
connections may be made between any of the
trunks and any of the outlying or subsecriber
lines, service may be given to all the subscribers
not only for intercommunication with each other
but to and beyond the central office.

Systems of this type have already been de-
vised, disclosed and used. '

One such system is disclosed in the application
of Fitch et al., Serial No. 173,958, filed November
11, 1937. Modified forms are disclosed in Lucek
Patent 2,228,279, dated January 14, 1941; Krecek
application, Serial No. 348,629, filed July 31, 1940;
and Kinkead et al. application, Serial No.
348,628, filed July 31, 1940, now Patent No.
2,340,599, granted February 1, 1944. Each of
these prior systems includes full duplex trunks
between the central office and the satellite office.
A system disclosing trunks arranged to operate
half-duplex is disclosed in a cobending applica-
tion of W. V. K. Large and F. J. Singer, Serial
No. 462,966, filed October 22, 1942,

The present invention deals with an extension
of the problem set forth above and is directed
to further extending the use of automatic and
remotely controlled switching equipment and
more efficient, convenient and effective use of
telegraph trunks or channels and lines and a re-
duction in the number of manual switching sta-
tions and the amount of manual switching re-
- quired,

The nature of the problem will be appreciated
from the following outline of the elements of g
complete system,

10
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20

ment of the invention disclosed herein is a man-
ual exchange, is an element of the system, This
exchange comprises cord circuits by the use of
which operators may interconnect local lines ter-
minating thereat with each other or with trunks
extending to other exchanges.  Such local lines
and such trunks extending to other exchanges
are well known in the art and, consequently, they
are neither disclosed in the accompanying draw-
ings or described in detail nor is their operation
gone into in any detail in the following descrip-
tion.

Terminating at the exchange are other trunks

. extending to a non-attended switching office

which may be variously designated as a primary
satellite office, a switching point on office: o
more specifically as a large satellite office. The
trunks from the central office to this large satel-
lite office, together with their terminations both
at the central office and at the large satellite of-
fice, are of a type known in the art and are
essentially designed as disclosed in Krecek appli-
cation Serial No. 348,629, Extending from this

. large satellite office in gz direction electrically

25

30

away from the central office are three classes of
facilities.

The first class comprises individual subscribers’
lines which are utilizable for calls to the sub-
scribers as well as calls away from the subscribers
by interconnection of the trunks to the central of -

* fice in the manner essentially as described in the

35
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. An exchange, which in the exemplary embodi- 53

sald Krecek application. :

A second class constitutes a new feature of the
present invention and comprises a line group
from the large satellite office to one subscriber
arranged in such a way that a call to a sub-
scriber having such a group of lines if directed
to a busy line will automatically be completed
to the subscriber over an idle line of the group
if such a line is available; to this end there is
provided a hunting feature whereby a call di-
rected to any lower-numbered line of a group is
automatically completed over any higher num- -
bered idle line of a group, if such a line exists.
A plurality of such groups may extend to a cor-
responding plurality of such subscribers.

To illustrate the third class let us Now suppose
that there exists a considerable number of sub-
scribers located fairly remotely from the large
satellite office and also too remote from any cen-
tral office to be given service therefrom except
by means of over repeatered or toll lines. 1In
accordance with previous practice, such re-
peatered or toll lines were extended to the sta-
tions of such subscribers from the large satellite
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office. If, however, there are several such sub-
scribers, economy as well as more efficient use of
facilities may be accomplished by providing in
the region adjacent these subscribers a small
satellite office and extending to this small satel~
lite office from the large satellite office a plurality
of trunks fewer in number than the number of
subseribers to be served by the small satellite of-
fice. Inasmuch as a subscriber making a call
through this small satellite office never knows
which trunk is busy,
large office is automatically assigned to him and
at the large office a trunk is automatically as-
signed to extend his call to ‘the central office.
Similarly, and as a feature of the invention dis-
closed herein, an operator at the central office
has no means of knowing what trunks, if any,

lying between the small satellite office and the’

large satellite office are idle. Consequently, the
system is so arranged that an operator at the
central office transmits code combinations desig-
nating a particular trunk, but, on the other hand,
designating a group of trunks which extend from
the large satellite office to the small satellite
office. At the large satellite office a trunk hunt-
ing arrangement proceeds to hunt along the
trunks which are available and to pick the first
idle one for connection to the trunk over which
the operator has made the call from the central
office to the large satellite office.” Upon having
been assigned such a trunk upon the connection
having been completed to the small satellite of-
fice a director circuit at the small satellite office
is conditioned for reception of code combinations
and a “director ready” signal is sent back over
the two trunks in tandem to the central office
whereupon the operator sends code combinations
or permutation code pulses identifying the line of
the wanted subscriber which terminates at the
small satellite office. )
A still further feature resides in the fact that
a subscriber at the small satellite office may have
sufficient business to justify a plurality of lines
and these lines are also arranged in a group
with 2 hunting arrahgement so interconnecting
them that any call directed to the one having a
lower position in the group sequence will initiate
a hunting operation to hunt for any idle line ex-
tending to that particular subscriber and, if any
such idle line is available, to send ringing sig-
nals over it to call the wanted subseriber.
“From the foregoing it will be perceived that
among the objects of the invention are to pro-
vide a tandem system of satellite offices; to pro-
vide more effective utilization of trunks, in other
words, that any given trunk may function to give
service to a greater number of subscribers or
more service to a given number of subscribers
or that a given number of subscribers may re-
ceive service with less trunk mileage than here-
tofore; to increase the use and effectiveness of
automatic switching and eguipment and to de-
crease the need for manual switching points to
the end that manual exchanges may be larger
and, therefore, more efficiently staffed and
manned for twenty-four hour service; to provide
for trunk hunting whereby a group of short sub-
trunks may perform the service heretofore per-
formed by a greater number of individual long
subscriber lines; and to provide line hunting ar-
rangements whereby subscribers, whose business
requires a plurality of lines, may be served as
effectively through a satellite office as though
they were directly connected to a central office.
In previous arrangements subscribers having a
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a trunk from the small to the -

_the claims; from a specific and
" i18e is made of trunks between

20

30

35

40

45

50

60

70

-3
(>3

2,875,856

plurality of lines directly connected to a central
office could utilize those lines interchangeably and
the central office operator could always examine
each line before reporting that the particular
subseriber was busy. The present arrangement
permits the subscriber to use the line individually
for outgoing calls and electromechanical equip-
ment at any satellite office to which the sub-
seriber may be connected examines all of his lines
in the case of calls automatically directed to that
particular subseriber before giving a busy in-
dication. )

From a generic aspect the invention comprises
accomplishment of the above objects and func-
tions and ancillary objects and functions by
means, methods and systems within the scope of
exemplary aspect
the exchange and
the first satellite office of trunks which are oper-
ated full-duplex for supervisory signals and half-
duplex for telegraph transmission and of trunks
between the two satellite offices which are oper-
ated half-duplex at all times. Trunks of the
first type are disclosed in Krecek application
Serial No. .348,629, filed July 31, 1940, now
Patent No. 2,368,666, dated Feb. 6, 1945, and
trunks of the second class are disclosed in the
present inventor’s application Serial No. 462,966,
filed October 22, 1942, 'The second class of trunk
has been modified for incorporation in the ex-
emplary system as an element thereof and com-
prises a special form of trunk adapted for half-
duplex operation being provided for inter-con-
necting any subscriber line local to the small
satellite office and a trunk between the large
satellite office and the central exchange.

A feature of the invention is the line hunt-
ing arrangement wherein a call originating at
the central office may be automatically estab-
lished to any one subscriber line of a group.
Certain lines.of such group may terminate in
subseriber stations arranged for attended service
and others may terminate in subscriber lines ar-
ranged for unattended service. If a selected sub-
seriber line is busy, then the next higher num-
bered line that is idle is automatically selected,

' providing the next higher numbered line is ar-

ranged to furnish the same type of service as
that of the previous line.

Another feature is the provision of means
whereby any line of a group may be primarily
selected and if such line is busy, then the next
idle one of the higher numbered lines in the
group may be automatically selected to establish
the desired connection. )

Another feature is the giving of both attended
and ‘unattended service over a group of lines of
which the last or highest numbered only is pro-
vided with equipment for unattended service; un-
attended service calls may be directed to the
highest numbered line only whereas other calls
may be directed to the lowest numbered line of
the group and will be completed over the first

idle line including one equipped for unattended

service if such i§ the only line which is idle and
available.

. In order to différentiate between the two satel-
lite offices, the one having trunks connected
directly to the central office is referred to herein
as the large switching center; and the other which

has trunks connected to the first-mentioned -

satellite office, is referred to herein as the small
switching center. Connection with subscriber
stations local to the small switching center are

automatically - established through the small
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switching center over trunks extending to the
large switching center and. then: automatically
over the trunks extending to the central office,
or vice versg. ’ ’

An embodiment of the invention is comprised
in the system herein described, of the essential
elements of the circuit, which are llustrated in
the accompanying drawings: )

The drawings consist of twenty-nine sheets,
showing twenty-nine figures of schematic circuits
of which Figs. 2, 8, 4, 5, 11, 12, 13, 19, 20, 21, 29
and 30 represent those located at or associated
with the small switching center; S

Figs. 6, 7, 8, 9, 14, 15, 16, 17, 18, 22, 23, 24, 25,
26, 27 and 28 represent those located at or as-
sociated with the large switching center; and

Fig. 10 shows the terminating equipment of a
trunk terminating at the switchboard in the cen-
tral office.

Fig, 1 is a diagram showing how Figs. 2 to 30,
inclusive, shall be placed to form a complete
system to illustrate the invention ; S

Fig. 2 shows in connection to the small switch~
ing center, a local subscriber’s station in detail,
and two other local subscribers’ stations in dia-
gramrnhatic form; , ’

Fig. 3 shows the subseriber line circuits respec-
tively associated with the local subseriber stations
of Fig. 2, one of the line circuits being shown in
detail. Also shown in Fig. 3 is the link circuit
whereby any one of the subscriber stations local

to the small switching center may be.connected -

to any one of the trunk circuits extending to the
large switching center: :

Figs. 4 and 5 show the termingting equipment
for two concentrating unit trunk circuits located
at the small switching center. The terminating
equipment of one of these trunk circuits is shown
in detail and the other is shown in diagrammatic
form; :

Figs. 6 and 14 show the trunk terminating
equipment, in detail, at the large switching cen-
ter which equipment, together with that shown
in detail in Figs. 4 and 5, serve with that trunk
which will be selected herein for illustrative pur-
Doses in describing its operation. Also shown in
Fig. 6 are two local subscriber stations with' their
respectively associated line -circuits connected
directly to the large switching center, the showing
of each being in diagrammatic form;

Fig. 7 shows g link circuit capable of connect-
ing, as desired, a subscriber line local to the large
switching center or a trunk circuit extending to
the small switching center to g trunk circuit ex-
tending to the central office; ]

Figs. 8 and 9 show the trunk terminating
equipment, in detail, of a trunk interconnecting
the large switching center and the central office;

Fig. 10 shows the trunk terminating equipment
which together with that shown in Figs. 8 and 9
serve that trunk interconnecting the large
switching center and the central office;

Figs. 11, 12 and 13 show the subscriber, the
trunk and the control arrangement in the se-
quence circuit. Fig. 13 also shows the miscel-
laneous alarm ecircuit. The sequence and the
miscellaneous alarm circuit are located at the
small switching center; .

Figs. 15, 16, 17 and 18 show the subscriber, the
trunk and the control arrangement in the se-
quence circuit located at the large switching cen-
ter; .

Figs, 19, 20 and 21 show the director circuit
for the small switching center;

10

15

25

30

35

40

50

55

60

65

70

75

3

Fig, 22 shows the “all-trunks-busy” ¢ircuit for
the large switching cénter; R R
Figs..23, 24, 26 and 27.show the director cir-

-euit for the large switching center; SRR

Figs. 25 and 28 show the miscellaneous. aglarm
circuit at the large switching center; S

Fig. 29 shows in connection to the small switch-
ing  center, a group of local subscriber stations
arranged for line hunting operation when a call
from the distant end is for any one. of the group,

-and if such one is busy then for the next higher

numbered idle one of the group which'is auto-
matically selected to establish the ¢l Certain
of these stations are arranged for attended serv-
ice; one is shown in diagrammatic form. The
others are arranged for unattended service, one
of which is shown in detail and another in dia-
grammatic form; ‘ ) L

Tig. 30 shows the line circuits respectively as-
sociated with the subscriber stations shown in
Fig. 29 and the line hunting  circuit provided
therefor. The line hunting circuit provides for
selecting any one station in a line hunting group
for connection to a_calling trunk, and if such one
is busy the next higher numbered station in such
group is automatically selected for the connec-
tion providing such higher numbered station is
idle. .

The numbering of the various bieces of appa-
ratus and parts of the circuit shown on the var-
ious figures have been kept to a rigid plan. ‘Thus
all relays shown in each of the respective figures
have reference characters consisting of numerals
and letters, the numerals shown as .prefixes cor-
responding to the number of the figure in which
the particular relay is located. All other parts
of the circuits are designated by numerals only;
for instance, those parts of Fig. 2 are designated
Wwith numerals between 200 and 299, those in Fig.
3 are designated with numerals between 300 and
399 wherein the hundreds numerals designate
the, figure in which the particular part is found.

In some cases in order to avoid the tracing of
a plurality of conductors through one or more
sheets, these conductors are shown terminated
on one sheet in a dot and dash line designated
as a single conductor, the dot and dash line ex-
tending through one or more sheets to a point
where the plurality of conductors are again
shown. The complete operation of the system is
set forth hereinafter under various headings as
follows: o

Local subscriber station connected to the‘small
switching center

In Fig. 2 there is illustrated in schematic form
a local subscriber station 202 connected with the
small switching center by a pair-of conductors
such as those designated T and R. Other local
subscriber stations 201 ang. 203 are shown in
diagrammatic form. As will be hereinafter de-
scribed, station 202 shown in schematic form is
selected herein for description of .operation and
detail,

Referring to local subscriber station 202 the
subscriber loop comprises conductors T2 and R2
and a printing telegraph sending and receiving
unit 202, Unit 202’ comprises a brinter magnet
206, a set of sending contacis 207 and a ' suit-
able motor 208 equipped with s pair of stop con-
tacts 209 which will open by mechanical means
when motor stop signals are transmitted: or re-
ceived. External of the printing telegraph set,
or unit, are start, or power, switch 210 for start-
ting the printer set motor, a stop, or break, key
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244 for stopping the printer set, a ringer, or bell,
212 whereby the central .office .pperstor may sig-
nal the subscriber station, & test key 213 for test-
ing locally the printer set when the joop «circuit
is. arranged 50 that the ringer may ‘be operated
from the cemdral .office, a flash key 214 for sig-
naling the central office and _several rélays, the
function of wiich will be hereinafter described.

~ For @ compilete :explanation :of the details of
am -exemplary printing telegraph sending and Te-
oeiving unit (87, veference may be had 1o U. 8.
Patent 1,904,164, granted to S. Morton &t al.on
April 18, 1933. : ’

Szibscriber station line terminaling circuit at
small switching center

" mach -of. the subscriber ‘station loop ‘circuits
shown in Fig. 2 terminates in a subscriber station
tine ‘terminating -circuit at the small switching
center ‘as shown in Fig. 3. Only the line ter-
minating circuit 302 ‘associgted with printing tele-
graph sending -and receiving units 202 is ‘shown
in -detail; The line terminating -circuits ‘301 and
308 respectively -associated with ‘the ‘other local
sibseriber stations -are shown in diagrammatic
foerm. : - .

The functions -of the subscriber -station ‘line
circuit are as follows: ]

1. The -circuit ‘is arranged ‘to register the sub-
scriber’s calling<in signal and start ‘the ‘sequence
ciretiit to permit routing ‘the call to the -central
office. -

B, "It lights the -call 1amp,
circuit 802, ‘when ‘the stibscriber gt station

such ‘as lamp 306 for
202

calls, until such -call is routed to the -central 3

‘office. ‘

3. When ‘the siibscriber line on an outward call

is -connected to -a-trunk -circuit the subscriber
station ‘line terminating circuit returns ‘to mor-
mal, réleasing -the -sequence «circuit.
"4, *Mhe subscriber line is provided ‘with :a set
of ‘test jacks, such as ‘jacks 307A and 308B for
cireuit 302, which ‘will permit testing of the sub-
seriber ‘line for line conditions and ‘for trans-
mission, -and for testing ‘the subscriber line cir-
cuits,

5. “The jacks, such ‘as jacks 30TA -and 308B for
civeuit 1302, ‘are ‘slso -availgble for manual-opera-
tion -of “the unit in -case of failure ‘of ‘the auto-
matic apparatus.

i6. -Jack, -such as jack 3073, can be ‘used -to
make particular line test busy, out-of-order, or
unassigned to inward -calls. :

7. The jacks, such as.jacks 307A and 308B, are
available for continuous monitoring of the sub-
soriber iline by means -of :a test - circuit.

8. The rsame jacks can :also be used to patch
g subsoriber dine ito :a practice .circuit, ‘if such s
provided for the subscribers. : )

19, “When :all available trunk .cirouits :ave ‘busy,
this ‘circuit swill be connected ‘to-an “gli-trunks-
busy” devel son ‘the cress ‘bar switch of the link
cirouit-and will releasethe:sequence circuit. ‘Con-
nection to the “all-trunks-busy” level is main-
tained umtil the .subscriber disconnects. - "Two
levels :are reguired for each “gH-~trunks-busy”
cireuit provided in-order ‘that:two :gubscriber sta-
tions may 'be connected to an “all+trunks-busy”
circuit:at oneitime. .

110. “This ‘circuit provides For :a line ‘hunting
fegture -for ‘use ‘in cases where 4 :subscriber ‘has
more “than -one line.

“When :a local:subscriber originates -an outward
call, thut s, a scall through ithe iconcentrating

unit switching centers to:the:cemntral office:switch~ %
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board, the closure of the subscriber loop cirouit
by the -operation 'of the power -switch, -such 8
start switch 210 atstation 282, causes the ppera-
tion of the line relay, such as relay 3L2 in line
terminating equipment 302, The line relay, upon
.operating, connects iground at each of the two
lower armatures and front contacts to two -con~
ductors which extend inte the ‘subseriber -se-
quence «circuit shown. in Fig. 11.  These ground
.connections .cause the sequence cirenit o attempt
to route the call through the large switching
«center to the .central -office switchboard. The
calling subscriber line, .or loep, circuit. remains
in this operated -condition until the line .is .either
connected to the trunk or the automatic equip-
ment is .either connected to a trunk .extending

_to the large switching .center or finds no trunk

available.

Tf the automatic equipment at the small
switching center finds no available trunk to the
large .switching center, the sequence -circuit -.can-
nects the subscriber loop, or line, to a level .or
horizontal row in .the cross bhar switch of the
link circuit «(Fig. 3) which level may be -one of
twe that are provided for connection to the “all-
trunks-busy” circuit. One of these levels .is
shown in Fig. 18 .of the copending .application of
W. V. K. Large and F. J. Singer, Serial No. 462,
966, supra. The remaining levels in the cross
bar switch of the link circuit are respectively.con-
nected to trunk circuits extending to the large
switching center. The “all-trunks-busy” circult
upon being engaged by .a .¢alling subscriber loop
mantfactures a “letters” signal or a ‘K” Signal,
as required. These “letters” and “K” signals
when “transmitted to the subscriber, respectively
give a busy indication and an idle indication
when one trunk of busy group becomes idle. The
subscriber may try a new .call after disconnect-
ing. The cross bar switches may he of the type
shown and described in Reynolds U. 8. Patent
2,040,334, issued May 12, 1937.

“The link circuit comprises a switching _instru-
mentality well known in the art as-a “cross bar”
switch. A cross bar switch comprises.sets of con-
tacts usually arranged vertically and crossing,
or coordinate, sets of contacts arranged ‘hori-
zontally. Horizontally arranged contacts in a
‘horizontal row, or in several horizontal rows in
the case of a system using the ‘several .switches,

- are prepared 'by a selecting magnet, ‘which in

the present case, 'is associated with a trunk.
When a ‘horizontal row of corntacts is prepared by
o sélecting ‘magnet and a holding ‘magnet, which
is -associated ‘with an -entire wyertical column of
contacts, is operated, the set of contacts at the
crossing -point of the row -associated with the se-
lecting -magnet and the column -associated ‘with
the ‘holding ‘magnet ‘are ‘brought into conductive
engagement. Tmmediately ‘thereafter the select-
ing magnet may be released and other contacts of
its ‘horizontal :row ‘will ‘not be ibrought into en-
gagement when other ‘holding ‘magnets are :op-
erated ‘but the set of -contacts -glready engaged
will ‘remsin -engaged ‘until ‘the ‘holding ‘magnet
which -caused 'them ‘to become engaged, ‘is ‘re-
leased. Usually the opergtion of the holding
magnet -operates or causes t0 “be -operated -other
contacts which render the line or -cireuit asso-
ciated ‘with 'the *holding magnet ‘busy during the
time the holding Mmagnet is maintained ener-
gized.

If an idle trunk is found and connection to the
siibscriber loop, or line circuit, ds ordered .by the
automatic equipment, ithe ‘sequence citcutt by
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means of a ground connection causes a “hold”
magnet associated with the calling subscriber
station to operate. ts
3H3 are associated with the subscriber stations
201, 202 and 203, respectively, the operation 6f
any one of the “hold” magnets opens its normally
closed contacts and thereby causes the release
of the line relay of the calling subscriber line
terminating equipment and releases the sequence
circuit. The release of the line relay extinguishes

the call lamp, such as lamp 306 for the line of

subscriber station 202, i
Jacks for each of the subscriber line terminat-
ing equipment, such as jacks 307A and 308B for
equipment 302 when patched to 2 similar pair,
such as jacks 435A and 43$B, in the trunk cir-
cuit, permit the connection to be established
when the automatic equipment fails, that is, a
connection between a subscriber line and & trunk
is established ont a manual basis by the attend-
ant at the small switching center. ) :

Link circuit at small switching denter

The link eircuit consists of one or more Cross
bar switches which connect a subscriber line to
& trunk circuit extending to the small switching
center during the time of communication. As
many simultaneous connections as there are
trunk circuits may be established. Each sub-
scriber line circuit is connected to a “vertical” of
a cross har switch and each trunk is multipled
to a horizontal level on all cross bar switches
when more than one switch is used. The “all-
trunks-busy” circuit {IATRB is usually multipled
to two levels, usually at the top, throughout all
switches in order to permit a second subscriber
access to an all-trunks-busy circuit at a time
when a first subscriber is connected to it. If a

.Second “all-trunks-busy” circuit is provided, as
for instance, where the trunks are arranged in
two groups, respectively extending to separate
switching centers or central offices (two .outlet
units), the second “all-trunks-busy” is multipled
to two other levels.
copending application of Large-Singer, -Serial
No. 462,966, supra, for a disclosure of a single
“all-trunks-busy” circuit connected to a link cir-
cuit, the “all-trunks-busy” circuit being shown to
one level only. .

In the use of a cross bar switch it will be un-

_derstood that in order to complete a connection
between a trunk circuit and a subscriber line cir-
cuit, it is necessary to, first, operate a selecting
magnet to condition the set of operating contacts
which effects the connection, and then to operate

a holding magnet to complete the connection..

The holding magnet serves to lock the contact
set in its operated position although the selecting
magnet becomes released. .

The functions of the link circuit are:

1. When a cross bar switch selecting magnet,
that is one that is associated with g particular
trunk circuit, and a “hold” magnet are operated.
in the proper sequence, the particular trunk cir-~
cuit will be connected to the subscriber station
line circuit with which the operated “hold” rhag-
net is associated.

2. Off-normal contacts on the selecting mag-
net insure, upon the establishment of a connec-
tion, that the magnets are operated in the proper
sequence.

3: When the “hold” magnet is operated it will
lock under control of the trunk circuit in order

that the operated selecting magnet that coop~ -

Hold magnets $HI, 3H2 and

Reference is made to the.

10

5:

erated in the established connection may be re-
leased. :

4. The “hold” magnet contacts perform the
“cut-off” function required in the associated sub-
scriber line circuit upon establishment of a call.

In an idle condition all magnets are released
and the tip and ring conductors of the subscriber
loop are connected through the subscriber line
terminating -equipment ‘circuit. For subscriber
station 202 the line, or loop, circuit which com-
prises tip'T?2 and ring R2 conductors, will be open
at the station when the station is idle.

When 3 subscriber originates a call as by op-

. erating the teletypewriter start switch, the tip
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and ring conductors of the subscriber line close to-
complete the loop circuit through the - station
teletypewriter and the line relay, such as relay
3L2 of equipment 302, will operate to energize
& sequence circult. When the sequence circuit
determines that the calling subscriber is next in
turn, an idle trunk will be seized.  The selecting
magnet which is associated with the trunk thus
selected, such as magnet 3SM—1 for trunk 40(
and magnet 3SM—9 for trunk 409, will be ener-

- gized to position the selecting fingers of the cross

bar switch. The closure of the selecting mag-
net off-normal contacts will operate ‘relay '13D.
and relay 18D, upon operating, connects ground.
through low resistance 1301 to a conductor ex-
tending through the sequence circuit ‘to " ener-
gize the “hold” magnet associated with the call-
ing subscriber line circuit, the hold magnet may
be one of those designated 3HI, 3H2, 3H3, etc.;
which represent. & group of five subscriber lines.
Operation of the “hold” magnet will cause the
closure of the main switching contacts at the in-
tersection corresponding to the selected trunk
and the calling subscriber line. o :
When an inward call is originated by an op-
erator at a switchboard in the distant centrsl
office, & trunk is selected in tlie usual manner by
the operator. The selecting magnet associated -
with the selected trunk is operated in advance of
the completed selection of the desired subscriber
line.  If the desired subscriber station is idle, the-
closed condition of the selecting maghet off-nor-
mal contacts will cause.a resistance ground (re-
sistance 1301) to be connected in a circuit extend-
ing through the director circuit and the selected

'subscriber station line -to grounded battery,

through the winding of the “hold” magnet of the
selected subscriber line, the “hold” magnet being
one of those designated 3H!, 3H2, 33, etc. The
conductors T and R of the called subscriber sta-
tion will therefore bhe connected through the op-
erated contacts of the cross bar switch of the
link circuit to the trunk circuit selected by the
operator.

Sequence and miscellaneous alarm circuit ot small
switching center .

The sequence and miscellaneous alarm circuit
is shown in Figs. 11, 12 and 13, the miscellaneous-
alarm equipment being shown in Fig. 13. This
cireuit is designed to care for the sequence of
calls through the small switching center and is
arranged to permit the routing of one .call only
at any one time through the automatic equipment
at the switching center. ) :

The sequence circuit permits establishing only
one connection at-a time through the automatic
equipment. It is granted to inward calls (calls
from the central office to the small switching
center) in preference to outward calls (calls-

- from the small switching center to the central
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office). . Calls that may be originated while the
sequence circuit is in use are served subsequently
depending upon the order in which the subseriber
lines and trunks are connected. Therefore, calls
from the central office have preference over those
from the subscribers whose lines are local to-the
switching center. The sequence circuit consists
essentially of four major circuits which are as
follows: (@) a group of relays common to the
subscriber lines and the trunks, and containing
the alarm features, this common portion of the
circuit comprising (the main gate relay H—G,
hereinafter described, which prohibits the seizure
of the sequence circuit while a call is being routed
in either direction; (b a-group of relays to serve

a maximum of five subscriber lines, this being.

referred to as the subscriber sequence circuit;
(¢) a group of relays to serve a maximum of five

trunks; and () a group of relays to serve each
trunk of a group of five, this being referred.

to as the trunk sequence circuit. On outward
calls the sequence circuit arranges the link cir-
cuit to connect a calling subscriber station to
the first idle trunk to the central office or to an
«gll-trunks-busy” circuit if no trunk is avail-
able. On inward calls the sequence circuit con-
nects the calling trunk to the director circuit.
After the director circuit has received the seleet-
ing pulses, it tests the desired called subscriber
line. If the line isidle, the director circuit causes
the lnk circuit to connect the line to the trunk.
The sequence circuit then releases the director
circuit and is available for routing a new call.
Tf the line is busy, out of order, or-unassigned,
the operator receives the proper information from
the director circuit and the sequence circuit re-
leases the director circuit when the gperator takes
down the cord circuit. If the operator does not
disconnect, the director circuit times out in about
{1 seconds and becomes available for a new. call,

Visual and audible alaims are given under the
following conditions: .

(@) - Inward and outward calls—If the main
gate relay H—G fails to release within about 50
seconds after it has operated, & major alarm is
given. :

by Outward calls—A minor alarm is given in
about 4 seconds If the sequence.circult fails to
seize & trunk. . A minor alarm is given if a relay
(relay 13H), which prevents release of a trunk
circuit while -another connection is being estab-
lished, fails to operate within about 15 seconds.-

(¢) Inward calls—In case the sequence circuit
fails to release the director within about 15 sec-
onds, a minor alarm is given. (Director circuit
is held for 11 seconds under cértain conditions.)
A major alarm is also given in about 12 seconds
if the sequence circuit fails to seize the director
circuit or if the director motor does not attain
its normal operating speed. This latter alarm
is located in the director circuit.

(d) A major alarm always follows a minor
alarm at about one-third second, if that portion
of the circuit and which caused the ‘minor alarm
has not been removed by the circuit operation.

A gate relay such as gate relay j1—G, is so
called because it opens paths which prevent or
shut out interference with calls being routed.
In its unoperated position it permits current to
flow over its armatures and contacts and in its
operated position opens at its left and its right-
hand -armature paths extending from the trunk
groups and the subscriber line groups to relays
in their respective trunk sequence and subscriber
line sequence circuits;. for example the conductor

=
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¢onnected through armature No. 1-of relay 1 1—G
extends from trunk sequence group-No, 1 (shown
in Fig. 12), and the conductor connected to arma-
ture No. 4 of relay |1-—G extends from the sub-
scriber line sequence circuit group No. 1 repre-
sented by lines respectively extending to sub-
scriber stations Nos. 201, 202, 203, shown in Fig. 2.

The functions of the sequence and miscella-
neous alarm circuit are as follows:

1, This circuit is arranged to permit only one
subscriber at any one time the privilege of com-
pleting a call through the small switching center
and that only when no inward call is in process
of completion. .

9. This circuit is arranged to permit only one
call from the central office to seize a director cir-
cuit and complete through the small switching
center and that only. when no ‘subscriber call
has seized the routing privilege.

3. In case of trouble on an outward call, this

" cireuit after a time interval of approximately 4
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seconds, will release the call from the seized
trunk, locking this trunk out of service, will sound
an alarm and will endeavor to complete over the

. next idle trunk.

4. In case of trouble on an outward call which
is not trunk trouble, this circuit will lock up the
subscriber group in which the originating sub-
scriber line is included and sounds an alarm after

. an interval of 5, 15, or 50 seconds, depending

upon the progress of the call.

~ 5. In case of trouble on an incoming call which
exists for 15 seconds the trunk in trouble will be
locked out of the sequence chain, an alarm will

he sounded and out-of-order signals will be re-

turned to the distant end.

6. This circuit is arranged to allot, in prede-
termined order, idle trunks to the subscribers
calling the distant central office.

7. Tn case all trunk circuits are busy, this cir-
cuit is arranged to measure the length of time
this condition exists.

8. This circuit is arranged to advance the trunk
chain shown in Pig. 12 to the next idle trunk
immediately after each subscriber calling the cen-
tral office has obtained & routing through the
small switching center and before the sequence
circuit is permitted to handle the next call in
either direction.

9. If one or more trunk calls from the central
office are awaiting service this circuit will start
and keep the distributor motor “in speed.”

10. This circuit is arranged to complete calls
both inward and outward on & manual basis if
manual service key 1101 is operated.

11. During manual service periods, a lamp, such
as lamp 1201 for trunk 401 also serves as a dis-
connect lamp. ‘

12. This circuit is provided with a night alarm

. buzzer primarily for use during periods of manual

operation to indicate & reception of an inward
or outward call.

Subscriber line circuits are connected to the
sequence circult in groups of a maximum of five
lines -each, relays [ISA, {1BO and |iSC being
common to the lines of each group. In a similar
manner relays 12ST2, 12TA, 12TC and 12BOX are
common to a group of a maximum of five trunks,
relays 12AD, i2DC, (2BO-and 12DL being indi-
vidual to each of the trunks of a group. In gen-
eral, an outgoing call originated by a subscriber
must secure the exclusive right to use the se-
quence circuit for the short time interval re-
quired to establish the direct connection through
the link circuit. The operation of the remain-
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ing relays, such as those indicated as “one set
per office,” in the sequence and the miscellaneous
alarm circuit, when cooperating with the relays
mentioned above as common to the subscriber
lines of each group and as common to the trunks
of each group, assures that all groups of five sub-
scriber lines and all groups of five trunks, other
than the first group energizing the sequence cir-
cuit, will be excluded. The operation of such
remaining relays then excludes all units, sub-
scriber or trunk, in the particular group, other
than the one seizing the circuit. In normal op-
eration, g trunk circuit receiveg preference in the
sequence circuit seizure. When g trunk call is
successful in securing the sequence circuit, the
trunk circuit is connected to a director circuit
which translates the pulses received from the
- Switchboard operator at the distant central office
into the number of the desired subscriber line.
In case of an emergency such as when the auto-
matic features of the circuit fail, manual service
key 1181 will be operated by the attendant. The
key, when operated, makes the trunk sequence
ineffective so that a director circuit cannot be
attached to a trunk and the subscriber portion
of the sequence circuit cannot complete its task
of automatically selecting an idle trunk and con-
necting the subscriber station to it. The opera-
tion of key {181 causes manual service lamp 1102
to flash.

Trunk circuit termination at small switching
center )

The equipment shown in Figs, 4 and 5 termi-
nates.at the small switching center, a two-way
half-duplex trunk arranged for automatic signal-
ing supervisory features, the opposite end of the
trunk circuit terminating at the large switching
center. The trunk circuit is shown extended
through the second level of the link circuit shown
in Fig. 3. A second trunk circuit 409, shown
in diagrammatic form, is extended threugh to
the lowermost level of the link circuit, These
trunks are arranged in groups and on inward
calls are selected at the large switching center
in response to signals corresponding to the called
number for the group, the signals being trans-
mitted from the central office. The first trunk
of a group is selected for extending the call.
These trunks are referred to hereinafter as “line
trunks.”

The trunk terminating circuit at the small
switching center, on a call originated by a local
subscriber thereto, tests the trunk circuit, through
the large switching center, to the central office
and registers a call at that point. On a call
from the operator at the central office, the trunk
is connected, first, to the director circuit at the
large switching center, and then, in response to
a special code number, to a director circuit at
the small switching center. When the called sub-
scriber line code is received in the latter director
circuit and translated therein the trunk is ex-
tended through to the called subscriber line, if
it is idle. The trunk terminating’ circuit at the
small switching center does not release the sub-
scriber line until the subscriber has stopped the
teletypewriter motor at the subscriber’s station
and the cord circuit at the central office has been
disconnected by the operator. :

The functions of the trunk circuit equipment
at the small switching center are as follows:

1. On an outward call from a subscriber 'sta-
tion connected directly to the small switching
center, the subscriber loop is connected directly
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to the selected trunk, a continuous “mark” signal
is sent to the central office to light the lamp in
the operator’s switchboard and the sequence cir-
cuit is released, the connection being established
through the large switching center. .

2. While awaiting the answer of the opergtor
at the central office, the subscriber can “flash”
the switchboard lamp, Under this condition the
circuit sends alternate high: resistance ground
and “mark” signals to the. central office in unison
with the operation of the power switch at the
subscriber station set. C .

3. If the calling subscriber abandons an out-
ward call before the operator at the central office
answers, this circuit replaces the “mark” condi-.
tion of the trunk with a high resistance ground
which causes the calling lamp in the operator’s
switchboard to become extinguished and thereby
indicate to the operator that a disconnect re-
lease is required. Upon receipt of the negative
disconnect signal from the central office, the
equipment at the small switching center returns
to normal. .

4. A break signal originated by a subscriber
whose station is connected to the small switching
center produces no effect on this cireuit other
than the placing of a spacing signal condition on
the line. . . S

5. A prolonged space signal received from the
distant subscriber whose station is connected di-
rectly to the central office, operates receive relay’
5R-in this circuit to hold the connection in-
tact. After an interval of six seconds the inter-
mittent closures are placed on the trunk at the
central office end to enable the subscriber con-
nected to the small switching center io register
a disconnect signal. S

6. When the trunk circuit is seized at the large
switching center end, ringing current is auto-
matically applied to the trunk at that end for
2 one-second interval, to condition the terminat-
ing equipment at the small switching center .for
the reception of a call and to secure the director
circuit. , .

7. When the director circuit is attached and
ready to receive selecting pulses, the high resist-
ance ground condition on the trunk at the small
switching center is replaced by a marking condi-
tion to extinguish the cord supervisory lamp in
the central office switchboard as an indication
that the selecting pulses should be sent.

8. If, after securing the sequence circuit, the
calling trunk fails to secure a director circuit,
or after securing a director circuit, fails to place
the call directing pulses, the sequence circuit
will time out and energize an alarm circuit. In
this case where the director circuit has been se-
cured, it will be released and the trunk will again
be terminated in the high resistance ground.

9. When the directing pulses are received from
the operator at the central office, they are trans-
mitted to the director circuit which tests the
called subscriber  loop and energizes the link
circuit to establish the connection if the loop
is idle. ’ :

10. If the called loop is busy, out of order, or
unassigned, a signal characteristic of the condi-
tion is produced in the director circuit and trans-
mitted to the distant end at the central office.

11. When the trunk circuit is conhected to the .
called loop, the sequence and the  director cir-’
cuits are dismissed and the trunk circuit, again,
is terminated in the high resistance ground con-
dition. At the same time automatic ringing is

- connected to the called subscriber. loop if that.




8‘
feature is desired, If automatic ringing is not
specified the operator at the central - office sends’
riniging -current over the trunk causing the ter-
minating equipment at the small switching center
to connect ringing current to these loops. :

- 12. When the subscriber answers at the called
station, this circuit, during the silent interval,
disconnects - the automatic ringing and sends &
marking signal.to the central office by replacing
the high resistance ground termination with the
trunk repeater at the small switching center.

13. After the subscriber has disconnected, the
operator can. rering the subscriber station by
sending a short ringing signal from the central
office which again starts the automatic ringing
of the subscriber line. : )
. 14. The trunk circuit is provided with jacks,
sueh as jacks 435A and 436B of trunk 401, to
permit manual connection of a subscriber line in
case.of failure of the automatic equipment.

16. Jacks are provided for patching a meter by
meéans of a cord circuit to the repeater circuit
to measure the current in the line and the biasing
cireuit and to indicate the differential current in
the receive relay, such as relay 5R, of trunk 50f.

16. Facilities are provided for balancing the
repeater for use with composited or non-com-
posited lines or spare cable conductors. )

17, Provision is made for polar sending type B
polarential operation over a line circuit to a polar
receiving type B polarential repeater at  the
large’ switching center. The trunk terminating
equipment at the small switching center, there-
fore, comprises a repeater- arranged for polar
sending and differential receiving, whereas the
trunk terminating equipment at the large switch-
ing center comprises & repeater arranged for
differential sending and polar receiving. Type B
polarential operation is disclosed in Fig. 2 of the
Cramer United States Patent 2,131,870, October 4,
1938. B

~ 18. Equalization networks are provided to re-
duce the characteristic distortion in the received
signals. O

The repeater elements of this terminating
equipment are designed to operate half-duplex
only. The equipment of the trunk shown in de-
tail will now be described-in a general way. An
adjustable balancing network in artificial line 502
connected. to winding No. 2 .of receive relay 5R
is provided to balance the telegraph line 501 con-
nected to the repeater. When a balance is ob-
tained between the line 50t and the artificial line

502, the differential effects of the current in wind- -

ings Nos. 2 and 3 of receive relay 5R remain con-
stant during transmission of signals. by send relay
§S. This balance enables signals to be transmit-
ted in either direction over a single conductor 501.

Duplicate sets of balancing equipment are pro-
vided for use when. a neutralization conductor,
such as.conductor 503, is required. Conductor
503 serves to neutralize voltages induced in trans-
mission- conduetor ‘501 from extraneous sources.
The balancing set for conductor 501 comprises
rheastat 528, resistance 542 and- condensers 561,
562 and 563 of 1 to 7 microfarads in steps of one

microfarad. A similar set is provided for con-

ductor 503 and comprises rheostat 530, resistance
. 545 and condensers 564, 565 and 566. Conductor
503 is arranged for connection to winding No. 4
of receive relay 5R and its artificial line conduc-
tor 504 is connected to winding No. 5 of relay 5R.
The neutralizing circuit and its balancing net-
work are substantially the same as the operating
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circuit with its balancing network; so that equal
extraneous voltages applied to the neutralizing
and operating lines will have equal but opposite:
effects on relay SR. . ‘ T

During the idle condition .the large switching
center end -of the trunk is terminated in. ground
at the back contdact and outer upper armature of
relay 6Cl. At the small switching center where
the ‘trunk circuit is used for two-wire termina-
tion, the second, or neutralizing, conductor 803
forms a loop with the first, or transmission con-
ductor: 501, through resistance 531 of relatively
high value, and the winding of relay 5L, the two
latter elements being shunted by an alternating
current relay 5RI and condenser 506. The re-
peater relays 58 and 5BK and the filament of
vacuum tube 419 are not energized. The receive
relay 5R is energized through its No. 1 winding .
which is provided for biasing purposes and all the
other relays, except gate relays 4G and 4Gi are
normal. Relays 4G and 4Gi are held in their
left-hand positions as shown by current in their
lower windings.

Tn the case of emergency such as when the
automatic equipment fails to operate, jacks 435A
and 436B of the trunk are manually patched by
the attendant to a similar pair, say jacks 307A
and 308B, in the desired subscriber line circuit
so that the trunk is connected through to the

" desired subscriber’s loop. When the double plug

of the patching cord is inserted in the double jack
of the trunk, the selecting magnet associated with
the trunk, say magnet 3SM—i{ for the trunk
shown in detail, is prevented from operating’ and
off-normal relay 8—ON operates. When the
trunk so engaged is returned to automatic opera-
tion the desired subscriber line remains busy until
the patching cord is removed. Similarly, the
trunk is prevented from securing a director cir-
cuit.

Three balancing keys 508, 509 and 510 are pro-
vided for controlling the capacity balance for the
operating (transmission) and the neutralizing

~ conductor. By connecting the capacity for the

operating conductor and the neutralizing con-
ductor. on the same set of keys a duplicate balance
on each of the wires is assured.

Key 511 is provided for connecting and discon-
necting the composite balancing equipment in the
artificial line circuits of the operating and the.
neutralizing conductors. Both sets of- composite
balancing equipment are connected through the-
same key so.that they are connected or discon-
nected at the same time. .

Five apex keys 512 to 516 are provided to con-
trol the resistances in the apexes of the operating
and the neutralizing conductors. Each of these
keys is arranged to affect the resistances in each
of the apex circuits alike.

The repeater is equipped with four jacks 5{71
to 520, so that a-test unit meter may be patched
into various circuits of the repeater in order to
facilitate adjustment and balance. Line jack 81T
is provided in series with the operating line of

‘the repeater for checking the line- current and-

permitting observation of signals transmitted over
the line conductor and the reading indicated on-
the test unit meter is the value of the actual line
current. Balance jack 518 is provided for con-
necting the test unit meter to indicate the differ-
ential current between the operating line con-
ductor and its associated artificial line circuit and
the reading on the meter is the value of the actual
differential current. Balance jack 519 is provided’
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for connecting the test unit meter to indicate the
Interference on the neutralizing wire conductor
for comparison with the interference on the op-
erating wire conductor. Biasg jack 529 is provided
for connecting the test unit meter in the biasing
circuit (winding No. 1) of receive relay 5R so that
the biasing current can be adjusted to the proper
value for polarential operation; the resistance
shunt on the bias jack being so proportioned with
the value of current indicated by the meter when
the bias current is properly set will be equal to
the current obtained with the meter in balance
jack 518 when g spacing signal ‘is transmitted
from the polar receiving repeater. This biasing
cireuit is arranged to provide the correct bhiasing
cwrent through the smaller number of turns in
the biasing winding to make their magnetic effect
equal to that of the turns in the line winding No.
3 of relay 5R. A meter suitably adapted for the
bresent system is of the single coil type, which
has a double indicating scale with a Zero mid-
point and is designed to operate in opposite di-
rections in accordance with the direction of the
operating ‘current. 'This meter is known as a
milliammeter and is disclosed in Cummings’
United States Patent 1,809,026, June 9, 1931,
The bias potentiometer 528 is provided in the
biasing circuit of relay 5R so that the value of
current in the biasing circuit may be properly ad-

justed. The current range in the bias circuit may !

be extended beyond the value obtaintd with the
potentiometer by strapping g portion of the fixed
resistance, The balanced resistance Ppotenti-
ometer consists of two units 529 and 530 mounted

on g single shaft and is used to obtain direct cur. :

rent balances in the artificial line circuit of the
operating and the neutralizing wire.
Receive relay 5R is provided for receiving sig-

nals over the trunk shown extending from the -
large switching center and retransmitting them to *

the desired local subscriber loop. This relay is
equipped with five windings which are respective-
ly arranged for connection in five circuits. Wind.
ing No, 1 is used for biasing the relay, winding No.
3 is connected to the lint circuit, winding No. 2 is
connected to an artificial line circuit which is
used for balancing the line circuit, winding No.
4 is connected to the neutralizing wire and wind-
ing No. 5 is connected to an artificial line circuit
for balancing the neutralizing wire.

Relay 58S is provided for receiving signals from
the local subscriber loop and retransmitting them
to the line trunk circuit, This relay is equipped
with two windings one of which is connected in

series with the subscriber loop and the other :

winding is connected in series with an artificial
line.

" Relay 5BK is connected in series with relay 5S
and is used for “breaking” during half-duplex
operation. Itsnormal function is to disable relay
5R until a spacing signal is being sent from the
subscriber station. This is accomplished by con-
necting grounded battery 536, through the con-
tacts of relay 5BK, to the spacing contact of relay
5R. When relay 5BK operates to its Spacing con-
tact, the grounded battery normally connected
to the spacing contact of relay 5R is removed and
the spacing and marking contacts of relay SR are
connected together.

In adjusting the line balance key 511 it should
be operated for all composited lines and for lines
having a heavy capacity value such as simplex
phantom cable lines. Key 511 should be normal
for all other lines. With the meter of the test unit
connected to jack 518 and while slowly opening
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and closing the “send” loop of the repeater at jack
435A, vary the balance resistance botentiometer
529 until the steady deflection of the milliam-
meter is the same with the loop open as it is with
the loop closed. Vary the artificial line capacity

by operating the capacity balance keys 508, 508

and 510 until the kick of the milliammeter needle
in either direction caused by slowly openhing and
closing the “send” loop is g minimum, It may
be necessary to repeat this operation in order to
determine whether or not the apparent capacity
unbalance is due to interference rather than the
capacity difference. between the operating line
and the artificial line. For simplex phantom
cable circuits it may be necessary to make use of
the composite balancing network by operating key
511 in order to provide sufficient capacity.

When a two-wire line circuit is used as where
neutralization is required, the balance on the sec-.
ond wire is made identical to the balance on the
first wire, This is accomplished by connecting the
balancing srrangemtnt of the second wire to the
controls used for the balancing arrangement for
the first wire, :

For polarential operation of a trunk circuit
polar signals are transmitted in one direction and
differential signals are transmitted in the other
direction. In the system herein described the
small switching center is equipped with a repeater
arranged for polar sending and differential re-
ceiving and the large switching center is equipped
with a repeater arranged for differential sending
and polar receiving over a trunk interconnecting
switching centers. At the Dolar regeiving end the
marking potential is ground. When the spacing
battery is the same bolarity at both ends, the sys-~
tem is called type B polarential. On g bolarential
system without leakage or groungd potential the
current in the operating line of the trunk and the
balancing winding of the receive relay, such as re.
lay B8R, of a polar sending repeater have equal
effects on the relay when the distant end of the
operating line is connected t0 ground, The re-
ceive relay is held on marking by the current
through the biasing winding. The current in the
biasing winding is adjusted to be half ag effective
as the current in the operating line and the bal-
ancing winding When a spacing signal is trans-
initted from the distant or large switching cen-

er, -
Type B polarential operation permits transmis-
sion in either direction over a single conductor
without requiring g readjustment of the repeater
balance at either end of the line for changes in
line ‘leakage gs disclosed in Fig. 2 of Cramer’s
United States Patent 2,131,870, supra, ‘

Equalizing networks 544 and 547 each consist-
ing of retardstion coils and resistances connected
in series are brovided for reducing the character-
istic distortion in the received signal. These net-
works are bridged between the line and the artifi-
cial line circuit therefor on the trunk side of relay
5R. When the repeater is arranged for two-wire
operation as shown herein, the networks are re-
quired, one is bridged between the operating line
and its artificial line ang the other between the
neutralizing line and its artificial line, both net-
works being on the trunk side of relay 5R. The
strapping of the resistances should be the same
in each network ang should be chosen to obtain
the best transmission over the circuit,. Equalizing
networks are essential on long simplexed phan-
tom cable circuits. There appears to be little
gained by their use on other types of facilities, -
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_Director circuit at small switchiny ‘eenter

This circuit is designed for use in the small line
switching center to receive the directing, or select-
ing, pulses sent by the operator at the distant
central office and retransmitted at the large
switching center, and to decipher these pulses
thereby causing the selection of the called sub-
seriber line. The director circuit may be consid-
ered as having two portions; one portion is the
distributor proper; the other is the portion which
deciphers and registers the received impulses.
This second portion thus has a registering func-
tion and may be called a “register”; it also has the
-function of marking or identifying a selected line

or group of lines and hence may also be styled a

«marker.” The circtitis shown inFigs. 19, 20 and
21,

The functions of the director circuit are as fol-
Tows: . .

1. Upon recelpt of an inward call from the

central office the sequence circuit will connect
the director circuit to the trunk circiiton which
the call is awaiting. The distributor motor is
then started and after it has attdined proper
speed, a-director-ready signal will be trahsmitted
to the distant central office to indicate to the op-
erator that the call may be routed through both
the large and small switching centers.

2. The distributor motor may be stopped after
the director circuit has been -dismissed tnless
there is another incoming ‘call awaiting comple-
tion.  In the latter case the motor will be kept
running but the other part-of the circuit will be
restored to normal awaiting the new call.

3. The start magnet is held operated while the
distributor motor is coming up to speed to re-
duce clutch drag. :

4, A “figures” teletypewriter character re-
ceived from the distant central office will indi-
cate that the operator has recognized the -di-
rector-ready signal and will cause the director

" cireuit to accept the next two characters trans-
mitted from the central office as the called sub-
scriber station number. .

5. The next two teletypewriter characters re-
ceived from the central office are separated into
dot elements by the receiving distributor causing
the proper selecting relays to be operated.

6.. Upon receipt of the first digit of the call di-
recting pulses,
group of ten lines which contains the desired sub-
seriber line. .

7. Upon receipt of the second digit of the call
directing pulses the director circuit will select and
test the desired subscriber line and disregard any
additional character sent to the director circuit.

8. If the called subscriber line has been made
out of order, there will be transmitted for a one-
second interval to the distant central office & se-
ries of signals for recording on the operator’s tele~
typewriter a series of “Q” or “1” characters as an
indication of this condition. =

9. If the called subscriber Iihe is busy because
of a previously established call or because of a
busy condition placed on it by the test circuit, a
series of “K” or “%” characters will be recorded
for a -one-second interval on ‘the operator’s tele-
typewriter at the distant central office. ‘

10. If the manual operator at
has transmitted first and second diglts of a num-
ber for which no subscriber line is -assigned, or
hag transmitted an impossible .combination ‘of
digits, a series of “V" or «347 characters - will be
recorded on the operator’s teletypewriter at the

central office for a one-second interval.

the director circuit will select the -
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11, Tt ‘the subscriber line is idle, the director
circuit will cauise the link circuit to connect the
called subscribet line to the trunk circuit. The
director circuit will then be released and restored
to the idle condition in preparation for the rout-
ing of the next inward call. : ‘

19, If the director circuit becomes -off-hormal
and is not released within ten seconds, a seriesof
s« gienals referred to herein as a recorder signal,
is sent to the central office for one second and
the director circuit is then released and a discon-
nect signal is sent over the triink to-the ‘central
office. : ' :

The director circuit is -a part of the system
which provides an iinattended, or automitic,
switching arrangement at a point distant from
the central office whereby a small group of trunks
extending from the central office may serve a
larger number of subscribers whose lines atre con-
centrated at the switching point known as‘a line
concentrating ‘unit switching center. The di-
rector circuit functions only on inward calls from
the central office, receiving and deciphering the
called subscriber station number, typed and
transmitted by the switchboard operator at ‘the
central office, and causing the selectioh of the
called, or desired, subscriber line.

When an operator at the central office seizes
a trunk to the large switching center, the as-
sociated trunk terminating equipment in‘conjunc-
tion with the sequence and the director circuit
-at the large switching center functions in re-
sponse to directing teletypewriter pulses corre-
sponding to the called number of s group of
trunks extending to the small switching center,
to extend the connection over an idle trunk of
the called group to the small switching center
whereat the sequence circuit is caused to attempt
connection of the extended trunk to the director
circuit at the latter switching center. When the
trunk terminating equipment at the small switch-
ing center receives permission to route the call
to the desired subscriber station loop, the director
circuit at the small switching center transmits
the “director-ready” signal to the operator at the
central office, disregarding all typing and line
interference until a “figures” signal is received
and then responds to the next two character sig-
nal combinations to select the called subscriber
line. As.soon as the director circuit at the small
switching center is released by the sequence cir-
cuit it is available for succeeding calls.

Terminating equipment at the large switching
center, for the trunk -circuit estending o the
small switching center -~ - -

. This equipment provides a termination in the

large switching center for half-duplex trunk cir-

cuits extending to the small switching center.

The trunk side of the repeater is arranged for

half-duplex operation over two line conduictors,

as hereinbefore stated in connection with the
trunk’s termination at the small switching cen-
ter. One conductor is identified as the operating
line and the other provided for neutralizing in-
duced voltages. The local side is arranged for

operation into a link circuit which also serves a

plurality of local subscriber station lines con-

nected directly to the large switching center.

Other trunk circuits such as that designated 409

may be provided for termination at the link cir-

cuit at the large switching center in the same

ﬁmmr as the trunk circuit shown in Figs. 6 and
The functions of the trunk circuit at the large

switching centerare as follows: -~ — -~ )
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1. During the idle condition all relays are nor-
mal and non-energized except relays 6S and 6R
which are held to their marking and spacing
contacts, respectively, by local circuits.

2. When a call is originated at the small switch-
ing center end of a trunk, current will flow in the
line resulting in energizing a path extending to
the sequence circuit of the large switching cen-
ter to secure a trunk to the distant central office.
When the trunk is allotted and connection se-
cured thereto, a marking condition is placed on
the trunk to initiate a call and thus light the
calling lamp in the operated switchboard at the
distant central office.

3. The transmission of normal teletypewriter
and break signals in either direction will not cause
false supervisory signals.

4. When a subscriber station connected directly

to the small switching center disconnects the
.closure at relay 5TR of operating conductor 540
to neutralizing conductor 54! to form a loop at
the small switching center results in the removal
of the terminating grounded battery 532 from
the path extending to the olter upper armature
and contact of relay 5TR, conductor 541 and
neutralizing conductor 883 of the trunk circuit
which extends to the large switching center. This
removal of grounded battery 532 from conductor
581 results in lighting the cord lamp at the oper-
ator’s switchboard at the distant central office.

5. The subscriber connected directly to the
small switching center may recall the operator. at
the distant central office by sending a disconnect
followed at an interval of approximately two
seconds by a new call.

6. A call received in the large switching cen-
ter for a subscriber connected directly to the
small switching center will result in the seizure
of the first idle trunk extending to the small
switching center. 'This in turn will cause 2 timed
interval of 20-cycle ringing current to be auto-
matically sent over the seized trunk extending
to the small switching center to condition the
equipment at the latter center and to secure
thereat a director circuit. The “director-ready”
signal from the small switching center is a mark-
ing condition placed on the transmission circuit.
This marking signal is transmitted back to the
originating operator at the distant central office
who will then send the teletypewriter characters
corresponding to the desired subscriber station.
The reception of these signals at the small
switching center will cause the connection of
the trunk to the desired subscriber station loop
and will place an open, or spacing, condition on
the trunk. This condition results in lighting the
operator’s cord lamp as a sighal that the operator
may ring on the circuit or that the station is
being automatically rung if that feature is used.
When the subscriber answers the trunk circuit
returns to the marking condition and the cord
lamp is extinguished.

7. In this supervisory system no provision is
made for registration of the trip or subscriber
answer during the period in which the subscriber
station is being rung. The subscriber answer may
be registered during the silent interval in the
ringing period.

8. The operator at the distant central office
may rering the subscriber connected directly to
the small switching center, following his discon-
nect by applying ringing current to the line,

9. When both the subscriber connected directly
to the small switching center and the operator at

the distant central office disconnect, the trunk .
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circuit after an interval of two seconds, places g
two-second negative potential on the line to re-
lease the equipment at the small switching center
and at the end of that period restores to normal.

10. Facilities are provided for balancing the
repeater for use with composited or non-com-
posited lines, or spare cable conductors.

11, Provision is made for equipping the re-
peater with 60-cycle interference filters when
required. )

12, Equalization networks are provided to re-
duce the characteristic distortion in the received
signal,

13. Provision is made for polar receiving type
“B” polarential operation over a trunk circuit
from a polar sending tybe “B” polarential re-
peater at the small switching center end of the
trunk, ' ‘

This repeater, like that at the small switching
center end of the trunk, is designed to operate
half-duplex only. * An adjustable balancing net~
work is provided to obtain an approximate bal-
ance for the higher frequency components of the
signal. No direct current path is provided in the
balancing network. The balance obtained is a
compromise value between a perfect circuit bal-
ance and one giving the best possible reception
of signals. During transmission to the polar send-
ing repeater both the marking and spacing line
current are in the same direction and hold relay
6R of the polar receiving repeater on its mark-
ing contact.

The balancing network consists of resistance
601 which may be one or more elements and con-
denser 602 which likewise may be one or more
condensers.. The condensers provide a capacity
of 4 to 10 microfarads, say in two microfarad
steps, and are strapped according to the type and
length of the trunk circuit. ) :

A duplicate set of balancing equipment, resist-
ance 6§03, which may be one or more elements and
condenser 684 which likewise may be one or more
condensers, is provided for use with the neu-
tralizing wire 503. The balancing networks for
both the transmission conductor 50! and the
neutralizing conductor 503 are adjusted alike to
provide the same balance for each conductor.

Relay 6R is provided for receiving signals from
the small switching center end of the trunk cir-
cuit and for retransmitting the signals to the
trunk circuit extending to the distant central
office. It has five windings, winding No. 2 is con-
nected to the transmission conductor 561, wind-
ing No. 1 is connected to an artificial line which is
used for balancing transmission conductor 501,
winding No. 3 is connected to the neutralizing
conductor $88, winding No. 5 is connected to an
artificial line circuit which is used for balancing
the neutralizing conductor 503 and winding No. 4
is connected to a local holding circuit- which
serves to normally hold the relay in its marking
position when the trunk circuit is in the idle
condition. o

Relay 68 is provided for receiving sighals from
the large switching center and for retransmitting
the signals to the small switching center. This
relay is equipped with two windings, the upper
winding is connected to the transmission con-
ductor 805 and the lower winding is connected
to an artificial line circuit. :

Relay €P has three windings, winding No. 1 is
connected in series with the transmission line
conductor 581, winding No. 2 is connected in se-
ries with the neutralizing line conductor 508 and
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winhding No. 3 is connected to-a holding circuit to
prevent the relay from -opergting ‘on ‘Eimall ih-
duced linie -cuifrénts when ‘the lihe is ‘'open of
grotnded at the sirall ‘switehing cefiter. Relays

$P ahd 6R follow the sighals recéived from the -

small ‘gwvitchHing cehter. DPuiihg transimission to
the small switching -center the absence of any
winding in the artificial line circuit catises relay
6P, under some conditiolis, to leave the marking
contact.
switching center éach tramsition of ‘the ‘signal as
recelved by telay 6P chuses a surge of current
through the winding of relay {4H, These surges
i corijunction Witha direct current from the ¢on-
tact 'of relay 6C hold relay 14H opérated dufing
. tPansthission condition.

Relay 6C has two identical windings, the upper
winding is connected in the apex of the trans-
smission line conduetor 501 and the lower wind-
ihg is connected in the apex of the neutralizing
line conductor 503. Relay 6C remains operated
except during ¢ertain transmission periods in the
signal. . Operation of relay $C in turh operates
relay 18H which is used for supervisory purposes.
During the transitory period of the signals when
velay BC releases, the surges from relay 6P cause
relay 14H to remain operated. The windings of
velay BC are shunted by condensers ‘666 and 607
respectively to by-pass a large part of the signal-
ing frequencies to improve telegraph transmis-
sion. :

During the idle condition, the trunk circuit of
the small switching center is connected through
resistance 531 of relatively high value to form a
160p with the neutralizing line conductor 503. At
the large switching center transmission, or oper-
ating, line conductor 501 may be fraced through
the normally closed tip contacts ‘'of jack 608, con-
ductor 616, upper arrhature and back contact of
Yelay OE, resistance 611, winding No. 1 of relay
6P, winding No. 2of relay 6R, resistance 612 and
retiirdation coil 613, through the upper winding
of velay 6C to ground at the outer upper arma-
ture and back contact of relay 6Ci. The neu-
tvalizing lihe conductor 503 may be traced over
norfmally closed contacts gssociated with the tip
spring of ‘jack 608, conductor ‘614, outer lower
artatire and contact of relay 8E, resistance 6185,
windihg No. 2 of relay 6P; winding No. 3 of relay
¥R, - resistahce ‘616 and retardation coil 6117,

During transmission from the small
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through the lower winding of relay 6C, resistance -

618 to ground at the arinature and contact of
velay 6S1.
to a circuit eXtending through resistances 1402
and 1403, lower hormally closeéd make-before-
break contact of relays 14C2; conductor 1404,
through winding No, 4 of relay §R to ground, to
hold relay 6R operatéd to its spacing contact.
Grounded battery 18405 is conhected to a circuit
extending through resistance 1406, conductor 1407,
resistance 1408, upper make-before-break con-
tacts of relay 14C2, conductor 1409, thiough: the
lower windings, in series, of relays 6S and 6sl,
resistance 619, to ground, which eircuit holds
relay 6S on its marking cdontact.

A noise killer consisting of resistance 612 and
retardation coil 643 is provided in the apex df
. the transmission lihe circuit as a foise suppres-
sof. Similarly, resistance 616 and retardation
coil 617 are provided in the ‘apex of the neutral-
jzing line ciretit -as a noise suppressor. In this
manner the transmission line circuit and the
néutralizing lifie eircuit hdve equal irmpedsnce.

Equalizing networks 620 and 621 are provided

Grounded battery 1401 is connected

55

60

65

70

75

2,375;856

for weducing the characteristic -distortion ih the
recsived signal, These networks -are bridged
petween ‘each of the trahsmission line tconductor
501 and neutralization line -conductor 503 :and
their vespective artificial line ¢éircuits of ‘the
trunk side of relay 6R. Eath of ‘the equalizing
networks may have one or more resistance ele-
mients and one or more retardation coils -as de-
sived and ‘the strapping of ‘the ‘resistarices-should
Be the 'same in edch network and should be: s0
chosen 4§ 'to obtain the best transmission over
the trunk gircuits. Equalizing rietworks -are ‘es-

-sential on long simplex phantom cable ‘eireuits.

Two trunk circuits of this tybe when ‘coh-
nected ‘together by means of an ‘operator’ cord
citeuit tend to ostillite when the two subscriber
loops at opposite ends have been opened:. This
oscillation is such that the relays, such ‘&5 relay
6C in each of the terminating equipments at the
switchirig éenters on opposite sides of ‘the oper-
stof’s cord circuit are held -operatéd by the
opération of ‘theéir respectively ‘associated relays,
siich as relay 6P, as they follow the -oscillgtion
pulses ahd thus ‘no discdnnect condition is reg=
istéered in the operator’s cord circuit. Relays
‘§TA, 14TB, 14TC and €S| are required to elim~
iriate this condition. Slow-telease relay 8TA
will operate wheh relay BR is operated to its
spacinig conact, opening the -operating . circuit
of noimally operated, slow-release relay 14TB.
The operation of relay 8TA replaces grounded
positive battery on the spacing contact of ‘relay
6S by ‘ground from a-contact of relay +4TB. If
the spaving condition of relay ‘6R ‘is of suffi-
cient duration, relay I4TB will release -adding
vesistance 1410 of relatively high value in sefies
with winding No. 2 of relay {4TC and connect=-
ing ‘the spacing contact of relay 6S to ground
‘ttirough -winding No. 3 ‘of reldy 4TC. If"a
break -originates from the cord circult at this
time relay 6S operates to its spating contsct,
connecting tegative grounded battery at the
small switching center to ground thirough wind-
g No, 3 6f relay (4TC. ‘Relay I4TC operates
replacing this grouhd with grounded positive
pattery thus placiig s Spacig or break. condi-
tion toward the smiall §witchinig center. In the
disconnect condifion -before the cord. is takén
down ground is preseiited to the trunk cirelit

in both marking and spacitig ‘condition #ind the

tendency to oscillate by charging the trunk line
capacity is eliminated. C

Relay 4TS is opérated when connection is
made to thé aiitomatic signaling trubk jack
civcuit ‘sich as that controlléd by jack 689. Re-
lay (4TS, upcn operating, (1). operatés felay
{§AD to cause the director circuit-shown in Figs.
23, 24, 26 and 27 to skip the trunk ‘eirciitt unhder
test when a call for the small switchilg center
is received, ahd (2) rémoves ground from ‘the
upper armatires and contacts of relay 14L Which
will prevent the lighting of call lamp 413 or
the connection of the trink ‘circuit to the se-
dquence circtit shown in Figs. 15, 16, 17 and 18
on calls from a subscriber at the small switch-
ing certer. Calls from the small switching cen-
ter will, however, cause the operation of relay
141, to apply grounded battery to conductor
1414 which extends to the automatic signaling
‘trunk jack citeuit inchidihg jack 609 to light a
callinig lamp in the jack circuit. ‘
Sequence cireuit ot the large switching center

This cireuit differs in several details from that
hereinbsfore described for use at the small
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switching center. However, it is so arranged as
to permit the routing of only one call at a time
in either direction through the large switching
center,

The functions of the sequence circuit are as
follows:

1. This circuit is alranged to permit only one
subscriber at any one time the privilege of com-
pleting a call through the large switching center
when no inward call is in the process of com-
pletion.

2. This cireuit is arranged to permit only one
call at any one time from the central office to
seize a director circuit and to be routed and es-
tablished through the large switching center,
brovided the wrouting privilege has hot been
seized by a subscriber calling the cenfral office.

3. In the case of trouble on an outward call

attributed, after a two-second interval, by the
alarm circuit in general to the subscriber line
terminating circuit or trunk to the small
switching center, the link circuit or any part of
this circuit used on an outwarg call, this circuit
is arranged (1) to attempt to free the sequence
circuit, (2) to remove snd Inck out of future
outward service, under control of the release
key, the particular subscriber station and the
particular group of subscriber stations contain-
ing the calling subscriber station, and (3) to
light a lamp indicating the group placed out of
outward service. .

4. In case of trouble on an outward call in the
trunk conductors or parts of the repeaters or
trunk relay equipment at the. line concentrating

unit or the central office, as indicated by the :

alarm circuit after a two-second interval, this
circuit is arranged (1) to attempt to free the
sequence circuit, (2) to remove and hold the
trunk out of outward service under control of a
release key, (3) to flash a lamp indicating the
trunk removed from outward service. If the
outward path to the central office is' not faulty,
the calling subscriber station is connected to
the next satisfactory trunk available.

5. This circuit is arranged to allot, in a pre-
determined order, idle trunks to subscribers
calling the distant central office. If the large
switching center is arranged for a single out-
let or two outlets without overfiow provisions be-
tween - outlets, this circuit ig arranged to hunt
for an idle trunk in the trunk group to which
“the calling subscriber station is predeterminedly

connected or to which he desires access and fail--

ing to find one to connect to the “all-trunks-
busy” circuit associated with that group of
trunks.

6. This circuit is arranged to cause the selected
trunk circuit to repeat a calling signal to the
distant central office when seized by a calling
subscriber.

7. In case all trunks of a group are, busy, this
circuit is arranged to cause the “all-trunks-busy”
circuit to measure the length of time this condi-
tion persists. .

8, In case of a subscriber placing an outward
call when all trunks to which he might be con-
nected are busy, this eircuit is arranged to con-
nect the calling subscriber station to the “all-
trunks-busy” circuit which manufactures an “all-
trunks-busy” signal which is sent to the subserib-
er station. ’ ;

9. This circuit is arranged to adyance the trunk
chain (Figs. 16 and 17) to the next idle trunk im-
mediately after each subscriber calling the dis-
tant central office has obtained a routing through

. 13
the large switching center and befoi‘e the se-
quence circuit is permitted to handle the next
call in either direction.

10. This circuit is arranged to keep the trunk
chain in a “fixed” condition during - the entire

- period that the sequence circuit is attempting
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to route an outward call through the unit.

11. This circuit is arranged to permit the mis-
cellaneous alarm circuit to function to time the
duration required for routing an inward ecall
through the large switching center.

12. In the case of a failure to complete the
routing of an inward call where it has been de-
termined that trouble may be in the trunk or
trunk sequence circuit, the miscellaneous alarm
cireuit causes this circuit to function to (1) re-
move or hold trunks out of service under control
of a key, at the same flashing a lamp associated
with the trunk circuit, (2) ‘to attempt to free the
sequence circuit and (3) to send the character-
istic reorder signal to the distant end if the out-
of-order period has exceeded ten seconds.

13. In case of 3 failure to complete the routing
of an inward call when it has been determined
that the trunk or trunk sequence circuit has not
caused failure, the miscellaneous alarm circuit
causes the sequence circuit to act as described in
the immediately breceding paragraph except that
the trunk is removed temporarily under control
of a marking signal from the -central office and
the lamp lights steadily instead of flashing.

14. If one or more trunk calls from the central
office are awaiting service, this circuit is arranged
to start and keep the distributor motor “in speed.”

15. This circuit is provided with a night alarm
buzzer primarily for use during periods of manual
operation to indicate the reception of an inward
or outward call. T

Each subscriber line terminating equipment is
equipped with an ST and an AL relay such as
relays (58T—0 and (5AL—§ for a subscriber
line terminating equipment such as 621 or 622.
Relays 158T—I and I5AI-—{ gare assigned ‘to
the trunk comprising inductors 581 and 503
and extending to the small switching center,
which trunk is equivalent to a subscriber line,
such as lines 649 and 650, connected directly.
to the large switching center. Each group of
subscribers including one or more trunk circuits
extending to the - small switching center is
equipped with an STI, AL, and AL| and BQ re-
lays such as relays ISSTI—GB, (BAT—GO,
{5ALI—G0 and 15B0—G8 for the first, or zero
group. All these relays of each group are used
in routing through an outward call except the B
relay which is used to remove the group from
outward service. In general, subscribers of ‘a
group seek the privilege of the use of the sub-
scriber line sequence circuit, The subscriber ob-
taining the privilege has permission to use the
subscriber group sequence circuit and, if permis-
slon by the latter circuit and the trunk sequence
circuit is given, to route his call through the large
switching center. Each trunk to the distant cen-
tral office is provided with an ST2, an AL; an
ALl, a Bl, a B0I, CH and AD relay and one of the
“make” contacts on one of the H or HIi relays,
such as relay .16ST2—8, [GAL—0, {6ALI-—0,
16B0—0, 16B01—0, 16AD-—p and I6CH—¢ shown
in the provision for the first trunk and the upper
armature of the CH relay in each set is connected
to one of the “make” confacts on an H relay;
such as relays (8H—0, {8H-—I| and 18H—2, the
number of H relays required depending upon the
number of groups of trunks. For practical rea-




14

sons a group consists of one to six trunks. - The
“make? contact on an H relay holds: the- trunk:
chain and advance circuit consisting of the CH
and the AD-relay C
condition while: a call: is being routed through
the concentrating unit. In general, the trunk
circuit receives normal preference in the sequence
circuit chain. When a trunk call obtains per-
mission to be routed through the line concentrat-

ing unit, the trunk circuit is connected to & di-

rector circuit which translates the pulses received
from. the operator at the distant central: office
into the number of the desired- subscriber line

of each trunk set in a “fixed” -

10

of: lines. such as those: designated 649.and 650.or .

trunk extending to the small switching center. -

As common. office equipment, the sequence circuit
provides relays 18LS—{ and I8LSi—I as a com-
mon start circuit for the first group of trunks,
that is, a group extending to. a single outlet, or
one.central office.
18TR, are supplied in case there is a second trunk
group existing in the switching' center-extending
to.a second outlet, that is, another central-office.
Relay I8TR, if provided; is designed to change
the order of the trunk chain and advance-cireuit
in.such a manner that all trunks in the. preferred
group are. tested for busy before a trunk is se-
lected in. the.cther group existing in the. switch-
ing center, although. all trunks of bkoth groups
are available to a calling subscriber.
The.subseriber sequence cirouit consists of:two
parts which are used for outward calls. The first
part, designated subscriber line sequence circult
permits any one. of ten subseribers to establish
an outward: call through the. circuit,
calling subscribers. in the group being: served in
accordance with their position in’ the sequence:.
The second part, designated subscriber group “se-
quence circuit” permits any subseriber-connected

through a subscriber line sequence circuit to es-.-

tablish. an outward: call through the group se-
quence: circuit, subsequent calls from- other sub-
seriber line sequence ¢ircuits being served in ac-
cordance with their positions in the sequence.

On outward calls, the sequence circuit arranges
for the link circuit to connect the calling sub-
seriber line to the first idle trunk circuit extend-
ing to.the central office, or to the ‘“all-trunks
busy’* ‘cireuit, if required. i

The trunk sequence circuit permits any call
from the operator at the central office to be
served before a call from the subscriber group
sequence circuit, Subsequent calls from the.op-
erator at the central office are served in accord-
ance with their-positions in the sequence. -

On inward: calls the sequence circuit connects
the calling trunk to the director circuit. "When:
the director circuit has determined the called
subseriber line the link circuit.connects such line,
if it is idle, to the calling trunk: The sequence
circuit: then releases the director circuit and is.
available for routing a new call. . If the line.is
busy; out of order, or unassigned- the sequence
circuit,. releases: the director- when the operator
disconnects after receiving this information from
the director- cirouit; or at the end of about eleven
seconds if the aoperator-does not disconnect.

In case trouble is encountered on.an outward
call, due to failure of the subscriber line circuit,
link- circuit. or sequence circuit, the subscriber
group in which: the calling line is included, is re~
moved from oneration in the sequence cireuit and
from seryice, and visual and audible alarms are
given. In cage trouble is. encountered.on an out-
ward call, dne to failure of the. trunk cireuit,

Relays 181:5—2, {8L.S1—2 and -
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either at the large switching center-or the central
office or between the switching: center and central
office. the trunk is removed: from operation in the
sequence circuit and from service, and visual and
audible alarms are given. . :

In case trouble is encountered on inward calls,
due to failure of the trunk- or trunk sequence
circuit, the trunk is removed from operation: in
the. sequence circuit and from service, and visual
and audible alarms are given.

In case trouble is encountered on an inward
call, but not due to failure of the trunk or trunk
sequence circuit, the trunk is removed. from
service temporarily. as long as a “mark” signal
is received from the operator-at the central office,
and is restored to the sequence circuit for- future
operation as soon as:it is released at the centxfal
cffice. ]

Link cireuit at the large switching center

This circuit acts as a selectable connecting me-
dium between trunk circuits from the central of-
fice and- (1) subscriber line circuits, and (2) trunk
circuits extending to the small concentrating unit
switching center: :

The functions of the circuit are as follows:

1. When a selecting magnet and a  holding
magnet, are operated in the proper sequence, the
trunk circuit with which the selecting magnet is
associated will be connected to the subscriber
line circuit with which the holdirig magnet is
associated. In the case where. a trunk from the
central office is connected: to. a trunk- extending
to the small switching center-the selecting magnet
is associated with the trunk-circuit from the cen-
tral office and the hold magnet-is associated with
the trunk extending to the small switching
center. ‘

9. Off-normal contacts on the selecting mag-
nets insure upon the establishment-of a connec-
tion that the magnets are operated- in the. cor-
rect sequence. ‘ :

3. When the holding magnet is-operated it will
lock under control of the trunk circuit in order

. that the selecting- magnet engaged in the same

established connection may. be released. ‘

4. The holding magnet contacts perform the
“cut-off” function required in the associated sub-
seriber line circuit or trunk circuit to the small
switching center, as the case may-be; upon estab-
lishment of-a call.

5. This circyit may be. provided with a key to
enahle the attendant to disconnect the attend-
ant’s line from the trunk circuit.

In the idle condition all magnets are released
and the tip and ring conductors of the subscrib-
er line are connected through the subscriber line
circuit over the T and R conductors. These-con-
ductors will be open at the subscriber station in
the idle condition. The link circuit at the large
switching center serves herein to illustrate the
manner in which a trunk extending to the small
switching center is connected. to a trunk extend-
ing to the central office and therefore the dia-

- grammatic showing:of twa subscriher stations re-

spectively connected by lines 849:and 850-extend-
ing through terminating equipments 621 and. 022
is deemed sufficient to show-the relation of the
trunk: circuit extending to the small switching
center to any subscriber station that may ‘be-con-
nected to the large switching center. L
The link circuit like that hereinbefore described
for the small switching center consists of one.or
mare cross bar switches. As many simultaneous
connections. as there are trunks. may be: estab-
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lished. Fach subscriber line circuit and each line
trunk extending to the small switching center
are connected to individual verticals on a cross
bar switch.

Terminating equipment located at the large
switching center of a trunk extending to the
central office

This circuit is designed as the terminating
equipment at the concentrating unit end of a two-
way trunk extending to a manual central office.
This trunk circuit possesses automatic signaling
supervision features and is arranged to be con-
nected between the large switching center and the
central office with full-duplex standard toll line
facilities. To differentiate from the line trunks
extending to the small switching center this trunk
will be referred to herein as cne of the main
trunks. '

The functions of the circuit at the large con-
centrating unit switching center are as follows:

1. On an outward call from a concentrating
unit subscriber or from a line trunk circuit ex-
tending to the small switching center, the main
trunk is preselected by the sequence circuit at the
large switching center and sends a continuous
“mark” signal to the central office whereat the
trunk-busy lamp lights.

2. When this circuit sends a continuous ‘“mark”
to the central office and lights thereat the trunk-
busy lamp it awaits the reception of “ringing”
from the central office as a trunk verification test
before ordering the link circuit to connect. the

particular calling subscriber station or the line .;

trunk extending to the small switching center to
the main trunk circuit.

3. This circuit simultaneously with the sending
of the “mark” signal to the central office con-

nects ground to conductor 801 which extends to .

the miscellaneous alarm circuit where the inter-
val required for the routing of the outward call
is timed. .

4. If the link circuit has connected the calling
subscriber station or a line trunk extending to
the small switching center to a main trunk cir-
cuit extending to the central ofice the sequence
cireuit is dismissed and the subscriber station or
the line trunk is held connected to the main
trunk circuit under control of the power switch
at the subscriber station while the main trunk
circuit is made busy to other calling concentrat-
ing unit subscriber stations and to calling trunk
circuits extending to the small switching center.

5. Under the condition of paragraph 3 if an ;

interval as determined by the miscellaneous alarm
circuit has been exceeded without the reception
of “ringing” or continuous current transmitted
from the central office, the miscellaneous alarm
circuit orders the trunk-busy lamp extinguished,
the particular main trunk circuit removed  from
service, the calling subscriber being given an op-
portunity to attempt to place his outward call
over the next idle available main trunk circuit
while a characteristic trouble signal is sent from
the sequence circuit to the main trunk for re-
transmission to the central office.

6. While awaiting the answer of the operator
at the central office the subscriber can “flash”
the operator. Under this condition this circuit
sends “mark” and “space” signals to the central
office in unison with the operation of the power
switeh at the subscriber station.

7. If the calling subscriber abandons an out-
ward call before the operator at the central office
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answers, this circuit sends a permanent “space”
signal to the central office and when the recep-
tion of continuous ringing ceases, orders the link
circuit to disconnect the subscriber line or a line
trunk from the main trunk circuit, removing the
busy appearance of the main trunk circuit to
other calling subscribers and also extinguishing
the trunk-busy lamp.

8. When the operator at the central office an-
swers the outward call, the continuous ringing
current is replaced by a “mark” signal, upon the
reception of which this circuit advances to the
half~-duplex transmission stage in which it is cap-
able of distinguishing between normal teletype-
writer signals, break signals or d.sconnect signals
from either end. )

9. When a prolonged “space” signa! is received
from the concentrating unit subscriber this eir-
“cuit transmits a “space” to the central office and
after approximately two-thirds of a second ascer-
tains if the subscriber has- disconnected. If the
subscriber has disconnected this circuit continues
to send a ‘“‘space” sighal to the centra] office, re~
turns to the full-duplex system of transmission
but remains in condition to permit the “rering” of
the disconnected . subscriber station. If the
“space” signal is the result of a subscriber “flash”
the circuit functions as if he had disconnected
during the “off” operation of the power switch
and returns to half-duplex transmission trans-
mitting a “mark” as soon as the switch is again
turned “on.” If, however, the “space” signal
from the subscriber station resulted from the
transmission of a “break” from the subscriber
station this circuit replaces the “space” signal
sent to the central office by “ringing” for the re-
mainder of the “break” signal received from the
subscriber, remaining at the same time in the
half-duplex transmission condition. At the con-
clusion of the “break” this circuit transmits a
“mark” to the central office.

10. When a prolonged ‘“space” signal is re-
ceived from the central office this circuit contin-
ues to send a space signal to the subscriber sta-
tion. After two-thirds of a second has-elapsed
followed by the reception of “ringing” current
from the central office this circuit remains in
the half-duplex transmission condition and con-
tinues to send a space signal to the subscriber
station. After 5.5 seconds of space signal to the
subscriber station this circuit sends periodic mark
and space signals to the subscriber -station as long
as the reception of “ringing” from the central
office continues. When a mark signal is received
from the central office at the end of the ringing
period this circuit sends a mark signal to the sub-
scriber station.

11. Under the conditions of paragraph 10 if a
continuous space signal is not followed by “ring-
ing” current the circuit acts exactly as described
under paragraph 10 provided theé subscriber’s dis-
connect signal has not been registered in the
main trunk. If a subscriber’s disconnect signal
has already heen registered the reception of a
spaced signal of one-second duration from the
central office causes this circuit to order the link
circuit to disconnect the subscriber line or line
trunk from the main trunk circuit, and return
the main trunk circuit to normal. )

12. When the main trunk circuit is seized at
the distant central office for an inward call this
circuit receives a mark signal which after one-
half of a second has elapsed results in ordering
the sequence circuit to connect a director cir-
-euit to the main trunk circuit, at the same time
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marking the main trunk-busy to.outward calls-and.
lighting the trunk-busy lamp. -

13. If the attached director circuit fails to get
ready ta receive teledirecting pulses, the miscella-
neous, alarm circuit after an interval orders. the
sequence circuit to manufacture g characteristic
trouble signal, and transmif it to the main trunk
circuit for retransmission to the central qffice, re-
moving the director circuit and extinguishing the
trunk-busy lamp. )

14, When a director circuit is attached and
ready-to receive teledirecting pulses it.orders this
circuit to send a continuous mark signal to the
central office.

15. With the director circuit attached if a pro-
longed space signal is received from the central
office as a result of the operator’s disconnect sig-
nal this circuit after one-third second orders the
sequence circuit to dismiss the director circuit
and after one second returns to normal. .

16. With the director circuit attached if a two-
thirds second space signal followed by “ringing”
current is received as a. break signal from the op-
erator, this circuit orders the sequence circuit
to release the director circuit. If at the con-
clusion of “ringing” current a mark signal is re-
ceived, the sequence circuit is again ordered to
connect a director to the main trunk, but if at
the conclusion of ringing current a space signal
is received, the main trunk returns to normal.

17. When the teledirecting pulses are received
they are transmitted to the director circuit which
decodes the information and tests the called sub-
scriber line, or a line trunk extending to the small

switching center, ordering the link circuit to

connect the called line or called trunk to the main
trunk if the called line or called line trunk is
idle. If the called line or called line trunk ex-
tending to the small switching center is busy, out

of order or unassigned, signals characteristic of ¢

these conditions are produced in the director cir-
cuit transmitted to the main trunk and retrans-
mitted to the central office.

18. The called line trunk extending to the.small
switching center is attached to the main trunk,
the sequence circuit and- director circuit are dis-
missed and the line trunk agdin sends a space

signal to the central office; at the same time

automatic ringing of the called subscriber line
over the line trunk-extending to the small switch-
ing- center- is: begun: if- the circuit is so arranged.
If-the circuit-is not arranged for automatic ring-
ing the inwarg operator-at the central office sends
a ringing current signal which in this circuit or-
ders ringing to be connected to the called line
trunk. ‘

19. When a subscriber answers at the called:
station, this circuit during the silent interval dis-
connects the automatic ringing, sends a mark sig-
nal to the central office and advances into half-
duplex transmission stage in which it is capable
of distinguishing between normal teletypewriter
signals and break or disconnect sighals from
either end.

20. If the called subscriber line is'to be started:

on an unattended basis;, continuous ringing is re-
ceived from the central office causing continuous
ringing to be sent to the subscriber station.

21. After continuous ringing has exceeded §
seconds in an attempt- to start an unattended
station this circuit sends a permanent mark to
the called station. If the subscriber station has
been started this circuit sends a mark to the cen-
tral office and advances to the half-duplex trans-
mission stage. If the station has not- started
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after 9-seconds the: circuit. continues to send &
space signal. to: the central office. and. a mark to
the subscriber station until appropriate action. is
taken by the central office operator. : e

22. After a subscriber has disconnected the op-
erator at the central office can rering: the sub-
seriber station. :

23. This circuit is provided with jacks, such-as
jacks 802A and 803B for the circuit shown in de-
tail to permit manual connection of subscriber
lines, or-line trunk circuits extending to the small
switching center in case of failure of the auto-
matic equipment.

24. Jacks, such as those designated 8024, and

- 803B, are also provided to permit the testing and

routining: of the main trunk circuit by means of
the test circuit (not shown herein but disclosed
in Kreeek application Ser. No. 348,629; supra).

A third conductor may - he provided for neu-
tralizing voltages induced in either of the trans-
mission conductors as disclosed in the copending
applications of C. A. Dahlbom and R. B. Hearn,
Serial No. 396,818, filed June 6, 1941,

The full automatic supervision facilities are
capable of differentiating between telegraph. sig-
nals, break and disconnect signals from either
end. In general, a disconnect signal is a continu-
ous space, and a break:is a. limited space signal
followed by a 20-cycle ringing current signal for
the remainder of the “break.” Due to.the 0 to
20-milliampere subscriber loop transmission, the
condition of the subscriber station cannot be as-
certained during the transmission of a space
signal to the subscriber station. This circuit
recognizes this impossibility and orders a periodic
mark signal sent to the subscriber station during
which it can determine the conditions at the sub-
scriber station. In the normal condition of the -
circuit, both send and receive conductors to the
central office are “spacing” and battery drain
is:removed from.the loop repeater and the vacu-
um tube.

Director circuit at the large switching center

This circuit is designed to receive directly the.
directing teletypewriter pulses sent by the oper-
ator at the distant central. office and to decipher
these pulses thereby causing the seléction of the
called subscriber line. connected to the large-

_ switching center; or a line trunk extending. to the

small switching center.

The functions of this circuit are as follows:

1. Upon receipt of an inward call from the
operator at the central office, the sequence cir-
cuit will connect the director circuit to the trunk
circuit on which the call is waiting. The dis-
tributor motor- is then started and after it has
attained proper speed, a “director-ready” sig-
nal will be transmifted to the operator at the
central office to indicate that the call may be

~routed through. the large switching center.

2. The distributor motor will be stopped. gfter
the director- circuit has been dismissed unless
there is another incoming call awaiting comple-
ticn. In-the latter case the motor- will be kept
running but: the other part of the circuit will be
restored to normal waiting the new call.

3. The start magnet 270f is' held operated
while the distributor motor is coming up to speed
to.reduce clutch drag.

4. A “figures” teletypewriter character received
from the central office wiil indicate that the op-
eragtor has recognized the “director~ready” sig-
nal and: will cause the director circuit to accept
the next. two characters transmitted. from. the -
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distant central office as.the called subscriber sta-
tion number or the number of the line trunk
extending to the small switching center.

5. The teledirecting pulses, or characters, re-
ceived from. the central office are separated into
dot elements by the receiving distributor causing

" the proper selecting relays to be operated.

6. In the case of paragraph 4, upon receipt of
the first digit of the call directing teletypewriter
pulses, the director circuit will select the group
of ten lines which contains the desired subscriber
line or the desired line trunk group extending
to the small switching center.

7. Upon receipt of the second digit of the call
directing pulses the director circuit will select
and test the desived subscriber line or the desired
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line trunk and disregard any additional char- .

acters sent to the director circuit.

8. If the called subscriber line or the desired
line trunk group has been made out of order, a
series of “Q” teletypewriter "signals will be
recorded on the operator’s teletypewriter at the
central office as an indication of this condition.

9. If the called subscriber line or the desired
line trunk group is busy because of previously es-
tablished calls or because of busy conditions
placed on it by the test circuit a series of “K”
signals will be recorded on the operator’s tele-
typewriter at the central office.

10. If the operator at the central office has
transmitted digits for which no subscriber line
is assigned or has transmitted an impossible
combination of digits, a series of “V” signals will
be recorded on the operator’s teletypewriter.

11. If the subscriber line or a called line trunk
is idle the director circuit will cause the link cir-
cuit to connect the called subscriber line or the
desired line trunk to the calling main trunk. The
director will then be released and restored to the
idle condition in preparation for the routing of
the next inward call.

12. The miscellancous alarm circuit is ar-
ranged to allow 2 seconds for the director circuit
to become off-normal, 4 seconds to complete its

self-imposed preliminary test and give satisfac- .

tory. evidence to the alarm. circuit and a total
of 10 seconds for the director circuit to complete
its test at any event.

13 If the director circuit is not off-normal in

2 seconds, the miscellaneous alarm circuit re- :

moves the calling main trunk from service, but
puts the director circuit back into service.

14. If the dirsctor circuit becomes off-normal
but the distributor motor fails to get up to sveed

in 4 seconds, the director circuit is removed from :

service but the main trunk is taken out tem-
porarily. Lamp 2601 lights and a minor alarm is
sounded. ‘

15. If the director circuit is not released in 10
seconds, a recorder or “T” series of signals will
be recorded at the central office for a period of
one second followed by a disconnect condition.

16. If the “director-ready” signal fails to reach
the associated loop repeater or a “mark” from
the main frunk is not registered in the distributor
circuit, both director circuit and the main trunk
are removed from service. In this case a minor
alarm is sounded and appropriate tell-tale lamps
are lighted.

17. In a line concentrating unit contalnmg two
director circuits in the case of the condition de-
scribed in paragraphs 14 and 15. the miscel-
laneous alarm circuit after freeing the director
circuit in trouble from the sequence circuit causes
the ftransfer portion of the director circuit to
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function, removing. the dlrector circuit. placed
in the “stuick” condition from service and replac-'
mg it by a spare available director circuit. - o

Mzscellaneous alarm circuit at the la,rge
swztchmg center ’

This mlscellaneous alarm circuit is arlanged
p11mar11y to time the interval during which the
sequence circuit is in use and is arranged to glve
appropriate alarms, if a specified time limit is
exceeded, giving at the same time an indication
of the poss1b1e circuit in trouble. The circuit is
also arranged to give an alarm when the battery
or grounded chain of the sequence remains open

The functions of the circuit are as. follows:

1. On an outward call from a subscriber sta—
tion or a calling line trunk extending from the
small switching center, the miscellaneous alarm
circuit times the interval in which the sequence
circuit is used to see that it does not exceed 25
seconds. ,

2. On an outward call when the sequence ‘cir,—
cuit is in use for more than 2.5 seconds the mis-
cellaneous circuit is arranged tosindicate whether
the troyble is in the trunk alone or in any of the
other circuits called into use. In case the mis-
cellaneous alarm circuit decides that the trunk
is in trouble, it is arranged to give a minor alarm
flash a trunk lamp and to cause the. removal
of the particular main trunk from service. In
case the miscellaneous alarm circuit determmes
that any of the other circuits in use on the.par-
ticular call are in trouble, the circuit is arranged
to light lamp 2504 and to give a minor. alarm,
and to cause the removal from ocutward service
of the subgroup of subscriber stations containing
the calling subscriber station or line trunk.

3. After removing the particular main ‘trunk
or the particular subgroup of subscriber stations
and/or line trunks from service, the miscellaneoys
alarm circuit is arranged to detect the ability
of the sequence circuit to return to normal.and
to light lamp 2801 and bring in a. major alarm
if it fails to do so within one-half second. |

4. On an inward call to a local subseriber sta-
tion or a line trunk the miscellaneous alarm cir-
cuit begins timing, as soon as the inward call
has received preference from the sequence cir-
cuit, being arranged to time the interval required
to. obtain a director circuit and to give an alarm
if this period exceeds 2.5 seconds. In this case
the miscellaneous alarm circuit is arranged . to
cause the removal from service of the main trunk
in trouble, flash the lamp associated with.the
main trunk and at the same time lights lamp 250
bringing in a minor alarm. The alarm circuit
continues to function as indicated in paragraph

5. When informed over the conductor 2381 that
the director circuit has moved off. normal, the
miscellaneous alarm circuit waits a total of 4
seconds for the. director circuit to place ground
on conductor 2302. The director circuit places
ground on conductor 2302 if the distributor motor
has attained speed, if the director-ready signal
reached the associated loop repeater. and if a
mark signal sent over the main trunk from the
central office has been registered in the distributor
circuit.

6. If the miscellaneous alarm circuit tlmes out
before conductor 2302 is grounded but after con-
ductor 2301 was grounded, the. alarm. circuit is
arranged

(@) To cause the associated d1rector cucmt
tolockin a “stuc i cond1t1on, .
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. “(b) To_ bring in an audible and “yisual alarm
associated with the director circiit;

(¢) Afterthe director circuit has beenlocked up
in a “stuck” condition to remove the main trunk
from service under. control:of a:key and cause a
lamp. associated with.this trunk to.flash or if con-
ductors. 2303 and 2304 are connected to-.ground
when. the alarm circuit times out. to. remove the

[

main trunk from. service tempararily under con- .

trol of a “mark” signal sent from the central of-
fice, causing -2 lamp. associated with the malin
trunk tolight steadily; : . ‘

(d) After allowing approximately one-half
second,. the director circuit. having been Iocked
in.a “stuck” condition, the miscellaneous-alarm
circuit.is arranged.to test for. failure of the. se-
quence. circuit-to. release and to bring in an aud-
ible major alarm and light the lamp 2801 if the
sequence circuit fails to release; i

(e) If the sequence circuit has been released
the miscellaneous alarm is arranged to.replace
the “stuck”. director circuit with ancther spare
director circuit if one is available.

7. If coriductor 2302 is connected to.ground the

miscellaneous alarm circuit permits the director 2

circuit 10 seconds to complete all of its functions.

8.. If the miscellaneous alarm circuit-times out
after 10 seconds the alarm circuit is arranged
to function as follows: :

‘(@) Connects a source of. signals correspond- !

ing to.a.series of “T” characters to the main
trunk for one second as a reorder signal and then
removes the trunk circuit from service -under
contral of 2 “mark” signal received. from the
distant.end lighting a. lJamp associated.with. this
trunk circuit but returns the director. back to
service; »

"(b) After approximately one-half second. test
for failure of the sequence circuit fo release and

if .the sequence circuit fdils to release, brings <0

in an audible major alarm and lights the lamp
2801, . L S

9. If two director circuits are provided in the
unit, the miscellancous alarm circuit in taking

a director circuit out of service will give a minor

alarm provided the spare director circuit is avail-
able and not in trouble. If the second director
etreuit is in trouble the.circuit will give a major
alarm. ‘ . . .

10. The circuit is arranged to permit manual
transfer from. one director:.to another at. a time
when  the sequence circult is not in use .due to
the routing of a call through the switching center
and when the . director circuit transferred to is
available and not in trouble. .

11, The circuit is arranged to prevent the use
of a sequence circuit on a new call for one-half
second after the sequence circuit has otherwise
returned to normal after timing out.

12..The circuit is arranged to furnish.a time
delay between. the operation of the selector mag-
net.of the cross bar switch and.the application
of, ground for the operation of the “hold” magnet
.of the cross bar switch. . ! .

13. The circuit is provided with keys associated
with. each type of trouble indicator to. permit
removal of the audible alarm leaving.a lamp to
indicate the trouble condition and with keys to
release .the locked-in trouble indication and also
alarm cut-6ff key 2502 which prevents the alarm
circuit from timing out. .

14, "This circuit is arranged to light connection
lamp 2503 as.an indication that a selecting mag-
net of the link circuit has operated.. . .

15. This circuit is arranged to prevent the di-
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rector- circuit from interfering-with' the’ miscel--
laneous alarm circuit when both director circuits
fail or if the single director fails in a single'di-

rector circuit unit.

16. I the grounded’ battery or ground -chain
of the sequence circuit remains open for approxi-
mately- 45 seconds, this -circuit is-arranged to
give a major alarm and lights sequence battery
lamp 2504 or sequence. ground lamp 2§05 to in-
dicate which chain is open.

17. This circuit is arranged to prevent the rout-
ing of a call if the selecting magnet of & link
cireuit is falsely operated and to-give an &larm
if this condition persists: for approximately « 45

;3 seconds.

" All-trunks-busy circuit at the large
switching center

This circuit is designed for use'im a line con-
centrating unit as an originating source: of “no
circuit” signal and “K” signals sent 1o the calling -
subscriber under certain conditions, at the same.
time providing “no circuit” time integrating reg-
isters in addition to subscribers’ overflow regis-
ters.

The functions of this circuit are as follows:

1. When all trunks reachirg a given outlet-are
busy this - cireuit is arranged to’ measure the
length of time this condition persists. ’

2. When all circuits associatéd with this circuit
are busy the circuit is designed to:

(@) produce and send to each calling subscriber
a “letters”, “no circuit” signal;

(b) registers on the subscriber’s.overflow regis-
ter the number of attempts subscriber made-dur-
ing the all-trunks-busy period; o

(¢) measures the continuous  duration of -the
production of these “letters” signals given an
audible and visual alarm if the time exceéds'a pre-
determined interval; ’

(d) continues to produce the “letters” signal as
long as any subscriber keeps his loop open. _

3. Whenever a trunk becomes-idle this circuit is
arranged to produce “K” signals at & speed of ap-
proximately forty words per minute and send
‘these ‘signals instead of the “letters” to the wait-
ing subscribers. ‘

Terminating equipment.of the trunk circm'tn at
: the central office

This circuit provides a termination having au-
tomatic signaling supervisory features and a tele-
typewriter switchboard at the central office for
main trunks extending to the:large switching cen-
The companion terminating circuit:at the
large switching center is arranged to operate with
0.020-ampere metallic local lines along with sin-
gle conductor transmission trunks extending to
the small switching center and arranged for two-
way transmission on a half-duplex - operation
hasis. : i

The functions of this circuit are as follows:"

1. In the idle condition hoth the inward and
outward transmission paths are spacing.

‘9. A call from the concentrating unit switching
center will be received as a marking signal on the
outward path. This action will be followed in
one-half second by the lighting of the busy lamp,
application of a busy test potential to the sleeve
multiple, and the applicatlon of 20-cycle dot sig-
nals to the inward path. After one-half second
additional time the line lamps will light. Marking
signals of less than one-second duration will not
be registered as calls. e

3. Im the call-before-answer period if ‘the sub-
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scriber recalls, the disconnect intervals will return
the outward path to spacing apd will extinguish
the line lamp, the resumption of the call will re-
light the line lamps.

' 4. If the subscriber abandons the call before the
operator at the central office has answered, the
outward path will refurn permanently to spacing
and the line lamp will be extinguished. The 20-
cycle dot signals will be removed from the inward
path after 4 seconds and the busy condition will
be removed after an additional one and a half
seconds.

- 5. When the operator at the central office an-
swers the call, the line lamp will be extinguished
and a marking condition will supplant the 20-
cycle dot signals on the inward path. The busy
lamp will remain lighted,

6. During communication, signals from the sub-
scriber toward the operator office will be trans-

mitted over the outward path. Signals from the :

central office to the subscriber will be transmitted
over the inward path. Between the full and half-
duplex converting repeater and the connected
cord circuit signals in both directions will be
transmitted over the tip conductor circuit. No
supervisory action will take place as a result of
teletypewriter signaling.
sory conductor to the cord will therefore remain
open during communication.

7. A “break” from the cord circuit will be re- 3

peated to the inward path as s spacing signal
which will be supplanted by 20-cycle dot signals
after a delay of two-thirds of a second. At the
end of the break the inward path will return to

marking. A break from the subscriber will ap- =

pear as a spacing condition on the outward path
followed in two-thirds of a second by 20-cycle
dot signals. Throughout the entire break inter-
val, however, a spacing condition will be applied
toward the cord circuit. No supervisory action
will result from break signals in either direction.

8. A disconnect from the subscriber will return

the outward path to spacing. After one second
ground connection will be applied to the ring
conductor of the cord to light the supervisory
lamp. . : .
9. A recall from the subscriber is the same as 2
disconnect followed by a new call. When the out-
ward path returns to marking as the result of the
new call the ground connection will be removed
from the ring conductor to cause the supervisory
lamp in the cord circuit to Aash.

10. When the operator at the central office con-
nects to the trunk to originate a call a marking
condition will supplant the idler or spacing condi-
tion of the inward path, ground connection ap-
plied to the ring conductor circuit will ight the
supervisory lamp of the cord eircuit,

11, When the large and the small switching
centers are, in turn, prepared to receive the sig-
nals corresponding to the call directing charac-
ters, the outward path will become marking. The
action of remotely controlling the directing of a
call to a desired line or line trunk through the
agency of the operator’s teletypewriter at the cen-
tral office and the director circuit at the concen-
trating units will be referred to hereinafter as
teledirection. This will permit removal of ground

from the ring conductor to extinguish the super-

visory lamp.

12. After the operator at the central office has
sent ‘the call directing pulses and the desired
subscriber line or desired line trunk has been
selected, or the operator has teledirected, the out-

The ring or supervi--
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ward path will return to the spacing condition
to relight the supervisoty lamp. ‘

13. When the called subscriber answers, the out-
ward path wil] again become marking to extin-

" guish-the supervisory lamp. Thereafter the cir-

cuit will be conditioned to perform the functions
outlined in paragraphs 6, 7, 8 and 9. : :
14, TIf the desired subscriber line or desired line

,trunk is busy, out of order, or unassigned the con-
‘centrating unit at either the small or the large

switching center will transmit to the central office
teletypewrifer signals to indicate which of the
three conditions exist. B

15. When the operator abandons the call after
receiving the busy, out-of-order busy, or unas-
signed signal by disconnecting from the trunk, the
equivalent of a break signal will be sent to dismiss
the concentrating unit call directing equipment,
When this equipment has been dismissed the out-

“ward path will be returned to spacing and this

will, after five seconds, cause a spacing condi-
tion to supplant the 20-cycle dot signals applied
to the inward path; after one and one-half ad-
ditional seconds the busy condition will be re-

16. If the operator at the central office discon-
nects the cord circuit in error during communi-
cation, the circuit will revert to the call-before-

.answer condition as outlined above in paragraph
“3 which may be Abandoned by the subscriber as

outlined in paragraph 4, if the operator fails to
reestablish the connection.
17. When the operator at the central office dis-

connects from the trunk at the end of & com-
‘munication following the subscriber’s disconnect,

the inward path will return to the idle or spacing
condition.: - After a delay of ¢ne and a half sec-
onds the busy. condition will be removed.

18. In the idle condition both the inward and

" outward transmission paths are spacing. No re-

lays or vacuum tubes are energized except the
relay 10—RS which is held to spacing by the
spacing condition of the outward path. Relay
{0—RS will keep condenser 1091 discharged dur-
ing the idle condition. ) )

Operator cord circuit and position‘ circuit at the
. central office .

The operator’s cord circuit and position circuit

‘may be the same as disclosed in the copending

application of C. W. Lucek, Serial No, 431,854,
filed February 21, 1942, and W, V. K. Large-F, J.
Singer, Serial No. 462,966, supra, :

DETAILED DESCRIPTION OF OPERATION _

Cdll originating at a subscriber station connected
directly to the small switching center

For the purpose of llustrating an outward call,
that is, a call originating at a subscriber station
and extended-in turn, through the small and the
large switching center to the central office, it will
be assumed that the call originates at subscriber
station 202 which is shown herein in detail.” In
Fig. 1 there is illustrated in schematic form a
local subseriber station 202 connected dirvectly to
the small switching center by a pair of conductors
T2 and R2. In an idle condition conductor T2,
known as the tip, is connected to ringer 212 so
that incoming calls to this station will be indi-
cated by the sounding of the ringer 212 through
the application of ringing current to the tip T2
at the switching center. When the station is in
use; switch 210, referred herein as the power, or
start, switch is operated to cause conductor T2
to be connected over the normally closed contacts




of-call. key 214, frontcontact. andrarmature of.;
relay 2L, lower contact.normally.in engagement.!
with spring member-1 of key:213;-conductor 2 18,
transmitting,or: pulsing, contacts. 207, break key
218,~through " the lower-winding :of relay 2-line,- 5
spring member No. 4 in engagement with its up--
per contact of key: 213, through the winding ‘of
break telay . 2BK;. through the ring side of .the
line,- conductor: R2.. ‘Under-certain conditions to
be-: explained : hereinafter,: current.. willi. flow-1
through. this.circuit -at:a value.aboub: 20 milli-.
amperes. for a marking. condition:and zero for:a -
spacing condition. With steady: marking current
established by the condition at:the-small switch-
ing -center the: operation.of the:pulsing contacts 16
207T: in:'series. with this:circuit will reduce: the:curs
rent-toithe:spacing value::. . .

The biasing. winding of relay 2-line:has:a cur-"
rent.of::an ~intermediate - value -flowing ~there-~
through:so-that with no current flowing through:20
the  lower -winding in ‘the spacing condition the
armature. will remain on its spacing contact, but
with the: marking -current. flowing »through' its:
lower-winding. the-biasing -winding will.be -over+
come and the relay will move to.its:marking con= 25
tact.- Incoming marking and spacing: signals will
therefore -operate -printer magnet 206-in :the:
proper-manner-and these same current variations:
caused by the operation of:pulsing . contacts10T:
will -.cause-the operation -of relay 1-line to.again. 30
operate: the printer: magnet '206-for the: purpose:
of making local copy.

Briefly stated, the operations: performed in re-
sponse to'a subscriber originating a-call by oper~
ating. -the ‘power::iswitch, such:as switch 210 :at" 35
station 202, to-the “‘on’ position, are as follpws::
Tirst the operation of the power switch closes the:
loop circuit and -causes to operate the:associated
subseriber-line relay, such:as:relay 3L2 «at the
small.switching -center and causes the sequence:
circuit to connect.an idle trunk to the calling sub-
scriber line. The-sequence circuit drops: out:of
the connection after the trunk has been selected:”
If- all the -trunks are: in use the sequence circuit &
causes the subscriber line to be connected to the.
all-trunks-busy circuit not shown but described.
in the copending application.of W. V. K, Large-

F. J. Singer, supra. -

As soon as: thé subscriber line is connected to
2. trunk termination, a trunk relay such ‘as relay
5TR in the trunk termination shown, removes the
high’impedance.ground effécted by resistance 531
having a value of:approximately 18,000 ohms,
from the.trunk .conductor 501 and connects con- 55
ductor 501 to the trunk repeater (winding No.,3
of receive relay ‘5R and the ‘armature of send
relay §8); thereupon marking (negative) poten-
tial. from .grounded-battery- 532 .is-applied to-the
trunk conductor 501. and the trunk circuit termi-
nating .at the large switching center: receives the
negative marking potential which operates:-relay’
€C .through:its upper winding.: Relay 6C; upon:
operating, operates relay |14H which in turn oper-
ates relay 6Cl. Relay 6Cl, upon operating, oper~’
ates relays SCL, 6SA.and -6DR.- Relay 654, upon:
operating, operates relay {4L-to ‘light the--call:
lamp, {413 and to:place a ground connection on-
the start conductor. 1415 to operate relay -1 5ST—I
of .the sequence circuit, relay. 168T—I togethex:
with. relay \{5AL—I. is' associated with the trunk. 70
line comprising .conductors 501-and.503 and.ex::
tending . from. the..small switching :center. Ac-
cordingly, relays. 15ST—0 and-15AL—0-are 550~
ciated with subscriber station.line 649.and its ter-
minating equipment.624. and relays .[5ST--9 and:
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{5AL—8.are associated with. another: subscriber...
station. line::and :terminating equipment,. not
shown; but. corresponding. to-line. 649-and fermi-:
nating equipment 621 which is.connected direct-:
1y: to the Jarge switching center.. The. grounding
of therstart- conductor:1415 -to the. sequence -Cir-
cuit: -results -in-the.-connection of the .first.idle..
trunk extending to the central-office by operation.
of. theJink: circuit- holding magnet: TH2 which: is-

- associated-with the trunk comprising conductors .

504-and 508 and extending from the small switch--.
ing center. The call is ultimately repeated.-by. .
the drunk.-to. the distant. central office to light:a
line. lamp in.the switchboard multiple. The oper=
ator at:the-central :office. connects.a cord-circuit.
to a trunk jack associated with-the lighted:-lamp.
and receives the number of.the-called,.or desired,:
subscriber: station . from- the..calling subscriber at
station: 202. .
When -start- switch 20 -was. operated-it- closed-
a circuit from one -side - of .power: supply 2 {1,

" through.the; winding: of. relay 2S.to +he-other:side.,

of. the -power. supply. causing.relay: 2S. to- operate..
Relay::2S,. upon . operating,. locks. up through:its.
lower contaets, contacts.-of stop key 2ii,:moter.
centrol. contacts. 208 of the:printer.. Upon:oper~

ating, relay 25 closes -a path through its-upper-
contact to start the motor for.the printer set.and.
also to operate relay 2L.. The operation:of relay..
21.opens: the: bell.ringer circuit.- over the tip con~

ductor: T2 of the:loop, removes.ground from.the-
ring--side: R2..of- the loop,and closes: the tip.;and.
ring conduetors. ofthe -loop-through “the. sub--
scriber -station . set-to. operate. relay -3L2.at- the-
small switching center. This last circuit is trace-
able from grounded positive battery 380, conduc-’
tor- 38 ;- back ;contact. and . right-hand. armature*
of hold-magnet 3H2,: conduetor -309,: normally.
closed- contacts at. the. tip-spring of -jack 307A.

0 conductor T2,-through-the loop-at the subscriber-

stetion, conductor R2, - resistance 343, normally:
closed - contacts -at-the -tip ;spring.-of jack 3088,
conductor- 310, normally: closed - make-~before-=
break .contacts -of -hold :magnet- 3H2,. conductor:
342, through the winding of relay 3L2, to ground.:
and relay 3L2 operates,

Lamp relay-3L2,-upon operating, first-closes at
its upper armature and contact an-operating.cir~
cuit for-call lamp. 306 -which is-traceable. over.
conductor 346 (which is.common to the.call lamps.
associated..with the.subscriber. stations shown),.
conductors 347 and..i209, through-the winding.of,
relay (3E, to grounded battery, and relay 13E
operates (relay. 13E is effective -at.night only to
cause an audible signal as well as a visual signal
alarm when the .audible alarm cut-off key 1303
is released in the position shown) ; also relay 3L2,
upon operating, (1) closes to ground at its inner
lower armature and contact a circuit extending
over conductor 348, contact and armature No. 4
of the ‘main-gate relay {1G, contact and middlé
left-hand -armature of relay {{BOI, through the.
winding of ‘relay { ISA{, to grounded battery; and
relay 11SAl operates;: (2)' connects at its lower
armature and - 'contact a ground connection-to-a’
pathiextending over conductor 350 in preparation
for g -circuit ‘which’will' ‘presently be -closed by
the operation-of relays 11SCI and {{U2." Rélays:
{1BOI and {I1SAl together with relay {1SC{ con-
stitute:a:group which is individual'to that group
of five subscriber lines of which line:2027isa
part. '

Relay | ISAL,upon-operating, (1) ldcks upat-its:
left-hand armature: and - contact:: directly to
grounded ‘conductor:-348;{ (2): closes:at: ity .inner:
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right-hand - armature and contact an operating
circuit for gate relay 11GI; (3) closes at its outer
right-hand armature and front contact a circuit
traceable from battery, through the winding of
relay 11SCI, front contact and outer right-hand
armature of relay {1SAI, conductor 1101, through
the all-trunks-busy circuit {{ATB (as shown in
the copending application of W. V. K. Large et al,,
supra), back through conductor {{27, back con-
- tact and inner left-hand armature of relay 12TA,
conductor (211, to ground at the normally closed
contacts of manual service key 1181, and relay
{{SCI operates. The operation of relay 1ISCI
depends upon relay {2TA and the corresponding
relay in each of the other groups of five trunks
being in a non-operated condition. Also relay
1ISAl, upon operating, opens at its back contact
and outer right-hand armature a path extend-
ing over conductor {105 to the operating circuit

of the relays corresponding to relay {{SCH{, in all ¢

succeeding groups of five subscriber lines. Relay
(1SC2 is in the second group of five subscriber
lines. This assures that even in the case of si-
multaneous origination of calls in two subscriber
line groups only one 11SC relay will be operated.

The operation of gate relay [1GI closes a cir-
cuit extending from grounded battery, through
the winding of gate relay {IG, contact and arma-
ture of relay {{Gl, to ground at the normally
closed lower contacts of manual service key 1101
and relay 11G operates and thereby opens at each
of its left-hand armatures the circuit of each of
the subscriber station groups and at each of its
right-hand armatures the circuit of each of the
trunk groups. The subscriber group engaged in
the inward call is held operated by the locking
circuit of relay 11SA{,

Relay I1SCI, upon operating, (1) extends con-
ductors 350 and 311 from the calling subsecriber
line terminating equipment over two paths, re-
spectively, only one of which, namely, that in-
cluding conductor 350, is at this time completed,
its path extending over the contact and armature
No. 4 of relay 1ISCI, conductors ({06 and 1107,
contacts and armature No. 2 of relay [IGA, con-
ductor (108, through the winding of relay 11U2,
to grounded battery, and relay 11U2 operates to
further extend the other path including conductor
211, over contact and No. 3 armature of relay

{1SCli, conductor 1§09, outermost upper arma- A
ture and contact of relay 11U2, to conductor 11063

which is common to the selecting relays 11Ul to
{1US, inclusive. The selecting relays ({Ul to
{105 are common to all subscriber groups and all
trunk groups and are used for selecting the par-
ticular subscriber station line or particular trunk
circuit. Relay ({U2, upon operating, (1) locks
directly to ground at the outer lower armature
and contact of lamp relay 3L2, the circuit being
traceable from grounded battery through the
winding of relay i1U2, front contact and inner
lower armature of relay 11U2, hack contact and
inner lower armature of relay ((Ul, conductor

1110, left-hand armature and front contact of -

relay {IGB, armature and No. 1 contact of relay
1{GC, conductor {1, innermost upper armature
and back contact of relay | 1Ul, innermost upper
armature and front contact of relay 1{U2, con-
ductor 11036, No. 4 armature and contact of relay
11SCH1, conductor 350, to ground at the outer low-
er.armature of lamp relay 3L2. (Relays {I1GB
and I1GC are operated at this time as herein-
after described.) (2) Extends conductor i{09 of
the other path of subscriber station 202, over the
outermost upper armature and front contact of
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relay 1102, conductor {103 to conductor {302 and
resistance 4301 for future effectiveness; (3) ex-
tends at its outer lower armature and contact, .
conductor 1113, through conductor {14, and the

contact and outer left-hand armature of relay

tIGD, a function not useful at this time; (4) ex-

tends grounded conductor {{38, through the in-

nermost upper armatiure and front contact of

relay {1U2, back contact and innermost upper

armature of relay (1Ul, conductor 1111, through

the left-hand winding of relay 1 (GB to grounded

battery, whereby relay {1GB operates from the

ground at the outer lower armature and contact

of relay 3L2; (5) releases normally operated re-

lays {{GF and I{GE because the operating cir-

cuit for relay {{GF is opened at the back con-

tact and left-hand armature of relay 11GB, re-

lay 11GB being of a differential type is normally ‘
maintained in a released condition although both

of its windings having equal resistance values are

normally energized; (6) causes through the re-

lease of relay iIGE the timing circuit of vacuum

tube 1301 to start; and (7) connects ground at

the No. 8 armature and contact of relay (iSCI,

over its contact and outer lower armature to con-

ductor {114 for the future operation of relay

13LS1, that is, when relay | iGD operates.

Relay 11GB, upon operating, (1) operates re-
lay 1HGC in a circuit traceable from grounded
battery and winding of relay i{GC, front con-
tact and left-hand armature of relay i1GB, con-
ductor {i 10, inner lower armature and back con-
tact of relay (1Ul, inner lower armature and
front contact of relay 1102, conductor 1188, No.
2 armature and contact of relay {IGA, con-
ductors (107 and 1186, No. 4 armature and con-
tact of relay 1{SCl, to grounded conductor 350;
and (2) removes ground at its contact and right-

- hand armature, from conductor 1ii5% which ex~-
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tends to the all-trunks-busy circuit and also &o
all the trunk circuits over contact and armature
No. 9 of relay 4ST. Relay | {GC, upon operating,
locks over its left-hand armature and contact in
a circuit extending over conductor i1if, inner-
most- upper armature and back contact of relay
11U, innermost upper armature and front con-
tact of relay [(1U2, -conductor {108, armature
No. 4 and contact of relay 11SC! to grounded
conductor 350. Relay [IGC, upon operating,
also closes at its contacts No. 2 an operating cir-
cuit for relay {1GA which operates. Relay {IGA
is what is known herein as the units gate relay
which opens the operating circuit for all the re-
lays 11Ul to 1{US.. Relay 1IGA, upon operating,
closes at its outer left armature and contact an
operating circuit for relay [IGD, the circuit
being traceable from grounded battery, through
the winding of relay {1GD, conductor 1116 to
ground at the outer left-hand armature and con-
tact. of relay (IGE, 1iGD, upon operating,
(1) closes at its inner left-hand armature and
contact a locking circuit for relay |+GA, which
locks in an operated position; and (2) con-
nects ground at. its right-hand armature and
contact to a path extending over conductors
{111 and (118, contact and middle upper arma-
ture of relay 11U2, conductor 1419, to armature
No, 4 of relay 12TC, a function not useful at
this time; and (3) operates relay 13LS1 in a cir-
cuit traceable from ground at the No. 8 arma-
ture of relay (ISCI, conductor {113, contact
and outer lower armature of relay 1102, con-
ductor 1114, contacts and outer left-hand arma-
ture of relay 11GD, conductor {120, through the
winding of. relay [3LSI, to grounded battery,
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Relay 13LSi operates and (1)-eloses an -obviouts
operating circuit for -relay-13H; (2) -extends-its
~ own. operating ground from -conductor 1120 via
its’ contact and right-hand-armature and ‘Ne. 1
- armature and contact of relay-13H; to conductor
1304, outer -right-hand - armature- and ‘contact
"of relay 12AD, condueter-124{, through the
winding of relay 4ST, to grounded battery; and
(3) - applies -at -its contact and--outer left-hand
armature an additional holding -ground for re-
lay 11GD, the circuit being traceable -over -con-
" ductor {116, contact and outer left~hand arma-
ture of relay 11GA, through-the ~winding -of-re-
lay 11GD, to grounded battery. -
‘Relay-13H, upon operating, extends the ground
on conductor: 1120 ‘over the circuit - just traced
and-start relay 4ST operates. The -operation of
start relay #ST in-the first -idle trunk places a
calling condition  toward-the large switching
center -and ‘closes -at -its ‘No. 3 -armature and
contact an operating circuit for relay 4W -whieh
operates., Relay- 4W; upéen-operating, closes at
its armatures and contacts, individual operating
circuits for -the cross -bar switch selecting mag-
nets associated - with.-any--one-level -in: two-or
more cross bar-switches connected in- multiple.
One of these selecting magnets-may be controlied
by the start relay in the all-trunks-busy cir-
cuit disclosed “in- the copending -application -of
W. V. K. Large et al,, Serial No. 462,966, supra.
However, the cross bar switch selecting magnets
3SM-—D ‘to 3SM—9 are shown with their arma-
tures and contacts arranged to -clese an oper-
ating circuit -for relay 13D which operates “at
this time. Relay -{3H, upon operating as herein-
before described, connects ground at its No. b
grmature and contact ‘to -conductor 1305 -which
extends over two parallel -paths, one -over con-

ductor 1212 to an unoperated armature -of re--

lay 4SL and the other over conduetor-1243 ‘to
an unoperated ‘contact at the inner-left-hand
armature of trunk advance relay {12AD. Also,
relay 13H, upon operating, connects ground at
its armatures Nos. 2, 3 -and 4 ‘to paths similar
to that of conductor 1365 extending to-individ~
ual trunk circuits other than-that shown herein
in detail. At its armature No. 6 relay {3H, upon
operating, connects ground to a path extending
to the all-trunks-busy circuit; and at -armature
No. 7 connects ground to a path including con-
ductor 1308 which serves as a shunt for resist-
ance i30T of relatively high value.

Relay 13D, upon operating, (1) furnishes at
its No, 1 or left-hand armature and front con-
tact an additional ground ~for holding ‘relay
11GD operated; (2). closes at its No. 2 armature
and contact an operating circuit for connection
lamp 1308 which lights _thereby indicating to
the attendant at the small switching center that
the line of the calling subscriber station 202 'has
been connected to an idle trunk; and (3) con-
nects ground at its No. 3 armature and contact
to a circuit traceable through resistance 1301,
conductors 1302 and 1103, contact and outer-
most upper armature of relay (1U2, conductor
1109, through armature.No. 3 and contact of
relay  11SCI, conductor 3117, through the wind-
ing of “hold” magnet 3H2, tp grounded battery.
“Hold” magnet - 3H2 operates..to -complete .the
connection of the calling subscriber line..to the
first idle trunk. “Hold” magnet 3H2,:upon op-
erating, opens -at its ‘normally :closed - make-be-
fore-break ' contacts the -operating - eirecuit: for
calling-in, -or lamp; relay 3L2 which - releases -to
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extiniguish lamp 306. Relay 3L2, upon.releas-
ing; first removes ground at :its inner - lower
armature. and .contact from -the locking .circuit
of relay 11SAlI and relay {{SAl releases;. (2}
removes ground at its outer lower armature and
contact to open the locking .circuit for:selects.
ing relay 11U2 which also releases; relay 1 LSAf,
upon releasing, releases relay (1SC1. which,.upon
releasing, removes ground .from its armatures
Nos. 3, 4 and 8. Relays |1GB, 13LS1, 13H and
1{GC release. Relay |1GB, upon releasing, con-
nects :ground at its right-hand .armature: and
contact to a circuit traceable over.-conductors
{115 and 414, contact and armature No.. 9. of

start relay 4ST, conductors 415, 416 and 1244,

through the winding of relay 12AD, to grounded
battery and relay [2AD operates.. A trunk ad-
vance relay, such as relay {2AD, is individual
to each {runk circuit provided, assuming-.as in
this case, that there are ten trunks.provided
on the cross bar switch in the link circuit, and
that there is a trunk sequence circuit provided
for each trunk circuit. The trunk sequence.cir-
cuit shown in detail in Figs.-11 and 12.includes
in addition to.relay 12AD, relays (2DL, (2BO
and 12DC together with ‘the common selecting
relays iUt to {1US and the gate, or:G relays,
such as relay 11G shown in Fig..11. The last
trunk sequence circuit of the.chain.may be con-
nected. with the all-trunks-busy circuit. which
may be connected, as hereinbefore stated, to two
of the levels of the cross bar switch in the link
circuit. .

Relay  12AD, upon operating, (1) locks. to
ground in a circuit traceable over its inner left-
hand armature and contact to ground .at the
lower armature and contact of relay 48L, which
is ‘operated ‘in' series with “hold” magnet 3H2
after relay 1iSCI in: the sequence cireuit is re-

40 leased;: (2) closes at its' contact No. 5 one com-
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pleting ‘point in the operating.path of a. relay
in the all-trunks-busy circuit, the circuit being
traceable over conductor (288, No. 5 ‘contact
of :relay 12AD, conductor {2{5, through the
contact No. 5 of each of the relays correspond-
ing. to.relay 12AD, to ground connection (207
in the last trunk sequence circuit; (3) transfers
conductor 1304 from the back contact of the
outer right-hand armature of relay {2AD to.the
front contact so that should the trunk shown
in Figs. 4 and 5 be busy the next .call ‘will be
routed over conductor 1241, through the wind-
ing: of ‘the start relay, corresponding -to relay
48T, in' the next idle trunk, the:circuit:over
which the next call will be routed being extended
over ‘the outer right-hand armature and back
contact of the “AD” relay in the trunk sequence
circuit associated with the next-idle trunk; (4)
open at the back contact and outer right<hand
armature and the contact and outer left-hand
armature both the operating :and the locking cir-
cuits, respectively, for start relay 4ST which-at
this time has already completed the initiation
of the connection between the calling subscriber
line. and the selected trunk circuit as will ‘be
.;nereina-fter further described. Relay 48T re-
eases.” -

Supervisory features

- The -supervisory features provided by -the all-
trunks-busy circuit, subseribér’s line circuit and
sequence miscellaneous alarms are described ina
copending application of W, V. K. Large et aL
Serial No, 462,966, supra. ST
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Calling subscriber line circuit is connected to an
idle trunk circuit

As hereinbefore stated, when a subscriber orig-
inates a call by operating the station power
switch, the subscriber station terminating equip-
ment makes use of the sequence circuit to secure
connection to the first idle trunk. Relay 4ST,
when it operated, (1) closed at its No. 4 arma-
ture and contact an operating circuit for relay
STR which operated; (2) at its No. 6 armature
and contact closed an operating circuit for relay
4RC which operated; (3) at its No. 7 armature
and contact closed an operating circuit for relay
43TR which operated; (4) at its No. 2 armature
and contact closed an operating circuit for relay
4—ON which operated; and. (5) at its No. 3 ar-
mature and contact closed an operating circuit
for relay 4W which operated as hereinbefore
stated; and (6) closed at its No. 9 armature and
contact an operating circuit for relay {2AD which
operated to light busy lamp 418. Relay 5TR,
upon operating, transfers at its outer lower ar-
mature trunk circuit 50{ from one path which ex-
tends through resistance 53§ of high value, and
the winding of relay 5L, over conductors 541 and
508, to ground 2t the ceniral office, to another
path which extends over conductor. 534 to the
trunk side of the repeater, that is, the left-hand
side of winding No. 3 of receive relay 5R. Relay
4STR, upon operating, added another ground to
the operating circuit of relay 5TR and thereby
increases the release time of relay 5TR after
relay 4ST releases. This insures registration at
the central office even though the call is quickly
abandoned. Relay 4—ON, upon operating, (1)
locks to g normal ground at the back contact and
inner lower armature of relay 4DI and (2) con-
nects ground at its armature Nos. 1 and 2 to the
winding of repeater. relays whereby such wind-

ings are energized, armature No. 1 serving to.

energize the artificial line windings Nos. 2 and 5
of relay SR and armature No. 2 serving to ener-
gize the lower or biasing line windings of both
relays 5BK and 53; (3) at its No: 5 armature
completes the filament circuit for vacuum tube
419; and (4) connects at its No. 3 armature an
addltional ground to the operating circmt for
relay 4SL,

Relay 4SL in an operated position, connected
ground at its lower armature to conductor 1212
and at its upper armature closes an.operating
circuit for relay 4SL{ which operated.

“Hold” magnet 3H2, in an operated position,
opens the operating ecircuit for calling-in relay
3L:2 in the subscriber line circuit which dismissed
the sequence circuit. The release of the sequence
circuit connected ground at the right-hand ar-
mature of relay iIGB to a circuit traceable over
conductors {15 and 414, contacts and No. 9 ar-
mature of relay 4ST (before relay 4ST was re-
leased), conductors {5 and 41§, through the
winding of relay {2AD to grounded battery. The
trunk advance relay i2AD operated to advance
the next call to the next idle trunk and opened
both the operating and the locking circuit for
start relay 4ST which released, as hereinbefore
stated.

The calling subscriber line circuit is now com-
plete and ground on the winding of relay 4SP,
normally closed contacts at tip spring of jack
436B, conductors 422 and 358, operated ring con-
tact of set 355, conductor 359, outer left-hand ar-
mature and front contact of hold magnet 3H2,
conductor 310, normally closed contacts at spring
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member of jack 308B, ring conductor R2 of the
calling subscriber line, station circuit, back over

- the tip conductor T2, tip spring and its normally

closed contacts vf jack 38TA, conductor 309, right-
hand armature and front contact of hold magnet
3H2, conductor 361, operated tip contacts of set
355, conductors 365 and 366, normally. closed
contacts at the tip spring of jack 4354, conductor
423, outer upper armature and back contact of
relay 4R3, conductor 424, through the upper
windings, in series, of relays SBK and 58S, arma-
ture and marking contact of receive relay 5R,
conductor 535, to grounded battery 535. This
places g marking condition on the trunk looking
toward the large switching center because both
relays 5BK gnd 5S are maintained in their mark-
ing positions, send relay 5S_being efféctive to
transmit the marking condition toward the large
switching center. Relay 4SP operates and closes
at its armature and contact an operating circuit
for relay 4SPH{, the circuit extending to ground on
armature No..3 of relay 4—ON. Relay 4SPi
upon operating, operates in turn relays 4SP2 and
4RC. Relay 4SP2, upon operating, furnishes at
its outer upper armature and contact s ground
to hold relay 5TR operated even though start
relay 4SP is released, relay 4SP2 being held op-
erated by slow-to-release relay 4SPI.

At the large switching center the end of the
trunk which terminates at that point the mark-
ing condition applied by relay 5S results in ‘the
operation of relays 6P and 6C as will be herein-
after déscribed in more detail. :

The release of start relay 4ST effected the re-
lease of relay 4W which in turn effected the re-
lease of its corresponding selecting magnets.
The selecting magnets, upon releasing, remove
ground from the operating circuit of relay 13D,
and relay 13D releases théreby extinguishing lamp
1308. Relay 1{GE reoperated following the re-
lease of relay 1iGD and {1GA. Thus all relays
in Figs. 11, 12 and 13 are in their normal condi-
tion with the exception of relay {2AD and the
sequence circuit is now ready to route a new call,

An outward call received at the large swztchmg
center

The call is received at the large switching cen-
ter from a subscriber station through the small
switching center.

As hereinbefore stated g call orlvma,tmg at a
subscriber station through the small switching
center is effective at the large switching center
to operate relay 6C in a circuit traceable over
tip conductor 501, normally closed contacts at
tip spring of jack 608 conductor 616, upper arma-
ture and back contact of relay 6E, resistance 611
through winding No. 1 of relay 6P, through wind-
ing No. 2 of relay 6R, resistance 612, retardation
coil 613, through the upper winding of relay 6C,
oufer upper armature and back contact of relay
6CI to ground. Relay 8C operates and closes at
its upper armature a circuit traceable from
grounded battery 1405, resistance 408, conductor
1401, resistance 1416, conductors {4 7 and 524,
contact and armature of relay 6C, conductor 625,
resistance 1429, through the winding of relay {4H,
conductor 1419, to the marking, or right-hand,
contact and armature of relay 8P to ground, and
relay I4H operates. Relay 14H, upon operating,
closes at its armature and contact an obvious
operating circuit for relay 6CI which operates.
Relay 6CI, upon operating, (1) closes at its
outer upper armature and front contact the
transmission cireuit to ground through resistance
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$26 at the marking, or right<hand, contact:of
relay §S; (2) closes at.its. front contact:and inner
" upper armature an obvious.operating:eircuit for
relays §SA and:§DR; and (3): closes at its inner
lower armature and.contact an: obvious operating
.circuit for relay 6CL. . Relays §CL, 6SA and 6DR
operate. Relay 6SA, upon operating,.(1). closes
at. its .lower .armature -and contact an operating
circuit for relay 14L, the circuit being:traceable
from .ground, over conductor $21,:No. 4 armature
and-back contact of relay 6SI; conductor 628,
through the winding of relay {4L, to grounded
battery and.relay 18L.operates to light call lamp
1413 and to place-a ground .en start conductor
1815 to the sequence circuit at the large switch-
ing center, and.(2) applies at its upper armature
and.contact grounded battery 829 of positive 130
volts ‘to: a .circuit extending. over the normally
closed contacts of the tip spring .of jack 631B,
ring conductor 832 to the link circuit.at the large
switching center. The -operating circuit for call
lamp (413 may be traced.from ground at the
upper armature and contact of relay 14TS, .con-
tact and outer. upper armature of relay 14L,
through the lamp 1413, conductor 1418, .through
the winding of relay I8E, to grounded battery,
relay §8E being in the master control circuit of
the sequence circuit at the large switching center.
Relay 6CL, upon operating, (1) locks up in:a cir-
cuit extending to the No. 1 armature and contact
of relay 14D2; (2). transfers the grid .of -vacuum
tube 1419 from ground at the unoperated No. 5
armature and contact of relay (4D2 to-ground at
the .outer lower armature and conbact of relay
6CI; and (3) .closed at its outermost upper arma-
ture and contact an operating circuit for relay
14BY, the circuit being traceable over conductors
633 .and 1420 through the winding:of relay -14BY
to grounded battery. Relay 14BY upon operating
(1) closes-a circuil for energizing the vacuum
tubes 1419 and 1421, (2) closes an operating cir-
cuit for relay 18AD and relay 14AD operates so
that calls for the small switching -center sub-
scribers will be routed to the next idle trunk, and
(3) applies negative potential from the grounded
battery 1422 to a circuit extending' over -con-
ductor 1423 to the sleeve-of the make-busy jack
609MB associated with:the trunk shown in Figs.
6 and 14 and located at. the attendant test-board:

Sequence circuit at the large switching cénter
secures an idle trunk ‘extending to the central
office :

The connection of ground to.conductor. {415
causes start relay 18ST—I to operate... Relay
15ST—1, upon operating, closes an operating cir-
cuit for relay {SAL—I, the circuit for sthe latter
relay being traceable from ground-at the inner
lower armature of relay .I5ALI—G@, back:con-
tacts and armatures of relay 15ST—0,-front.con-
tacts and armatures: of. relay:I5ST—I, through
the winding of relay .15AL—{, normally ,closed
make-before-break contacts. of relay (5AL—9.to
grounded battery (501. Relay. I5AL—I, upon
operating, locks in. a .circuit traceable from
grounded battery 1501, make~before-break .con-
tact of relay (5AL—8, through: the winding. of
.relay 15AL—{, front contact and uper armature
and lower armature -and-front contact of..relay
{5ST—I to ground at the innermost. upper: arma-
ture and front contact of relay 15AL~—I1. . Relays
. 158T-—1 and I5AL—1! are both individual to the
line trunk shown in Figs. 6 and.l4; Likewise
relays 15ST—0 and 15AL—0 are both. individual
to another line .trunk circuil extending -to-the
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small switching center orto: a: subscriber’s: line
connected directly to the large concentrating unit
switching center, such as subscriber station 634
or 635 shown in diagrammatic form, Likewise,
relay 15ST-—8 and {5AL—98 are both individual
to a trunk extending to the small switching cen=
ter or to another subscriber line local to the
large switching center. Relay {5ST-—1, upon
operating, removes the chain ground from all'the
higher numbered ST relays, such as relay
1§ST—9, and since conductor 1502 is receiving
ground from the inner lower armature and con-
tact of relay 15ALI—G0 and since all other ST
relays of the particular subgroup are normal, or
if the particular ST relay, such as relay. (§ST—I
happens to bein & preferential position, the oper-
ation ‘of an ST relay also causes its associated
AL relay to operate, provided no other ‘AL relay
of ‘that subgroup is operated. Therefore, since
{58T--1 isin a preferential position and is oper-
ated then relay. {5AL—I{ operates. The operation
of relay 15AL~—{ removes the chain battery 1381
from all lower numbered AL relays, such as relay
{5AT—0 when relay 15AL—{ is operated. Thus
when the ST and AL relays associated with the
line trunk'shown in Figs. 6 and 14 ‘are operated,
ground and grounded battery chain circuits of
the subscriber line sequence circuit have been
broken, preventing the operation of any other AL
relay in-that-group. Relay [SAI—I upon oper-
ating,in addition to locking under controlof relay

- 188T—1 connects grounded battery 1581 to-a cir-

cuit traceable over the normally closed make-
before-break ' contacts of relay (5AL—8, inner
lower  armature and- front contact of relay
{§AL—1, through the winding of {5ST1—G8
to ground at the normally - closed contact
of *'relay 15BO—GH0." Relay (BAL—I!,° upon
operating, ‘also connects conductors 636 and 1423
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in Pigs. 6 and 14 to the subscriber group sequence
cireuit. If ‘the particular group has not- béen
removed from service, grounded battery on start
conductor. 1508 causes the operation of 'the: as-
sociated relay 15ST1—G0.' Here also,if no other
ST—I relay is operated, or if the particular ST—I
relay; such as relay (5STI-—G0, is in a prefer-
ential position, and if no AL relay in either the
subsecriber group sequence circuit, such'as relay
15A1~G8,. or trunk “sequence - circuit,’ such -as
relay '16AL~0 or relay IBAL—I, is in an-oper-
ated: position,- the associated AL relay, that'is,
relay 15A1—G0, will function in a manner sim-
ilar to the one described.above for relay 15AL~—I.
When: relay - 15ST1—G0 and (5AL—GO0 of the
group ‘associgted -with the trunk -circuit equip-
ment shown in:Pigs. 6 ‘and 14, having operated,
permission to route the outward call to the large
switching center has been received. The -circuit
for operating relay 15AL—G0 may be traced from
grounded battery at the armatures and back 'con-
tact of relay 258U, conductor 2506, through:the
winding -of relay 15AL—G0, front:contact and
lower armature of relay. 15ST(—G0, through:the
back contact.and lower armature of each of relays
{8STI—GO ‘to 15STI—GY, inclusive, conductor
1505, 'back contact and lower armature. of .each
of relays 168T2-—0 to {65T2—9 and {15T2—101o
118T2—19, conductor 1101, outer lower armature
and back:contact of relay 25D, . back contact and
inner upper -armature of relay 25CS:to ground
and relay 16AL—G0 operates.. Relay 1SAL—Q40,
upon-.operating, causes:the -operation -of relay
15ALI—G0, in an obvious operating circuit.:. The
operation :of relay I5AL—GH also closes:a circult
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extending from grounded battery at the lower
armature and contact of relay 255U in the mis-
cellaneous alarm circuit, over conductor 2506, up-
per armature and front contact of relay
{SAL—G0, conductor 1506, outer lower armature
and front contact of relay (5AL—{, conductor
1507, through the winding of relay {8L.S—I, to
ground and relay {8LS—I operates. Relays
I8LS—1 and [8LSI—1 are provided for a single
outlet of a group of trunks extending to one
central office whereas relays {8L.S—2, {8LS(—2
and I8TR are provided for a double outlet, that
is, for a second group of trunks which extend to
a second central office. The line trunk described
herein as extending from the small switching
center is arranged for connection to the single,
or first, outlet of a group of trunks extending
to the first central office.

Should an inward call and an outward call be
received in the sequence circuit simultanecusly,
the inward call, that is the call coming from a
central office would have preference of selection
in the sequence circuit. It will be noted, there-
fore, that when the subscriber group sequence
circuit is operated, the ST2 relay of each main
trunk must be in an idle condition as hereinbefore
described in tracing the circuit that included the
lower armature and back contact of relay
16ST2—0. Relay I5AL—G0, upon operating to
close the operating circuit for relay §8LS—1,
closes a locking circuit for itself extending to
ground at the inner upper armature and contact
of relay 18STI—GO0. Relay (5ALI—G0, upon
operating, (1) removes ground at its inner lower

armature and contact from the operating circuit

of relay ISAL—I of the associated subscriber line
sequence circuit connected to the calling trunk,
(2) connects at its outer lower armature and con-
tact the winding of “busy out” relay [5BO—Gd for
future operation and (3) connects at its cuter up-

extends over the outermost upper armature and
contact of relay I5AL—I!, to the busy back con-
ductor 1428 connected to grounded battery,
through the winding of relay I14BB, and (4) con-
nects at its inner upper armature and contact,
conductor {507 which extends over the middle
upper armature and contaet of relay I5AIL—I to
the holding conductor 636. .

Relay I18LS—I, upon operating, connects ground

at its outer left-hand armature to the operating
cireuit of relays I8H—0, I8H—I, [8H—2, etc.
These H relays, upon operating, in turn place in-
dividual ground for each group of trunk relays,
the ground being furnished to the chain and ad-
vance circuit composed of an AD and a CH relay
of each group, such as relay 16AD—0 and 15CH—¢
of the first trunk holding that circuit in a fixed
condition during the entire interval that an out-
ward call is being routed through the concentrat-
ing unit, or in other words, for the duration of the
call. In addition, in the case where a double out-
let of trunks is employed, for instance, where one
group of trunks extend to one central office and
.another group of trunks extend to a different
central office, relay 18L.S-—2 being associated with
the second trunk group in the unit, the operation
of relay 18LS—2 will cause the operation of the
associated transfer relay I18TR, if provided. Re-
lay I8TR, when provided, is designed to alter the
chain circuit to permit the selection of trunks first
in the preferred trunk group and to seek selection
of trunks in the other subgroup of trunks only if
all trunks in the preferred group are busy.
Therefore, not only is the trunk chain circuit
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placed in a fixed condition by the operation of
relays 18H—0, {8H—I and {8H—2 ete., but if
the order of selection was to have been changed,
relay I8TR has accomplished this function be-
fore the start conductor to the trunk chain and
advance circuit is called into use. The operation
of relay I8H permits the operation of the LS—I
relay associated with the particular LS relay,
for example, relay {8LSI—1 associated with relay
{8LS—1 and relay {8LSI—2 associated with re-
lay 18LS—2, which causes the operation of relays
I1811—0, 18H—I, [8H—2, etc. The LS—I relay
operated, places ground on the start conductor,
say conductor {881, at a place in the trunk chain
and advance circuit where there is available the
first numbered trunk of the group of trunks as-
sociated with  either relay (8LS—I or relay
18L8—2, The operation of an LS—I relay also
results in the operation of start relay 25ST and
finally in the operation of the common start relay
25CS in the miscellaneous alarm circuit, and
furnishes a locking ground for relays 18H—0,
18E—I1, I8H—2, etc., to insure that the trunk
chain and advance circuit will be kept in a fixed
condition until the routing of the call has been
completed. Relay 25CS of the 'miscellaneous
alarm circuit, when operated, removes the main
chain ground on conductor 1101 from both the
trunk sequence and subscriber group sequence
circuit., o

Establishing ‘conlnectz‘on at the large switching
center of ¢ call from a subscriber station con-
nected to the small switching center

Relay (8LSI—I{, upon operating, connects its
operating ground to the start conductor 1801 at
such a place in this trunk chain as to permit
selection of the first idle trunk in the trunk group
desired. Should another trunk group he desired
such as that which is provided in a double out-
let system ground would be connected to a con-
ductor of the trunk at such a place in the trunk
circuit as to permit selection of the first idle trunk
in the trunk group of the second -outlet. This
ground on the start conductor, say start con-
ductor 1801, will be connected by means of the
back contact of the first CH relay in the trunk
chain. to the associated idle trunk circuit, for
example, should the trunk shown in Pigs. 8 and
9 be the first idle trunk of the group desired,
grounded start conductor 180t would be extended
over the inner lower armature and back contact
of relay 16CH—O, conductor 1601, through the
winding of trunk start relay 8ST to grounded
battery and the trunk circuit shown in Figs. 8'and
9 will begin to function. A “mark” signal will
be sent to the central office and an automatic
ringing current signal will be returned from the
central office as a verification that the “mark”
signal has been received, and to make g prelimi-
nary test for trunk conductor failure. There-
after the trunk circuit will function in conjunc-
tion with the link circuit and miscellaneous alarm
cireuit.

-A brief review of the foregoing with additions
to clarify the description of the operation will
now be given. A calling subscriber at station 202,
upon originating a call; eauses ground to be con-
nected to the winding of the ST relay, such as
relay 15ST-—{ individual to the calling line trunk
extending from the small switching center. Ten
ST relays, together with their respectively asso-
ciated AL relays, form g subscriber line or line
trunk sequence group, relays 158T—{ and {5AT.—{
are individual to a calling line trunk extending
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to the small switching center. The number of
groups that aré provided depetid - upon the size
of the office. Each subscribeér Iind sequence group
is associated with ah ST-=={ and &h AL relay in
the siibscriber group sequetice circuit. For -ex-
ample, in the first group of subscriber lines there
is associated relays {5STI-—=GO and I15AL~GO,
Ground from the group sequence circuit is comi=
‘nected to the armature of an ST relay assoclated
with the lowest numbered subsciiber line of the
group, and is then connected in seri€s with the
other ST relays of the group. Grotinded battery,
such ‘as battery i581 for the first group of sub=
scribers’ liies, is connected to the winding and
armature of the AL relay associated with the last
line of the group and is thefi ‘connected in series
to the other AL relays of the group.. This ar-
ranhgement of the ground gives the preference of
placing 4 call to the lowest tiimbered line of the
group, while the arrangemetit of grounded bat-
tery pertnits the opeittion of ‘only one AL relay
at a time, thus preventing thé routing of ‘more
thar one call from the group at a titme. Opera-
tion of relay 158T—1, provided no lower num-
bered ST relay is operated, results in the bpera-
tioh of its associated relay 15AL—1, provided no
higher numbered AL relay is operateéd. Relay
ISAL—1 locks to relay §58T—I1, tausing the opéf-
ation of relay 15STI—GD of the subsériber group
sequence circuit and preventing the subsequent
operation of any lower numbered AL relay even
though its associated ST relay operates in re-
sponse to placing a call. The busy-back con-
ductor 1423 and the hold conductor 636 from
the calling line are connected thréugh the -sttb-
scriber line sequence circuit oh the conthets and
armatures of relay (5AL—I snd thence to the
subseriber group sequence circuit. Groutided
‘battery and ground from the miscellaneous alarm
circuit afe carried through the ST-—I and AL te-
lays of the subseribers’ group -sequence. circuit
and the ST—2 and AL relays of the trunk se-
quence circuit in the sdme manner as outlined
above for the subscriber line sequence eircuit,
thus giving the preferefice bf placing a call to
the lowest niithbered trunk, ahd -after all triinks
to the group of §ubscribérs’ lines in the order of
their appearance in the groiip sequence circuit.
Operation of an ST—I relay of -the subscriber
group sequence €ircuit, if no BT relay, or lower
numbered ST-1 relay is operated, results in the
operation of its associated AlL relay, if no higher
numbered AL relay is operated. Relay AL locks
to relay ST-—I and causes the operation-of relay
LS in Fig. 18. Rélay AL operates an auxiliary re-
lay, such as relay 15AL{-—GO0 of the first gubscrib-
er line group sequence circuit; which relay exténds
conductors 1428 and 636 through ‘the group ise-
quence circuit to the all-trunks-busy eircuit and
miscellaneous alarm eircuit, respéctively. The
purpose of conductor {423 is to pérmit the opera-
tion of busy-back felay (4BB if all trunks afe
busy. The operation 6f either relays I8LS—I or
{8L.S—2 connects ground to the armature of 2 ‘CH
relay in each trunk séquence group, thus permit-
ting the release of any previously operated CHand
AD relays while this call is being routed. Either of
relays 18LS-—( ‘and 18L8—2 also connects ground
to the start conductor extending to the first idle
trunk which is marked by non-operated CH and
AD relays, operating the ST relay of the idle
trunk ecircuit. This causes a marking signal to
be sent from relay S of the first idle trunk, such
as relay 8S for the trunk shown in Figs, 8 and 9,
to the central office where it operates ah RS relay,
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such as relay H0—RS in the trunk shown in Fig. -
10, to its marking position. o oo :
“When the start relay 8ST of the first idle trunk
is operated as hereinbefore described it (1) ‘causés
relays 8L and 8S of the repeater to operate to
their marking or right-hand, positions il & eir-
cuit traceable from ground at its No. 4 armature
and contact, conductor 8088, through the lower
wihdings in series of relays 85 and 8L, ‘transmis-
sion conductor 809, normally closed make=before-
break contacts of relay 9TR, to grounded posi-
tive battery 861, (2) operates the off-normal re-
1ay 8—ON in a circuit traceable from ground at

. its No. 7 armature and contact, conductors 810
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and 814 through the winding of relay 8-—~8N to
grounded battery, (37 locks up &t its No. 5 arm-
ature and contact in a circuit traceable from
conductor 812, back contact and innet Uppet
armature of relay 16AD—D, conductor 1819, ton-.
tact and No. 7 armature of relay 88T to ground,
(4) lights the trunk-busy lamp 8{3 in & cirouit .
traceable over conductor 814, No, 6 armature snd
contact, conductor 815, back contact ‘of inner
lower armature of relay (6BO-—0 to-#rounded
battery, and (5) after relay 8—ON operates places
a ground located at the contact and No. 4 arma-
tiire of relay 8—ON in a circuit tracenble over
conductor 818, cuter lower armature and back
contact of relay 8SL—I, outer lower armature
and back contact of relay 8R2, contact and No.
1 armature of relay 8ST to cohductotr 801 which
extends to the miscellaneous alarm eircult to
warn the latter circuit that verification ringing
has Been reguested from the central office. Relay
25TK responds to this warning. S

Relsy 8—ON upon operating (1) energizes the
filament of the vacuum tubes 902 to 306, inclusive,
in ‘& circuit traceable from ground at its No. 6
armature and front contact, conductor 817,

40 through the filament of vacuum tubes 902 to 806,
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in series, conductor 907 to grounded battery 808,
(2) cormects power to the loop repeater in a cir-
cuit traceable from ground at the contact and
No. 5 armature of relay 8—ON, conductors $18
and 808, through the upper windings, in series, of
relays 8S and 8L, conductor 809, normally cloged
make-before-break contacts of relay TR, to
grounded battery 801 and in a second cireutt
traceable from ground at the No. 2 armature and
contact of relay 8—ON, conductor 819, thfough
the lower winding of relay SR, ininer upper arma-
ture and back contact of relay 9TR, conductor
910 to grounded battery 820, (3) conhects ground
at its No. 1 armature and contact to a circuit
traceable over  conductor 821, and through the
winding of relay 8SL for future operation, (4)
transmits the “mark” signal created by relay 88
to ‘the central office in a circuit traceable over
its contact and No. 3 armature, and (5) supplies
the ground for conductor 881 extending ‘to the
miscellaneous alarm circuit as hereinbefore re-
ferred to in describing the function of start relay
8ST. The reception of a mark current at the cen-
tral office as a ‘calling-in signal causes that end
of the trunk circuit to function ‘to send ‘to the
jarge switching center a 20-cycle ringing current
signal, ‘ o

The vibration of the armature of relay 3TL in
response to the 20-cycle ringing signal received
from the central office, has no effect upon the

'vacuum tube circuit but the vibration of the ar-

mature 'of relay SR causes the operation of re-
lay 8R—1 In a circuit traceable from the arma-
ture of relay SR, conductor 912, innermost. lower
armature and contact of relay TR, conduetor
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§13, condenser 822, through the winding of alter-
nating current relay S8R—{ to ground. Relay
8R—I, upon operating, closes a circuit extend-
ing from ground at the No. 3 armature and con-
tact of relay 8ST, conductors 823 and 824, con-
tact and armature of relay 8R—1, through the
winding of relay 8R—2 to grounded battery and
relay 8R—2 operates. Relay 8R—2, upon oper-
ating, (1) removes the ground from conductor
801 which is hereinbefore stated as extending
through the miscellaneous alarm circuit, the re-
moval of ground giving an indication that veri-
fication ringing current has been received, (2)
causes the operation of relay 8M in a circuit
traceable from ground at the contacts and No. 4
armature of relay 8—ON, conductor 815, outer
lower armature and back contact of relay 8SL—I,
outer lower armature and front contact of relay
8R—2, conductors 825 and 82§, lower normally
closed contacts of jack 882, through the winding
of relay 8M, to grounded battery. Relay 8M,
upon operating, causes all the selecting magnets
located on different cross bar switches and asso-
ciated with this first idle trunk to operate. Se-

lecting magnet TSM—{, upon operating, prepares «

this first idle trunk with which it is associated
for a connection with the calling line, or line
trunk, as the case may be. The selecting mag-
nets connect ground to a circuit traceable over

conductor 781, through the winding of relay 25D -
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in the miscellaneous alarm circuit to grounded -

battery and relay 25D operates. Relay 25D which
is of the slow-acting type, upon operating, orders
the sequence circuit to operate hold magnet TH3
of the link circuit, hold magnet TH3 being asso-
ciated with the calling trunk. The operating
circuit for hold magnet TH2 may be traced from
grounded battery, through the winding of magnet
TH3, conductors 782 and 636, contact, and middie
upper armature of relay 18AL—I1, conductor 1507,
contacts and inner upper armature of relay
{5AL—(—G0, conductor 1509, normally closed
contacts of relay 25F through the winding of re-
lay 25K, to ground at the contacts and inner lower
armature of relay 25D.

In earlier designs of the cross bal switch, such
as that used in the link circuit, the directing
finger actuated by the selecting magnet, chatters
considerably on being operated. To prevent the
hold magnet from functioning while the directing
finger is chattering, ground for the operation of
the hold magnet is delayed for a short period.
The operation of the selecting magnet of the
cross bar switch places a ground on the off-
normal conductor 701 which extends through
the miscellaneous alarm circuit causing therein
the slow operation of relay 25D, which is of the
slow-acting type. Relay 235D, upon operating,
closes at its inner lower armature and contact
the operating circuit for hold magnet TH3 and
relay 25E; both relay 25E in the miscellaneous
alarm circuit and hold magnet TH3 in the link
circuit operate. Relay 25D, upon operating,
closes at its outermost upper armature and con-
tact the operating circuit for. connection lamp
2503 which becomes illuminated as an indication
that the selecting magnets have operated. Relay
256E, upon operating, causes the slow-operating
relay 25F to operate locking to ground on relay
25D. Relay 25F upon operating, removes the
shunt path around resistance 2508 which now
becomes part of the operating circuit for hold
magnet TH3 and relay 20E. The hold magnet
TH3 meanwhile has closed its locking contact
and therefore locks in series with relay 8SL:of

.erates relay 8SP—I.
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the trunk circuit. When- the selectmg magnets
return to normal ground is removed from the off-
normal conductor 101, relay 25D releases; releas-
ing relay 25F and also relay 25E if it has not al-
ready released, extinguishing the connection
lamp 2503.

Hold magnet TH3, upon operating, connects the
calling trunk to the first idle main trunk circuit
shown in Figs. 8 and 9 and inasmuch as the. hold
magnet has locked in series with relay 8SIL. of the
main trunk circuit which in turn caused the op-
eration of relay 8SL—| and the grounding of the
hold chain conductor 821. Relay 8SL—I, upon
operating, causes the release of relay 8M which
upon releasing, causes the selecting magnet, such
as magnet TSM—1 to. release. Meanwhile
grounded battery 629 which is connected to the
ring conductor 632 has been . applied to a path
extending over conductor 183, ring contact of op-
erated set 704, ring conductors 705 and 106, nor-
mally closed contact at tip spring of Jack 8038
through the upper winding of relay" 8SP,  to
ground and relay 8SP operates which in turn op-
Relay . 8SP—1, upon oper-
ating, (1) closes at its No. 5 armature and con-
tact an obvious operating circuit for relay 8RC
which operates, and. locks up_under control of
relay 8R2, preventing the start of automatic
ringing on the calling line, (2) furnishes at its
No. 4 armature and contact an gdditional ground
for holding relay 8-—ON operated and (3) closes
at its No. 1 armature and front contact a lock-
ing circuit for itself extending over conductor
828, outer lower armature and contact of relay
8SB—1 to ground at the No. 5 armature and con-

. tact of relay 8—ON. Relay 8RC, upon operat-
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ing, opens at its upper armature and contact a
circuit extending from interrupter 829, No. 6 ar-
mature and contact of relay 8A which at this
time is in an unoperated position, contact and
upper armature of relay 8RC, contact and outer
back contact
and inner lower armature of relay 8R2 which at
this time is in its operated position, armature
and back contact of relay 8BL—I{, No. 2 armature
and back contact of relay 8SP--{ which at this
time is in its operated position, through the wind-
ing of relay 8RS, to grounded battery which cir-
cuit when completely closed permits relay 8R3 to
operate under the 1nﬂuence of the interrupter
829.

In the meantime hold magnet TI-IS upon oper-
ating, connects ground at -the inner right-hand
armature and contact to a circuit traceable over
conductor 107, and then over two parallel paths
one extending through the winding of relay
6SL—1 and the other extending through the
winding of relay 6SL to grounded battery and re-
lays 6SL~—{ and 6SL operate.~ Relay 86SL, upon
operating, (1) releases line relay 4L to extin-
guish call lamp (413 and to open the start
circuit of relay (5ST-—I of the calling line se-
quence circuit, (2) closes at its No. 4- armature
and front contact a circuit traceable over con-
ductor 631, through the winding of relay 14C2 to
grounded battery and relay {4C2 operates, (3)
closes at its No. 1 armature and contact the
transmission circuit to the tip conductor: 638,
normally closed contacts at tip spring of jack
§30, conductor 539, tip contacts of the operated .
set 704 in the link circuit, tip conductor 1988 of
the first idle trunk, (4) connects grounded battery
1405 in a circuit traceable over conductor- {424,
contact and No. 5 armature of relay 6SL, con-
ductor 640, through the winding of relay 14F and
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resistance 1425, and (5) provides ground at its
No. 2 armature and contact for the locking cir-
cuit of relay §DR. Relay 6SL{, upon operating,
(1) removes one of the two ground connections
from the grid of vacuum tube 1424, (2) connects
ground to the grid element of vacuum tube {418,
the connection being established at its No. 1 ar-
mature and contact, (3) .connects at its No. 5
armature and contact a ground connection to
windings Nos. 1 and 2, in parallel, of relay 14TC,
and (4) connects ground at its No. 1 artnature
and ‘contact to & circuit traceable over the No.
5 armature and front contact of relay 8CL, back
contact and lower armature of rtelay G6TA,
through the winding of relay {4TB, to grounded
battery and relay 14TB operaies. Relay 14C2,
upon operating, will (1) open at ils lower nor-
mally. closed make-before~break comtacts the
energizing circuit for winding No. ¢4 of receive
relay §R to permit the latter relay to. operate
to its marking contact under control of the mark.-
ing line current received over conductor 501 from
the small switching center, (2) connects at its
outer upper armature and contact the biasing
windihg of relay 6S to resistance 641 to form the
apex circuit, the biasing path of the apex circuit
being traceable over conductor 642, outer upper
armature and contact of relay 14C2, conductor
1409, through the biasing, or lower, windings, in
series, of relays 6S and 6S1, to a point in.a po-
tentiometer extending at one end through re-
sistance 6{9 to ground and at the other end
through resistance 651 to grounded battery 652,
(3) opens at its inner upper armature and conh-
tact the operating circuit of alternating current
relay 14RI1, and (4) closes at its inner lower ar-
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the circuit is complete and ready for transmis-
sion, .

Relay 14L, upon releasing, opens at its inner
upper armature and contact the operating cir-
cuit for start relay 158T—1 which releases. Re-
lay 158T-—I, upon releasing, opens at both its
armatures the locking circuit for relay {SAL—I
which also releases. Relay {5AL~—I{, upon re-
leasing, opens at its inner lower armature and
front contact the operating circuit for 135T1—GJ
and the latter relay releases. Relay 15STI—Go
opens at its lower armature and front contact
the operating circuit for relay (5AL—G0 which
also releases.  Relay IS5AL-—GJ, upon releasing,

5 cpens at its upper armature and front contact

the operating circuit for relay (8LS—I which
releases and at its outer lower armature and
front contact the operating circuit of relay
{5AL{—G0 which also releases. Relay
I5AL(--G0, upon releasing, opens at its outer
upper. armature and contact the circuit includ-
ing the busy-back conductor 1508 and at its inner
upper armature and contact the circuit includ-
ing “hold” magnet conductor 1507.. However,
hold magnet TH3 does not release because it is
held operated in a circuit extending over the
sleeve contact of operated set 104, conductor 701,
through the winding of relay 8SL, conductor 82{.
to ground at armature No. 1 and contact of relay
8-—ON. Relay 18LS—{, upon releasing, causes

. the Telease of the associated transfer relay 18TR,
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mature and contact the alternating current op- '

erating circuit of relay I4H to hold the latter
relay operated from the contacts of relay 6P, the
alternating current operating circuit being trace-
able from grounded battery 1405, resistance {406,

40

conductor 1401, resistance 1416, contact and in- ~

ner lower armature of relay {4C2, condenser
1425, resistance (426, conductor 1427, resistance
1429, through the winding of relay (4H, con-
ductor (419, to the marking contact of relay §P.
Relay (4H is held operated in the following man-
ner: during the interval when relay 6P is on its
marking, or right-hand, contact and the contact
of relay 6C is open, resistance {428 and the right-
hand terminal of the winding of relay {4H is
grounded. Grounded battery permitting current
to pass through resistance 1416 and the front
contact and inner lower armature of relay 14C2,
charges condenser 1425 and the current through
resistances 1426 and 1428 and winding of relay
{4H, to ground on the marking, or right-hand,
contact of relay 6P, holds relay (4H operated.
When relay 6P operates to its spacing, or left-
hand, contact one side of condenser 1425 and
resistance 1416 reverses and continues to hold
relay |4H operated. During the long marking
or spacing signal, relay 6§C operates to hold relay
{4H operated.

Grounded battery 629 of say positive 130 volts,
flowing dn & circuit extending over resistance 642,
upper armature and contact of relay 6SA, nor-
mally closed contact of the tip spring of jack
631, ring conductor 632, will operate the “SP”
system of relays, such as relays 8SP and 8SP{.
This closure of the tip conductor 639 and ring
conductor 632 will cause relays in the trunk cir-
cuit shown in Figs. 8 and 9 to send a call -over
the trunks extending to the distant central office.

‘When the operator at the central office answers |
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if used, returning the trunk chain to its criginal-
ly predetermined order, at the same time closing
the chain ecireuit on its back contact and left-
hand armature to connect ground to trunk ad-
vance conductor 1883 which extends over armsa-
ture No. 8 and contact of start relay 8ST, con-
ductor 86f, threugh the winding of. -relay
16CH—O to grounded battery. Advance con-
ductor 1803 is connected in multiple to a1l trunk
circuits. In only one of these trunk circuits: is
this ground at the left-hand armature of relay
{8LS—I effective and that is the trunk.circuit
which has just been :selected by the calling line.

5 The extension of this ground over conductor 864

causes the operation of relay (6CH--8 which,
upon operating, extends the ground through the
winding of relay (6AD-—0 to grounded battery
and relay 16AD—0 operates; relay |6CH—8 and
{6AD—0 are locked up.in a circuit extending over
conductor 821, to ground at the lower armature
and contact of relay 8SL and are so locked for
the duration of the call. Relays {6CH~-0 and
{BAD—0, upon operating, cause trunk chain con-
ductor 1801 to be advanced to the next idle trunk,
the trunk advance being effected at the lower
armature of relay I6AD-—8. Relay [6AD—O,
upon. operating, opens at its inner upper arma-
ture and contact the holding circuit for relay
BST and closes at its outer upper armature and
contact its-own link. in the link chain conductor
1602.  If the link chain conductor 8082 asso-
ciated with a group of trunks is completely closed
ground is extended to the all-trunks-busy cir-
cuit shown in Fig. 22 over conductors causing
the latter circuit to time the interval that the
condition persists. In the all-trunks-busy cir-
cuit conductor 1602 terminates grounded battery,
through the winding of relay 22A which operates
and connects the 60IPM interrupter (429 to the
magnet 22NCA of the register for the first group
of trunks therefore registering the number of
seconds that all trunks of the group are busy,
and at the same time closes at its right-hand ar-
mature its portion of the operating circuit of
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relay 14L which, when operated, initiates the
sending of “letters” signals over the calling line
when all trunks in all groups are busy.

Relay 16CH—UQ, upon operating, (1) removes
at its inner lower armature and contact the hold-
ing ground from the winding of relay {8LSI—{
and thereby causes its release, and (2) connects
grounded battery in a circuit extending over the
inner lower armature and back. contact of relay
IGBO——U conductor 818, contact and outer lower
armature of relay {6CH—S8, conductor 814, trunk-
busy lamp 813 to ground, which lamp now lights.
Relay (8LS{—I{, upon releasing, releases relays
i8H—O0, {8H—I, 18H—2, etc. The release of re-
lays i8H-0, 18H—!{, {2H—2 removes the indi-
vidual holding grounds from the CH relays of
all the trunk circuits, such as relay 16CH— for
the first trunk, thus permitting any CH relay
that was in position to do so to release, removing

the “fixed” condition of the trunk chain circuit -

which had been in force throughout the entire
routing of the call. The holding circuit for relay
I6CH—9 extends over the front contact and up-
per armature of the relay, conductor 1684 to
ground at the contact and outer left-hand ar-
mature of relay 18H-—0. Relay {8LSi—{, upon
releasing, also causes the release of relay 25CS
in the miscellaneous alarm circuit through the
release of relay 25ST also in the miscellaneous
alarm circuit, the release of relay 25ST being
effected at the right-hand armature and contact
of relay I8LSI-—{. Relay 25CS, upon releasing,
replaces the ground connection on the entire
chain of lines and trunks at the large switching
center. The trunk sequence and subscriber or
calling line sequence circuits have thus been re-
turned to normal and to a condition that will
permit the routing of another call in either di-
rection. Upon the completion of the thus estab-
lished call, the locking ground that holds relays
{6CH—0 and 16AD—4 operated will be removed
permitting their release vroviding an auxiliary
path is not being temporarily furnished by relay
18H—0, 18H—!{, I8X1.—2, etc. Upon removal of
any such tempm ary holding path relays {§CH~0
and |6AD-—8 release returning the entire sequence
circuit to normal.

In single outlef switching centers when the AD
and CH relays, such as relays {S§AD—8 and
{6CH—0 for the first trunk, are operated, ground
produced by an LS{ relay, such as relay |8LS{—I
representing a single outlet of trunks, is con-
nected by means of the trunk chain to conductor
1804 of the all-trunks-busy circuit, the frunk
chain being traceable from grounded battery,
through the winding of relay 22ST in the all-
trunks-busy circuit, conductor {884, back contact
and left-hand armature of relay 18TR, conductor
1703, contact and lower armaturs of each of the
AD relays, in series, of the tenth to the nine-
teenth trunks, inclusive (represented in Fig. 17),
conductor 1892, back contact and right-hand ar-
mature of re]av I8TR, conductor {805, contact
and lower armature of each of the AD relays,
in series, of the zero to the ninth trunk, -inclu-
sive (represented in Fig. 16), conductors 1881
and (898, inner left~hand armature and contact
of relay I8LSI—! which when operated extends
the circuit over the contact and right-hand ar-
mature of relay 181.8f-—{ to ground at the inner
right-hand armature and contact of relay {8H—
0. The grounded trunk chain is also produced
in a double outlet switching cenfer arranged to
permit overflow of calls' from one outlet to an-
other. In the double cutlet non-overfiow switch-
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ing. center- the LS-—I relay associated with one
outlet connects ground to the trunk chain con-
ductor 1804 of the all-trunks-busy circuit asso-
ciated with that outlet as soon as all AD and
CH relays in the trunk sequence circuit associated
with that outlet are operated. The all-trunks-
busy circuit functions to produce a special type-
writer character signal such as “letters” and
transmits that signal to the line circuit of the
particular subscriber calling, the character being
recorded on the typewriter at the subscriber’s
station. The calling line circuit meanwhile op-
erates to disconnect ground from the start con-
ductor {415, as hereinbefore stated, causing the
release of the subscriber line sequence circuit,
the group sequence circuit and all other relays
that were operated as a result of this call. The
all-trunks-busy circuit meanwhile continues to
produce the teletypewriter character and con-
tinues to be connected to the subscriber line cir-
cuit until the subsecriber releases. .

Sequence circuit to all-trunks-busy circuit

If the sequence circuit finds that there are no
trunks available as when ground is connected
to trunk chain conductor 1804 to operate relay

" 228T in the all-trunks-busy circuit, the ground

connected at the right-hand armature and con-
tact of relay 22ST is extended over busy-back
conductor 2202, outer upper armature and con-
tact of relay I5ALI—G0, conductor 1508, outer-
most upper armature and contact of relay {5AL—

. 1, conductor 1423, through the winding of relay
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MBB to grounded battery and relay [4BB gper-
ates. Relay [4BB, upon operating, (1) locks at
its inner upper armature and front contact in a
circuit extending over the inner upper armature
and front contact of relay 145, to ground at the
upper armature and contact of relay 4TS, (2)
closes at its outer lower armature and contact
an operating circuit for relay 14C2, (3) closes
at its oufer upper armature and contact the
transmission circuit to the all-trunks-busy ecir-
cuit through resistance 1420, and (4) applies at

5 its inner lower armature and contact grounded

battery to conductor 1431 which extends to the
winding of relay 22C to ground. Relay 22C op-
erates to start the all-trunks-busy circuit which
generates a busy signal and will transmit this
busy signal over conductor 2203 of the transmis-
sion circuit, contact and outer upper armature of
relay 14BB, conductor 1482, through the upper
windings, in series, of relays 6S1 and 6S, arma-
ture and marking, contact of relay 6R to ground

5 and relay 6S repeats this busy signal to trunk

conductor 50! for transmission to the calling
subscriber station connected to the small switch-
ing cenfer. The calling subsecriber will discon-
nect when the busy signal is received and the
disconnection causes relays 6C, 14H, 6Cl, 6DR,
6SA, 4L, 14C2, and I4BB to release to restore
the trunk circuit equipment of the trunk extend-
ing to the small concentrating switching center
to the normal idle condition.

Idle trunk qvailable

Bhould the trunk shown in Figs. 8 and 9 be idle
at the time of an incoming call over trunk con-
ductor 581 and is therefore selected for the pur-
pose of completing the connection to the central
office, the following re]ays would have operated
in response to the selection: Relays 8—ON, 8R{,"
8R2, 8SL, 8SL—I, 8SP, 8SP—I, 8S and 8L. Re-
lays 8SP—I, 8S and 8L are operated to their
marking, or right-hand, positions under control
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of the calling line, relays 9TL and SR following
the ringing current which is'being received from
the central office while a steady marking is being
sent. to the central office.

Call received at the central office from.the
large switching. center

Tn establishing @& connection at the large
switching' center in rvesponse to a call from: o
subseriber station eonneeted to the small switeh-
ing' center a marking: signal is impressed: on
trunk transmission conductor 844 as hereinbe-
fore stated. However, when the- trunk’ extending
from the large switching center to. the central
office: is in its idle, or spacing, condition relay
f0—RS is in its' spacing, or right-hand, posi-
tion and'keeps condenser: {80} discharged. When
the- marking signal is impressed on the trunk
transmission conductor 914 condenser 1004 be-
comes charged and the filaments of vacuum
tubes 1082 to #0606, inclusive, will' become en-
ergized: When g, marking signal in. excess of
one-half second is received as a result of a call,
condenser 1001 will charge sufficiently to cause

" yacuum tube 1003 to become active, or conduc-

tive,. that is, draw Dplate current and operate.

relay $0—C which. in tumn. will operate relay
{0—CT. The circuit for energizing, condenser
{001 is traceable from grounded battery .f008,
resistance, (021, conductors 008 and 1040, re-
sistances. 1011 and 1012, condenser (00 to
ground. The. charge at condenser 1001 is ef-

fective, over conductor 013 and the grid ele- -

ment of vacuum tube 1003 to. cause current to
flow through the winding relay
grounded. positive battery 1008, through the fila-
ment of vacuum. tube 1008, outermost upper
armature and. back contact of relay (0—ET, to
ground at the marking contact and’ armature
of relay 10—RS. Relay (0—CT, upon operat-
ing, opens at its outer lower armature and con-
tact the spacing cantact circuit. of relay (0—RS
so that. when relay I0—RS returns to ifs spac-
ing. condition vacuum tube. 1303 will remain
conductive. Also relay 10—CT, upon operating,
remaves. at. its outer upper armature and con-
tact the shunt. circuit around the upper wind-
ing of relay I0—R. so that. relay {0—R. is. con-

ditioned to- follow signals received. over con~ :

ductor 914 of the outward transmission path.
Relay 18—CT, upon operating, closes a cireuit
extending from grounded battery 1Q14, contact
and inner lewer armature of relay L0—CT, con-
ductor
10—TR,. to ground and relay 18—TR. operates.
Relay [0—TR, upon operating, will. lock. and
operate relay 10—ON which, upon: operating, ap-
plies. power to the repeater and operates relay
10—BY. Relay (0—BY, upon operating. closes
at. its outermost lower armature and contact an
operating circuit for busy lamp. 1016 at each of
the appearances of the. trunk at the operator’s
switchboard. Also relay. (0—BY, upon oper-
ating, closes at its upper armature and contact
a ground connection whereby the filaments of
.vacuum tubes 1002 and. 1002 are energized: in-
dependently of. the marking contact-and arma-
ture of relay 10—RS, and-at its. middle lower
armatire and contact. applies- a. grounded po-
tensial to the sleeve of jack 1007 which: affords
the means: for- making the trunk cireuit busy.
Meanwhile, the vacuum tube: filaments being
energized, vacuum tube: 1002 functions because
of a potential: on: condenser 01 after relay

{0—C from 7

1045 - through . the winding of relay ;:
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{0—RS moves over to spacing contact; the po-
tential being applied over a eircuit traceable
from grounded positive battery 1008, resistance
1021, eonductors F009: and' 1810, resistance 1834,
conductor - 1036, condenser (01T to ground.
Vacuum tube (002 became conductive prior .te
the operation of relay {0—ON. The conductivity
of vacuum tube 1002 causes relay $0—A to oper-
ate which relay, upon operating, causes the: op-
eration of relay 10—Al and the source 1018
of 20-cycle alternating current: to become con-
nected to conductor 91% of the inward trans-
mission path through the- joint operation of ve-
lays 10—ON and 10—Al. Relay (0~—ON, upen
operating, locks through the back contact and
inrermost upper armature of relay {0—EF and
transfers at its No. 6 armature, condenser 109
from ground to a high: resistance chargifig path
extending through resistances 1070: and 1821 to
ground battery 1008: When condenser {019 has
charged for a period of one-half second vac-

uum tube 1008 will Pecome conductive to op- .

erate relay (0i—E which, upon- operating, will
operate relay (0—Ef. Relay (0—EI upon op-

5 erating closes a circuit at its middle: upper

armature and front contact for cperating relay
10—1, the circuit being traceable from: ground
at the innermost lower armature and back con-
tact of relay t0—SI,, conductor [022, Iower
srmature and contact of relay [0—Alf, inner
upper armature and contact of relay t0—CT,
contact and middle upper armature of relay
[0—E4{, through the winding of relay 0—L, to
grounded battery. Lamp relay {05, (1) operates
to light line lamp 1023 at each appearance of
the trunk in the operator’s switchboard, (2)
closes a circuit for operating the night alarm
1924, and. (3) places a grounded potential on the
tip spring of make-busy jack (00T.
Subseriber abandons the call

If the subscriber abandons the call before the
operator answers, the outward path commpris-
ing cenductor 914 will be returned to spacing
and relay 10—RS will operate to its spacing, or
right-hand, contact under the influence of “the
current flowing in ifs lower winding, Relay
(0—RS, upon moving from its marking position,
removes ground from the grid elements of vac-
uum tubes 1004 and 1009 and: the grounded po-
tential of battery 1008 will be impressed on a
circuit traceable over resistance 102'f, conduc-
tors 1009, (040 and 1025, resistance #0286, outer-
most lower armature and contact of relay
(§—SL, conductor 021, condenser 1028; resist-
ance 028, conductor 1030, front contact and
upper armature of relay {0—BY, to ground and
condenser {028 after one-third second accumu-
lates a sufficient potential to make vacuur tube
1804 conductive to carry the grid element of
vacuunr tube 1003 to a potential which. is neg-
ative with respect to its associated filament so
as to make vacuum tube 1003 non-conductive.
Vacuum tube 1003, uporr becoming non-conduc-
tive, causes. the release of relays 10—C, 10—CT,
and 10—I and line lamp. #1023 is extinguished.
Relay (0—1I;, upon ieleasing, causes, due. to. re-
sistance. 1037, condenser 1028 to. be charged at
at slower rate. After four seconds, vacuum tube
005 will become. conductive to- operate. relay
{0—D. which will, upon. operating, shert-circuit
the holding circuit of relay (0—TR. ' Relay
10—TR. will. release and thereby cause the re-
lease. of relay (0—ON. Relay 8—ON, upon. re-
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leasing, will return the inward path comprising
conductor 818 to its grounded condition and will
remove power from the repeater. Relay
10—ON, upon releasing, will also transfer con-
denser (818 to a discharging path extending to
ground connection {03i. After one and one-
half seconds vacuum tube (906 will become non-
conductive and thereby cause the release of re-
lays 10—E, 10-—E{, and {0—BY and the circuit
will thus be returned to its normal or idle con-
dition. The four-second delay in the removal
of source {018 of 20-cycle dot impulse current
from the inward path after the subscriber aban-
dons the call as hereinbefore described, is utilized
at the large switching center to hold the con-
nection in case the subscriber recalls before the
operator answers the call.

Operator answers

When the operator answers a call by con- 2

necting a cord circuit to the line jack £032 with
which line lamp 1023 is associated, relay 10SL
operates in a circuit connected to grounded bat-
tery in the selected cord circuit. Relay {8SL,
upon operating, opens at its innermost lower
armature and back contact the operating cir-
cuit for relay 10— which releases to extinguish
the line lamps, such as lamp 1023. Relay
10—SL, upon operating, will change the timing
for operating vacuum tube 1805 so that it will
operate relay 10—D on subsequent spacing con-
ditions of the outward path of one-second dura-
tion, the change heing effected by closing a path
at the outermost lower armature and contact of
relay 10—SL to shunt resistance element (026.

Transmission
With relay 10R of the repeater in its marking,
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or left-hand, position a biasing current will flow

in the lower winding, in series, of relays 10—S and

{9—S8S. Relays 18—S and 10—SS will follow all
signals sent from the operator’s cord circuit.
Relay 10—S will repeat the signals to the inward
fransmission path and relay 10—SS will apply
ground to. discharge condenser 1017 during all
marking pericds. When relay 10—R is operated
to spacing by the outward path, the spacing sig-
nal will be repeated to the cord circuit and the
biasing current in the lower windings of relays
10—S and 10—SS will be reversed to-hold the
latter relays to marking,

With relay 10—S in its marking, or left-hand,
position a biasing current will flow in the lower
winding of relay 10—R to operate it to its spacing
or right-hand position when no current is flow-
ing through the upper winding of relay 10—R to
the outward transmission path. 'The loop cur-
rent which flows in the outward transmission
path during marking condition will operate relay
10—R to marking against this biasing current.
When a spacing signa] is sent from the cord cir-
cuit, relay 10—S will reverse the current in the

lower winding of relay {0—R to hold relay 10—R .

t0 its marking position regardless of the condition
of the outward transmission path which includes
conductor 1033, It is by this action that the
“break” feature of the repeater is accomplished.

The system is now in condition for transmission
in either direction in response to the call origi-
nated by the subscriber whose station is connected
to the small switching center,

Subscriber sends a “break” signal

When the subscriber whose station is located
near and connected to the small switching center,

I
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operates the station “break” key, the local cur-
rent is reduced from 20 milliamperes to 5 milli-
amperes. - This current is sufficient to hold relay
4SP operated but permits relay 4S to place a
spacing condition on trunk conductor 50/ which
extends to the large switching center. At the
large switching center the spacing condition per-
mits relay 6C to hold relay 14H and its associated
relays operated, but relays 6P and 6R are operated
to their spacing position and the transmission
path which includes the upper windings, in series,
of relays 6S and 651, conductors 605, 638 and 639,
tip contact of operated set 704, conductor 108, the
lower windings, in series, of relays 8S and 8L,
conductor 809, and grounded positive battery
881, operates send relay 88 to its spacing condition
whereby the spacing condition is repeated over a
transmission path including conductors 831, 832
and 833, No. 3 armature and front contact of re-
lay 8—ON, conductor 834, normally closed con-
tacts at tip spring of jack 804-send, trunk con-
ductor 914, extending to the central office. At the
time relay 8S operated to its spacing position,

- relay 8L also operated to its spacing position

0

thereby removing ground from a path including
conductors 835 and 836, No. 5 armature and con-
tact of relay 8A, conductors 83T and 907, and
grounded battery 908, and permits condenser 838
to become charged in a path including grounded
battery 908, conductors 997 and 8317, contacts and
No. 5 armature of relay 84, conductors 836, 835

- and 839, condenser 838 to ground. Condenser 838 °

0

/0

receives sufficient potential after two-thirds of a
second to cause vacuum tube 994 to become con-
ductive and operate relay 9SB. Relay $SB, upon
operating, closes an operating circuit for relay
8SBI. Relay 8SBI, upon operating, causes relay
8B to operate. Relay 8B operates to connect
source 830 of 20-cycle dots, or ringing current, in
a circuit extending over the contact and middle
upper armature of relay 8B, upper armature and
contact of relay 8SBI, transmission conductor
833, contact and armature No. 3 of relay §8—ON,
conductor 834, normally closed contact at the tip
spring of jack 804, trunk conductor 914 to the cen-
tral office. The reception of a limited space signal
followed by ringing current at the central office
is interpreted thereat as the transmission of a
break signal. The transmission of ringing current
to the central office end continues as long as the
subscriber’s break signal continues. When the
subscriber break signal is terminated by a mark
signal, relays 8S and 8L return to their marking
positions and ground at the armature of relay 8L
is connected to the grid element of vacuum tube
904 and relays 9SB, 8SBI, and 8B release. Relay
8SBI, upon releasing, together with the release of
relay 8B, causes a mark signal to be sent to the
central office thus returning the trunk circuit to
the condition it was before the reception of a
break signal from the subscriber., The break sig-
nal is, therefore, converted to 20-cycle dots at the
large switching center after two-thirds of a sec-
ond. At the central office when the break signal

5 1s first received, relay I0—RS is operated to its

spacing position to allow condenser 1028 to charge.
After one-third of a second, vacuum tube 1004
will become conductive and will carry the grid ele-
ment of vacuum tube 1003 to a potential negative
with respect to the filament of tube 1003. This
will cause tube 1088 to release relays 10—C and
{0—CT. Relay 16—CT upon releasing returns
the control of vacuum tube 1003 grid network to
the spacing contact of relay 10—RS. When the
20-cycle dots are received, condenser 1028 will be
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discharged so-that vaguum tube: $008-will not be~
come: conductive: - The: marking; intervals in. the
20-cycle-dot. signals; are: not. of sufficient duration
to make vacuum-tube {003 conductive: At.the end
of the break signal, when the outward. path-re-
turns to marking, condenser (00l would.charge
sufficiently to. cause vaguum: tube: 1003: t0. again
operate relays. 10—C. and 10—CT. During the
time-that the:20-cycle dot signals are:received, re-
lay. 19-~CT will be released. Relay (0—CT, when
released; forces: relay- 0—R to spacing: regard-
less: of the line-or trunk condition so that the: 20-
cycle dots will not be repeated to.the cord circuit.
Relay: 10—CT, because of the: operating time. of
vacuum tube 1003; requires .04 second to,operate
and- its operation removes the short-cireuit.from
the upper winding. of 10—R thereby.causing re-
lay 10—R to operate to its marking position: ter-
minating the break signal.sent.to the cord:circuit.

Operator at central office sends @
“break’ signal

When, a. break signal is. sent. from the cord
circuit, relay 10—SS operates to its. spacing. con- .
dition. and allows. condenser 10(7T to become
charged under. the. influence: of. grounded: batfery
1008 in. a circuit traceable over conductors, 1008,
1040, resistance (034, conductor 1038, through
condenser (041, to: ground. After two-thirds of
a second; condenser 1017 acquires a potential, suf~
ficient. to. operate vacuum. tube 1002 and.the; plate
. current. thereof operates. relay (0—A. which;, in .
turn, aperates. relay 10—Al. Relay. (0—Al. upon
operating. will. supplant -the spacing condition
which has been: placed on the inward path. at the
beginning of the break.signal by a.continuous 20-
cycle ringing current. from seurce 1018. This
ringing current will cause the. terminal repeater
to transmit. dot.signals at 20-cyele frequency to
the large concentrating unit- switching. center.
When. the. break is.ended, relay 18—SS will.cause”
vacuum tube 1002 to release: relays I0—A. and
10—Al and to return the inward path to the re-
peater. At the large concenfrating unit switch-
jing center this break signal received from the
central office is in the form of a.limited space
signal. followed. by a. ringing current. Immedi-
ately, relays 9TL and 9R. operate to their spacing
positions,. relay 9R. transmitting. the space signal
to. the small switching center. Relay 9TL, upon
operating to its spacing position, removes ground
from the grid. element of vacuum tube 902 in a
circuit traceable over conductors 845 and 8I8.
The removal of ground from the grid element of
the operator’s. break vacuum. tube 9982 causes con-
densers 911 to accumulate a charge in a. circuit
traceable from grounded. battery 808, conductor
907, resistance 9.8, conductor 918, condenser 911,
conductor. 811, front. contact and No. 6 armature
of .relay 8—ON to ground. After approximately
one-third of a second, the potential on condenser
91T becomes. of sufficient value fo make vacuum
tube.902 conductive and the resulting plate cur-
vent. flowing in. vacuum. tube. 902 is. effective to
discharge condenser 920. which ‘s normally
charged. in- a circuit extending from. grounded
battery 908, conductor 907, resistances 92f and
922, conductor 923, condenser 928 to.ground. The
discharge of condenser 920 causes the grid ele~
ment of cut-through vacuum tube 903 to become
negative with respect:to its filament: thereby'the
plate current of vacuum: tube- 903 is: discontinued
to cause-the: release of relay- 9CT. Relay 9CT,
upon releasing; releases:relay-9CT{. Relay 9CTH,
upon: releasing, again puts the: grid element of
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vacuum. tube: 803 under. control of relay 9TL.and
at. the.same: time- resnlts. in: the operation: of. re-
lay 8CT2. - Relay 9CT2, upon. operating, (1), re~
moves ground from the grid.element of the break
limiting vacuum tube 905 and (2) places the line,
or upper, winding of relay SR. under control. of
relay 8BL! which, being unoperated at the time;
continues.to keep relay. 9R.in its spacing. position.
After two-thirds of a second.of space signal, ring-
ing current. is. received: from. the: central. office in
time to. prevent the operation of. disconnect vac-
uum tube 906. and still keep vacuum tube 903 from
operating, all of which results from the vibration
of the armature of relay.8TL under the influence
of the received ringing current. A space, there-
fore, is continuously sent, to the small.switching
center. Since the condition: ai. this small unit
switching center cannot be determined while a
space signal is being sent to such switching cen-
ter, the:break must. be: limited. Therefore, after
approximately five seconds, vacuum. tube 908,
which.lost the ground.on:its:grid element hecause
relay- 8CT2. operated, functions. to operate relay
9BL and, in turn, relay:8BLI, the latter under the
influence of interrupter 829. The circuit. for-
operating. relay 8BLJ. may be traced from
grounded battery through-the winding of the re-
lay, conductor 839, contact and armature of re-
lay 9BL, conductor 924, armature No. 6. and
front contact of relay 8SP{ to ground, at inter-
rupter 829. Each operation- of the relay 8BLI
calses.a. mark to be sent to the small switching
center at which.time a.break, a recall, or. a dis-
connect signal from the subscriber station.con-
nected to the small switching center will cause
the circuit to act as outlined above in the section
entitled “Subscriber sends:a; ‘Break’ Signal.” At
the. conclusion of the break. signal the ringing

- current. received from the, central office is re-

placed by a.continuous. mark signal which. in; ap-
proximately .050 second, causes the vacuum, tube
903 to operate relays 9CT and SCTI in.turn, caus-
ing the release of relay 9CT2 and again restoring
the inward transmission path to.normal.. If vac-
uum. tube. 905. has. functioned. relay 9CT2. again
connects ground to its. grid element. causing the
release of relays 9BL.and 8BLI. With the inward
transmission. path established, steady mark is
again sent to the small. switching; center and, the
circuit. Bas. returned to- the regular half-duplex
transmission condition,

The operation of relay 9R under the influence
of interrupter 829, causes. a.series of mark.signals
to. be repeated through the.large switching. center
to operate relay 6S in.the trunk circuit extending
to the small switching center and the series of
mark signals are repeated by relay 6S to the small
switching center. The. repeated. series of mark
signals.operate relay 6C which continues to hold
relay 14H and its associated. relays operated. If
the break signal exceeds. six.seconds a.set of re-
lays, such as. 9BL and. 8BL/I in conjunction with
interrupter 829. alternately place a. four-second
marking.and two-second spacing condition on the
repeater relay 9R and then.in turn.on repeater 65
and eventually on the. calling line extending. to
the-small switching center. At the.small switch-
ing. center, the ordinary break.signal from- the
central office is received as. a-spacing condition
and relay BR. operates to.its spacing contact and
the calling subscriber. loop-current is: reduced to
zero. 'This will release relay 4SP which would
tend to release relay 4SP( and thus relay 4SP2.
However,, relay 5—OB operates: to. its. left-hand
contact. to- furnish: ground potential: to a. circuit
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extending through the winding of relay 4SPi to
hold the latter relay operated. If the break sig-
nal from the central office exceeds six seconds,
the trunk terminating equipment in Figs. 8 and
9 at the large switching center will send a mark-
- ing condition to intervals, as hersinbefore stated.
over the trunk to the small switching center to
permit the calling subscriber to register a recall
or a disconnect signal.

“Recall” signals from subscriber

The subscriber originates a recall signal by
operating the subset power switch, such as start
key 218 at subscriber station 282, to the “off” po-
sition and then again operating it to the “on”
position. This is in effect a disconnect followed
by a new call. When the switch is in the
“off” position, relays 4SP, 4SP{ and 4SP2 re-
lease. Relay 4SP2, upon releasing, causes re-
lay 5TR to release which transfers conductors
540 and 541 from the repeater relay to the loop
condition which includes high resistance ground
(resistance element 52§).. The high resistance
ground condition on the trink extending toward

the large switching center causes relay 8C to -

release and in turn relays {4H, 5C!, §SA and
14C2 release. Relay 6C{ upon relessing, (1) re-
leases relay 8SA which indicates a disconnect
condition to the terminating equipment at the
large switching center; (2) transfers the trans-
mission circuit to the small switching center from
the armature of relay 63 to ground on the back
contact of relay 6CI. . Relay 6SA, when released,
will ‘also release relay {4C2 to operate relay 6S
to its marking contact and relay 6R to its spac-
ing contact, the circuit for operating relay 6S
being traceable from grounded battery i405, re-
sistance 1406, conductor 1407, resistance 1408,
upper make-before-break contacts of relay (4C2,
conductor 1409, through the lower windings, in
series, of ‘relays 63 and 8S{, resistance §19 to
ground, and the circuit for operating relay R
to its spacing contact may be traced from ground-
ed battery 1401, resistances 1402 ang 1403, lower
normally closed make-before-break contacts of
relay 14C2, conductor {494, through winding No.
4 of relay 6R, to ground. Relay §R in its spac-
ing position sends a spacing signal to operate
relays 8S and 8L to their spacing positions. Re-
lay 88, upon operating, to its spacing position
transmits a spacing signal over trunk conductor
914, through the upper windings of relays 18—RS
and 10—R at the central office. Relay 8L, upon
operating to its spacing position, directly removes

ground from the grid element of vacuum tube

904. On.reoperation of the power switch at the
calling subscriber station, say switch 219 at sta-
tion 202, relay 8S again sends a marking signal
to the central office and relay 8L again connects
ground to the grid element of vacuum tube 904.
On very slow flashes, in approximately three sec-
onds, the charge on condenser 338 and, therefore,
on the grid element of vacuum tube %64 has be-
come sufficiently positive with respect to its asso-
ciated filament circuit to cause a plate current
to flow to thereby operate relay $SB which in
turn operates relay 8SB{. Relay 8SRi{, upon
operating, releases relay 8SPI which again
grounds the grid of vacuum tube 204, causing the
release of relays 8SB and 8SBi. In the mean-
time, a continucus space has been sent to the
central office.. When the switch at the calling
subscriber’s station is again turned on, relay 8S
sends a marking signal to the central office and
at the same time relay 8L applies ground to the
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grid of vacuum tube 904 which becomes non-con-
ductive and therecby releases relays 9SB and
8SBf if they have not already released, or pre-
vents them from operating if théy have not oper-
ated. The potential on ring conductor 106 again
operates relay 8SP and in turn relay 8SP{ which
again locks under the control of 8SBI. The space
and mark signals sent to the central office are
used to flash the line lamp at the switchboard.
The operation of relay {0—RS to its spacing
position will cause relays 10—C, {0—CT and
{6—TR to release as hereinbefore described under
the section entitled “Subscriber sends a ‘Break’
signal.” The new call portion of the recall signal
will reoperate relays {0—C, 10—CT and 10—TR
to remove the ground from ring conductor {035.
The momentary grounding of the ring circuit to
the cord circuit as a result of a subscriber’s recall
signal will cause the relay in the cord cireuit to
flash the supervisory lamp. Each time that the
power switch at the subscriber’s station is oper-
ated to its “on”. position, a marking condition
will be placed on the transmission trunk and the
relays will assume their respective positions that
they usually assume when the transmission trunk
is prepared for transmission, such as relays 6C,
{4H, 6CI, 6SA, 14C2 will be operated. :

Subscriber sends a “disconnect” signal

When the subscriber at station 202 sends a
disconnect signal the subscriber’s loop is open
and relays 4SP, 4SPI, and 4SP2 release. Relay
4SP2, upon releasing, causes relay 5TR to release
which transfers the trunk from the repeater re-
lays to the high resistance ground or loop condi-
tion including resistance element 531 of relatively
high value. The connection of resistance 53f
which may have a value of 18,000 ohms at the
small switching center causes relay 8§C at the
large switching center to release which in turn
releases relay (4H and the release of relay 14H
releases relay 6CI. Relay 6Cl, upon releasing,
(1) releases relay 6SA which indicates a discon-
nect' condition to the equipment at the large
switching center resulting in a lighted supervisory
lamp at the distant central office, (2) transfers
the transmission circuit to the small switching
center from the. armature of relay 6S to ground
on the back contact of relay 6Cl. Relay 684,

. when released, will also release relay 14C2 to

operate relay 6S to its marking contact and
relay 6R to its spacing contact. The circuit
for operating relay §S to its marking contact may
be traced from grounded battery 1405, resistance
1406, conductor 1407, resistance 1408, normally
closed upper make-before-break contacts of relay
14C2, conductor {409, through the lower wind-
ings, in series, of relays 6S and 6SI, resistance
619 to ground. The circuit for -operating relay

B8R to its spacing contact may be.traced from

grounded battery 1401, resistances 1402 and 1403,
normally closed lower make-before-break con-
tacts of relay 14C2, conductor 1404 through the
No. 4 winding of relay 6R to ground. The trans-
mission of a space signal from relay 6R operates
relays 83 and 8L to their spacing positions. Re-
lay 8L upon operating to its spacing position re-
moves ground from the grid element of vacuum
tube- 904 which with relay 8A operated now re-
quires two-thirds of a second to draw sufiicient
plate current to operate relays 9SB and 8SBI.
The circuit for making vacuum tube 904 conduc-
tive may be traced from grounded battery 908,
cenductors 807 and 837, resistance 840, contact
and No. 5 armature of relay 8A, conductor 836,
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then over parallel paths one extending through
condenser 838 to grotnd and the other continuing
along conductor 838 to the grid element of vacu-
um tube 304. From this point on, the trunk ter-
minating circuit acts differently if the space were
the result of a subscriber sending & break, a flash,
or a disconnect signal and-the three will' be dis-
cussed separately. In the case of a subscriber
sending a disconnect signal relay 8SP being in a
spacing position, allows relay 8SP1 to release
which, in turn, causes the release of relay 3TR
and the application of ground to the grid'of vacu-
um - tube 904, the action of the tube changing to a
non-conductive condition causing the release of
relays 9SB and 8SBi. Relay 9TR, upon releas-
ing, returns the circuit to effective full-duplex
transmission: The trunk sends a - continuous
space to the central office where it is interpreted
as & disconnect signal and the circuit awaits ap-
propriate action of the switchboard operator.
Relay 85, upon operating to its spacing con-
dition and sending a spacing signal to the cen-
tral office, causes relay {ORS at the central office
to operate to its spacing’ position. After one-
third second, vacuum - tube 1004 will be conduc-
tive as hereinbefore-described in the section en-
titled “Subscriber sends a ‘Break’signal” to cause
the release of relays {0—C and 10—CT, and
one second after the beginning of the spacing
signat, vacuum tube 1005 will become conductive
and relay [0—D operates. Relay (0—D" upon
operating, closes at its armature and contact a
shunt path around the winding of relay I0—TR
and relay t0—TR releases. Relay {0TR, upon
. releasing; applies ground to the ring conductor
1835 and to the ring conductor of the cord circuit
to light the supervisory lamp, not showr, but well
known in the art. The operator at the central
office switchboard may dismiss the connection at
this time by disconnecting the cord circuit from
the trunk jack. If this is done, relay 10—SL
will release and open at-its front contact and
innermost Jower armature the operating circuit
for relay (0—ON which also releases. Relay
{8—ON, upon releasing, applies ground or a
spacing condition to the inward path including
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conductor 815, and connects ground at connec- .

tion 831 over its back contact and No. 6 arma-
ture te discharge condenser 019.  After one and
one-half seconds vacuum tube 1006 will become
non-conductive and thereby release relays (0—E,
(0—E1 and (0—BY. The circuit wiil then be
restored to the normal idle condition.,

When the operator at the distant central office
removes the cord circuit plug from the trunk
jack, “hold” magnet TH3 releases removing
ground from conductor 101 whereby relays 6SL,
$SLI and 6DR release and conderiser 1433 thus
accumulating . a potential via resistances (434
and 1435. After approximately 2 seconds the
vacuum tube 1419 becomes conduetive thereby
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operating relay 4D which operates relay f4D2.

Relay 14D2, upon. operating, will (1) complete
the charge of condensers (438, (2) operate relay
$¥ and connect negative 130-volt grounded bat-
tery to conductor 601 of the outgoing trunk to
release the frunk ferminating equipment. at the
small switching center; (3¥ connects ground
through resistance 1436 to condenser (433; (4)
opens the ground connection in the locking cir-
cuit of relay 6CLi to reledse that relay, and (5)
supply & holding ground for relay I4BY. ‘Relay
8CL, upon releasing (1) opens fhe charging cir-
cuit for condenser [433 which then starts to
discharge ‘through resistance (436. After ap-
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3 at regular intervals.

proximately 2 seconds, the’ plate curtent-im: vac-
uum tube [418 is reduced by the decreased grid:
element potential to a point where relay 1ADI
releases. Relay (4Df, upon releasing, releases
relay t4D2 which in furn, upon releasing, re-
leases relay 14BY and the circuit is then restored
to normal idle condition. o o

If the operator at the operator’s office wishes
to re-ring the subscriber station, ringing current
applied to -the distant end of the trunk circuit
causes relay 5RI to operate, in turn operating
relay 5R5. which operates relay 5R4. Relay SR4,
upon operating, causes the release of relay SRE.
Relay 5RS5, upon releasing; causes relay #R2 - 10
operate in turn operating relay 4R3. ' The opera-
tion of relay 4R3 (1) conmects ground to the ring
conductor 422 of the transmission path, the con-
nection being made at the link circult. side of
relay 4SP; (2) operates relay 4B and transfers
tip conductor 366 of the transmission path from
the link circuit side of the repeater relay. to
source 446 of 20-cycle ringing current which op-
erates the subscriber’s station ringer, or. bell.
When the operator releases the ringing key, re:

5 lays SR, 4R?, 4R3 and SR4 release to remove

the link circut side from the ringing source. 448.
Relay 4B which also connects ground to conduc-
tor 422 of the transmission path, releases after
an interval sufficient to allow the loop and link
circuit capacity to become discharged. If the
circuit is arranged for automatic ringing, relay
4R3 will thereafter be aperated by interrupted
ground pulses from interrupter 431 to apply ring-
ing current through the link circuit to the loop
If the switchboard operator at. the central office
disconnects, the disconnect from the. subscrib-
er's station locally connected to the small switch.
ing center having been registered as above.de-
scribed, by removing the cord plug from the trunk
iack, the trunk terminating equipment at the
large switching center times out a 2-second in-
terval and then applies negative grounded battery
to the trunk for 2 seconds. Relay 5L operates
to open its normally closed contacts for the du-
ration of the negative battery pulse, removing
ground from the grid condenser 423. Condenser
425 is then charged through resistance 434 so
that in one second the grid element potential is
of a value that sufficient plate current flows in
vacuum tube 419 to operate relay 4D in turn op-
erating relay 4DI. The operation of relay 4Df
releases relays 4—ON and #RC, connects ground
to conductor 430 which extends to the sequence
circuif to operate relay 12DL and in turn causes
disconnect Iamp 1201 to light. Relay (2DL and
disconnect Iamp 1200 are employed only” when .
the attendant’s teletypewriter machine is-plugged
fnto jacks 435A and 436B. ~ The release of rélay
4—ON opens the filament circuit of vacuum tube
419, releasing relays 4D and ADI and the circuit
is again in normal idle condition. =~ ’
If ‘the operator at the central office disconnects
from the selected trunk on an uncompleted in-
ward call or after the subscriber ‘has discon-
nected, the trunk circuit at the large switching
center receives a steady space signal from' the
central office. As outlined above under section
entitled “Operator at central office’ sends s
‘Break’ signal,” the trunk circuit- terminating

- equipment at the large switching center allows

vacuum tube 902 to function to ground, the grid
element of vacuum tube 903 resulting in’the re-.
lease of relays 9CT and 9CT! and the operation

5 of relay 9CT2. Though the SR relay operates
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to its ‘spacing position it has no effect upon the
subscriber line. - After another 24-second has
elapsed, disconnect vacuum tube 806 functions
to operate relay 9D which in turn causes the re-
lease of relay 8A. Relay 8A, upon releasing,
causes the release of relays 9CT2 and 8—ON.
Relay 8—ON, upon releasing, removes grounded
battery from the vacuum tubes 902 to 986 and
the repeater relay at the large switching center,
releasing relay 9D, and removes ground from
telay 8SL, causing it and the hold magnet TH3
locked in series with it, to release. The release
of the hold magnet TH3 removes the subscriber
line from the trunk. Relay 8SL, upon releasing,
causes relay 8SLi to release and removes ground
from conductor 827, releasing the associated
chain relay, such as relay i16CH—O0 of the se-
quence circuit, thus removing the trunk-busy
condition to other calling subsecribers and extin-
guishing the trunk-busy lamp §13, returning the
circuit to normal.

Call from the central office

The operator at the central office will originate
a call by connecting a cord circuit to the selected
trunk jack. Relay [9SL will operate and close at
its innermost lower armature and front contact
an operating circuit for relay 10—ON which oper-
ates. Relay {0—ON, upon operating, closes at its

No. 1 armature and front contact the inward :

transmission path comprising conductor 815 for
extending to the large switching center a mark-
ing condition produced by relay (0—S when the
operator inserts the plug of the. selected cord
circuit into jack 1836 and the terminating circuit
at the large switching center is prepared for tele-
direction. Ground at the outer upper armature
and back contact of relay 10—TR will be extended
over ring conductor 1035 to light the cord circuit
supervisory lamp, not shown, until a marking
condition is placed on the outward transmission
path by the terminating equipment at the large
switching center as an indication that it is pre-

pared, for i{eledirection. The marking condition

- on the cutward transmission path which includes
conductor 914 will result in the operation of relay
10—TR to extinguish the cord circuit supervisory
lamp to indicate the condition to the operator at
the central office, who will then transmit the tele-
direction character signals, If the number called
is busy, out-or-order busy, or unassigned, dis-
tinctive teletypewriter signals will be returned by
the terminating equipment at the large switching
center to indicate the condition to the operator.
If the line or line trunk is idle, connection will
be established to it by the terminating equipment
of the selected trunk at the large concentrating
unit switching center. Since in this case the
called subscriber line or line trunk is idle, the
equivalent of a disconnect condition will exist gnd
the outward transmission path will return to
spacing -to relight the cord circuit supervisory
lamp by the release of relay {0—TR during the

time the subscriber station is being rung or ring-

ing current is being applied to the idle line trunk.
When the subscriber answers, the outward trans-
mission path will again be changed to marking
and the resultant extinguishing of the cord circuit
supervisory lamp will indicate the answer of .the
call to the operator.

The reception of a continuous mark signal at

the large switching center operates relay 9TL to.

its- marking, or left-hand, position, thereby re-

moving ground at the spacing contact of. relay:

9TL from condenser 920 which begins to assume

o

10

35

a charge over a circuit extending from grounded
battery 808, resistances 921 and 922, conductor
923, condenser 920 to ground. . After approxi-
mately l%-second, condenser 920 assumes 2
charge having a value sufficient to cause vacuum
tube 903 to become conductive thereby causing
the operation of cut-through relay 9CT and in
turn the operation of relays 9CT{ and 8A succes-
sively. Relay 9CTI{, upon operating removes re-
lay 9TL from the control of the grid element of
vacuum tube 803. Relays 9CT and $CTI remain
operated, and prepares at its outer lower arma-
ture and contact an operating circuit for start re-
lay 16ST2—0 in the trunk sequence circuit cor-
responding to the trunk selected by the operator
at the, central office. Relay 8A, upon operating,
(1) closes at its No. 4 armature and contact an
operating circuit for relay 8—ON which upon
operating connects power to the loop repeater
and ground on the winding of relay 8SL; (2) re-

moves at its No. 1 srmature and contact the .

ground connection from conductor 841; (3) locks

- up under control of relay 9D, which, upon oper-

60

“ busy lamp 8i3.

ating, closes a shunting circuit traceable from
grounded battery 925, contact and armature of re-
lay 9D, contact and middle lower armature of re-
lay 9TR, contact and its own armature No. 7 di-
rectly to ground; (4) connects ground at its No. 8
armature and contact to conductor 842 which is

- extended over conductor 831, through the wind-

ing of relay I5CH— to grounded battery and
relay [6CH—D operates among the chain relays of
the sequence circuit to make this trunk test busy
to calling subscribers and also to light the trunk
Relay 8—ON, upon operating,
completes the circuit previously prepared at the
outer Jower armature and contact of relay 9CT so
that such prepared circuit may now be traced
from ground, the contact and No. 5.armature of

i relay 8—ON, outer lower armature and contact of

relay 8SBI, No. 1 armature and back contact of
relay 8SPI, outer lower armature and contact of
relay 9CT|, inner lower armature and contact of
relay 8SLi, conductor 843, through the winding

> of start relay 16ST2—0, conductor 81 5, back con-

tact and innermost lower armature of relay
{6BO—0 to grounded battery. Relay 168T2—0
operates whereby the.sequence circuit is ordered
to connect a director circuit to the selected trunk

: for the purpose of receiving teledirecting pulses.

The sequence circuit when it attaches a director
circuit to the selected trunk ecircuit connects
ground at the innermost lower armature and con-
tact of relay 16ALI—8, as will be hereinafter de-.

- scribed, to conductor 1607 which is extended over

the normally closed contacts associated with the
ring spring of jack 802A, through the winding of
relay 8M to grounded battery. Relay 8M, upon
operating, closes a plurality of circuits each ex-.
tending through the winding of one of the select-
ing magnets TSM—I of the cross bar switches.
connected in multiple, which form part; of the link
circuit. : . : ‘ .

When start relays i68T2—0 and 1§CH—8 oper-

: ate, an operating circuit for relay { 6AD—0 is closed

through the auxiliary contact of relay I5CH-—8
to grounded conductor 86{. Relay {6AD—08 cp-
erates to connect ground at its outer upper arm-

ature and contact to-conductor 1692 which serves-
" as a trunk chain circuit and is therefore. immedi-

ately advanced and if this trunk chain cirecuif
of the trunk group is.complete, that is a group

. is' represented by the three vertical rows of re-

lays shown in Fig. 16, ground is sent to.the all-
trunks-busy circuit shown in Fig, 22, causing it

-
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to.time the interval that the all-trunks-busy.con-
dition' persists. Relay (6ST2--8, upon operating,
(1) connects ground at its middle upper arma-
ture and contact to conductor 1611 which extends
through one or more trunk sequence groups to
a director circuit wherein it is connected over the
inner right-hand armature and back contact of
relay 23T5, to conductor 2301 which is useq to
keep. in speed the distributor motor associated
with the director distributor circuit; (2) connects
ground at its outermost upper armature and con-
tact to a circuit extending through call-discon-
nect lamp 1612, conductor 1418, through the
winding of relay [8E, to grounded battery, to
light the call lamp 1612; and (3) closes at its low-
er armature and front contact, assuming-that
no other ST2 relay in either of the trunk sequence
groups shown in Figs. 16 and 17 is operated, a
circuit extending from ground at the lower arm-
ature and back contact of relay 25CS in the mis-
cellaneous alarm circuit, conductor 2567, contact
and lower armature of relay 26D, conductor 1104,
lower armature and back contacts of each of re-

10

15
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lays 11ST2—I9 to. ITST2—I10, and each of relays ’

{6ST2—9 to.16ST2—I, lower armature and front
contact of relay 16ST2—0, through the winding
of relay I6AL—0, conductor 1824, back contact
and upper armature of each of relays I5AL—GS
fo 15AL—G0, conductor 2506, back contacts. and
armatures of relay 255U in the miscellaneous
alarm circuit, to grounded battery. Relay {6AL—
0 operates provided no other AL relay in either
of the trunk sequence groups shown in Figs. 16
and 17 is in an operated position. If these con-
ditions are not met, the particular AL relay, such
as relay 16AL—0 in the particular case at hand.
will. be delayed in operating until it has. received
a preference accorded to it by the sequence cir-
cuit. Relay 16AL—-8, upon operating, (1) locks
under control of its associated start relay 188T2-—
0; (2) causes relays 25ST and 25CS in the mis-
cellaneous alarm circuit to operate successively:
and (3) closes at its lower armature and fronf
contact an operating circuit for relay I8AL{—0
which also operates, the circuit being traceable
from ground, through the winding of relay
16ALI—0, front contact and lower armature of
relay 16ATL—0, conductor 1624, back contact and
upper armature of each of relays 16AL—G8 to
(8AL—@G0, conductor 2508 to grounded hattery
at the contact and lower armature of relay 25SU
in. the miscellaneous alarm circuit. Relay {6ALI
—0, upon operating, (1) connects at its outermost:
upper armature and contact a ground connection
to conductor 1615, inner left-hand armature and
*back contact of relay 23T5, conductors 2308 and
2602. through the winding of start relay 26A, to
grounded. battery in the director circuit; (&3]
connects the two transmissien conductors 808
and 813 respectively, at its middle upper arma~-
ture and contact and at its Innermost upper arm-
ature and contact to conductors {6{6 and 1617,
and thereby connects the selected idle trunk cir-
cuit shown in Figs. 8 and 9 to the director cir-
cuit: (3) connects ground at its innermost lower
armature and contact to conductor 1607 which
extends over conductor 826, normally closed con-
tacts associated with ring spring of jack 802,
through the winding of relay 8M to grounded
battery to energize the selecting magnet TSM—I1
and corresponding magnets on other crossbar
switches connected in multiple with that shown
in Fig. 7 in the link circuit; and (4) connects the
winding of relays 16BO—@ and {6BO1—8 over its
two lowermost armatures and front contacts to
conductors 1618 and 1619 respectively, conductors

25
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1618 and 1618 being the common. busy-out con-
ductors extending to. the miscellaneous alarm cir-
cuit.  The operation of relay 25CS in.the mis-
cellaneous alarm circuit removes ground from
conductor 1101 of the entire office sequence. cir-
cuit chain. -

_When the trunk circuit at the large switching
center receives permission to route the call
through the center, the sequence circuif, as has
just. been described, connects the director circuit
to the particular trunk. The inward transmis-
sion path from the trunk circuit is in a marking
condition and is connected .to conductors 913
and 808. Conductor 913 is extended over con-
ductor 1616, back contact and outer left-hand
armature of relay 23T4, conductor 2308, through
the lower winding. of a gate relay 26G to ground,
and conductor 808 is extended over conductor
i617, back contact and outer right-hand arma-
ture of relay 23T5, conductor 2310, outer Jeft-
hand armature and back contact of relay 26A4,
conductor 2603, normally closed make-he-
fore-break contacts of relay 26U, normally closed
make-before-break contacts of relay 26N3, con-
ductor 2604, through the left-hand winding of
relay 28C2, to the front contact and outer left-

" hand armature of relay 26A4, but relay 26A4 be-
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ing unoperated at this time, the latter traced cir-
cuit is. open. The terminations of both.of these
cireuits just traced are in the director circuit.
The sequence circuit, upon seizing the director,
places ground on conductor 1615 which causes
the operation of relay 26A in the director cireuit.
The, operation of relay 26A is the first funetion
of the director circuit. Relay 284, upon operat-
ing, (1) closes at its inner left-hand armature
and contact an. operating circuit for relay 26Al
which operates; (2) closes at its outer left-hand
armature and contact an operating circuit for
relay 26A2 which operates, the operating circuit
for relay 26A2 extending to ground at the outer
right-hand armature and contact of relay 26C{
which at. this time is unoperated; (3) applies
telegraph ground at its right-hand armature and
contact (@) to a path extending over conductor
2605, armature and back contact of relay 26C.
conductor 2806, back contact and right-hand
armature of relay 26AL, conductors 2607 and
2702, to the receiving contacts 2703 to 2107 in-
clusive, of the motor driven distributor, the
grounded conductor 26087 also serving to energize
and operate start magnet 2701 which upon op-
erating permits rapid acceleration of the motor
2708 by eliminating clutch drag, (b) to the upper
winding of the receiving relay 26G in a. circuit
extending over resistance 2608, to grounded bat-
tery 2609, the circuit through the upper winding
of relay 26G serving to bias the relay armature
to its spacing, or left-hand, contact, (¢) to the
“stop” pulse contact 2709 of the motor driven
distributor, the circuit being traceable over con-
ductor 2610, normally opened contacts 2709 which
are open at this fime, right-hand armature and
front contact of relay 26A2, to the armature of

- relay 26B which is now unoperated, (d) to the

primary. or left-hand, winding of relay 26A3 in
a circult traceable over the back contact and
outer left-hand. armature of relay 26Ci. arma-
ture and marking contact of relay 28G to
grounded battery 2808, causing relay 26A83 to op-
erate, providing relay 28G is operated to its right-
hand or marking contact in response to a mark-
ing signal being received from the loop repeater
over conductor 2308, (e) to the nofentiometer
formed by resistances 2TfI and 2Ti2 which is

' 1ater used in operating the registering relays 2TR|
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to 21R4 inclusive, the circuit being traced as here-
inbefore described over conductor 2610 to con-
ductor. 2713, resijstances 2Ti{ and 2712 to
grounded battery 2714, (f) to the primary or up-
per winding of relay 21RS6, resistance 27i5 to
grounded battery 2714 which circuit biases relay
21R6 to its spacing or left-hand contact, and (¢)
16" the inner left-hand armature of relay 26CI
which armature, when engaged to its associated
front contact, is_used to start the “director-
ready” signal. Relay 26Al, upon operating, closes
at its left-hand armature and contact a circuit
extending from grounded battery, conductor
2611, series winding 2716 of motor 2708, resist-
ances 2717 and 2118 to ground. The motor gov-
ernor “contacts 2719 -disclosed in U. S. Patent
1,860,556, granted to J. H. Sole, May 31, 1932, are
closéd in the motor operating circuit, while the
motor is coming up to speed. Relay 26Al which
therefore starts the distributor motor, locks to
ground in a circuit which extends over its con-
tact and outer right-hand armature, conductor
2307, back contact and inner right-hand arma-
ture of relay 23T5, conductor 1611, to ground at
the middle upper armature and contact of relay
16ST2—0 in the trunk sequence group circuit, and
the motor is kept running under control of the
sequence circuit as long as an incoming call is
awaiting completion. Relay 26Al, upon operat-
ing, also supplies ground to the armatures of re-
lays 27R! to 21R5 inclusive, which permits these
relays to lock in either direction in which they
may be operated, the circuit being traceable from
ground at the inner right-hand armature and

contact of relay 26Al, conductor 2612, to the arm- ¢

atures in paralle] of relays 2TR{ to 27TR5. While
the distributor motor 2788 is aitaining speed, the
distributor cams are successively operating, caus-
ing brief closures of each receiving contact of
contacts 2703 to 2107, in turn. Relays 2TR! to
21R5 will, therefore, operate and lock in the spac-
ing position or direction, due to these closures, of
telegraph ground at relay 26A. The spacing lock-
ing paths of relays 2TRI and 21R2 extend
through resistances 2727 and 2728 respectively,
through the winding of relay 21J to grounded
battery. -

Likewise, the spacing locking paths of relays
21R4 and 2TR5 extend through resistances 2129
and 2730 respectively, and through the winding
of relay 21J. Therefore, relay 21J will operate
as.soon as any one of the relays 27R1, 2TR2, 21R4
or 21R5 operate to spacing position. This opera-
tion of relay 21J opens the operating path of

relay 26F preventing its premature operstion. ?

Meanwhile relay 26A2, upon operating, has in
effect, placed the sensitive 26B relay across the
governor contacts 2719, has prepared in advance
a path for operating the fast operating relay 26C
and has operated the relay 26A4. Relay 26A4,
upon operating, (1) prepares a path for sending
the “director-ready” signal out over conductor
2310 and through the lower windings, in series,
of relays 8S and 8L to the transmission conductor
809, (2) operates relay 26A5 and (3) prepares a
path for lighting lamp 260( in case the directer
circuit is timed outin this condition. Relay 26A5,
iIbon operating, (1) closes at its outer left-hand
armature and contact a circuit extending from
grourid at the inner left-hand armature and con-
tact of relay 26A4, outer left-hand armature and
contact of relay 26A5, conductor 2613, back con-
tact and right-hand armature of relay 2378, con-
ductor 2303, through the lower winding of relay
285AB o grounded battery, and relay 25AB- op-
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erates;- (2) closes af its inner right-hand arma-
ture and contact a circuit traceable from ground,
outer left-hand armature ang back contact of
relay 26AL, conductor 26!4, outer right-hand
armature and-back contact of relay 23T4, con-
ductor 2301, through the lower winding of 25Ki
to grounded battery, and relay 25K( operates (re-
lays 25AB and 28K! are in the miscelleaneous .
alarm circuit and operate as an indication that
the director circuit has been moved off normal
and conductor 2613 furnishes the miscellaneous
alarm circuit with information as to the satisfac-
tory condition of the associated trunk circuit) ;
(3) prepares to lock over its left-hand winding
and -inner left-hand armature and contact to
ground at the right-hand armature of relay 26CI:
(4) prepares a path toward the tell-tale lamps
2615, 2616 and 2617; and (5) provides a locking
path for relay 26A3. Relay 26A3 being operated
at this time prepares to connect conductors 2618
and 2649 to ground as soon as the “director-
ready” signal has operated relays 26C2. Relay
26A3 also prepares to.light lamp 2617 in case of
trouble to indicate that the incoming marking
signal has been registered, ; T
While the distributor motor 2708 is accelerat-
ing, relays 264, 26A1, 26A2, 26A3, 26A4 and 26A5
are operated. When full speed is reached the
governor contacts 2718 (U. S. Patent 1,860,556,
supra) open momentarily, removing the short-
circuit from resistance 2717, which has a value
of approximately. 1000 ohms and allowing relay
26B to operate through resistances 2131 and 2620,
Relay 26B is slow releasing and with the help of
condenser 2621 holds over the closures of gov-
ernor contacts 2718 thus operating relay 26C as
soon as the “staop pulse” contacts 2709 close. ..
Relay 26C, upon operating, (1) removes tele~
graph ground at its back contact from the receiv-

o ing contacts 2703 to: 2707 and the start magnet

2101, thereby latching the clutch 2132 and pre-
venting further operation of the receiving con-
tacts; and (2).locks through the winding of

-relay 26CI which operates. Relay 26CI, upon

operating, applies telegraph ground at its inner
left-hand armature and contact to send the
“director-ready” signal out over conductor 2310
to the loop repeaters comprising relays 88 and

- 8L, the circuit being traced from ground at the
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right-hand armature and contact of relay 26A,

" conductor 2605, inner left-hand armature and.

contact of relay 26Cl, through the left-hand -
winding of relay 26C2, front contact and outer
left-hand armature of relay 26A4, conductor 231 0,
outer right-hand armature and back contact of
relay 23T5, conductor 1617, contact and inner-
most upper armature of relay 16ALI—0, conduc-
tor 808, through the lower winding, in serie§, of
relays 85 and 8L, transmission conductor 809,
normally closed make-before-break contacts of

" relay 9TR to grounded positive battery 901, Re-
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lay 26C2 operates through current. in its left-
hand or secondary winding providing its oper-
ating circuit comprising conductors 2310, 1617,
808 and 809 is not in trouble. Relay 26C1, upon
operating, also (1) transfers the armature of gate
relay 26G from the winding of relay 26A3 to mag-
net 2701, the transfer being effécted at.the outer
left-hand armature snd front contact .of relay
26C1 to close a new cireuit extending over con-
ductor 2606, back contact and left-hand .arma-.
ture of relay 26AL, conductor 2697, through the
winding of distributor motor start magnet-2161 to
grounded battery, conductor. 2607 also serving to
furnish incoming character -pulses over condudtblﬂ_
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2102 to the selecting receiving contacts 2183 to
2107 inclusive, of the distributor motor cam
shaft: (2) opens at its outer right-hand armature
and back contact the operating circuit for relay
28A2 which releases; and (3) provides at its right-
hand armatures and front contacts an off-normal
ground to a large part of the director circuit
. including the locking -ground for relay 26A5 and
ground on the armature of relay 2TR6, the circuit
for the latter ground being traced over conductors
2622 and 2623, right-hand armature and back
contact of relay 26R, conductor 2624 to the arma-
ture of relay 2TR6. Relay 26C2, upon operating,
(1) prepares at its left-hand armature and front
contact a path to light lamp 2616 instead of lamp
2815 in case of trouble to indicate that the “di-
rector-ready” signal has been sent; (2) locks at
its right-hand armature and contact to ground at
the inner right-hand armature and contact of
relay 26C1; and (3) connects ground at the inner
right-hand armature and contact of relay 26CI
over its right-hand armature and contact to the
left-hand armatures and contacts of relay 26A3
to conductors 2618 and 2619 which extend to the
miscellaneous alarm cireuit to indicate that in
case of trouble the director should not be taken
out of service. Relay 26A2, upon releasing, re-
moves relay 268 from the governor contacts 2718,

releases relay 26A4 and transfers the stop pulse

contacts 2709 from the left-hand winding of relay

Ny
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26C to conductor 2626 which extends through the

operating or lower winding of relay 2TR6 prepara-
tory to receiving pulses from the loop repeater,
‘Relay 26A4, upon releasing, (1) discontinues the

use of the secondary or left-hand winding of

relay 26C2 in conductor 2310, and connects con-
ductor 2310 to conductor 26083 which extends to
the contacts of relays 26U and 26N3 for gending
signals to indicate busy, out-of-order busy, or un-
assigned lines; (2) opens at its inner left-hand
armature and contact the operating path of relay
26A5 which remains locked up by current in the
left-hand winding of relay 26A5; ‘and-(3) trans-

fers ground at its right-hand armature from the.

path for lighting lamp 2601 to a path for light-
ing lamps 2616 and 2617, After the “director sig-
nal” is sent the following relays are held operated;
26A, 26A1, 26A3, 26A5, 26C, 26CH, 26C2, 21J, 26G

Tt
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o their marking or left-hand positions and relays -

2TRI, 21R2, 21R3, 21RA4, 21R5, 2TR6 are operated
to their spacing or left-hand positions. - The
- eircuit is now prepared to receive pulses from the
master office. }

Reception of the “figures” character at the large
: switching center

‘Telegraph pulses received over ‘the inward
transmission path are repeated by gate relay 26G
which is normally held to its marking or right-
hand contact. The distributor motor is running
but the receiving contacts of the distributor cams
2120 to 2126 inclusive, are not operated because
start magnet 2701 is released, thereby latching
the clutch 2732. As soon as the character is
recelved, the start pulse of the character sends
the relay 26G to its spacing position to close the
operating circuit for start magnet 2701 which
operates, allowing cams 27120 to 2726 to rotate and
to successively operate their respectively associ-
ated contacts. The motor speed and receiving
contacts 2103 to 2707 are adjusted so that at the
time the first selecting pulse of the character is
recelved, the secondary, or No. 3 'winding of relay
27R1 is momentarily connected to the armature
of relay 26G. If the first pulse is marking, relay
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21R.{ will operate and lock to its marking-or right-
hand contact. Similarly relay 2TR2 will be left
either spacing or marking depending on the char-
acter of the second pulse. The reception of ‘the
“figures” character then proceeds as follows:

Dot element 266G Register relay Fan relay opersted
.| Marking._| 27R1 (marking)...| Relay 2/DL
U I do.__.. 27R2 (marking) ...} Relay 27D2.
_| Spacing...| 27R3 (spacing) ...-{ _. :
| Marking_.{ 27R4 (marking) ...} Relay 21D4. .
_____ do.....| 27R5 (mnarking) ...| Relay 27D5.

With relays 21R| to 2TR5 operated as above-
mentioned, it will be noted that none of the lock-
ing paths of these relays pass through the wind-
ing of relay 21J but if any one is operated in the
reverse direction, relay 21J will be energized. Re-
lay 21J will, therefore, release orly when a “fig-
ures” character is received. The succeeding stop
pulse is marking which causes start magnet 2701
to release. The momentary closure of telegraph
ground by the stop pulse distributor contact 2109
causes relay 2TR6 to operate to its marking or
right-hand contact overcoming the effect of its
bias to its spacing contact. The timing conden-
ser 2133 causes relay 2TR6 to reinain on its mark-
ing contact for .030 second after the stop pulse
distributor contacts 2709 open. This allows time
for the operation of relay 26F which locks to
ground ‘in a circuit traceable over conductors
2628 and 2629 to ground a} the inner right-hand
armature and contact of relay 26C1, and prepares
a path for operating relay 28K when relay 2TRS
returns to its spacing contact. In this way relay
28K operates and locks to ground over conductors
2628 and 2629 to ground at the inner right-hand
armature and contact of relay 26C1, and transfers
the marking contact of relay 2TR8 along to suc-
ceeding counting relays in preparation for the
registration of the next two digits as in the case
where one hundred subscriber lines or less are
provided for the large switching center. '

The reception of “figures” has therefore set up
a combination of relays 2TR{ to 2TRS, locking
direct to grounded battery instead of through the
winding of relay 21J thereby releasing relay 21J
and allowing the next characters to be registered.
Therefore “hits” on the line are harmless until
the operator has sent a preliminary “figures.”
After the “figures” character has been received
the following relays are operated; 26A, 26A1, 26A3,
26A5, 26C, 26CI, 26C2, 27DI, 21D2, 27TD4, 21DS%,

"21Ef, 21E2, 26F, 26K, 26G, 21RI, 2TR2, 2TR4 and

2TR5 are in marking position; and 2TR3 and 2TR§
are in spacing position. The operation of relays
21DI, 21D2, 21D4, 21D5, 2TE{ and 2TE2 perform
no useful function at this time. :

Reception and deciphering of the first digit at
the large switching center .

The first digit of the called subscriber num-
ber will be repeated by relay 268G, broken up
pulse by pulse of the distributor contacts and
recorded by relays 2TR{ to 2TRS in much ‘the
same way as the “figures” character was re-
ceived. Relay 2TRI is operated in accordance
with the position of the armature of relay 28G
at the middle of the first pulse received in the
windings of relay 26G, relay 21R2 according to
the second pulse, ete. In each case the oper-
ating or No. 3 winding can quickly overcome the
holding winding No. 1.or No. 2 but otherwise
the relays hold in whichever directions they-are
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operated under control of motor start relay
26A1. The following table indicates the condi-
tion of relays 21R( to 21R5 resulting from trans-
mission of numerical characters. “M” indi-
cates marking; “S” indicates spacing:

Character Relay condition

Lower case | Upperease | 27R1 | 2TR2 | 27R3 | 27R4 | 27RS

“Figures” “Figures” M M ) M M
glg.r g() S M M 8 4 M
Q 1 M M M ) M
W 2 M M S S M
E 3 M S 8 5] S
R 4 S M S M S
T 5 S "8 S ] M
Y 6 M S M S M
U 7 M M M| 8 S
1 8 S M M 8 8
8] g s 8 S M M

It will be noted that relay 21R{ in its mark-
ing position operates relays 2104 and 2TE{ in
the fanning-out circuit. Similarly, each of the
other fan relays is operated when its associated
register relay is in its marking position. Also
relay 21J will be operated during the reception
of the first digit but performs no useful function
after the “figures” character has been received.
At the conclusion of the reception of the dot
element of the particular character transmitted,
relay 21R6 again operates to its marking posi-
tion-and is again held for an additional period
of .030 second. Relay 2TRS6, upon operating to
its marking, or right-hand, position causes the
operation of relay 26L in a circuit traceable from
grounded battery through its primary, or left-
hand, winding of relay 26L, back contact and
right-hand armature of relay 26M, front con-
tact and right-hand armature of relay 26K, con-
ductor 2630, marking contact and armature of
relay 21RS6, conductor 2624, back contact and
right-hand armature of relay 26R, conductors
2623 and 2622, to ground at the inner right-
hand armature and contact of relay 28CI. Re-
lay 26L, upon operating, locks to ground also
furnished at the right-hand armature and con-
tact of relay 26C1 but in a circuit traceable over
conductors 2628 and 2623. Relay 2TRS$, upon
operating, to its marking contact furnishes
ground at the right-hand armature and contact
of relay 26C!{ to a circuit traceable over comn-
ductors 2622 and 2623, right-hand armature and
back contact of relay 26R, conductor 2624, arma-
ture and marking contact of. relay 2TR6, con-
ductor 2630, right-hand armature and front
contact of relay 26K, right-hand armature and
back contact of relay 26M, back contact and
armature of relay 26NI, back contact and. outer
left-hand armature of relay 26R, left-hand
armature and contact of relay 26LU, conductor
2631, through the armature of relay 27D5. From
the armature of relay 21D5 the path just traced
is fanned out by means of the operated or non-
operated fanning-out relays to one of ten con-
ductors designated by Nos. 0 to 9 and included
in group 2135 which eventually cause the oper-
ation of a relay such as relays 24H—3 - to
24H—3§ represented on the drawings by relays
24H—90, 24H—4 and 24H—8, the relay selected
being that which is associated with the par-
ticular conductor of those designated by Nos.
0 to 9. The H relay selected corresponds to the
tens group of the particular called. local sub-
scriber line or line trunk extending to the small
switching center. The selected H relay, upon
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operating, locks in seriés with relay 24K0 in a
circuit traceable over conductor 2401, back con-
tact and outer right-hand armature of relay
23T3, conductors 2628 and 2529 to ground at the
right-hand armature and contact of relay 26CI.
Relay 24K0, upon operating, (1) removes
grounded battery from the operating windings
of all H relays, such as relays 24H—0, 24H—4
and 24H—9, preventing the operation of another
H relay on this call; (2) causes the operation of
relays 24K—I and 24K—2 which definitely re-
move any H relays from their associated con- -
ductors, Nos. 0 to 9 of the fanning-out circuit;
and (3) closes at its right-hand armature and
contact a connection between conductor 2402
extending to the miscellaneous alarm circuit and
conductor 2403, a ground connection in the
miscellaneous alarm circuit later serving to op-
erate the “hold” magnet of the link circuit in
case the called line or line trunk is idle.- Relay
26L, upon operating, prepares a path at its left-
hand armature and front contact for the oper-
ation of relay 26M. When relay 21R6 returns to
its spacing, or left-hand, contact after .030
second, relay 26M will operate and ground con-
nection will be supplied to a contact on a par-
ticular H relay operated, causing the operation
of the H{ and H2 relays associated with the
particular tens group of the called lines or line
trunks, say relays 23H{—-8 and 23H2—0, or
24HI-—4 and 24H2—4, or 24H(—9 and 26H2—9
or any intervening pair of H{ and H2 relays.
The particular pair of Hf and H2 relays selected,
upon operating, connect the fanning-out con-
ductors, Nos. 0 to 9 of group 2735 to the corre-
sponding conductors, Nos. 0 to 9 of the particu-
lar tens group of called lines. Relay 28M, upon
operating, (1) locks to ground at the armature
and’ contact of relay 26C1; (2) opens the oper-
ating path for relays 26L and the operated H
relay, such as relays 26H—0, 24H—4 and 24H—9,
and ‘prepares g path for the operation of relay
26N; (3) connects ground at the release key
2832, over the outer right-hand armature and
back contact of relay 26LU, contact and outer
left-hand armature of relay 26M, -conductor
2633 which extends to the sequence circuit where
the connected ground is instrumental in fixing
the trunk advance change and in preventing
the release of any link circuit in use on an es-
tablished call. After the first digit has been
received the following relays are operated: 26A,
2BA1, 26A3, 26A5, 26C, 26CI, 2602, 26F, 26K, 26L,
26M, one H relay such as 24H—0, 24K0, 28K,
and 24K2, and one pair of Hi and H? relays.
Relay 26G'is in its marking position, relay 2TR6
is in its spacing position,; relays 27RI to 2TRS
and 21D1{ to 21D5 and 2TE| and 2TE2 are operated
according to the character signal just received, as
shown in the table set forth above,

Eeception and deciphering of second digit at the
Z@rge switching center :

The second digit of the called line or trunk is
received, registered and made to operate the fan-
ning-out relays in the same way ags the first digit,
Relay 2TR6 operates to its marking contact while
the stop contacts 2709 are closed and thereby
causes the operation of relay 28N, the operating
circuit for relay 26N being traceable from ground-
ed battery, through the winding of relay 26N,
front contact and right-hand armature of relay
26M, front contact and right-hand armature of
relay 26K, conductor.2630, marking contact and
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armature of relay 2TRS6, conductor 2624, back
contact and right-hand armature of relay 28R,
conductors 2623 and 2622, to ground at the inner
right-hand armature and contact of relay 28CH.
Relay 26N, upon operating, (1) connects ground-
ed positive battery 2634, through a high resistance
2635, say of 5,000 ohms, to a circuit traceable
over the contact and outer left-hand armature of
relay 26N, conductor 2636, through the lower
winding of relay 26G to ground to prevent any
additional incoming pulses from being registered;
(2) locks over its inner left-hand armature and
contact to grounded conductor 2622; and (3)
opens at its right-hand armature and back con-
tact the operating path of relay 26M, the oper-
ated pair of relays Hl and H2, and prepares &
path for the operation of relay 26N 1.

When relay 2TR8 returns to its spacing, or left-
hand, contact, it causes the operation of relay
28N in a circuit traceable from grounded con-
ductor 2624, armature and spacing -contact of
relay 2TR6, conductor 2734, left-hand armature
and contact of relay 26F, left-hand armature and
front contact of relay 26L, right-hand armature
and front contact of relay 26N, through the wind-
ing of relay 26NI to grounded battery. Relay
26N|, upon operating, (1) closes at its armature
and front contact a circuit, extending from
grounded battery, through the windings, in series,

of relays 26—O00 and 26—BY, front contact and -

armature of relay 26N, back contact and outer
left-hand armature of relay 26R, left-hand arma-
ture and contact of relay 28LU, conductor 2634,
through the fanning-out circuit closed by the

cperated combination of relays 21D{ to 21D5:and !

21E( and 21E2, particular conductor of those des-
ignated Nos. 0 to 9 of group 2736, through & nor-
mally closed contact and an armature on relay
23T or 23T2 or 2373, and particular conducior
of those designated Nos 0 to 9 in groups 2312,
over the closed contacts of one of the operated
armatures of one of the relays Hi or H2 of the
desired pair to a conductor extending to the de-
sired, or called, line trunk extending to the smali
sw1tchmg center, such as conductor 2313 in the
case shown and described herein which extends
over the normally closed make-before-break con-
tacts of relay 14AD, through the winding of relay
18HH, to grounded battery. Relay 26NI{, upon
operating, also causes the operation of the slow-
acting relay 26N2. It will be noted that as usual
the registration remains locked in the direction
in which it was last operated.

Testmg at the large swztchzﬁg center of a line
trunk to the small switching center

The connection of grounded battery through
the windings, in series, of relays 26—OO and
26BY to the called trunk lines represented by
conductor 2313 as hereinbefore described, ordi-
narily enables these two relays to determine if
the conductor 2313 is terminated in a direct
ground which causes the operation of both the
relays 26—O00 and 26BY, or a 1900-ohm out-of-
order ground which results in the operation of
relay 26—OO0 only. However, in a tandem’ sys-
tem .as herein described, relay 26BY only. is re-
quired because of the automatic hunting -arrange-
- ment available for selecting the first idle line
trunk of & group as shown in Fig. 14 wherein con-
ductor 2313 may be connected if all line trunks
to the small switching center are busy, over the
front contact and outer lower armature of an AD
relay in each of the line trunks extending to the
small sthcmng center to ground,

2,375,868

This test takes place during the slow-operating
time of relay 26N2 which begins to operate when
relay 26N1 operates.  As soon as relay 26N2 oper-
ates, relay 26N3 operates in & cireuit - traceable
from ground at the inner right-hand armature
and contact of relay 26C( is connected over the
armature and front contact of relay 26N2, the
armature and front contact of relay 26—0O0 to
grounded battery, through the winding of relay
26N3. Assuming that the trunk line extending
to the small switching center, as shown in Figs. 6
and 14, is idle, in which case ground is not con-
nected to conductor 2313, relay 26—O00 will be

. non-operated and the ground connection at its

armature and back contact will cause the opera-
tion of relay 26R. Relay 26R, upon operating, (1)
removes relays 26—00 and 26BY from conductor
2313 and replaces them by relay 26S whose wind-

" ing is included in a circuit traceable over. con-
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ductor 26371, back contact and inner left-hand
armature of relay 23T4, conductor 2403, right-
hand armature and contact of relay len con-
ductor 2402 and (509 in the sequence circuit; (2)
causes the release of relay 26Nt by removing at
its right-hand armature and back contact, the
ground connection at the inner right-hand arma-
ture and contact of relay 26Cl; (3) prepares at
its inner left-hand armature and front contact &
path for operating relay 26U and (4) locks to
ground at the inner right-hand armature and
contact of relay 26CI. Relay 26N1, upon releas-
ing, causes relay 26N2 to slowly release. During
the time that relays 26N{ and 26N2 are releasing,
ground at the inner lower armature and contact
of relay 25D in the miscellaneous alarm circult is
connected in a low resistance path extending
through the winding of relay 25E, normally closed
contact of relay 25F, conductors 1509 and 2402,
contact and right-hand armature of relay 24K0,
conductor 2403, inner léeft-hand armature and
back contact of relay 23T4, conductor 2837,
through the winding of relay 26S, front contact
and outer left-hand armature of relay 26R, inner
left-hand armature and contact of relay 26LU,
cenductor 2631, through the fanning-out circuit
to conductor 2313, normally closed make-before-
break contacts of relay 14AD, through the wind-
ing of relay {4HH to grounded battery.” Undef
the assumed condition that the cailed line trunk
shown in Figs. 6 and 14 is idle, grounded bhattery
permits relay 26S to operate but due to the high
resistance of the circuit, relay 14HH remains un-
operated. Relay 268, upon operating, opens-the
operating path of ‘relay 28U, and closes a path
to operate relay 28S| in a circuit traceable over
the front contact and left-hand armature of re-
lay 26S, back contact and armature of relay 26N2,
conductors 2623, and 2622, to ground at the inner
right-hand armature and contact of relay 26Cf.
When relay 26N2 releases, ground supplied by the
inner right-hand armature and contact of relay
26C1 is connected to the-armature and front con-
tact of relay 26S, through the winding of relay
2881 to grounded battery and relay 26S{ oper-
ates. Relay 2651, upon operating, (1) locks to
ground in a circuit traceable over the contact and
left-hand armature, conductors 2628 and 2629,
to ground at the right-hand armature and con-
tact of relay 28CI; (2) short-circuits at its oper-
ated auxiliary contact, the winding or relay 288
and (3) holds open at its right-hand armature
and contact, the operating path for relay 26U.
With the winding of relay 28S. short-circuited,
resistance ground ‘supplied by the miscellaneous
alarm circuit, connected through the fanning-out
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circuit to conductor 2313, will cause the operation
of relay 14HH. Relay {4HH, upon operating, (1)
operates relays 6SL and 6SLi; ¢2) disconnects
the winding of relay {4BY from the No. 3 arma-
ture of relay 8SL{ and (3) connects ground via
resistance 643, normally closed contacts associ-
ated with ring spring of jack 63084, conductor 762,
through the winding of hold “magnet” TH3, to
grounded battery. Hold magnet TH3 operates and
thus connects this called line trunk circuit ex-
tending to the small switching center to the
calling trunk at the large switching center, Oper-
ation of hold magnet TH3 will cause the closure
of the cross bar switch contacts of set 784 at the
intersection of the selected trunk and the called
line trunk. When hold magnet TH3 operates, it
locks in series with relay 8SL which in turn
operates relay 8SLi. Relay 8SLi{, upon operat-
ing, (1) opens at its inner lower armature and
contact, the operating circuit for start relay
165T2—8 in the trunk sequence group which re-
leases to dismiss the director circuit and (2) per-
mits relay 8R3 to operate intermittently in a cir-
cuit traceable from grounded battery, through the
winding of relay 8R3, contact and No. 2 arma-
ture of relay 8SP{, contact and lower armature
of relay 9BLI, inner lower armature and back
contact of relay 8R2, outer upper armature and
contact of relay 8SLi, upper armature and con-
tact of relay 8RC, contact and No. 6 armature
of relay 84, to grounded interrupter 829. Relay
8R3, upon operating, (1) applies ringing current
from source 830 to the transmission conductor
788, (2) operates relay 8B in a circuit traceable
from grounded battery, through the winding of
relay 8B, inner lower armature and back contact
of relay 8SEI, contact and outer lower armature
of relay 8R3, conductor 8i1{ to ground at the No.
4 armature and contact of relay 8A and (3) con-
nects ground at its inner lower armature and
contact to a circuit extending over conductor 844,
contact and No, 3 armature of relay 8SP{, con-
ductor 845, to the ring conductor 706 thereby
short-circuiting the line circuit winding of relay
8SP. Relay 8R3, upon operating, and releasing,
alternately, under the influence of grounded in-
terrupter 828, therefore connects automatic ring-
ing to the transmission conductor 708. Each time
relay 8R3 releases it again sends a steady mark
to the transmission conductor 788 and causes the
slow-releasing relay 8B to release, resulting in the
removal of the short-circuiting ground from the
line winding of relay 8SP. Should the circuit be
not arranged for automatic ringing, the attach-
ment of the called trunk line to the ecalling trunk
and the consequential release of the director cir-
cuit causes the transmission of a space signal to
the central office where it is employed to inform
the operator to start ringing. The ringing signal
received in this trunk and transmitted by the
cperator causes the operation of relays 8R, 8RI
and 8R2 resulting in the operation of relay 8R32
which in turn acts upon relays 8SP and 8B ex-
actly as if operated from grounded interrupter 829
and the called line is rung in accordance with the
ringing received from the central office.

Release of sequence circuit and director circuit at
the large switching center

Immediately after the first digit of the called
numher of the desired line trunk extending to
the small switching center, is received by the di-
rector circuit at the large switching center; a
‘eircuit is closed extending from ground at the re-
lease key 28632, outer right-hand armsture and
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contact of relay 261U, front contact and outer
left-hand armature of relay 26M, conductor 2532,
through the windings, in parallel, of relays
{8H—9, I8H—I1 and 18H—2, to grounded battery
and relays {8H—0, [8H—1 and 18H2 operate.
After the link circuit shown in Fig. 7 has com-
bleted the connection of the calling trunk to the
called line trunk and relay 8SL and relay 8SL!
have operated, ground is disconnected from the
operating circuit of the start relay in the trimk
sequence group such as relay 16ST2—0 of the
first trunk of the first trunk sequence group. caus-
ing the release of relay, say, relay 168T2—0. Re-
lay 168T2—90, upon releasing, causes the subse~-
quent release of relay 16ALI—8 and extinguishing
the call disconnect lamp 1812, Relay [6ST2-—8,
upon releasing, (1) removes ground from a ‘path
including conductor 1611 which extends through
the winding of relay 26Ai, to grounded battery,
the path serving as a locking, circuit for the latter
relay, provided conductor 164f is not grounded
by another ST2 relay, such as relays 16ST2—I or
168T2—§, or 1TST—I10; (2) causes the release
of the associated relays 16AL—0 and {§ALI—O0.
Relay 16ALI—0, upon releasing, (1) removes:
ground from conductor 1815 which extends
through the winding of relay 26A to grounded
battery and relay 26A releases permitting the di-
rector circuit to return to normal; (2) opens the
two transmission conductors 808 and 913 thereby
disconnecting the trunk circuit from the director
circuit; and (3) removes relays {6BO—8 and
i§BOI—9 from the trunk circuit, the operating
circuits for relay 16BO—90 and {6BOI—0 having
been respectively extended over conductors 1618
and 1619 to the miscellaneous alarm circuit. Re-
lay I6AL—8, upon releasing, removes grounded
battery from conductor 1622 which extends to
the miscellaneous alarm circuit. Relay 25CS of
the miscellaneous alarm circuit does not release
until the director circuit has returned to normal
and upon its release reconnects ground to the cir-
cuit (including conductors 2507 and 1701) which
extends to the sequence circuit to enable the se-
quence circuit to handle a new call. The director
circuit on returning to normal removes ground
at the release key 2632 by the release of relay
26M of the operating circuit of relay {8H—§,
18H—1{ and (8H—2 which now is released. Upon
the completion of a call, the trunk circuit func-
tions to permit the release of relays I6CH—0 and
{8AD—0 which, if the relays I8H—0, {8H—I and
18F—2 are not operated, release and return to
normal. If the chain is held in a fixed condition
by the operated 18H—90, 18H—I and {8H—2, the
particular CH and AD relays will remain operated
until the fixed condition is removed and then re-
turns this circuit to normal.

As hereinbefore stated, the subscriber’s station
will be connected to the line trunk circuit which
will function to release the sequence circuit. The

‘sequence circuit in turn will function to rémove

the ground from conductor 1615 and relay 26A
therefore releases removing off-normal telegraph

.ground from the various parts of the circuit in-

cluding relays 26C and 26CI and releasing relay
28A1 unless the circuit including conductors 2307
and 61| is held grounded indicating that an-
cther inward call is awaiting completion. Relay
26CI, upon releasing, removes off-normal locking
ground from a considerable part of the director
cireuit. If relay 26Al releases the distributor mo-
tor will be stopped and all remaining parts of
the circuit will be deenergized. If, however, relay

"26A1 is held operated, the distributor motor is
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the associated fanning-out relays 21D4 to 21D§
and 2TEl and 2IE5 are ldcked in the condition
in which they were operated by the last digit.
“When the next call comes in, the operation will
be described.as hereinhefore described except as
follows: Relay 26B mow .operates immediately
‘since.the motor is running at full.speed and relays
26C .and 26Cj follow at .ance upon receiving a
closure of the stop pulse contacts 2709 .of the
distributor. Before this stop pulse is reached, re-
lays 2IRI to 2IR5 may. be operated to a spacing
position through a back contact. of relay .26C but
in any case the circuit waits to.receive “figures”
before proceeding with the call. The operation
centinues as hereinbefore described.

The operation .of relay 8SLI, as hereinbefore
stated, operates relay MD in a circuit traceable
“from ground at the No. 1 armature and contact of
relay 6SL{, conductor §44, armature No..5 and
hack contact of relay 8CL, conductors 645 and
$46 through the winding of relay MD, to grounded
battery. Relay (4D, upon opemting, closes at its
lower armature and contact an operating circuit
for relay SE and relay SE.operates applying ring-
ing current from source 1437, to a circuit extend-
ing over the front contact and upper armature.of
rélay 14D, back contact and No. 6 armature of
relay 14D2, conductor 1438, front contact and up-

per armature of relay 8E, conductor 610, normally :

closed canfacts associated with ring spring of jack
608, conductor 581 of the called line trunk extend-
ing to the small switching center. In the case
of two-wire.operation, the operation of relay 6E

4lso transfers ‘the neutralizing conductor 503

from resistance 615 to ground, providing g metal-
lic circuit for ringing. Relay 6SLf, upon eperat-
ing, (1) removes ground from the grid element of
vacuum tube 1821, permitting condenser 1439 to
charge in a circuit traceable from grounded posi-
tive battery 1495, conductor 1424, contact and No.
5 armature of relay 6SL, conductor 540, resist-
ance 1425, condenser 1439 to ground, (2) ener-
gizes the filaments of vacuum tubes 1819 and 1421
and (3) connects ground at its No. 1 armature
and contact to g circuit traceable over conductors
644 and 647, through condenser 1433, to ground
at the No. 4 armature and contact of relay 6SLA.
Relay 6SL, upon operating, (1) completes the
transmission circuit .from conductor 638 which
now extends to the repeater of Fig. 8 fo conductor
$05 through the upper windings of supervisory re-
lay 6S1 and send relay €S, to ground at the arma-
ture and contact of relay BR; (2) completes at its

No. 5 armature and contact the circuit extended ¢

from grounded positive battery 1405 as hereinbe-
fore traced through the winding of relay {4F, to
the plate of vacuum tube 1421; and (3) supplies
ground at its No. 3 armature and contact to a
circuit extending through the upper winding of
relay 14AD. Should it be desired to arrange the
line trunks extending to the small switching cen-
ter on & line hunting basis as well known jin ma-
chine switching telephany, two additional or up-
per, armatures may be provided Ior the AD relay
in each line trunk such -as relay 14AD for the
trunks shown-in Figs. 6 and 14. One-of thesearm-
atures would have a normally closeil contact con-
nected through the resistance to s grounded neg-

ative battery, such armature being connected to .

ground; through a normally opened contact and
armature, not shown, on relay 25D in the miscel-
laneous alarm circuit. The other armature .of
such pair is-likewise connected to the normally
opened contact and armature of relay 28D and its
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kept running and the relays 2IR{ to 21R5 .and’

associated normally.opened-contacts connected :to
4 similar arrangement of armatures on the AD
relay in the succeeding trunk of the group .or
directly to ground. Therefore, .during the time
that the sequence circuit is in use and the line
trunks to the small switching center are.arranged
on a hunting basis, ground is placed-on the-con-

ductor, not shown, extending to an'armature on
relay 25D in the miscellaneous alarm circuit.

Thus the operating ground for relay I4AD sup-
plied by relay 6SL is not effected until ground is
removed -from .the -conductor extending to an
armature on relay .25D. The originating ground
for the circuit including conductors 2507 and 1701

is supplied from the same relay, that is, relay 25D
in the miscellaneous .alarm circuit. When relay
14AD operates, therefore, no ground is connected
to the conductor extending to the next frunk in
the group. After .approximately one second
vacuum tube 1424 becomes conductive to.operate
relay J4F which in turn operates relay 8CL which
locks to a.contact.at.armature No. 1 of relay 14D2.
The operation of relay 6CL applies.ground to con-

denser {439 to cause the vacuum tube 1421 to be-

come non-conducting and in turn .release relay
{4F. Relay 6CL, upon.operating, closes.at its No.
1 armature and contact, an operating circuit for
relay [4BY. which operates to lock relay (4AD
operated for the duration of the call. Relay 6CL,
upon operating, réleases.relay (4D which replaces
the ringing current on the called line trunk con-
ductor 501 with ground through resistance {440
to discharge trunk conductors 584 and 503 which
are now connected in a loop. extending through
the small switching center, Relay 6E is released
from relay 14D and transfers the line conductors
to the main trunk circuit extending back to the-
central office. )

At the small switching center the reception of
the ringing current has conditioned the line trunk
terminating equipment for the reception of the
call and has established connection to ifs direc-
tor circuit which places a negative marking po-
tential on the line trunk at the small switching
center.

The call from ‘the operator’s office is received
at the small switching center as a -one second
interval of twenty-cycle ringing current. Relay
5R1 operates, operating relay SRS which operates
relay 5R4. The operation of relay SR4 causes re-
lay 5R5 to release. With relay 5R4 operated and
relay 5RS5 released, a circuit is completed to
operate relay 4R2, Relay 4R2 operates relay 4—
ON and relay 4—OC, both of which lock to a back
contact and inner lower armature of relay 4DI.
Relay 4—ON, upon operating, (1) connects tele-
graph ground at its Nos. 1 and 2 armatures to the
repeater relay 5R, 55, and 5BK to energize their
windings; (2) completes at its No. 5 armature and
contact the energizing circuit for the filament of
vacuum tube 419, the energizing circuit extend-
ing to grounded positive battery 412; (3) con-
nects ground at its No. 3 armature to a circuit
for effecting future operation of relay 4SL and
(4) completes at its No. 6 armature and contact
a circuit extending from ground, contact and in-
ner upper armature of relay 4R2, No. 6 armature
and contact of relay 4—ON, inner lower armature
and contact cof relay 4RC, contact and middle
ljower armature of relay 4SL{, conductor 433, the
right-hand armature and back contact of relay
{2BO, and then over two parallel paths, one ex-
tending over the back contact and left-hand ar-
mature of relay {2DL, through the call-discon-
nect. lamp 1201, conductor 1209, through. the
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winding of relay I3E to grounded battery and the
other path extending over conductor 1221, re-
sistance 1222, through the winding of relay 125T2,
to grounded battery. Call disconnect lamp {201
lights, relay (3E operates and relay 12ST2 oper-
ates. Relay 13E, upon operating, operates relay
13F which, upon operating, causes buzzer magnet
13D—MGT to give an audible alarm during night
service, Relay [3E, upon operating, also causes
the lighting of a night alarm lamp {309. Night
alarm lamp 1309 and buzzer 13D—MGT may be
released during day service by operating night
alarm cut-out key 13083,

Relay 4—OC, upon operating, connects ground
at its outer lower armature and contact to‘con-
ductor 416 to operate relay 12AD which operates
to remove this line trunk shown in Figs. 4 and 5
from the sequence circuit chain. At the end of
the ringing period, relays 5R{, 5R4, 4R2 release
and ground at the hack contact and inner upper
armature of relay 4R2 is now effective to operate
relay 128T2 in the sequence circuit as hereinbe-
fore described and to seize the director circuit
for use in establishing the connection to the de-
sired subscriber’s station. Relay 128T2, upon
operating, connects ground at its armature and
contact in a circuit traceable over conductor 1223,
No. 1 armature and contact of relay G, con-
ductor 1121, contact and outer left armature of

relay 12BOX, through the winding of relay 12TA 2

to grounded battery and relay 12TA operates and
locks up through its inner right-hand armature
and contact directly to ground at relay 12872
Relay 12TA, upon operating, (1) opens at its
inner left-hand armature and back contact, the
operating circuit for relay 1I1SC which is trace-
able from grounded battery and winding of relay
{iSC, front contact and outer right-hand arma-
ture of relay [ISA, conductor 1199, through the
all-trunks-busy circuit, shown diagrammatically,
conductor 1299, back contact and inner left-hand
armature of relay (2TA, conductor 1211, to
ground at the lower spring member on manual
service key 1101; (2) closes at its front contact
and inner left-hand armature the operating cir-
cuit for relay I2TC which is traceable from
ground at the lower spring member of manual
service key 11014, conductor 124{ to the left-hand
armature and front contact of relay 12TA,
through the winding of relay [2TC, to grounded
battery; (3) connects at its outer right-hand
armature and contact a ground connection,
through a conductor 2008 to the director circuit
to supply a locking path for the motor start re-
lay 20-—Al, the operation of which will be herein-
after described.

Relay {2TC, upon operating, extends two con-
ductors of each trunk circuit of g group of five
to one of the “U” relays of the five “U” relays
shown in Fig. 11. Assume that the trunk selected
by the operator at the central office is trunk No. 1
of its particular group of five, then armatures
Nos. 1 and 2 of relay (2TC will respectively. ex-
tend conductors 1221 and (224 -to conductors
1225 and 1226. The ground on conductor 433:as
hereinbefore described when relay 4R2 released,
is now extended over conductor 1221, contact and
armature No. 1 of relay {2TC, conductors {225
and 1122 in series, contact and No. 1 armature of
relay [IGA. conductor 1123, through the winding
of relay 11Ul to grounded battery and relay 1171
operates. Relay [{Ul, upon operating, closes at
its front contact and inner lower armaturé ga
locking circuit for itself, the circuit extending
over conductor (110, armature, back contact and
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right-hand winding of relay 11GB through the
winding of relay | {GF, conductor {124, to ground
at the back contact and left-hand armature of
relay 13D. Relay 1{GB now operates under the
influence of the current in its left-hand winding.
Relay 11GB, upon operating, operates relay 11GC
in a cirecuit traceable from grounded battery,
through the winding of relay (GG, front contact
and armature of relay 1iGB, inner lower arma-
ture and front contact of relay {1UI, conductor
1123 to the grounded conductor 433. Relay
H1GC, upon operating, operates relay 11GA. Re-
lay 11GB, upon operating, causes the release of
relays {IGF and 1I(GE, successively. Relay
I IGE, upon releasing, causes lamp 1125 to light,
indicating that the sequence circuit is busy. The
release of relay | IGE also causes slow-to-release
relay f1GD to operate. Relay 11GD, upon oper-
ating, connects ground at its right-hand arma-
ture and contact to g circuit traceable over con-
ductors {117 and 1118, contacts and middle upper
armature of relay (1UI, conductor 1226, No. 2
armature and contact of relay i2TC, conductor
(224, through the winding of director circuit re-
lay 12DC to grounded battery and relay [2DC
operates. Also relay |1 {GD, upon operating closes
at its outer left-hand armature and contact, g
boint in the operating circuit of relay 13LS{ but
inasmuch as relay 1ISC is unoperated at the
time, relay (3LS! does not operate and conse-
quently relay 13H does not operate on a call
originating at the central office.

Relay 12DC, upon operating, (1) places ground
at its contact and outermost left-hand armature
on conductor 1204 for operating director circuit
start relay 20—A and relay 20—A operates; (2)
connects transmission conductors. 1202 and 1203
to conductors 411, and 418, respectively, of the
trunk circuit; (3) connects at its innermost left-
hand armature and contact, the left-hand wind-
ing of relay 12BO to a circuit extending in par-
allel paths over conducter 20624 and alarm con-
ductor 1225 respectively; (4) connects at its in-
nermost right-hand armature and contact, a
ground connection to a path which extends over
conductor 122§, contact 434 through the winding
of relay 4W to grounded battery relay 4W oper-
ating for a purpose to be hereinafter described;
(5) connects at its middle left-hand armature
and contact, an additional ground for locking re-
lay 1IGD. Ground connected to conductor 1226
which leads to the line trunk cireuit causes,
through the operation of relay 4W, the operation
of selecting magnets 3SM—0 to 3SM—8 of the
cross bar switch of the link circuit shown in Fig.
3. The operation of the selecting magnets
3SM—0 to 3SM-—9 connects ground at the ar-
mature and contact of these magnets to conduc-
tor 366 which extends to grounded battery
through the winding of relay (3D and relay 13D
operates. In this case relay {3D, upon operat-
ing, causes connection lamp {308 to light and
stllpplies an additional holding ground for relay
{iIGD. ’ : :

Director circuit at the small switchz‘ng center -

When the called line trunk at the small switch-
ing center receives permission to route the ecall
through such switching center, the sequence cir-
cuit connects the director circuit to the particu-
lar. or called line, trunk. The inward transmis-
sion path from the line trunk circuit is in mark-
ing condition and by means of the contact and
armature of gate relay 4G, is connected to con-
ductor 411 which extends over the contact and’
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outermost right-hand armature of relay 12DC,
conductor 1202, normally closed -contact of jack
2004, conductor 2002, through the upper winding
of relay 20—G to ground. The outward trans-
mission path through the line trunk circuit in-
cludes -conductor 1203, middle right-hand arma-
ture and contact of relay [2DC, conductor 413,
upper windings, in series, of relays 4G and 4Gt,
to grounded battery 812. The sequence circuif,
upon seizing the director circuit, placed ground,
as hereinbefore stated, on conductor. 1204 which
causes the operation of relay 20—A. Relay
20—A, upon -operating, (1) operates relay
20—Al; (2) removes at its outer lower armature
and back contact the ground connection from the
grid element of vacuum tube 2017; (3) closes
at its outer upper armature and contact an op-
erating circuit for relay 20—A2 and relay 20—A2
operates; (4) supplies at its inner upper arma-
ture and contact, a ground for the locking cir-
cuit of relay 20—TI, which will be hereinafter
described; (5) -applies telegraph ground -(a)
through the back contact and armature of relay
28—C to ground the receiving selecting contacts
1985 to 1908 of the start-stop distributor and to
operate start magnet {901 which when oper-
ated permits rapid acceleration of the motor by
elimineting clutch drag; (b) to the lower wind-
ing of relay 20—G to grounded battery 2028,
current in the lower winding tending to bias re-
iay 20—G to its spacing, or left-hand, position;
(¢) over conductor 2029 to the “stop” pulse con-
tact 1810 of the start-stop distributor; (d) over
conductors 2029 and 1943 to the potentiometer
formed by resistances 1936 and 1935 which is later
used in .operating the register relays 19R1 to
{9R5; (e) to the upper winding of relay (9R6
which biases this relay to its spacing, or left-
hand, contact and (f) toa front contact of relay
20-—C{ which is later used to start the “director-
ready” signal since relay 20—AI, when operated,
closes at its inner lower armature and contact
an operating circuit for the distributor motor,
the circuit being traceable from grounded bat-
tery 2038, resistance 2004, inner lower. armature
and contact of relay 20—Alf, conductor 2034, mo-
tor series winding 1930 of motor {931, resistances
1903 and 1932 to ground and the governor con-
tacts 1933 (U. S. Patent 1,860,556, supra) which
gre closed while the motor is coming up
Relay 20—Af, upon operating, performs other
functions, namely, (1) closes a. locking circuit
for itself extending over its upper armature and
contact, conductor 2008, to ground at the outer
right-hand armature of relay
the motor is kept running under control of the
sequence circuit as long as an incoming call is
awaiting completion; (2) supplies ground at its
outer lower armature and contact, over con-
ductor 2032 to the armature of relays (9R{ to
{9R5 to permit these relays to lock in either di-
rection in which they may be operated. While
the motor is attaining speed the distributor cams
1923 to 1929 are operating, the receiving-select-
ing cams 1825 to 1928 successively causing brief
closures of each receiving contact, in turn, the
contacts being designated {905 to 1909, respec-
tively. Relays 18RI to {9R5 will ‘therefore op-
erate and lock in the spacing, or right-hand, di-
rection due to these closures to ground. The
spacing locking circuit of relays 19RI to I9RS
extends through the respective No. 3 windings of
the relays and through the winding of relay 19J.
Therefore relay 19J will operate as soon as any
one of relays 19R1 to {9R5 operate to spacing

to speed. .

12TA and therefore ;

10

20

25

30

40

G0

70

2,375,856

position. . Relay 18J, upon operating, opens the
operating path of relay 19F preventing its. pre-
mature operation. Meanwhile, relay. 20-—A2,
upon operating, has in effect placed the sensi-
tive slow-release relay 20—B across the governor
contacts 1933, prepares in advance a circuit for
operating the fast-operate relay 20-—-C, and has
opened at its outer lower armature and . contact
a future operating circuit extending from the ar-
mature of relay 20—G to the distributor stop
contacts. T
‘When full speed is reached, the governor -con-
tacts open momentarily, removing the short cir-
cuit around resistance 1803 of relatively high
value and allowing relay 20—B to operate
through resistances 1904 and 2005. Relay 20—B
being of the slow-release type, with the help of
condenser 2006 holds over governor contact clo-
sures thus operating relay 20—C as soon’ as the
“stop” pulse contacts 1910 close at the end of
each character signal received. :
Relay 20—C, upon operating, removes ground
from the receiving contacts 1865 to 1308 and
start contacts 1911 whereby a start magnet (901
releases, latching the clutch and preventing fur-
ther pperation of the contact cams. Relay 20—C,
upon operating, locks in a circuit traceable from
grounded conductor 2037, armature, front con..
tact and lower winding of relay 20—C, through
the winding of relay 20—CI, conductor 2033, to
grounded battery 2038 and .relay 20—Ct oper-
ates. Relay 20—ClI, upon operating, closes at its
lower armature and contact the clrcuit for send-
ing the “director” ready signal to the distant cen-
tral office, the circuit being traceable from
ground on conductor 2037, contact and lower ar-
mature of relay 20—Ct, normally closed make-
pefore-break contacts of relay 20-—N3, conduc-
tor 1203, middle right-hand armature and con-
tact of relay 12DC, conductor 413, through theé
upper winding, in series, of relays 4G and 4Gl to
grounded battery 412. Relays ‘4G and 4Gl op-
erate, relay 4G sending the “director” ready sig-
nal to the loop repeater which in turn transmits
the “director ready” signal to the -operator at
the distant central office. Also, relay 20—CH,
upon operating, (1) connects at its inner upper
armature and contact, the armature of relay
20—G to a circuit extending over the distributor
receiving contacts 1905 to 1809 and start con-
tacts 1911 which circuit is open at the outer lower
armature and contact of relay 20—A2, prepars
atory to receiving the pulses of the loop repeater;
(2) opens at its outer upper armature and back
contact the operating circuit for relay 20—A2
which releases; and (3) provides at its outer
upper armature and front contact off-normal
ground to & large part of the director circuit in-
cluding ground on the armature of relay I9RS.
Relay 20—A2, upon releasing, removes relay
20—B from the governor contacts 1933, completes
the circuit from the armature of relay 20—G to
the receiving contacts -1905 to (909 and starting
contacts 1841, and transfers the stop pulse con-
tacts. 1910 from the upper winding of relay 20—C
to the operating, or lower, winding of relay I9R6
preparatory to receiving pulses from the loop-re-
peater. -After the “director” ready signal is sent.
the following relays are held operated: 20—A,
20—Al, 20—C, 20-—Cti, 183, 20G to its -mark-
ing, ‘or right-hand, position and relays {9RA1 -0
{SR5 to their spacing; or right-hand; positions:
The circuit is now prepared to receive puises-from
thecentral office. - = - L R
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EReceipt of director ready signal at the large
switching center

The “director ready” signal is repeated at the
Iarge switching center to the central office. The
“director ready” signal, that is, a negative poten-
tial, or marking condition, is received over line
trunk conductor 501 at the large switching center
to operate relay 8C. Relay §C, upon operating,
closes an operating circuit for relay 14H, the
circuit being traceable from grounded battery
1405, resistance 1406, conductor {467, resistance
1418, conductor 1417, contact and armature of
relay 8C, conductor $25, resistance 1428, through
the winding of alternating current relay (4H,
conductor 1419, to ground at the marking con-
tact and armature of relay 6P and relay (4H
operates. Relay {4H, upon operating, closes at
its armature and contact, an operating circuit
for relay 6Ct which operates.
operating, (1) closes at its front contact and
inner upper armature an operating circuit for
relays 6SA and 6DR which operate; (2) connects
ground at its inner lower armature and contact
to the operating circuit of relay 6CL which op-
erates; (3) connects at its outer lower arma-
ture and contact a ground connection to a circuit
traceable over conductor 648, front contact and
No. 6 armature of relay 6CL, conductor 841 to
the condenser {433 and (4) transfers at its outer
upper armature the transmission circuit compris-
ing the upper winding of relay 6C from ground
to the armature of relay 6S. Relay 6SA, upon
operating, (1) closes at its lower armature and
contact an operating circuit extending from

ground, conductor 627, armature No. ¢ and front &

contact. of relay 6SL, conductor 637, through the
winding of relay 14C2, to grounded battery and
relay 14C2 operates and (2) connects at its upper
armature and contact, grounded positive battery
629, through resistance 642, to the normally
closed contacts of the tip spring of jack 631, ring
conductor 632, contact and outer right-hand
armature of hold magnet 7TH3, ring conductor
103, operated ring contacts of set 104, conductor
106, normally closed contacts at the tip spring of
jack 803—B, through the upper winding of relay
8SP, to ground and relay 8SP operates to effect
a marking condition toward the main trunk con-
ductor 814 extending to the central office. Relay
8SP, upon operating, closes an operating circuit
for relay 8SP{, the circuit extending from ground
at the No. 1 armature and contact of relay 8—ON,
conductor 821, armature and spacing, or Ileft-
hand, contacts of relay 8SP, through the wind-
ing of relay 8SPI, to grounded battery and relay
8SPf, operates. Relay 8SPI, upon operating, (1)
causes the operations of relay 8RC which locks
under control of relay 8R2 preventing the start of
automatic ringing at the subsecriber’s station, (2)
furnishes an additional ground for holding relay
8—ON operated, the circuit being traceable from
ground over its No. 4 armature and contact, con-
ductor 810 and 81!, through the winding of relay
8—ON to grounded battery and (3) locks up un-
der control of relay 8SBI, the circuit being trace-
able from grounded battery, through its winding
front contact and its No. 1 armature, conductor
828, back contact and outer lower armature of
relay 8SBI, to ground at the No. 5 armature and
contact of relay 8—ON. :

In response to the marking condition received
from the small switching center, relay 6R is op-
erated to its marking, or right-hand, position to
extend the marking condition through the upper
winding, in series, of relays 6S and 651, No, 1
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armature and contact of relay 6SL, normally
closed contact at tip spring of jack 630—A, con-
ductor 839, operated tip contacts of set 704, con-
ductor 708, normally closed contacts of tip spring
of jack 8024, upper armature and back contact
of relay 8R3, through the lower winding, in se-
ries, of relays 8S and 8L, conductor 808, to
grounded positive battery 901, and relay 8S re-
mains in its marking, or right-hand, position.
Relay 8S in its right-hand position extends the
marking condition toward the central office over
conductors 831 and 832, normally closed make-
before-break contact of relay 8SBI , conductor
§38, front contact and No. 3 armature of relay
8-—ON which is locked in its operated position by
relay 8SPI, conductor 834, normally closed con-
tact and tip spring of jack ‘804 send, main trunk
conductor 914, through the upper windings, in
series, of relays 10—RS and t0—R, to grounded
positive battery. - Relay 10—R does not operate
because relay (0—CT is released. Relay 10—RS,
upon operating to its marking, or left-hand posi-
tion, removes ground from condenser 1081 and
condenser {001 becomes charged in a circuit ex-
tending from grounded positive battery 1008, re-
sistance 1021, conductors 1009 and 1010, resist-
ances {811 and 1012, condenser 1001 to ground.
When the marking signal is in excess of one-half
second, condenser 1001 will charge sufficiently to
cause vacuum tube 1003 to become conductive
and plate current will flow to operate relay {0—C.
Relay 10—C, upon operating, operates relay
10—CT. Relay 10—CT, upon operating, closes
a circuit from grounded battery 1014, contact
and inner lower armature of relay 10—CT, to the
winding of relay 10—TR to ground and relay
{0—TR operates to remove ground from the
ring spring of jack 1032 and ring conductor of
the selected cord whereby the supervisory lamp
in the operator’s cord circuit and controlled by
the ring conductor thereof, is extinguished,
thereby giving an indiestion to the operator that
the trunk is prepared for teledirection signals.
The operator will then transmit the teledirec-
tion signals corresponding to the number of the
desired subscriber’s station. The operator then
sends pulses representing, first, “figures” and
then the code number of the desired subscriber’s
station. .The listed code number is used in cases
where the operator desires a direct connection
to a subsecriber’s station and the unlisted code
number of the desired station is used when the
operator wishes to connect the called subscriber
in a conference circuit. However the conference
circuit is not discussed herein and the descrip-
tion which immediately follows, appliés to a di-
rect connection and therefore the subscriber’s
station number will be identified as the listed

. number.
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Receipt of code pulses at the small switching
center

The operator at the central office sends pulses
representing the preliminary signal “figures”
followed by the two digits of the called subscrib-
er’s station listed number. The listed number
may be that of a single subscriber’s line or one
of a group of lines; any-one of such group being
arranged to be automatically selected and if such
selected one line of a group is busy hunting facil-
ities are provided whereby the next higher num-
bered line of the group, that is idle, is selected for
the connection, - First, the method of establish-
ing a connection to a single subscriber’s line will

be described, and then, “that of establishing g

connection to one of a ‘group -of -lines for which
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line hunting facilities are provided .will be
escribed.

The pulses representing “figures” are received
over the transmission conductor 501 of the line
trunk circuit normally closed contacts at the tip
spring of jack 538, conductor 539, normally
closed contacts at the tip spring of jack 560, con-
ductor 540, outer lower armature and front con-
tact of relay 5TR, through the No. 3 winding of
relay 5R, to grounded negative battery 5§32 at the
marking contact and armature of relay 58. Re-
lay SR, upon, operating, repeats the incoming
pulses over conductor 424, armature and contact
of relay 4G, conductor 411, outermost. right-hand
armature and contact of’ relay 12DC, conductor
1202, normally closed contact and tip spring of
jack 2001, conductor 2002 through the upper
winding of relay 20—G to ground. The director
circuit in conjunctlon with the sequence circuit
decodes the pulses received from the central of-
fice and prepares to make connection to the re-
quired subscriber’s station loop, making a test,
however, to determine that this subscriber loop
is not busy, out of order, or unassigned.  If any
one of the above conditions is encountered, char-
acters indicative of the condition are impressed
on conductor 413 and therefore repeated by
relays 4G and 4G and then by relay 5S of the
repeater to the transmission conductor 501 of
the trunk circuit and eventually appear on the
operator’s teletypewriter at the central office.
Relay 4G! follows these pulses but relay 5TR
which is controlled by. relay 4Gl has sufficiently
slow-release characteristics to remain unoper-
ated.

For a call to a single subscriber station, the re-
ceipt of incoming code pulses in the director
circuit at the small switching cenler

In the case of the call being to a single sub-
scriber station the incoming code pulses received
over transmission conductor 501 of the line
trunk are repeated by a gate relay 20—G which
is normally held to marking, or right-hand, con-
tacts The distributor motor (Fig. 19) is run-
ning but the receiving contacts, 1905 to 1909 are
not operated because the stop magnet 1901 is in
a released position, latching the clutch.

The first character “figures” consists of a start
pulse which is always spacing followed by the
flve selecting pulses, namely, marking, marking,
spacing, marking, and marking and these are
followed by the stop. pulse which is. always mark-
ing. The start pulse operates relay 20—G to its
spacing, or left- hand posmon thereby closing &
circuit extending from grounded bafttery, through
the winding of start magnet (801, conductor
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1922, normally closed start contacts 19L{, con- .

ductor 2026, outermost lower armature and con-
tact of relay 20—I:U, conductor 2025, contact
and outer lower armature of relay 20-A2, inner
upper- armature and front contact of relay
20—CL, conductor 2034, armature and spacing
contact of relay 28-—G, conductor 2035, contact
and outer upper armature of relay 2iN, con~
ductor 2115, front; contact; and outer lower arma-
ture of. relay 20—A to ground and start magnet
190/ operates and therefore the cams 1923 to

1929 begin rotating under the control of the. dis-
tributor motor. The motor speed and receiving

contacts 1905, to 1909 are adjusted so that at the

time the first selecting pulse, say “marking,” of
the character is received from relay 20-—G, con-
tacts 1985 are closed to.complete a circuit- ex-
tending from contact. point 1834 in the potenti-

(UL
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ometer comprising resistances (938 and 1836, and
grounded negative battery 1939, conductor 1931,
through winding No 1 of relay ISR, conductor

1938, closed contact {905, conductor 2026, out-

ermost lower armature and contact of relay

20—LU, conductor 2025, contact and outer lower
alma,ture of relay 20—A2, inner upper armature
and contact of relay 20—CI, conductor 2034, to
the armature of relay 20—-—G to which grounded
) positive battery 2028 is connected. Assuming as
stated above that the first selecting pulse is
marking, relay {9RI will operate and lock in its
marking, or left-hand, posxtlon Similarly, relay
19R2 will be left either spacing or marking de-
pending on the character of the second pulse.
The reception of the “figures” character then
proceeds as follows:

eleDlé’ént . Relay 20G i Registered relay | Fan relay operated
.| Marking. ...} 19R1 (marking)_..| Relay 19DL
O I do....... 19R2 Emarkmg)_._ Relay 19D2.
_1 Spacing_.... 19R3 (spacing)
Marking....| 19R4 (markmg) .{ Relay 19D4.
..... do...._..| 19R5 (marking)...| Relay 18D5.

With relays 13RI to I9RS operated as above, it
will be noted that none of the lecking paths of
these relays pass through the winding of relay
18J, but if any one is operated, in the reverse
direction, relay 19J will be energized. Relay 19
will therefore release only when a “figures” char-
acter is received. The succeeding stop pulse
which is marking for each character is received
at a time when contacts F310 are momentarily
closed by cam 1924 and start contacts 1941 are
momentarily opened by cam {923, When start
contacts (8Ff are opened, start magnet (80t
releases. A momentary closure of contacts 1918

.at the time the stop pulse is received by relay

20-—G, a circuit is closed from grounded battery
1938, 1es1stanees 1946 and 194f, through the
lower winding of relay ISRS, conductor 942,
back contact and outer upper armature.of relay
20—A2, conductor 20836, closed contacts 1919,
conductors 2829 and 2031, front contact and
outer lower armature of relay 20—A to ground
and relay: |19R6 operates to its marking, or right-
hand, position, overcoming the effect of the bias-

. ing current flowing in the upper winding. The

charge on timing condenser 912 causes relay
t9R6 to remain in its marking, or right-hand,
position 4.030 seconds after the stop pulse con-
tact 1910 opens, the discharge circuit extending

3 to ground at the outer lower armature and front

contact of relay 20—A in a path including con-
ducters 2031, 2029 and 1943, the ypper and lower
windings in series, of relays 19R6 and condenser
1812 to ground. This allows time, for the opera-
tion of relay 18F in a circuit which is traceable
from grounded battery, through the winding of
relay 19F; armature and contact of relay (9J,
back contact and upper armature of relay 19K,
marking contact and armature of relay {9RS,

d. conductor 913, back-contact and upper armature

of relay 2iR,; conductor 2182, front contact and
outer upper armature of relay 20—C/| to.ground.
Relay 19F-operates and locks to ground, over con-
ductors-1944-and 918, to ground at the front con-

. tact and outer upper armature of relay 20—CI.

Relay 19F; upon operating, prepares a path for
operating relay 19K when relay [9R6 returns to
its spacing; or left-hand, contact. In this way re-
lay. 19K operates  and locks to ground over con-
ductor 1818 to ground at the front contact and
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outer upper armature of relay 20—Ci-and trans-
fers the marking contact of relay {9R6 from the
contact and armature of relay {9J to conductor
2122 which is connected for the succeeding
counting or fanning-out relays in preparation
for the registration of the next two digits, that
is, the two digits of the called subscriber’s sta-
tion listed number. )

" The reception of “figures” can therefore set up
a combination of relays {8R{ to 19R5 locking di~
rect to grounded battery instead of through the
winding of relay §9J, thereby releasing relay 197
and allowing the next two characters to be reg-
istered. Therefore, “hits” on the line are harm-
less until the operator has set a preliminary
“figures.” After the “figures” character has been
received, the following relays are operated . Re-
lays 20—A, 20—Al, 20—C, 20—Cl, 19D{, 19D2,
19D4, 19D5, 197, 19K; relays 20—, 19RI, 19R2,
19R4, 19R5 are in their respective marking posi-
tions; relays 19R3 and 19R6.are in their respec~
tive spacing positions. The operation of relays
19DI, 19D2, 19D4, and 19D5 perform no useful
function at this time.

Reception and deciphering of the first and sec-
ond digits ai the small switching center

The first digit of the called subscriber’s listed
number will be repeated by relay 20—G, broken
up pulse by pulse by the distributor contacts and
recorded by relays 18R{ to 19R5 in much the
same manner as the “figures” character was re-
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ture of relay 21M, conductor 2122, front contact
and- upper armature of relay (8K, marking, or
right-hand, confact and armature of relay {9RS,
conductor 1913, back contact and upper arma-
ture of relay 2IR, conductor 2182, to ground at
the outer upper armature and front contact of
relay 20—Ci. Relay 2iL operates and locks up
to ground furnished by relay 20-—~Ci. Relay
{9R6 also furnishes ground over the normal con-
tacts of relays 21M, 2iNi, 2{R and 20—LU to

- an armature of relay {9D5. Prom the armature

20

ceived. Relay ISR! is operated in accordance -

with the position of relay 28—G at the middle of
the first pulse, relays f9R2 according to the °

second pulse, etc. In each case the operating or
No. 1 winding of each of relays 19R{ to {9R5, can
quickly overcome its associated holding windings
Nos. 2 and 3, but otherwise these relays hold in
whichever direction they are operated under
control of motor start relay 20—Al.

Assume that the listed number of the call sub-

scriber’s station is No. 12, the operation result-
ing from the reception of No. 1 will be herein
described first and the order of received pulses
constituting the character No. 1 are marking,
- marking, marking, spacing and marking. - In ac-
cordance with the description hereinbefore
given, relay (8R! will be in its marking, or left-
hand, position. Relays 19R2 and {9R3 will also
be in their respeciive marking, or left-hand, posi-
tions. Relay [9R4 will be in its spacing, or right-
hand, position and relay (8RS will be in its mark-
ing, or left-hand, position. With relay 19Ri
in its marking position, a circuit is closed from
ground at the outer lower armature and contact
of relay 26—Alf, conductor 2632, armature and
marking contact of relay {8R1{, through the wind-
ing of relay {8D{ to grounded battery and relay
18D} operates. In a similay manner relay 19D2,
i9D3 and {9D5 are operated. Relay [9R4 is
operated to ifs spacing, or right-hand, contacts
in response to the fourth pulse of the No. 1 digit.
A circuit is closed at the time for operating re-
lay 187, but, as hereinbefore stated, performs no
useful function after the “figures” character has
been received. At the conclusion of the reception
of the dot elements of the particular character
transmitted, relay {§R8% again operates to its
marking position and is again held for an addi-
tional period of .030 second. Relay 19RS, upon
operating, to its marking contact, causes the
operation of relay 2iL in a circuit traceable from
grounded battery 2{01, through the lower wind-
ing of relay 211, back contact and lower arma-
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of relay 19D5, the grounded circuit is fanned
out by means of the combination of operated
and/or unoperated fanning-out relays 19DI to
18D3 to one of ten conductors designated Nos. 0
to 9 of group 27¥35. Each of the conductors Nos.
0 to 9 is arranged by means of cross-connecting
blocks 1914 and (815 to operate & relay such as
relay 19HA, representing the tens group in which
the desired subscriber’s station may be found.
Relay I9HB represents another tens group of
subscriber lines. The operating circuit for relay
t9HA is traceable from grounded negative bat-
tery through the winding of the relay {(SHA,
armature and contact of rélay. 19K1, one of the
conductors designated Nos, § to 9, for example,
say conductor No. 1 which represents the tens
groups in which the called subscriber’s station
No. 12 is located, front contact and armature
No. 8 of relay 19D, front contact and innermost
upper armature of relay 19D2, front contact and
inner lower armature of relay 19D3, back con-
tact and inner lower armature of relay 19D4,
front contact and lower armature of relay 15D$,
conductor 1916, back contact and middle lower
armature of relay 26—LU, conductor 2607, outer
lower armature and back contact of relay 21R,
lower armature and back contact of relay 21N,
back contact and lower armature of relay 2iM,
conductor 2122, front contact and upper arma-
ture of relay 19K, marking contact and armature
of relay (8RS, conductor 1913, back contact and
upper armature of relay 2IR, conductor 2102, to
ground at the front contact and outer upper
armature of relay 20—Cfi. Thus relay (3HA,
upon operating, indicates that the desired sub-
seriber’s station is one of those in the group of
ten stations, say the second group. In this case
the operated relay corresponds to the tens
srouns of the particular called subscriber’s line
which is line No. 12. Relay 19HA, upon operat-
ing, locks in a circuit traceable from its lower -
armature and contact, conductors 1917, 1944 and
1918, to ground at the outer upper armature and
front contact of relay 20—C1I. This locking cir-
cuit also serves to operate and lock relay 19KI.
Relay 19K, upon operating, definitely removes
the other H relays, such as relays 19HB, 19HC
(not shown), etc., in the cther tens groups, from
its associated conductor of conductors Nos. 0
to 9. Relay 2IL, upon opérating, prepares a path
for the operation of relay 2(M. When relay
19R6 returns to its spacing contact after 0.030
second, relay 2iM will operate, close a circuit
extending from ground, at the outer upper arma-

_ture and front contact of relay 20—Cl, conduc-

tor 2102, upper armature and front contact of
relay 2IM, conductor 2103, front contact and
inner left-hand armature of relay 18K, front
contact and upper armature of relay 19HA, con-

_ ductor 1848, through the winding of relay 19HI,

to grounded battery. Relay 19HI is associated
with the particular tens group in which the de-
sired, or called, subscriber line No. 12 is found.
Relay (9H2 is associated with another tens group -

: of subscriber lines, and relay {9HS8 (not shown)
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may be associated: with still -anotlier group afid
soon. Relay (8HI, upon opérating, conreets the
closed fanning-out conductor to-the desived com-
ductor of conductors Nos. 0 to § of the particular
tens group of the called subseriber’s station. The
other relays f9H2, (8H3, ete., corresponding to
relay 19H1 and respectively associated with the
other tens groups, are through the operation of
relay F9K{, prevented from-operating during the
time that one of the tens group relays, such as
relay (9HI(, is operated. Relay Zi{M, upon
operating, (1) locks to ground ox conductor
2102; (2) opens the operating psths of relays
711, and 19HA and prepares an operating path
for relay 2IN. Relays 2fL and I19HA, however,
remain operated over their locking cireuft. After
the first digit-has been reeceived, the following re-
lays are operated: 20—A, 20—Af, 20—C, 20-CH,
t9F, 19K, 2L, 2iM, (9HA, (9K!, and {9HF.
Relay 20—G is in its marking position and relay
I9R6 is in its spacing position. Relays HRI to:
19R5 and 19Dt to (9D5 are operated according
to the: character just received.

The second digit. of the- ealled subscriber’s. sta-
tion listed number, say No. 2, is received, reg-
istered and made to operate the farning-out re-
lays i a distinctive combination in the same
manner as the combination for the first digit.
The order of received pulses constituting the

character No. 2 is marking, marking, spacing, :

spacing and marking. The fanning-out relays
t9DF, ¥9D2 and (9D% operate in accordance with
the combination set up on the register relays
1SRt to 19R5. Relay 19R6 operates to its mark-
ing position, while start magnet 1901 is' gper-
ated’ thereby causing the operation of relay 2tN.
The circuit being traceable from grounded bat-
tery, through the winding of relay 2IN, front
contact and lower armature of relay 21M, con-
ductor 2422, front contact and upper armature
of relay (9K, marking contact and armature of
relay (9R6, conductor (913, back contact and
upper armature of relay 21R, grounded con-
ductor 2102. Relay 2IN, upon operating, (1)
opens the circuit of the spacing contact of re-
lay 20—G to prevent any additional incoming
pulses from being registered; . (2) Iocks. to the
ground on conductor 2102; (3) opens the oper-
ating path of relays 2{M. and [(9H{i and pre-
pares a path for the operation of relay 2INi.
When. relay {8RS§ returns to its spacing, or left-
hand position, it causes the operation of relay
2INf. Relay 2IN1, upon operating, closes a-
path extending from grounded battery, through
the windings, in series,. of out-of-order relay
21—00 and busy relay 2iBY, front contact and:
lower armature of relay 2i1NI, back contact and
outer lower armature of relay 2iR, conduetor
2007, middle lower armature and back contact

of relay 20—LU, conductor 1816, lower arma~

ture and contact. of relay 19DS, inner lower
armature and back confact of relay 19D4, in-
ner lower armature and back contact of relay
19D3, innermost lower armature and front con~
tact of relay {9D2, No. 7 armature and contact
of relay 18Dl, to conductor No. 2. of the con-
ductors Nos. 0 to 9, armature No. 2 and: contact
of relay (9H!I which remains operated. in- its
locking circuit, conductor 1946, normally closed:
contact at the ring spring of jack 30TA, con-
ductor 34f, through the winding oft “hold’ mag-
net 3H2, to:grounded battery. 'The locking cir-
cuit for relay (9H| may be. traced ovsr the: up-
per armature and: contact of relay F9HA, inwer
left armature and contact of relay H9KF, eon~

10
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desetor 2163, -tromt comact -afid upper *rmafare
of relay 2 v to sroomded conductor TF0%. “Hold”
magnet 3H? corresponds to the line extending
to the called subscriber's station 202, the listed
number of which is assumed herein to be No. 12.
Afso relzy 211, upon operating, closes at its
upper armature and comtact, the operating cir-
cuit. of slow-acting relay 2INZ, which operates.
It will. be .nioted that as usudl -thie registration
rélays IR to (4RF remain locked in the di-
rection in’ which they were last operated.
_Testing ‘the called subscriber line
‘The comrection of grounded battery through
relays #—00 and 2{-—BY to the particular
called subscriber line enables these two,relays: to

determine if conductor 31f commected to conduc-
tor 3i ¢ and to the winding of the hold magnet of

- the calfed subscriber line is terminated in a

d}rect ground which causes the- operation of
hoth-refays 2t—00 snd.21—BY or in a high re-
sistatice out-of-order ground which may be con-
nected to the ring spring of an out-of-order

. jack, -patched to jack, say jack 308B, of the

called. subscriber line which resulls: in. the op-
eration of relay 2i—OO only. In case no ground
is. mvailable neither of the .relays 21—~00 and
ZI~-BY operates. This test takes place during

" thesslow-operating time of relay 21-——N2, which,

5 indicated above, begins to operate when re-
ley: 21=-NL operates. As soon . as relay 2I—N2

- operates, the off-normal ground on- the fromt
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- which is connected to its upper armature;
prepares an operating circuit for relay 21-—~U;

contact and outer upper armature of relay

59 2@ Ct i conneeted in a cireuit extending over

conductor 7102, armature and frent contact: of
relay 21—N2, to the armsature of refay 21—00.
Kssume that the called subscriber line is idle,
in’ whichr ease ground is not connected to con-
ductor 3¢l relay 2{—00 will be unoperated and
ground connected to its armafure by the op-
eration of relay 2{-—N2 will cause the operation
of relay 2{—R. Relay 2{—R, upon operating,
(1y removes relays 2f—OO and 2I—BY from
conductor 31{ of the called subscriber line and
replaces them by relay 2f—S8; (2) causes the re-
lease of relay 2(—NT{ by removing ground, the
ground being. furnished .over .conductor 2102
3

and (4) locks to grounded conductor 2182. Re-
lay .2f—N{, upon. releasing, causes relay 2({—N2Z
to. slowly release. During the time that relays
2f—NI and 2i—N2 are releasing, ground .at the
No. 3 armature and contact of relay 13D is con-
nected to a circuit extending through high re-
sistance 130i, conduetors #1302 and (205, outer
left-hand armature and contact of relay 18K,
conductor (924, through the winding of relay
2+—S, front contact and outer lower armature
of relay 2{—R, conductor 2007, middle lower
armature and contact of relay 20—LU, corduc-
tor k318, lower armature and contact of relay

. t3D5, inmer lower armature and back contaet

of relay (8D#, inner lower armature and back
contact of relay: 19D, innermost lower armature
and: front contact of relay 19D2, No. T arma-~
ture and front centact of relay f(8Dl, to con-
ductor No. 2 of conductors Nos. 0 to' 9, and as
hereinkefore traced over conductor 3+f, through
the winding of “hold” magnet 382 to grounded
battery. Under the assumed condition of the
called subscriber line being idle, grounded bat-
tery on -the winding of “hold” magnet 3H2 of
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the cross bar.switch in the link circuit, permits
relay 24~ {o. operate, but.die to the high re-
sistance 4384 in the circuit, the “hold” magnet
3H2 remains unoperated. Relay 21—, upon
operating, opens the operating circuit of relay
21U, and closes an operating circuit for relay
2i—81- which operates in -a circuit traceable
over the armature and back contact of relay
21—N2. Relay 2!—S{, upon . operating, (1)
locks over grounded conductor 2i62, (2) short-
circuits the winding of relay 2{—8S and (3) holds
open the operating circuit of relay 2{--U. With
the winding of relay 2f—S short-circuited, the
ground af the No. 3 armature and contact of
relay 43D which is connected to the circuits
hereinbefore  traced is now -effective to cause
the operation of hold magnet 3H2 which -oper-
ates to move its vertical row of contact sets into
engagement with their respectively associated

sets of horizontal conductors, a set of horizontal .

conductors associated with the selected trunk
404 bhaving already been moved into its oper-
ated position by the operation of selecting mag-
net 3SM—I, the called subscriber line will
therefore be connected at contact set 355 to the
trunk cireuit 481 which will function to release
the sequence circuit. The sequence circuit, in
‘turn, will function to remove the ground from
conductor . 1204 to release relay 20—A. Relay
20—A, -upen releasing, removes ground from the
various parts of the circuit including relays
20—C and 20-—C{ and releasing relay 20-—Al
unless conductor 2888 is connected to ground
at relay (2TA, indicating that another inward
call.is awaiting completion. Relay 28—C¥, upon
releasing, removes locking ground from a con-
siderable part of the director circuit. If re-
relay 20—Al releases, the motor will be stopped
and‘all remaining parts of the circuit will be
deenergized. If, however, relay 20—Al is held
operated, the motor ‘is kept running and relays
I9R{ to I9RF and the associated fanning-out
relays [8Di to I8D5 are locked in the condition
at which they were operated by the last digit
of the called subscriber line number. When the
next call comes in; the operation will be as de-
seribed - above, except as follows: relay 20-—B
now operates immediately since the motor is
running at full speed and relays 20—C and
20—Ci follow at once upon receiving a closure
of the stop pulse contact (210 of the start-stop
distributor. Before the stop pulse is received,
relays {9RI to i9R5 may be operated to spac-
ing through the back contacts of relay 20—C,
but in any case the circuit awaits to receive
“figures” before Droceeding with the call. If
the inward call is to a busy called subscriber
line or an out-of-order line, the operation of
the call is exactly the same as hereinbefore de-
scribed up to the point where the operation
of -relay 20—NI connects relay 2—00 and
2{BY to conductor 31! of the called subscriber
line circuit. At this time, however, conductor
314 terminates in direct ground (busy) or ground
corinected through a resistarice to the ring spring
of the out-of-order jack which is patched to a
jack of the called subscriber’s line, the jack
corresponding to jack 208B of subscriber’s line
302. The direct ground established by a busy
condition may be traced cver conductor 1945,
normally closed contacts at the ring spring of
Jack 307A, conductors 3({ and 3%4, operated
sleeve contacts of set 355, conductors 357, and
420 through the winding of relay 4SI: to ground
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at the Ne. 3 armature and contact of relay
4—ON. In either case of busy -condition, relay
21—00 quickly .operates but relay 2IBY is
marginal and operates only on direct ground.
Relay 21—00, upon .operating,. prevents relay
2iR from operating and therefore, relay 2INi
remains operated keeping relays 2(—0O. and
2{BY connected to conductors 311 and 354. Re-
lay 21—0O0’ therefore remains operated along

with relays 2IN, 2IN{, and 2IN2 and also oper- .

ates relay 20—N3.
ating, (1) applies at its upper armature and -con-
tact, ground to start recording “K” or “Q”
characters by producing the corresponding - sig=+
nals through the operation of relays 20—P and
20—P1; (2)-connects the contacts of relay 20—Pi
te the outward transmission path, the connee-
tion Dbeing established over its outer lower ar=
mature and frent contact and extending -over
conductor 1203. Relay 20—P and 20—P! oper-
ate in a condenser timed .circuit to generate
“K” and “Q” signals as follows: When the ground

is applied to one end of the potentiometer,

comprising resistances 2104, 2009, and 2040, re-
lay 20—P will operate to its spacing, or left-
hand, position, due to current flowing in its up-
per winding. When the armature of relay 20—P
is in its left-hand position, the current in the
upper winding of the relay is reversed but the
discharging of condenser 2044 through the low-
er winding of the relay holds the relay to its
spacing, or left-hand, position until the dis-
charge current is so reduced that the upper
winding of the relay regains control and oper-
ates the armature to its marking, or right-hand,
position. Here the process is repeated, the up-
per winding of relay 20—P, tending to make

the relay armature return to its spacing posi-

tion while the conductor in charging holds it to
its marking, or right-hand, position until their
effect is overcome. The condenser and poten-
tiometer resistances are so proportioned that
relay 20—P will pulse at about 9 cycles per sec-
ond if resistance 2009 is in the circuit or eleven
cycles per second if resistance 2009. is shirt-
circuited.. As will be seen hereinafter, if the
line were busy. relay 2iBY, upon operating,
would cause “K” signals to be sent; if out of
order, the relay 24BY is released and “Q” sig-
nals will be sent.

When the ground is connected by relay
20—N3, relay 20—PI will operate to its mark-
ing; or left-hand, position due to current in its
upper winding. This maintains a marking sig-
nal over the outward transmission path which
is hereinbefore {raced as extending through the
upper windings, in series, of relays 4G and 4G,
However, when relay 20—P opens it marking,
or right-hand, contacts, condenser - 2815 . will
charge through the lower winding of relay
20—P1 to cause relay 20—P1 to leave its mark-
ing, or left-hand, position for one pulse length
(approximately .022 second), the charging orig-
inating in grounded battery 2409 and extending
through the resistances 2140 and 24ii, over
conductor 2116. Relay 20—Pi then returns to
its marking, or left-hand, position and after re-
lay 20—P operates to its marking, or right-hand,
position, cendenser 2015 is discharged through
resistance 2016. Since relay 20—P is pulsing
continucusly, relay 20-—P! will send out 2 spac-
ing pulse of .022 second every time relay 20—P
opens its marking, or right~hand contacts. In
this way relay 20—P drives relay 20—P1 at either

Relay 20-—-N3, upon -oper- .
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9 or 11 cycles per second, sending “K” signals
if the line is busy and “Q” signals if the line is
out of order. These characters are transmitted
over the line and printed on the operator’s tele-
typewriter at the distant central office for a
time interval of 1 second. 'The timing arrange-
ment will be described hereinafter.

Connection to unassigned or impossible number

If an unassigned number or non-numerical
code is received and registered, the circuit func-
tions as described hereinbefore. When, how-
ever, relay 21S is connected to the circuit ex-
tending over conductor 1921, over outer left-
hand armature and contact of relay 19Kli, con-
ductors 1205 and 1302 as hereinbefore traced,
when testing a particular called subscriber line
for an indle condition, grounded battery on the
winding of hold magnet such as hold magnet
38! for a subscriber line station 281 is not avail-
able and relay 2iS fails to operate. When,
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therefore, relay 2IN2 releases, off-normal ground

will be connected to the winding of relay 21U,
causing relay 21U to operate. Relay 21U, upon
operating, closes at its inner lower armature
and front contact, an operating circuit for re-
lay 20—N3. causing ground through the opera-
tion of relay 20—N3 to be connected to relays
20—P and 20—PI and associated apparatus as
hereinbefore described, and disconnects resist-
ance 2113 which was in parallel connection with
resistance 2{14. Resistance 2/14 is in the cir-
cuit inasmuch as the shunt around the outer
lower armature and contact of relay 21U has
been opened. Under these conditions relay 20—P
operates at approximately 6 cycles per second.
When relay 20—P operates to its spacing, or
* left-hand, position, relay 20—P{ is operated to
its spacing, or right-hand, position for two pulse
lengths, that is, 0.044 second, by a charging
condenser 2015. Relay 2051, upon returning to
its marking, or left-hand, position remains in
that position until relay 20—P again operates
to its spacing, or left-hand, position, thus a
signal corresponding to a “V” or 3 character
is generated and transmitted to the operator’s
teletypewriter at the distant central office.

When the director circuit at the small switching
center times out

When the director circuit at the small switch-
ing center was first seized, the operation of relay
20—A removed at the outer lower armature and
back contact of the relay a ground connection
from the grid of vacuum tube 2017, thereby per-
mitting condenser 2018 to start charging from
grounded battery 2019, through resistances 2020,
2021 and 2022. If a call is not completed. and
the director circuit dismissed within a 10-second
period, the charge on condenser 2018 and thus
the voltage on the grid of vacuum tube 2017 is
of such value that the plate current operates
relay 20—T which, in turn, operates relay 20—TI,
Relay 20—T1, upon operating, (1) ftransfers
transmission conductor 2003 from its back con-
tact and No. 5 armature to its front contact and
No. 4 armature so that the transmission con-
ductor is now connected to the marking, or right-
hand, contact of relay 20—P instead of to the
marking, or left-hand, contact of relay 20—PI;
(2) operates relay 20—N3 and (3) removes the
shunt from resistances 2008 and 20{{. Relay
20—P with the resistance change in its upper
winding operating circuit pulses at approximately
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8 cycles per second rate, the charge and dis-
charge on condenser 2044 holding the armature
of relay 20—P on its marking, or right-hand,
contacts 0.123 second and on spacing, or left-
hand, contacts 0.110 second. Thus the signal gen-
erated by relay 20—P has a spacing period equiv-
alent to a start pulse and four character pulses
and a “T” or “5” character is generated and sent
to the operator’s teletypewriter at the distant
central office for a period of 1 second.

Signal limiting feature at small switching center

Busy, or out-of-order, unassigned and director
circuit timed-out signals are all limited to 1 sec-
ond as mentioned above. The operation is as
follows: When relay 20—N3 operates ground is
connected through a winding of relay 20—TA
which operates and locks to ground on the con-
tact of relay 20—TB. Relay 20—TA, upon op-
erating, (1) operates a relay 20—TB which locks
directly to ground at the inner lower armature
and contact of relay 20—N3; and (2) connects
at its middle upper spring member, which is nor-
mally opened, a ground connection to the grid
of vacuum tube 2017 to recycle the vacuum tube
in case relay 20—T! has operated. Relay 20—
TB, upon operating, (1) opens the operating and
locking circuits of relay 20—TA; (2) removes
resistances 2022 from the charging circuit of con-
denser 2018; and (3) transfers the armature and
contact of relay 20—T from the winding of relay
20—T1 to the contact at the outer lower arma-
ture of relay 20—TA. Relay 20—TA, upon re-
leasing, completes a circuit extending over the
contact and outer lower armature of relay 20—
TA, conductors 2023 and 2024, innermost - left-
hand armature and contact of relay (2DC,
through the left-hand winding of relay [2BO
to grounded battery. At approximately 1 second,
relay 20—T operates, connecting ground to
grounded battery through the left-hand winding
of relay 12BO. Relay 12BO, upon operating,
locks the trunk out until released at the distant
central office and immediately releasing the di-
rector circuit to restore all relays to normal.

With reference to the registering relays {9RI
to I9R5 being operated in different combinations
in accordance with the pulse combinations re-
ceived from the distant central office for the
establishment of connections to local subscriber
lines, the following table shows the relative posi-
tions of each of the relays for each character
received. “M?” indicates marking, “S” indicates
spacing, ) :

Clz:eiglc- Characters | Relays | Relays | Relays | Relays | Relays
Lower case] Uppercase | 10R1 | 19R2 | 19R3 | 19R4 | 19R5
Figures Figures - M M 8 M M
P 0 S M M S M
Q 1 M M M S - M
W 2 M M S s M
E 3 M S s 8 - 8
R 4 ) M S M 5.
T 5 8 S S S M
Y 6 M 8 M ] M
U 7 M M M 8 S
1 8 S M M S S .
(o] 9 S 8 S M M- 1

« All-trunks-busy” circuit operation at small
switching center ’
_ For a description of the operation of the “all-
trunks-busy” circuit, reference may be made to
the copending application of W. V. K. Large and
F. J. Singer, Serial No. 462,966, supra. The all-
trunks-busy circuit describes the transmission’ of
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letters to ‘the ‘subscriber’s station during the call
no~cireuit period, ’. ) : :

Test-circuif at the small switching center

. Reference to the test circuit at the small

switching center may be made to the copending

application of W. V. K. Large and F. J. Singer,
Serial No. 462,966, supra.

. Alarm features at the small switching center

The alarm features are shown in Fig. 13 as part
of the sequence cireuit for the equipment at the
small switching center. Vacuum tube 1391 has
a plate current which is normally -flowing to
maintain relay i3A operated. The grid element
of vacuum tube 4381 normally has grounded posi-
tive battery {319 normally .connected in a cirenit
traceable through resistance 1841, over condue-
tor 1342, contaet and -outermost left-hand ar-
mature of relay { G, conductor 1142, No. 6 arma-
ture and contact of relay {4#GA, confact and
right-hand armature of relay {1GE, conductor
1148, -and then in parallel paths, one path extend-
ing through condenser #4313 to ground and the
other path extending to the grid element of vac-
wum tube 4304, Relay #8A in its normally op-
erated condition holds relays 13A1, J3A2 and
1343 also in an operated condition. Condensers
1313 and 1128 are in a charge condition narmaly
heeause of this normaily charged circnit. When
a -call, either incoming or -outgoing at the small
switching center, causes relay 411G, the main .gate
relay, to operate, grounded positive battery 1340
is, therefore, disconnected frem the giid girewit
of vacuum tube {394 and eondensers 1313 and
1426 start discharging through resistances 1344,
1345 and 4307. 1If a call should succeed in op-
erating relay 11G and progress no further toward
completion, the alarm circuit weuld function at
the end of approximately 59 seconds. Should-the
call proceed to a point -where relay 14GE is re-
leased and then fail to proceed, the alarm cireuit
would operate in approximately 15 seconds due
to the removal of condensers 41426 fraom the grid
circuit of vacuum tube $304.  In the case of an
outgeing .call, the operation may continue to in-
clude the operation .of relays 13LS1 -and 13H and
then fail. Under these conditions the alarm cit-
cuit will operate in approximately 4 seconds due to
the removal of resistance (307 from the grid ele-
ment circuit. When, under any of the above
eonditions, the charge on the grid condenser 1343
or condensers {313 and 1126 .drops to a point
where the plate current will no longer hold relay
{3A operated, that relay, in releasing, réleases
relay 13A4. ‘The release of relay #3A4 (1) opens
the operating circuit of relay 13A2: (2) opens
a ‘holding circuit for relay 13A3: (3) .connects
ground to ‘the innermost left-hand :armature and
contact of relay {2DC.

" In case the call is incoming, relay 12DC is
operated and the .ground supplied by relay §3A{
operates relay {2BO ‘which (1) operates relay
12AD to advance the chain to the next idle trunk
and (2) transfers the ground on conductor 433
from the call disconnect lamp 1204 and conduc-
tor 1221 to ifs .own holding, or right-hand, wind-
ing. Relays 11GE, 1iGF, {1GB, {1GC, { IGD and
11GA, the operated relay of relays 4474 to 4 15,
fogether with relays 127C, (2TA, 12BOX and
¥28T2 returned to their normal idle condition
compileting the circuit for restoring ‘the positive
potential from :grounded battery 1340 to be grid
element of wacuum tube 1301 as hereinbefore
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traced ‘when ‘the alarm relays resume their nor-
mally operated condition.- o e o

In case of an emergency, such as failure of the
sequence cireuit, in ‘which the automatic features
of the switching unit are in trouble, ‘manual
service key 1101 will be operated by the attendant.
The manual service key 4104 when operated
makes the trunk sequence ineffective so that a
director cannot be attached to a trunk and -the
subscriber portion .of the sequence eirenit can-
not complete its task of automatically selecting
an idle trunk and connecting the subscriber to it.
‘The operation -of this key causes: the manual
service lamp 1102 to flash. An outward call will

5 be -indicated by the . lighting «of the.call lamp;

such -as lamp 306 associated with the subscriber
line of subscriber station 202. . :

An inward call will be indicated by a lighted
call disconnect lamp associated with the trunk
sequence circuit, such as lamp 1201 of the trunk
sequence circuit-associated with the tiunks shown
in Plgs. 4 and 5. ‘The attendant will conneet a -
double plug patching cord between the jacks
435A .and 436B of the line trunk circuit apd the
Jacks of the subscriber line associated with the
attendant’s line of the test circuit, such as jacks
30TA and 308B of the subseriber’s line of station
202, ‘making ‘sure that the .attendant’s teletype-
writer is comnected. The operator types the
calling number of the desired subseriber’s station
which appears on the attendant’s teletypewriter.
The attendant then makes a busy test of the re-
quired subscriber line by .connecting a Patching
cord hetween the two jacks of the reguired line
such -as jacks 307A :and 308B of the line of sub-
scriber 'station 202 and the busy test ciréyit. If
the line is busy the lamp of the busy test circuit
lights and the attendant will then manually send
“K” signals to the operator from his -teletype-
writer. If the line is-idle, he ‘will patch tlirectly
from the trunk jacks 435A and 436B {o the line
jack, say jacks 30TA and 3088, A description -of
the stest circuit may be had by referring to the
copending application of W. V. K. Large and
F. J. Singer, Serial No. 462,966, supra.

At the conclusion :of the-eall when hoth sub-
scriber and operator have disconnected, ground -
on conductor 1208 will operate relay (2DL, which
will lock to ground on conductor 1209 and light
call disconnect lamp 1204. When the cord is
removed from the subscriber line jacks, say jacks
307A and 3088, relay 12DL releases extinguishing
lamp 1204. The night alarm cirenit involving
relay (3F and I3E and buzzer {3D—MGT was
hereinbefore described. Lo

Alarm features at the large switching center

As -described hereinbefore, during the routing
of -a -call established by the subscriber or -one
established by the distant central office operator,
relay 20ST is operated in the misceHaneous.alarm
cireuit. The interval used in routing the call is
timed to see that it does not .exceed a certain
specified lmit and thus prevent the Permanent
disabling .of the trunk and :subscriber Sroup se-
quence -circuit. In.case of an outward call the
miscellaneous alarm -eircuit times .out in 2 sec~
onds and a'greund is placed on conductor 845
if ghe indications ware that the trunk is.not in
trouble. ‘Gince the ALI relay associated with the
barticular subscriber group containing the .eali-
ing subscriber Mine, say 45ALI-—GB8 for its 2SSO~
ciated group of subscriber lines, is -eperated.
Ground .on conducter 4648 will cause the opera-
‘tion of 2 BO relay in Fig. 15, such .as relay
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I5BO—G0, which in turn -will lock under the
control of the associated subscriber group release
key such as key 1510. The operation of the BO
relay, say relay 15BO—G®0, will cause the release
of the associated relay 158TI—G0 and 15AL—1
and light & lamp such as lamp 1511 indicating
that the subscriber subgroup is in trouble. Re-
lay (5BO—G0 prevents any subscriber of ‘the
particular subgroup from entering the subgroup
sequence circuit, thus removing that particular
group of subscribers’ stations from outward
service. The release of relay 15STI—G0 permits
the release of the associated relay i5AL—0. Re-
lay 15AL—G0 released causes relay (8LS-—I or
relay 18L.S—2 to release, which sends .a ground
potential to the trunk advance chain. The trunk
advance chain functions, causing the release of
the associated LS| relay such as relay 18LSI—I
or 18LSI—2. But if the trunk has not been
connected to the calling line, the “advance” is
not locked up.  The release of the {8LSI relay
causes the release of the relays. I8H—0, 18H—I
and §8H—2 as hereinbefore described. Relay
25CS of the miscellaneous alarm circuit is mean-
while held operated for approximately 1 second
longer to permit all this action to be completed
and upon release reconnects ground to the cir-
cuit including conductors 2507 and 1704 :of the
entire switching center chain. This reconnec-
tion of ground permits all other outward calls
except those originated by the subscribers in the
group out of service, to be routed through the
switching center. An appropriate alarm . is
sounded by the miscellaneous alarm circuit and,
together with the lamp indicating the group in
trouble, gives .an indication to the.attendant of
the existing type of trouble. The group sub-
seriber station remains out of service until the
attendant has removed the trouble and then op-
erates the subscriber group release key 1510
sociated with the illuminated lamp {5il. The
operation of key i511 causes the release of relay
|5BO—G0, returning the busy-out feature to
normal, extinguishing the trouble lamp and per-
mitting the particular subscriber group access
to the sequence circuit and in turn to calling
service. - : '

If the miscellaneous alarm circuit times out in
2 geconds on an outward call and the indications
are that the trunk conductors, or some part of the
trunk relay equipment, is at fault, ground is not
placed on conductor 1618 but connected to con-
ductor 846 which is included in s circuit trace-
able over the contact and No. 2 armature of re-
lay 8ST, conductor 841, front contact and lower
armature of relay 25TK, contact and outermost
upper armature of relay 28TMI, contact and in-
ner lower armature of relay 25TM, conductor
2514, to ground at the inner lower armature and
contact of relay 258S8T. 1t would be noted by refer-
ring to Fig. 18 that conductor 8471 is multipled to
all the trunk circuits. The particular trunk cir-
cuit preselected at the time by the outward call,
say the trunk circuit shown in Figs. 8 and 9, is
the only trunk circuit that is in a position to util-
jze the ground on the’ contact and inner lower
armature of relay 25ST and this ground causes
relay 16BO—G0 which is associated with the
trunk circuit shown in Figs. 8 and 9 to operate.
Relay (6BOI—8, upon operating, locks under
control of its associated trunk release key 1620
and at its outer upper armature and contact con-
nects ground to the upper winding of relay
{6BO—0 which also operates. Relay {6BO—1,
upon operating, (1) connects at its middle upper
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armature and contact a ground connection to
conductor 83! which extends to grounded bhattery
through the winding of relay {6CH—0 which
operates and causes in turn the operation of relay
t6AD—0: (2) locks at its outer lower armature
and contact under control of any mark signal of
the distant central office, the control being. had
by relay 8CTI which is operated in response toa
mark signal from the central office. The opera-
tion of relay 16BOI—0 also causes the associated
trunk lamp 1621 to flash under the influence of
interrupter 1704 as an indication that the trunks
are in trouble. ' The operation of relay 16CH—0
and | 6AD—0 removes the possibility of using that
particular trunk on the outward call, but permits
this outward call to be connected to the next idle
trunk. Under this condition, therefore, the sub-
scriber will receive service even though the con-
nection of the distant central office s slightly de-
layed. If the path to the distant central office is
in trouble, obviously no signal can be sent to it
and trouble of such g nature will become apparent
wheni the distant operator selects the trunk to
originate an inward call.. The miscellaneous
alarm, therefore, has effectively removed the
trunk from service on an outward call and may
have given a trouble indication to the operator
at the distant central office. When the trouble
is cleared by the attendant the trunk may be put

. back into service by momentarily operating the

key 1620 which causes the release of relay
16BOI—0. Relay 16BOI—0, upon releasing, re-
moves ground from the secondary or upper wind-
ing of relay {6BO—0 at the same time changing
the lamp (621 from a flashing condition . to a
steady light condition, Relay [6BO—0 will, how-
ever, remain operated under control of a marked
signal that might be received from the distant
central office. At the conclusion of this mark
signal, relay 16BO—0 releases. Relay {6BO—0,
upon releasing, causes (1) the release of relays
{BAD—-0 and (6CH—O0 and readmits the trunk
circuit to the trunk advance chain making it
available to a subscriber’s originating outward

5 call and (2) extinguishes the trunk lamp (621,

On an inward cail the miscellaneous alarm cir-
cuit permits three separate timing intervals, 2
seconds being allowed to place the director circuit
in an off-normal condition, a total of 4 seconds
being allowed for the director circuit to provide
itself in a position to receive the teletypewriter
characters typed by the operator at the distant

central office and 10 seconds in which to com-

pletely fulfill its function. ‘When the miscellan-
eous alarm circuit times out at the conclusion of
the 10-second interval, it places ground on con-
ductors 1618 and 1619, if it has been determined
that the trouble causing the failure of the inward
call to be routed through the switching center
might possibly exist in the trunk sequence or
trunk circuit, but grounds only conductor 1618 if
it has been determined that a trouble does not
exist in either of the two circuits. If conductors
{618 and 1619 are both grounded, relays {6BO—0

5 and -16BI—0 operate and are locked under con-

trol of both the trunk release key {620 and any
marked signal that may be received from the dis-
tant central office (controlled by relay 9CTI)
causing the associated trunk lamp {621 to flash
and connecting a ground to the operating circuit
of relays 16CH—O0 and 16AD—0, operating both.
When the interval is 10 seconds, the director cir-
cuit is arranged to send a 1-second series of “T”
signals to the distant central office as a reorder
signal. In addition, ‘the operation of relay
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[6BO-0 removes battery from the: operating
winding of 168T2-—0 causing the release of
relays 16STF2—8 and 16ALI-—D.
upon releasing, removes ground. fromr conductor
161 which extends to the outer right~hand:
armature of relay 26A/( in the director circuit and
causesthe release of relay 16AL—0 which releases:
relay 6ALI—8. Relay {6ALI—0, upon releasing,
opens the eperating circuit of relays 16BO—0:and:
{8BO1—0, disconnects: the trunk circuit from.

the director circuit, removes the starting ground:.

from conductor 1615 which extends through. the:
winding of start relay 26A in the direct circuit,.
and removes ground from conductor $68F which
is' employed in the operating cireuit- of relay 8M
i the trunk circuit. Relay 16AL~§, upon releas.-
ing, removes: grounded battery fromt conductor
1622 which extends to the miscellaneous alarm
circuit: aver conductor 887 to the winding of relay
25ST to ground permitting: relay 25ST of the mis-
cellaneous alarm circuit to release, if it is-not held.
operated from some other source, and. reconnects
ground to conductor 1624, thus permitting. the
sequence circuit to handle a new call in either di-
rectior. The operation of the CH snd ADrelays,
such asrelays {6CH—O0 andg I6AD-—0, removes the
trunk ecircuit from the trunk chain as far as an-
outward call is concerned. After thie trouble has
been cleared, the attendant restores the trunk
to service by mementarily operating the key’ as-
sociated with the flashing lamp: 1621 and as in-
dicated heretofore the relay (6BO—0 will remain
operated untif any marking signal that might be
received from the distant central office is termin-
ated. At the conclusion of any such marking sig=-
nal, the trunk circuit is restored to service. If,
however, it has-been determined that nefther the
trunk sequence cireuit nor the- trunk. circuit is-in
any way responsible for the failure of the inward
call, conductor F618 aloneis grounded causing the-
operation of relay {6BO-—8" which, as described
hereinbefore, takes the trunk circuit out of service:
temporarily as long as a marking signal is receiv-.
ed fromi the distant central office. At the conclu-
sion'of such a marking signal the trunk iy restored:
to'service, ;
MISCELLANEOUS ALARM CIRCUITS
Description of operation.

Whien a subscriber originates an outward: call
and ‘the sequence circuit is called into. use,.
grounded’ battery is placed on conductor (887

causing the operation of relay 2587T. Relay 258T,.

upon operating, (1) removes ground from the di-
rector transfer key 28082 to prevent a manual
transfer from one director circuit to the second:
director circuit; (2) causes the operation of re-
lay 25CS; (3) furnishes a ground connection to
supplement the one: on the director transfer key
2802 to-nullify the return to normal of that-same
key and: to continue thé particular director cir-
cuit in Use during the routing of the call through
the switching center. The operation of relay
25CS removes ground from conductor (161 to the
sequence circuif, preventing further use of the
sequence- circuit on' a new call, connects Jocking’
ground for the time measuring relays and con-
nects the 60-—IPNL interrupter 2518 supply to re~
lay 28F which follows the J2-second open and Vs~
second closed 60—IPM interrupter. The first ope
eration of relay 28PF causes the operation of relay
28Af; upon the release of relay 28P, relay 28BY
operates. Withthe relays28Afand 28B1 operated;
relay 28A2 operates: Oh the next closure df re~
lay- 28R, relay 28AL releases causing the operas:

Relay (88T—@: -
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tion of relay 28B2. ,On the next open of relay
28P, relay 28Bf releases. After the thirg release
of relay 28P (which would occur 2 to 2.5 seconds
after relay 28ST had operated, if the relay 25ST
remained operated), ground on the contact of
relay 25CS: is connected in a circuit extending
over conductors. 2509 and 2803, lower armature
and- back. contact of relay 25K2, conductor 2500,
cuter upper armature and contact of relay 28B2;.
outer upper armature and. contact of relay 28Ad,

outer upper armature and. contact of relay 28B+,
conductor 2804, through the winding of relay
28TM to grounded battery, and relay 25TM. op- -
erates. Relay 28TM, upen; operating, (1) closes:
the operating eircuit for relay 28TMA, the eircuit.
ceing traceable-from. grounded battery, through
the upper winding of relay 28TMI, conductor

2885;. contact and inner upper armature of relay
25TM, conductor 2812, inner upper armature and.
back contact:of relay 25K8, to.ground at.the.con-

tact and outer upper armature of relay 25K2.and.
relay 28TMK operates;: (2) eonnects ground at
the contaet and inner lower armature of relay
2UST in a circuit traceable-over conductors 2513
and 2544, inner lower armature and contact;. of
relay 25FM, inner upper armature, contact and.
upper winding of relay 25TK, to. grounded bat-

tery- for. holding relay 25TK cperated;. and. (3)

opensi the operating path of relay 28TR, which

path.may be traced from: grounded battery 2806,.
armature and contaet of relay 28LT, through
the- lower winding of relay 2§TR, back contaet.
and oufer Upper armature of relay 28DAZ2,. con-

ductor 2801, contact and inner upper armature.

. of relay 28K2, outer lower armature and con-.

tact of relay 25TM, conductor 253, contact and.
inner lower armature of relay Z5ST; to ground..
Relays 28K5-and 25K2 being normal, relay 26TM1
operates. immediately, locking under confrol. of
relays:28B{ and.25CS, placing a supplementary
ground on- relay 25CS, preparing a path for test- -
ing' the. subsequent release of the sequence cir-
cuit and connecting ground. chtainable on -the.
contaet and: inner lewer armature of relay 25ST
to -other contacts on relay 25TK. During the
routing: of the outward. call, the trunk eircuit
sends- the calling-in signal to the central office
and.awaits: the reception of ringing current sent
automatically from the- central office.” If - this
calling-in: signal was not received at the central.
office, due.to.a faulty conductor or if the. calling-
in signal fails to-be registered.at the central office,
or'if in: any event the ringing current fails to be
received in- the large switching center, ground

- on- conductor 80! would: continue: to- keep relay

25TK. operated causing it to lock the moment
relay 20TM operates. Therefore, the ground

. furnished by relay 258T and. directed to-the lower
- armature and- front contact of relay 25TK by
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means: of the inner lower armature and congact.
of relay 25TM and the outermost upper armature -
and. contact of relay 28TMI, would be applied. to
conductor 841. which extends to the Iower wind-
ing of relay I6BO{—8 in:the sequence cireuit:ahd
to. the operating,  or upper, winding of relay
25TKA. in 8 circuit- which.-may be traced over
the grounded. conductor 2514, inner lower. arma-
ture and contact of relay 25TM, outer lower ar-
mature and back contact: of relay 25Ki; cuter
upper armature and: front.contact, ef relay 25TK,.
through: the upper winding of relay 25TKA to
grounded: battery. Ground on conductor 841
causes relay 258U to: operate, which: relay;, upon
operating, opens the sequence circuit chain. and
causes the trunk circuit in conjunction.with the




54

sequence circuit to remove the particular trunk
circuit from service. Relay 25TKA, upon op-
erating, will light lamp 2515, bring in minor
alarms 2808 and 2812 and lock under control of
the release trunk key 2516. The removal of the
trunk from service will permit the subscriber call
to receive service over another trunk after the
alarm circuit has tested and found the sequence
circuit normal and when connected to the new
trunk & sequence circuit will return to normal
after the subscriber has received service and re-
moves battery from conductor {807, causing re-
lay 25ST to release and, in turn, release relay
25CS. Relay 25CS will release all counting relays
operated at that time, returning the circuit to
normal except for locked-in alarms.

If the selected trunk has satisfactorily gone
through its paces and registered the received
ringing current, or if the trunk circuit was not
even preselected, the relay 25TK will be normal
when relay 25TM operated and ground available
on the contact and inner lower armature of relay
25ST and directed to the contacts of relay 25TK
by means of relays 26TM and 28TMI would be
applied to conductors 1648 and 16{9 of the se-
quence circuit and would cause the operation of
relay 25SA. Ground on conductor 1618 (con-
ductor 1618 is ineffective on this type of call) to
the sequence circuit will cause the latter circuit
to function and remove from outward service the
particular subgroup of subscribers’ stations con-
taining the calling subscriber’s station. The op-
eration of relay 25SA would bring in minor alarms
2868 and 2812, prior to the elimination of lamp
2501 and permits relay 25SA to lock under control
of release key 2511, In either case after a % sec-
ond has elapsed, relay 28P again operates caus-
ing the release of relay 28At. Relay 28Al re-
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ous alarm circuit to normal except for the locked-
in: trouble indication and thus ipermitting - the
alarm circuit to handle the timing of a new call.
As indicated herein, relay 25TKA, 25SA or 288E
will remain operated depending upon the type:
of trouble that the miscellaneous alarm circuit.
discovers. The operation of a key. associated
with each of these relays and the associated an-
nuneiator circuit will permit the silencing of .the:
audible alarm and will lock~-in the lamp indicat-
ing the trouble brought in. Each of these relays
also has associated with it a release key the oper-
ation of which, after.the trouble has been cleared,
eliminates the locked-in trouble indication. Re-
storing the release key associated with the: relay
and the annunciator alarm circuit extinguishes
the trouble indicating lamp provided the locked-:
in trouble indieating relay has been. released.
With the trouble indicating lamp extinguished,
the circuit has returned to normal.

Timing the interval used by the sequence Circuit’
on an inward call if a director circuit has not
been seized

When a trunk circuit on an inward call receives
permission to use the sequence circuit, grounded
battery applied to conductor 1807 causes the relay
25ST to operate. Relay 25ST, upon operating,
results in the operation of relay 25CS as here-:
inbefore indicated. The operation of relay 28CS
permits the time registering relays 28P,. 28AH,.
28BI, 28A2 and 28B2 to function as hereinbefore
desceribed and if, after approximately 2 seconds,
relay 25K2 should :still be non-operated, as &
vesult of the failure of the:sequence circuit to

" seize a director circuit, relay 25TM will operate

leased causes the release of relay 26TM and relay »
40 lower armature and contact directed by means of.

 25TM released connects the operating winding of

relay 28SE to ground at the contact and arma-
ture of relay 256ST, the circuit being traceable
from grounded conductor 2514, outer upper arma-
ture and back contact of relay 25TM, middle
upper armature and contact of relay 28TMI,
through the upper or operating winding of relay
28SE to grounded battery. If, therefore, in the
15 second that relay 28A1 and 28B1 were operated
and'in which relay 25TM and 28TMI functioned
to ‘apply ground to the contacts of relay 25TK

- and in which an attempt was made to free the

sequence circuit, relay 25ST did not release,
ground on its front contact would cause the
operation of relay 28SE, ag soon as relay 26TM
released. Relay 28SE operated would lock under
control of the release sequence key 2810, light the
sequence lamp 2501 and bring in major alarms
2809 and 2811 as an indication that the sequence
circult itself is in trouble. If, however, relay
25ST released during this interval, the miscella-
neous alarm awaits for another % second until
relay 28BI1 releases which permits the release of
relay 28TMI. The release of relay 28TMI re-
moves the ground from the winding of relay 25CS
which, in releasing, removes the 60—IPM inter-
rupter 2518 from the winding of relay 28P, re-
moves the locking ground from the time meas-
uring relays and reconnects ground to conductor
1101, extending to the sequence circuit, permit-
ting the sequence circuit to handle a new call.".

The removal of holding ground from the time
measuring relays, and the disconnection of
§0—IPM interrupter 25i8 from the winding of
relay 28P, causes release of relay 28P and all
time counting relays, returning the miscellane-
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as hereinbefore indicated followed by the oper-
ation of relay 286TMi. If relay 25ST is still oper-
ated at this particular time, ground on its inner

the inner 10Wer armature; and contact of relay
25TM and the outermost upper armature and
contact of relay 28TMI to the lower armature |
and back contact of relay 25TK will be applied
to the conductors 1618 and 1619 of the sequence
circuit to remove the particular trunk used in
originating the call from service and at the same
time permits the operation of relay 25SA as here-
inbefore indicated. From thereinafter the mis-
cellaneous alarm circuit functions exactly as indi-
cated hereinbefore under the condition when it
timed out a period in excess of two circuits on an
outward call in which the trunk eircuit called
into use was found unsatisfactory. In this case,
therefore, the trunk will be removed from service
as indicated by a flashing lamp 25 18 and together
with lamp 250( and minor alarms 2808 and 2812
will serve to indicate the type of trouble.

Timing the interval used by the sequence circuit
when conductor 2301, but not conductor 2302
to the miscellaneous alarm circuit, is grounded

As hereinbefore indicated when the sequence
circuit. is seized, relay 25ST of the miscellaneous
alarm circuit operates causing, in turn, the oper-
ation of relay 25CS. As hereinbefare described,
relay 25CS connects the 60—IPM interrupter 2518
to relays 28Al, 28B1, 28A2, 28B2, 28A3, 28B3, in
combination for the purpose of counting the in-
terval. Under the assumption that conductor
2381 has been grounded, relay 25K{ of the mis-
cellaneous alarm circuit operates and (1) con-
nects conductor 2530 to the contact and outer
upper armature of relay 25TM; (2) places & sup-
plementary holding path on the operating wind-.
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ing of relay 25CS; (3) locks under control of relay
2588T; (4 connects the operating path of relay
28DA{ or 28DA2 to contacts of relay 25TM, the
selection of either of relays 28DA{ or 28DA2 being
under the control of the lower armature of relay
28TR; (5) ecauses the operation of relay 25K2.
Relay 25K2, upon operating, connects conductor
2521 to the contacts of relay 25TM, partially pre-
pares the path for operating relay 28TR and locks
under centrol of relay 25CS at the same time
removing ground from the outer upper armature
of relay 28B2. Relays 2841, 26A2, 2881 and 28B%
function and at the conclusion of a 2-second in-
terval, relay 25K2, being operated, the miscel-
lanecus alarm does not cause the operation of
relay 25TM. At the conclusion of 4 seconds; how-
ever, relays 2883, 28A1 and 2881, being operated,
ground furnished by relay 25CS through the oper-
ated contacts of relay 25K2 and normal contacts
of relay 25K3 cause the operation of relay 25TM.
Relay 25TM, upon operating, (1) connects ground
to- the: conductor 2520 through the director cir-
cuit where it is instrumental in bringing the di-
rector into a “stuck” condition by operating relay
26LU; (2) connects relay 20TMFE to eonductor
2821; (3) causes the operation of relay 28DA L
or 28DA2, depending upon the director circuit in
service- and (4) opens the opersting path of relay
28TR or 28LT. The operation of relay 28DA!
or 28DA2, depending upon the director cireuit in
use; results in the locking of the reldy operated
under’ control of its associated release key and
brings in an audible alarm and a lamp associated
with the direetor circuit in trouble and prepares
a- path for either the operation of relay 287TR,
28LT or 28MAJ, the functions of which will be
hereinafter described.

In & large switching center having only one di-
rector circuit, the operation of relay 28DAI{ also
removes the holding ground through relay 25CS
furnished through the operated confacts of relay
25KI. This prevents the troubled director cir-
cuit from interfering with the automatic outward
traffic. : :

After the director ecireuit is loecked in the
“stuck” condition, ground is placed on conductor
2521, which causes the operation of relay 28TMI.
Relay 28TMI, upoh operating, (1) loeks under
control of relay 28B1; (2) places a supplementary
ground on: the winding of relay 25€S to hold it
operated; (3) conneets ground under control of
relay 258T, through the contacts of relays 25TK
and 25TM to the conductors {618 and 1619 to the
sequence circuit; and (4) helps bprepare a path
for the testing of the: failure of the sequence cir-
tult to release and for transferring the director
circuits, both of which functions take place in
the next half second. - If conductor 2522 through
the miscellaneous alarm circuit had been ground-
ed: by the director eircuit to operate relay 25AB
at the moment relay 25TM operated, relay 25K4
will be operated and ground would have been ap-
plied only to conductor 1618, With both con-
ductors 1618 and 1619 to tHe ‘sequence eircuit
grounded, the trunk circuit is-taken out of service
permanently on the key control, but if the di-
rector circuit has so requested, the -operation of
relay 25K4 will permit the grounding of otily con-
ductor 1618 in'which case the trunk cireuit would
have been removed from service temporarily
under control of the marking signal received from
the distant central office. In either case, how-
ever, the sequence cireuit in taking the:trunk out
of service. releases, removing grounded: battery
from. conductor 1807

and causing the release of -
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refay 258T. Al this occurs within a. half second
and at the conclusion of this the 28Af relay re--
leases: causing the release of relay 25TM but relay
28TMI still remaing locked up for an additional
Yo second. With relay 25TM released, if for some
reason or other relay 258T is still operated, in-
dicating, of course, that the sequence circuit has
failed to release, the ground: connection furnistied
by relay 25ST, through back contacts of relay
25TM and front contacts of relay 28TMI' causes
relay 28SE to:operate. Relay 23SE, upon operat-
ing, locks under control of the associated release
key 2810 and brings in major alarms 2809 and
2811 in addition to a lamp 280! indicating that
the sequence circuit failed to release. With relay
258T released, however, ground furnished by re-
lay 28TM1 through.back contacts.of. relays 25K5,
25ST and 25TM and front contacts of relay 25K2,
which- iy stilt locked up under control of relay
25C§; is connected to conductor 2607,

If relay 28DAZ is normal, Indicating director
No. 2 as' available, this ground causes the oper-
ation of relay 28TR which locks under control of
relay 28DAI and places a ground on: conductor
2813 which: extends through the windings, in par-
allel, of relays 23T1 to 28T% in the director cir-
cuit where it is instrumental in replacing director °
circuit No. 1 by director circuit No. 2. If the relay
28DAZ is operated and relay 28DAI is normal, in-
dicating' that the director circuit No: 1 is satis-
factory and available, relay 28LT operates caus-
ing the release of relay 78TR. Relay 28TR, upon -
releasing, removes the ground from condUctor
2843 to the director circuit placing the director
circuit No. 1 in service instead of director circuit
No: 2" In transferring to the new director circuit
all’conductors to the old director cireuit from the
miscellaneous: alarm circuit' are open causing the
release of relays 25K/{, 25AB and 25K4 if oper-
ated. . If both the relays: 28DA! and 28DA2 are
operated when conductor 2807 is grounded indi-
cating, of course, that both director circuits. are
in trouble and not available, ground on conductor
2807 causes the operation of relay 28MAJ, which
locks under control of its associated release keys
2814 and 2815, brings in major alarms 2809 and
2841 and lights a major lamp 2816, lamp 2811,
associated: with director circuit No. 1. and lamp
2818.associated with circuit No, 2, indicating that
both. director circuits are in trouble: The oper-
ation of relay 28MAJ also removes the locking
path of relay 25CS which was prepared by relay
25K while it prevents the “stuck’ director cir-
cuit from. interfering with the placing and'timing
of outward calls. At the conclusion of the addi-
tional ¥ second, relay 288, releasing, causes the
releaseof relay 25TM. Relay 25TM, releasing, re-
moves: the additional holding ground from relay
25Cs which, upon releasing, (1) causes relay 25R2
to: release; (2) opens the holding ground to: re-
lays 28Al, 28B1, 28A2, 28B2, Z8A3 and 2883 s (3)
disconnects' the 66—IPM interrupter 2518 from
relay 28P which controls relays 28A1, 2881, 28A2,
28B2, 28A3 and 28B3; and (4) reconnects ground '
to-coniductor 1701 of the sequence circuit, making
the sequence cireuit available, o :

Ezxtension of the timing interval if conductor 2302
to-the miscellaneous alarm circuit is grounded

If the director circuit blaces ground upon con-
ductor 2302, relay 25K3 of the miscellaneous
alarm: cireuit operates and locks under control of
ground furnished by relay 25CS. Relay 25K3%;
upon:operating, removes ground: front the outer
upperr arniatlife of relay 28B3, The time courrt-
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ing circuit composed of relays 28A1, 28BI, 28A2,
28B2, 28A3, 28B3 and 2844, therefore, continues
to count time until 10 seconds have elapsed at
which time relays 28A4, 28A3, 28B2, 28Bl and
28A1{ are operated and ground furnished by relay
25CS causes the operation of relay 25TM. - There-
fore, if the miscellaneous alarm circuit is off-
normal, the absence of ground on conductor 2301
causes it to time out and operate relay 25TM in 2
seconds. 'The presence of ground on conductor
2301, operating as it dces relays 25K { and 25K2,
causes the alarm circuit to time out in 4 seconds.
The additional presence of ground on conductor
2302 causes the operation of relay 26K3, and per-
mits the miscellaneous alarm circuit an interval
of 10 seconds before it operates relay 25TM.

Timing out after an interval of 10 seconds
As hereinbefore -indicated, the alarm circuit

continues to count time as long as the sequence o

circuit is in use and until it receives notification
that a certain time limit should not be exceeded.
On an inward call the director circuit makes a
preliminary study of its own condition and, if
satisfied, places a ground on conductors 2302 and
2522, causing the operation of relays 25K3 and
25AB. .

Relay 25AB operates relays 25K4 and 25RO and
relay 25K3 operates relay 25K5 together with re-
lay 25K4 and locks under control of relay 25CS.
Since relay 25K5 opens the circuit including con-

ductor 2520 to the director circuit, and relay 25K4-

opens the circuit including conductor 1618, to the
sequence circuit, the miscellaneous alarm circuit,
in case it does not time out, must return the di-
rector circuit back to service and only remove the
trunk temporarily from service. When, there-
fore, the miscellaneous alarm circuit has counted
out an interval of 10 seconds, ground furnished
by relay 25CS causes relay 25TM to operate. Re-
lay 26TM operated caused the immediate opera-
tion of relay 28TMI from ground on relay 25K5.
Relay 28TMI operated, locks under control of re~
lay 28Bl, places a supplementary ground on the
winding of relay 25CS, prepares an operating path
for relay 28SE. Ground on conductor 48 18 is used
in the sequence circuit to disconnect the director
circuit from the trunk circuit, returning the di-
rector circuit to normal, freeing the sequence cir-
cuit, removing grounded battery from conductor
1661 and causing the lighting of the trunk lamp
and the release of relay 25CS, since relay 28BI
is already released; If the director circuit returns
to normal and grounded battery is removed from
conductor 1807, both relays 25KI and 2568T re-
lease. Relay 25CS released causes relays 25K2,
25K3, 25K4 and 25K5 to release; removes 60—
TPM interrupter 2518 and holding ground from
the time counting relays, releasing all operated
counting relays; and connects ground to conduc-
tor 1701 of the sequence circuit, thus returning
the circuit to normal and to a position to permit
the routing and timing of a new call.

In the event that the director circuit does not
release the sequence circuit, the closure of con-
ductor 1701 will delay the operation of major
alarms 2809 and 2811 until a total of 14 seconds
has elapsed. During this additional 4-second
period, relays 28Al, 28BI, 28A2, 28B2 and 28B3
continue to count time as during the 10-second
period when the front contacts of relays 28Al,
2881 and 28B2 are now short-circuited by the
closure of conductor 1701 so that their release
does not release relay 25TM. However, if at the
end of the 14-second period the director circuit
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has not succeeded in releasing the sequence cir-
cuit, relay 2568T will still be operated and relay
28A3 will release, causing the release of relay
25TM which will, in turn, operate relay 28SE and
sound the major alarms 2809 and 2811,

Functions of lamps and keys

The miscellaneous alarm circuit is equipped
with an alarm cut-off key 2502, which upon be-
ing operated prevents the - miscellaneous alarm

- circuit from timing out a call and at the same

25

30

35

40

Lo
i

an

60

time causes an alarm cut-off lamp 2519 to flash.
Fhe circuit is also provided with a sequence busy
lamp 2523 to furnish an indication to the main-
tenance man whenever the sequence circuit is off-
normal. Relay 26SA has associated with it a re-
lease alarm key 2524 which silences the audible
alarm, permanently locking the lamp 2501 in &
lighted condition to indicate the type of trouble.
Tach of the following relays has associated with
it a switch and a lamp for a similar purpose, for
example, relay 25TKA has switch 2525 and lamp
2515, relay 28SE has switch 2819 and lamp 2801,
lamp 28DAI has switch 2820 and lamp 2817 and
relay 28DA2 has switch 2821 and lamp 2818 and
relay 28MAJ has key 2815 and lamp 28i6. The
illumination of lamp 2501 is an indication that
the subscriber line circuit or subscriber line
equipment on an outward call has failed or that
on an inward call the sequence circuit failed to.
set a girector circuit off-normal. The elimina-
tion of lamp 2515 is an indication that on an out-
ward call the continuity of the two trunk con-
ductors has been found in trouble. The operation
of the sequence lamp 2804 is an indication that
the sequence circuit failed and is in trouble. The
operation of director 1 or director 2 lamp, such as
lamps 2817 and 2818, respectively, is an indica-
tion that the particular director circuit is in
trouble and the operation of the major alarm
lamp 2816 .indicates that both directors are in
trouble. After the maintenance man has cleared
the trouble indicated, the miscellaneous alarm
cireuit is brought to normal as far as the alarm
indications are concerned by the return of the
release alarm key to normal, if it has been op-
erated to silence the audible alaxm and the mo-
mentary operation of the releéase key associated
with the particular alarm. This causes the re-
lease of relays 25SA, 25TKA, 28SE, 28DAI, 28DA2
and 28MAJ, removing both audible and .visual
alarms. )

Sequence battery and ground chain alarm

Relay 25SG remains operated from ground sup-
plied by relay 25CS through the ground chain of
the sequence circuit. Similarly relay 25SB. re-
mains operated from grounded battery supplied
by relay 25SU through the battery chain of the
sequence circuit. With both relays 25SB and
258G operated, the plate and fillament voltages
for the vacuum tube 2526 remain unconnected

. while the grid element remains grounded and
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condenser 2521 is in a discharge condition, How-
ever, with the sequence. circuit in an idle con-
dition, if either the ground or battery chain cir-
cuit becomes open, relay 25SB or 25SG releases
depending upon the particular chain affected.
With the sequence circuit in use during the rout-
ing of the call both of these relays also release.
With ground removed from the grid element of
the vacuum tube 2526 and filament and plate po-
tential applied by the release of either or both of
relays 25SG and 25SB, the grid element immedi-
dtely assumes negative potential relative to the
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filament.-and no plate. current flows.. .A positive-,.
charge leaking through. resistance 2528 graduaily ",
raises-the. potential -of condenser. 2521 .and: also. .
continues.to alter the potential .of -the; grid -ele- ..,
ment.- After-approximately 45 seconds, the grid 5
element having reached. a. definite. potential rela-
tive to the-filament; a plate current. of sufficient .-
magnitude causes relay 25M to operate, operat-
ing in tumn relay: 25N:: Relay- 25N, -upen operat- .
ing, locks ‘under- control of the release.sequence 10,
key 2810, causing the operation of relay 28SE.
Relay 28SE, upon operating, (1) acts-as herein-
before described giving a, sequenee- failure-aglarm... .
and (2) -connects -ground-over -the upper-arma-
tures of operated relay -25N; upper-armatures re- . 15
spectively of relays 25SB and 258G to-lightlamps. ..
2508'and 2505 to indieate the chain in-trouble..
After- clearing the trouble;-relay- 25SB or. relay. -
258G operates removing the-vacuum-tube-. 2526 ..
from:the circuit and releasing relay. 25M.. Relay. .20
25N releases  when -release -sequence key 2810 is -
momentarily - operated; -returning the. circuit to..
normal.

Falsely operated selecting magnet of line circuit

If & selecting magnet.is falsely operated;. relay. ,25
25D of the miscellaneous .alarm-circuit operates.. .
~ due:to ground. available on.conductor . 701.. Re-__
lay 28D, upon operating, cpens: ‘the-main. ground. .
conductor (701, preventing the routing of.any. call:gg
through' -the. switching unit. . If-the :condition. ..
persists: for 45: seconds, the.ground. .chain alarm...
operates giving.a ajor alarm:.and lighting the..
sequence ground lamp. 2808 as. hereinbefore des, .
scribed.:, The connection lamp. 2503:is -alsodighted . g5,
and these indications reveal:
type: of -existing trouble,

All-irunks-busy circuit at large switching center

single and double outlet of trunks

When the line concentrating, unit at. the large
switching center is. arranged for double. outlet. of. ..
trunks ‘with provision. for overflow: of -outwarg .-
calls between: outlets, relays. 22A and 22B.a L
provided, each relay being associated With one.of . ¢
the outlets. If the unit is -arranged for a single.,
outlet,. only. relay, 22A .is provided,. When.the ..
switching unit, is arranged for.a double, outlet,
without. provision of - overflow. of calls, n-outlets;,
two. separate all-trunks-busy «circuits .are .pro- .
vided; one for each outlet, Relay 224 provided .
With.one. of these circuits and relay 22B. is, pro-.
vided -with; the . other. all-trunks-busy ; circuit..
When all . the trunks of & .group of -trunks are
busy, the sequence circuit connects ground to the,. 55 ,
winding .of relay 22A or 22B. [depending. upon,;
which of these relays is associated with the group..
The.particular operated relay connects .its 2850~
ciated 60—IPM interrupter of :interrupters..2201
and 2204, {o its associated register such as.regis-,
ters 22NCA and. 22NCB;. which,- therefore;.regis-
ters the number of seconds: all trunks.of-the .
8roup are busy, at the same time closing a por-.
tion of the chain conductor: 2214 to the winding,
of relay 22L, 65

All trunks-associated with -the all-trunks-busy.
cireuit, busy ‘ ’

When all trunks associated with.the particular..

60,

all-trunks-busy circuit are busy, “letters?-relay. 5 .

22L operates. Relay 22L, upon operating, trans-
fers at its outer right-hand armature; condenser
2205 from the left-hand-contact-of relay 22P to
the, contact .of .relay. 22INT and-removes at, -its
middle. right-hand. armature . and . contact, 75..

" [4BB

in turn, relay 22D. "Relay 2
"closes at its outer left-hand

40. tends

‘eround for holdin

2205 and connects that side t6

57

&3

grounded battery 2206, This transfer as will he
seehf*herje. rert ul'-t " ;-e- : ' . .x ""‘ A ST
“letters” signals af the rate of oné per seéond in-
stead of K" signals at /& speed of forty words'’
per minute, | 0o o PR ‘
Originating.of a. call during all-trunks-busy
period. ..
When a subseriber originates a call during

the- all-frunks-busy périod, the séquencé cirsit

places a ground on’conductor 1804 to” operate
relay 228T which, upon opérating, pérmits relay -
22PC_and the magnet of registér 22SUB.OFL, 0
operate.  Also Telay 228T, upon operiting, con-
nects ground to conductor’ 2202 for" opérating™
relay 4B, uit. “Bisy back relay

BB in he trurik cifctiit, “Busy back relay *
B operates and thereby connects ‘a’ traismis="
sion, conductor’ 1432 “over . conductor 2203 to”
grounded. positive battery at the’lett-Hand con- "
tact, and armatire of Telay’22Pf. “'Also Felay’
3,.UPon operating, connects at its innéf lower
ductor (431 whilch éxtends to ground thrdugh the
winding of relay 22C which operates to, operate
armaturé ‘and c
2201, outer left-hang armatire and contaiet” of
relay 22D, outer left-hdnd armature ‘4nd contact:

armature and contact, grounded batters to con-
nas
2D, upon ‘operatin
tact, a circuit traceable from sround, reles

,Of relay 22L, through thé wifiding of' relay 22L:1"
“'to grounded. battery, relay 22LI operating during

the no-circuit condition., Relay, 22D, upon: gper-
ating, also connects the winding, of relay 22

the, grounded interrupter 2208, " Rel
the slow e

inner,
groun

g relay 221 operated; Relay
oduces_at its right-hard”
e (0 ‘d i t i

22F, upon operating; pr

armature and contact,.d

ting, renioves, at its nor- "

break . contacts’, the

O .
upper,. winding of relay 22P1, at the same time"
placing aft its inner left-hand armature ang coni-
tagt:a ground connection 'for. the right-ha
armature of Trelay. ZE.I‘INT ‘and_the arm

rela

v

Counting .subscriber, calls during .an. ell-trynks-

busy. period.:
When,a subscriber calls during
busy beriod the ground, that is I
ductor, 1304, is continped, th
left-hand. armature. and  contact.
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to the winding of relay 22PC which operates.
Relay 22PC, upon operating, supplements this
ground by the ground on its own front contact
and insures the operation of the magnet of
register 22SUB.OFL. The magnet of register
22SUB.OFL., upon operating, locks to this ground
on conductor 1804 and causes the release of relay
29PC. The register controlled by the magnet
of register 228UB.OFL., therefore operates only

once on any one single grounding of conductor

{804 by the sequence circuit. The function of
relay 22PC is to insure the application of ground
for a sufficient period to enable the slow-acting
magnet of register 22SUB.OFL. to function. If
the all-trunks-busy circuit, the line circuit and
the sequence circuit function speedily and tend
to remove the ground from conductor 1804 before
the message register 22SUB.OFL. has operated
the ground on the armature of relay 22PC will
insure the operation of the message register. In
this particular case this ground on the armature
of relay 22PC will be continued back on- con-
ductor 1804 and prevent the sequence circuit
from dealing with another call until relay 22PC
has released and removed this ground or, in other
words, until the message register has functioned.
Therefore as the signals are connected to each
subseriber line the subscriber’s call is registered
on the register 22SUB.OFL. '

Transmission of “letters” to thé subscriber
station during the «“po-circuit” period

When a subscriber station is connected to the
all-trunks-busy circuit during the no-circuit
period as indicated hereinbefore, relay 22INT

follows the 60—IPM pulses from grounded inter--

rupter 2201 and relay 22F follows the pulses from
grounded interrupter 2208 With relay 22F nor-
mal, condenser 2205 is charged and relay 22PI
is held in its marking, or left-hand, position,
transmitting a marking signal to the subscriber’s
line associated with the all-trunks-busy circuit.
When relays 22F and 22INT are operated, ground
from the inner left-hand armature and contact
of relay 22F discharges condenser 2205 in a cir-
cuit traceable from ground at the inner left-hand
armature and contact of relay 22F, armature
and contact of relay 22INT, front contact an

outer right-hand armature of relay 22L, con-
denser 2205, contact and outer left-hand arma-
ture of relay 22F, through the upper winding of
relay 22P1
only helps relay 22Pi to remain in its marking
position. As soon as relay 22INT releases, con-
denser 2205 recharges from grounded positive
battery 2208 in a circuit treaceable over con-
- ductor 2210, condenser 2205, contact and outer
left-hand armature of relay 22F, to ground on
the upper winding of relay 22P|, causing relay
29P| to operate to its spacing, or right-hand,
position and when the charging current has suffi-
ciently decreased, relay 22P{ again returns to its
marking position. On each subsequent opera-
tion and release of relay 22INT during fhe oper-
ation of relay 22F, this cycle is repeateil produc-
ing a space signal of approximately 22 millisec-
onds once per second during the active period
of interrupter 2208. During the interval when
ground is removed, from the interrupted ground
conductor 2211, relays 22E and 22F release. The
release of relay 22F, among other things, opens
the circuit of the secondary, Or UDDET, winding
of relay 22P|, dllowing condenser 2205 to charge
and definitely causing relay 22P{ to operate to
its marking, or left-hand, position. The different
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release times of relays 22E and 22F permit the
retention of ground on conductor 43¢ for an
interval after the last transmifted space-signal.
The 22 milliseconds space signal which is equiv- -
alent to the letters character is transmitted to
the subscriber station-therefore once per second
during the “on” period of interrupter 2208,

A trunk becomes idle while “letters” signals are
being sent out to the subscriber station

As soon as @ trunk circuit in the group in-
volved becomes idle under this condition, ground
is removed from one of conductors 1602 and (102
by the sequence circuit causing the release of the
associated relay of ‘relays.22A and 22B and in
turn the release of relay 22L unless it is held op-
erated by relay 22F, in which case it- releases
after relay 22F releases. The release of relay
221, opens the contact and winding circuit of re-
lay 22INT causing its release and at the same
time connects grounded negative battery 2206 to
a circuit extending through the upper winding
of relay 22P, contact and middle left-hand ar-

mature of relay 22L to grounded positive battery

2211. When relay 22F.again operates, if relay
29P is not in its right-hand position, a current
flows in both the primary, or upper, and sec-
ondary, or lower, winding of relay 22P, the cur-
rent in the primary winding tending to operate
the relay to its spacing, or right-hand, position
and that in the secondary winding tending to
keep. the relay in its left-hand position. When
the charging current flowing through the sec-

- ondary, or lower, winding. of relay 22P has de-

creased sufficiently, relay 22P operates on its pri-
mary, or upper, winding. As soon as the right-
hand contact and armature of relay 22P inter-
engage, the current is reversed in the primary,
or upper, winding of relay 22P tending to drive
the - armature to- its left-hand contact. - The
charge on condenser 2212, however, causes & cur-
rent to flow through- the secondary, or lower,
winding in a direction tending to hold relay 22P
in its right-hand position.. When this discharge
current has been sufficiently dissipated, relay 22P
is driven to its left-hand position under the in-
fluence of the reverse current in its primary, or
upper, winding. ‘When the right-hand contact is
opened, the reverse current in the primary, or
upper, winding ceases and- the current through
the secondary, or lower, winding and the operat-
ing current through the primary, or upper, wind-
ing again begins to flow, causing a repetition of -
the complete cycle. Relay 22P, therefore, oper-
ates and releases at a rate of about 9 cycles per
second. The discharge and charge of condenser
2212 occur nine times a second instead of once
per second. Spacing pulses of 22 milliseconds,
nine times -per- second, create a “K” character
on the subscriber teletypewriter as a signal that
s trunk is now available. These signals are, of
course, produced only during the active period of
grounded interrupter 2208. The subscriber dis-
connects and tries again. If several subscribers
have been waiting, one ‘would be serviced by the
available trunk and the others, of course, in turn
will be again connected to the all-trunks-busy
cireuit which by that time will be producing let-
ters signals, :

Timing the interval “letters” characters are
LR . being produced :

When relay 22D operates during an all-trunks-
busy period, relay 22Ll operates since relay 22Ls

»
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is’ opératéd, Each grounding “of

in turn opérates the rotary magnet 22ROTA. In
maching ringing switching centers the grounded
Interrupter places grourd on condutcor 22171 once

every 6 seconds in accordance with the ringing

machine “interval.  In switching centérs mnof

equipped with ‘machine ringing, the interrupter
2208 . manufactures approximately " the * same

eycle, In any case, if all-trimks-bissy conidition

persists, each grourding of conductor 2211 causes
the rotary magret 22ROTA to' step the sele¢tor

brush of switch " 22SWA “orie terminal: - On’ ter--
minal No."9 ‘ground is connected “through the
winding of rotary magnet 22ROTB causing it to

step.Up one terminal. When selector switch SWA

reaches terminal No. 10, relay 2212 operates en-
ergizing release magnet RLSA.” The selector

switch 228WA is Teturned to, normal and ‘begins
stepping around again, When selector switeh

22SWB reaches a predetermined terminal, relay’

22LA operates and locks causing the letters lamp -
2218 to light and an audible signal may e
sounded as an indication to the atteridant at the g

switching center that the all-trunks-busy coridi-

tion has lasted too long,. The atfendant can, by’
operating release key 2247, release relay’ 22LA to
siletice the. ‘audible alarm and extinguish’, the'
lamp 2213 and return seleétor switches 22SWA ‘3¢

and 22SWB to noimal by releasing Telay 2211,

If ‘at any time prior to the operation’of relay -

2ZLA 2 trunk becomes idle, relay” 22L- relsises,

causing the release ‘of relay 22L1. The releage , , o
nSfig Lhe release of relay 2 The release ggifront contact of relay (9DI, conductor No* 2 of -

of relay 22L1 places ground oni the releass mag-

net of both selector switches, cavsing the switehes -

to return to normal.

Line "hunting "armngement

A group of subscriber lines terminating ‘at a
subscriber’s premises may be provided with a line::
hunting ‘arrangement. by modifying -each line of

the group, except the last line. Lines so modified:
need not be adjacent numerically. or, physically:
on the cross bar switch in the link circuit, - Nor-

mally, the number of the first line of the group:
will be pulsed by the ‘teletypewriter operator at.
the central office and that line will be tested.
If it is busy, the test will continue from line to,
line until an idle line in the group, is reached,
whereupon the "connection will be established.
However, the number of any line in the group

may_ be pulsed, in which case that line will be
tested and if it is busy, only the higher posi-
tioned lines in the group will be tested. There-

fore, if a subscriber has a group of lines, some ar- _
ranged for unattended service, those lines should

be the highest. positioned of the group. In such
a case, a call may be completed oon an unat~-
tended basis by. pulsing the listed number of the

first unattended service line, which will be listed

in the directory and requested by the operator
or calling subscriber, If the connection is estab
lished, it will be to a station provided with the
proper: type of station arrangements for unat-

tended service, such as shown in Fig. 17 of
Kregek United States Patent 2,220,931, granted
November 12, 1940.. Since the actual determina-

tion of the position of a particular line within
a given group is purely a matter of cross-coniec-
tion, any hunting that takes place is not neces-

sarily restricted to the iines bearing higher num-"
bers, but is restricted fo the higher position with-

in the group.

ated, ‘intérrupted -
ground .conductor ‘2211’ results, as hereinbefore
described, in the operation’ of relay 22F ‘which '

70 grounded battery.

4 call'fo d grouof subieriber liéo-Raceiptor”
incoming code pulses-in-the director cireust ‘atis

the small switching' center

5 In the case‘of a call"beirig to a greup’of sub-*

scriber lines terminating at'a subscriber’s prem<-
 ises, the incoming code pulses received over transs
mission conductor- 501’ of the line- trunk-are re=" -
peated by a gate relay 20—G, ‘as’ heréirbefore: "

10 described, for a call to a single Tine ‘Subscriber

station. The first character “figures” is ‘réceived
and then followed by the first and second digifs -
of ‘the listed number of the ‘desited lirg of g *

| group.

15 Assume, in this‘case, that the listed nurber -

is 26 which représerits one of the subscriber linmes
of the group of lines whose listed numbers are ™
20 to 29, terminating at a Subscriber’s premises. -
The selecting code pulses for No. 2 will be mark-

20~ ing, marking, 'spacing, spacing ‘and marking and"

those for No. 6 will be marking, spacing, marking, -
-spacing and madrking.: In response 'to the incom="
ing pulses for-the first digit (No. 2) register re-:
lays IORf to {9R5 ‘will operate as follows: ‘Relays ©

5 9RI; 19R2 and I19R5 will operate to’their mark--

Ing positions and 19R3 and 19R4 to-theif spaciing -
positions. = Accordingly; fanning-out relays 1901,
18D2 and {8D5 will be operated and relays 19D3 -
and 19D4 will be unoperated, to close ‘a ‘cifcuit’
jitraceable from' grounded conductor 1916, lower
armature and contact of relay9D5, inner lower
armature and “back "contact of each of reldys.
18D4 and '19D3, innermost lower armature and--
front contact of relay 19D2, No. 7 armature and

conductors Nos. 0 to 9, connection ‘at Cross-con-
necting blocks 1914 and (915, contact and middle:
right-hand armature of relay 19Ki, through the
winding of relay 19HB; to grounded battery.” Re=
o iday 19HB represents the third “tens” group, Nos."
20'to 29, whereds relay -19HA represents the sec=
ond “tens” group, Nos. 10 to 19, and- another relay--
(not shown) represents the first “tens” group of -
linés whose listed numbers are 00 to 09:
Relay 19HB operates and indicates that- the

45 desired line is one of those in-the third group of

ten subscriber lines numbered 20 to 29. In other
words; relay I9HB corresponds -to the “tens”.
digit of the called number. Relay. {9HB, upon
operating, locks in a circuit traceable over -its -

50 lower armature and “contact, conductors ‘{817,

1844 and 1918, to ground at ‘the “outer - upper
armature and front contact of relay 20-—Cl.
This locking circuit also serves to operate and-
lock relay {9KI.  Relay 19K, upon' operating, -

55 prevents the H relays for the other “tens™ groups -

from associating with the conductors Nos. 0 to 9
while this call is being -established. :

Relay 21—L, when -operated as hereinbefore -

. described, locks and prepares a path for the ‘op=

60 eration of relay 2{—M. When relay 19R6 re~

turns to its spacingcontact after 0.030: second;
relay 21—M will operate, closing - g ‘circuit' ex- :
tending from ground at the outer upper armature .
and front contact of relay 20—Cl, conductor :

65 2102, upper armature and front contact of relay

21—M, conductor 2103, front contact and inner-
left-hand armature of relay 19KI, front contact
and upper armature of relay 19HB, conductor
1949, through the winding of relay I9H2 to
Relay (8H2 which also is

associated with the third “tens” group in which
- the desired, or called, subscriber line No. 26 is

found, operates., Relay (9H2, upon opéfating,”

. connects the closed ‘fanning-out circuit to the

75 desired conductor of condictors Nos, 010 8° Re.

59°
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lay 21—M, upon operating, (1) locks to ground
on conductor 2102; (2) opens the operating path
for relays 21—L and {9HB; and (3) prepares an
operating path for relay 2i—N. Relays 2i—L
and I1SHB, however, remain operated over their
locking circuits. After the first digit has been
received, the following relays are operated:
20—A, 20—Al, 20—C, 20—C{, 197, 19K, 21—,
2{—M, I19HB, 19KlI, 19112; relay 20—G is in its
marking position; relay {9R6 is in its spacing
position; and relays (SRI to 19R5E and 19DI to
19D5 in their respective groups, are operated
according to the character (No. 2), just received.

The second digit of the called subscriber line
number, say No. 6, is received, registered and
made to operate the fanning-out relays in a dis-
tinetive combination in a manner somewhat sim-~
ilar to the combination for the first digit. The
order of received pulses constituting the charac-
ter No. 6 is marking, spacing, marking, spacing
and marking. ‘The fanning-out relays (9D,
(9D3 and 19D5 are operated and relays 19D2 and
19D4 are unoperated in accordance with the No.
6 combination set up on the register relays (9RI
to |9R5. Relay 19R6 operates to its marking
position. Relay {9R6 is operated, thereby caus-
ing the operation of relay 21—N, the circuit
being traceable from grounded battery, through
the winding of relay 2{—N, front contact and
lower armature of relay 2i—M, conductor 2122,
front contact and upper armature of relay (9K,
marking contact and armature of relay 19RS,
conductor 1913, back contact and upper arma-
ture of relay 2i—R, grounded conductor 2102,
Relay 21—N, upon operating, (1) opens the cir-
cuit of the spacing contact of relay 20—G to
prevent any additional incoming pulses from
being registered; (2) locks to ground on conduc-
tor 2102; (3) opens the operating path of relays
21—M and 19H2; and (4) prepares a path for
the operation of relay 2{—NI. Relays 21—M
and 19H2, however, remain operated over their
respective locking circuits. When relay {9R6
returns to its spacing, or left-hand, position it
causes the operation of relay 21—Ni. Relay
21—N#, upon .operating, closes a path from
grounded battery, through the windings, in se-
ries, of ‘out-of-order relay 21—00 and busy re-
lay 21—BY, front contact and lower armature of
relay 21—NI, back contact and outer lower
armature of relay 2i—R, conductor 2007, middle
lower armature and Dback contact of relay
20—LU, conductor 1916, lower armature and
front contact of relay (9D35, inner lower arma-
ture and back contact of relay {9D4, inner lower
armature and front contact of relay 19D3, in-~
nermost upper armature and back contact of
relay 19D2, No. 3 armature and front contact of
relay 19D1, to the No. 6 conductor of conductors
Nos. 0 to 9, armature No. 6 and contact of relay
{9512, conductor 1947, left-hand armature and
pback contact of relay 30—CH—26, conductor
3001, normally closed contacts of the ring spring
of jack 3002A, conductor 3002, through the
winding of hold magnet 3H26, to grounded bat-
tery. The locking circuit for relay {9H2 may be
traced over the upper armature and contact of
relay {9HB, inner left-hand armature and con-
tact of relay {8KI, conductor 2103, front con-
tact and upper armature of relay 2{-—M, ground-
ed conductor 2102. Hold magnet 3H26 corre-
sponds to the line extending o the called sub-
scriber station 2926, the listed number of which
is assumed herein to be No. 26. Subscriber sta-
tions 2920 to 2925 of which station 2920 is the
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only one shown and that in diagrammatic form,
are assumed herein to be arranged for “attend-
ed service only” and stations 2926 to 2929 are
assumed to be arranged for non-attended serv-

ice, only two stations of the latter subgroup

being shown, one of which, namely, station 2926

. is shown in detail. Also relay 2N, upon operat-
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ing, closes at its upper armature and contact, the
operating circuit of slow-acting relay 24—N2
which operates.

It will be noted as hereinbefore stated that
the register relays 19RI to SRS remain locked
in the direction in which they were last operated.

Testing the called subscriber line of a group ter-
minating at a subscriber’s premises

Ordinarily the connection of grounded bat-
tery through relays 21—00 and 2i—BY to the
particular called subscriber line enables these
two relays to determine if the conductor 3002 to
the winding of the hold magnet of the called
subscriber line is terminated in a direct ground,
which causes the operation of both relays 21—00
and 21—BY or in a high resistance out-of-order
ground which may be connected to the ring
spring of an out-of-order jack, attached to a
jack, say jack 3002B, of the called subscriber
line, which results in the operation of relay
2{—00 only. This is particularly true where the
line is the last of a group. In case no ground

.was available, neither of the relays 21—00 and

2{—BY operates. This test takes place during
the slow-operating time of relay 21—N2 which,
as indicated above, begins to operate when relay
21—N| operates. As soon as relay 21—N2 op-
erates, the off-normal ground on the front con-
tact of outer upper armature of relay 20—Cl is
connected in a circuit extending over conductor
2102, armature and front contact of relay 21—N2,
to the armaiure of relay 2{—00. Assume that
the called subscriber line is idle, in which case
ground is not connected to conductor 3002, relay
21—00 will be unoperated and ground connected
to its armature by the operation of relay 2{—N2
will cause the operation of relay 21—R. Relay
2|—R, upon operating, (1) removes relays
2|—O00 and 21—BY from the conductor 3002 of
the called subscriber line and replaces them by
relay 21—S; (2) causes the release of relay
2{—NI by removing ground, the ground being
furnished over conductor 2102 which is connected
to the upper armature; (3) prepares an operat-
ing circuit for relay 21—U; and (4) locks to
grounded conductor 2102. Relay 21—NIi, upon
releasing, causes relay 2|—N2 to slowly release.
During the time that relays 2{—N{ and 2({—N2
are releasing, ground on the No. 3 armature and
contact of relay (3D is connected to a circuit
extending through resistance 1301 of high value,
conductors 1302 and 1205, outer left-hand arma-
ture and contact of relay (8K, conductor 1921,
through the winding of relay 21-—S, front con-
tact and outer lower armature of relay 21—R,
conductor 2007, middle lower armature and con-
tact of relay 20—LU, conductor 1916, lower
armature and contact of relay {9D5, inner lower
armature and back contact of relay 19D4, inner
lower armature and front contact of relay 19D3,
innermost armature and back contact of relay
19D2, No. 3 armature and front contact of relay
18D1, conductor No. 6 of conductors Nos. 0 to 9,
armature No. 6 and contact of relay 19H2, con-
ductor 1941, left-hand armature and back con-
tact of relay 30—CH—26, conductor 3001, normal-
1y closed contact of ring spring of jack 3002—A,



..gonductor 3002, through. the winding of hold
-.mmagnet 3H26 to'grounded” batery.” Under the
. assumed-condition “of " the" called’ subseriber ‘line
" being idle, grounded battery on’ the: inding‘of

hold magnet 3H26 of the cross bar switch'in the

link circuit permits relay 2(—S to operate, but’

" due to’ the high resistance of elements 1301 in
the circuit, the hold magniet 312§ ‘remains un-
Operafed. Relay '21—S, ‘upon ‘operating, opens

the operating’ circiiif of ‘felay :2{-_U ‘and ‘closes

erates in a circuit traceable bver the’ armature
. and back conitact of relay 2 [--N2." Relay 21—8I,
' .upon operating, (1) locKs over grounded ‘conduc-

.~ tor 2102; (2) short-circuits the winding ‘of re-

“lay 21—S8; and (3) holds ‘open the opérating cir+

- cuit of relay, 21—U. “With ‘the winding: of relay
21— short-circuited, ground at the No. 3 arma-
. ture ‘and contact of relay ‘13D which is connected
. to the circuit hereinbefore traced; is niow ‘effec-
~tive to'cause the operation of hold magnet 3126
Wwhich ‘operates to move its vertical row of cén-
. tact ‘sets ‘into engagement with' the respectively
associated sets of horizontal contacts; ‘thie “con-

~tacts’ having ‘already “beén conditioned for” op-

~eration by ‘the' operation of “selecting’ magnet

" 3SMI. 'The calléd’ subscriber’s’ line' N6.' 26 ex-
tending to station 2926 will therefore be éon-
nected at contact sets 324'to the trunk circuit 401
which will now fuhction’ as - hereinbefore de-

" scribed to release the sequénce ‘circuit. ‘The se- -

. quence circuit, in turn; will function to remove
/.. the ground from'conductor 1204 to release relay
..20—A. Relay 20-A, upon releasitig; removes
~ground from thé various parts of the cireuit in-

cluding ‘relays 20--C ‘and Cand”
. relay 20-—Al ufiless ‘conductor ‘2008 is connected

to ground at'relay f2TA! indicating that andther
Inward call is awaiting completion. ~“Relay
20-—CI, upon releasing, rei ]
from a considerable part of the director circuit.
If relay 20—Al réleases, the motor will be stopped
and all the remaining parts of the' eircult’ will
be deenergized. ‘If, however, relay 20—A| is held

~ operated, the motor is kept running”and relays.

~I9R! ‘to {9R5 and the associated fanning-out
relays 19D1 to 19D5 are locked in' the condition
in which they were operated by the last ‘digit of

| the'called subscriber line nimber,

, Also, hold magnet 3H26, upon operating, closes,

. at its right-hand armature and contact & cir-
_cult extending from’ ground, thence over con-
- ductor 323, through the winding of Telay

"30—AD-~-26, resistance 2005, to grounded battery

3007 and relay 30—AD--26 operates’ “ Relay.

., 30—AD—26, upon operating, (1) conditions at

it right-hand’ armature a circuit *extending -

. from' ground at the No. 4 armature and ‘back
contact of relay (8D. conductors 3304 and 3085,

make-before-break contacts of relay 30—CH-2 5,

right-hand armature ‘and front contact of relay
:30—AD—2§; through the left and ‘right-hand
" winding, in series, of Teldy 30-~CH—26, resist-
ance 3006, grounded battery 3007, buf relay

30—CH—26 doés not’ operate ‘4t this time be-.

" cause the circuit just'traced is open at the No. 4
' armature and back contact of relay 13D, due to
" relay 13D being in an operated position at this
" time, (2) disconnects grounded positive battery
3009 af its left-hand make-before-break contact,
“and (3) closes at it§ left-hand armature and
‘“front contact a path wheréby the tip' conductor
“"of station 2926 is connected through to the tip
‘conductor of line" trunk - 401, the circuit being

traceable over conductor’ 325, tip contact of op-.

20=-C{ “and"releasing"

removes locking” ground .

75,8 .61
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..cerated set 324, tip conductors 365 and 316. The
* ring “conductor’ of station 2826 is-connectéd to
. the'rilig conductor ‘of line trurik 401 at the left-
"'hand‘armature’and front contact of hold magnet
5" 3H26 due t¢ ‘the hold Ihaghet being in an ‘op-
 erated position, the circuit thus closed extending
" over * coriductor “ 327, “left-hand” “armatiire - 'and
“front’ contact of magnet ‘3H26, ‘conductor 326,
* ring’ contact of operated set 324; t6 ring con-

’ ‘ y :2{--U ‘and .10 ductors’ 358 and '422." Hold magnet 3H26, upon
. an operating circuit for rélay 2i—<S1 which op-'' of

' operating, furthermoré (1) completes ‘a locKing
“~eircuit for itself ‘extending ifrom grounded bat-
' tery, through the winding -of ‘the 'magnet, ‘con-
" ductor; 360, sléeve contact’ of “operated - set” 324,

15 'conductor 357, throtigh' the winding’ of relay 4SL
" in the'triink termination t0'grovnd &t armature
"‘No. 3‘and contact of ‘relay:4—ON and-relay-4SL
* operates;’ (2)'‘opens at “its make-before-break
- contact the operating citeuit for larmp rélay -2027;

20" and (3) ‘rel4y ‘4SL;, ‘lipon operating, operstes re-

“lay 4SLI. - , fe e
" . Relay 4SLI, upon operating, (1) connects
ground ‘st its outermost lower’armature’and‘con-

" tact'to'a circuit to be erployed if mianual ringing
25 'is used: (2)’ conneéts at'its innermost lower arma-
' ‘ture interrupter 831 to'a’ circuit to be mployed if
.. Butormatic ringink 1s used; (3) opens af its middle
. 'lower armatiire and conitact 4 ¢ircuit’ extending
- ‘over conductor 433 for releasing the sequence ‘and

30 the director circuit. “'The opening’ 6f the circuit
“including conductor 433 extinguishes ¢all ‘discon-

‘nect lamp 1201 and reléases relay (2ST2. ‘Relay
. 128T2, upon releasing, réleases rélay 12T A which

_In turn releases gate relay [2TC. Tlhie release of
85" rélay I2TC releasés the sélecting maghet 3SM—|
" which'in turn releases Telay’ i3D. The removal of
" ground from”conductor 433 -also réstores all' the
. relays in Figs. 11,"12 and 13°that are ¢ommon to
the switthing center'to ‘their’ héral idle ‘condi-
40’ tion ‘and the sequence eireuit is agdin'in condition .
RS haqdleaneyvdéll. B B O s o
Relay 13D, upon releasing, connects ground at
Ats No. 4 armature ‘and "back contact to- close a
. circuit exténding over conductors’ 3004 and 3005,
niake-before-break contact of relay 30-_CH--26,
right-hand armature and front cotitact of rélay

. "80--AD- 26, ‘through both windings, in series; of
“"telay 30—CH--26; res istance 3008, to gréunded
. Battery 3007 and relay 30—CH 28 operatés so
59 that any call following will be’ routed’ to ‘the
..next higher ‘numbered subscriber “line: Relay
" 80—CH=—26, upon operating, locks 'in & circuit.
. traceable to a holding ground at its inner ‘right-
;5. fand armature gnd contact. ~~ © -
2" Relay. 30—~CH—26, upon operating, closes at
- its outer fight-hand armature and front contact,
o, path that interconnects conductor 3010 and the
. make-before-break contacts of relay 30—AD—26
g0 .Which ‘at_this time “are open due to relay
- 30—AD-—26 being in an operated condition, This
 last traced path is completed at the joint action
. of the release of the connection to & subscriber
. station 2926 and the establishment of & new call
g5 to a subscriber station when relay 13D again be-.
comes operated.  The path thus closed extends
Trom ground-at armature No. 5 and front contact
of relay’ 13D, conductor 3010, front contact and
* outer right-hand armature of relay 30-—CH-26,
70 “make-before-bréak contacts of relay 30—~AD-_2 6,
“thirough * thé ‘windings in - series ‘of relay
" 30=uCH--26, resistance 3906 to grounded battery
"* 3007. "Relay 30-—CH--2§ therefore'is prevented
“from releasing diring the time tHat s new ‘call

751§ beitig establishied to a subscriber’s'station,
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A call may be made to any line of the group
and if that line is busy it will progress to the
next higher numbered line in the group and will
continue to progress until the next idle line is
found. For example, should the line associated
with station 2926 be busy when the connection to
it is desired, relay 30—CH—26 will be in an oper-
ated condition at the time. The grounded con-
ductor 1916 is extended through the closed con-
tacts of the fanning-out relays 19DI1 to 19D8,
armature No. 6 of relay [9H2, and over conduc-
tor 1941, and conductor 1947 will be transferred
from.the back contact to the front contact of the
left-hand armature. of relay 30—CH-—-26 to com-
plete a path extending over conductor 3021, left-
hand armature and back contact of relay
30—CH—21 (not shown but assumed to be in a
released -condition in that its associated line is
assumed to be idle). Assume that the lines re-
spectively associated with relays 30—CH—2T7 and
30—CH—28 (neither of which is shown) are, at
this time, busy, and that, therefore, both relays
are in their operated condition; the above-men-
tioned conductor 3021 will then be extended over
the left-hand armature and front contact of each
of relays 30—CH—2T and 30—CH—28 in turn,
left-hand armature and back contact of relay
30—CH—29 (assuming that the line associated
with relay 30—CH—29 is idle), conductor 3022,
normally closed contacts of ring spring of the
jack, not shown but corresponding to jack 3002A
of the line associated with subscriber station
2926, conductor 3023, through the winding of hold
magnet 3H29 to grounded battery. Hold magnet
3129 operates to connect the next idle station
2929 to trunk 401, the connection being estab-
lished over operated contact set 329.

Keys are respectively provided for all lines, ex-
cept the last, of a group. These keys, such as
key 3025 for the line extending to subscriber sta-
tion 2926, will operate their respectively associ-
ated AD relays, such as relay 30—AD—26 associ-
ated with key 3025, and cause the associated sub-
seriber line to be by-passed. These keys may be
used any time their respective lines are required
to be by-passed if the particular line is to test
as a busy, an out-of-order, and an unassigned
condition. The make-busy and out-of-order cir-
cuit which is usually patched into jacks, such as
jack 3002—B for the line extending to subscriber
station 2926, shall not be used on lines equipped
with CH and AD relays. .

Calls may be extended not only to or through
the central office but from any station connected
to either satellite office through the central office
back to any other station connected to either
satellite office including a second Jine of a calling
subseriber or a test or service man’s station local
to either satellite office. Whereas an exemplary
form of the invention is disclosed herein the in-
tention is to claim the invention as broadly with
respect to equivalents as the state of the art may
permit. Thus, the term “channel” or “trunk”
is used in the claims in its generic sense, unless
otherwise expressed, to include either repeatered
or unrepeatered trunks equipped for transmission.
of direct current impulses, or equivalent groups
of carrier current impulses, by open and close
transmission, polar transmission, so-called upset
duplex transmission, and so-called polarential sys-
tems, as well as carrier transmission systems, sys-
tems including carrier links or radio links, legs
of composite systems, and trunks having conduc-
tor systems for two directions of transmission
which are different in whole or part. In'a simi-
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lar manner claiming language or words used with
respect to other parts, features or functions of
the exemplary system disclosed are to be inter-
preted broadly.

What is claimed is: ‘

1. A telegraph system comprising & local sta-
tion, a telegraph line therefrom to a first switch-
ing center, first telegraph trunk channels from
said first switching center to said second switch~
ing center, second telegraph trunk channels from
said second switching center to a telegraphic of-
fice, said local station having an idle condition
and operable call means for creating.a calling
condition, switching instrumentalities whereby
operation of said call means controls over said
line the extension of a call by selection and con-
nection to said line of a selected idle one of said
first channels, telegraph signaling means respon-
sive to the joint operation of said call means and
said switching instrumentalities, and other
switching instrumentalities responsive to the
operation of the first-mentioned switching in-
strumentalities for furthering said extension to
seléect and connect to said selected first channel
an idle one of second channels, to the end that
said line and selected trunks are interassociated
to form a telegraphic communication path from
said local station to said telegraphic office.

2. A telegraph system comprising a local sta-
tion, an unattended office, a second unattended
office, a central office, call means at said station
operable to extend a telegraphic channel to said
first unattended office, means operable incident
to said extension to seize an idle trunk between
said first and second unattended offices, and tele-
graph signaling means operable incident to said
seizure to seize an idle trunk to said central
office. o . o

3. A telegraph system comprising & local sta-
tion, an unattended office, a second unattended
office, a central office, call means at said station
operable to extend a telegraphic channel to said
first unattended office, means operable incident
to said extension to seize an idle trunk between
said first and second unattended offices, telegraph
signaling means operable incident to said seizure
to seize an idle trunk to said central office, tele-
graphic transmission and reception means asso-
ciated with said local station and telegraphic
transmission and reception means at said central
office associable with said last-named seized
trunk for establishing telegraphic intercommuni-
cation between said local station and said central
office via said trunks.

4. A telegraph system comprising a local sta-
tion, an unattended office, & second unattended
office, a central office, call means including tele-
typewriter equipment at said station operable to
extend a telegraphic channel to said first unat-
tended office, means operable incident to said ex-
tension to seize an idle trunk between said first
and second-unattended offices, means operable
incident to said seizure to seize an idle trunk to
said central office, and a link circuit at said cen-

> tra] office for extending said trunk as a tele-

graphic communication path to teletypewriters
at said central office for receiving communica-
tion from said teletypewriter equipment at said
Jocal station.

5. A telegraph system comprising a local sta-
tion, an unattended office; a second unattended
office, a central office, call means at said station
operable to extend a telegraphic channel to said
first unattended office, means operable incident
to said extension to seize an jdle trunk between
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~xSaid first and second unaftended offices; telegraph
--signaling. means: operable incident. to. said seizure
.- torseize an+idle-trunk. ta, said:central;office,:and
~.imeans: operable incident.to: the -present.-non-ex-
. istence: of: an- idle .condition ‘of;some one -trunk

-~between- said -first- and: said. second :unattended-

- “offices: to-send: back:over, said. telegraphic channel
i distinctive -telegraphic . signals signifying. - such
vspresent :non-existence: of .an: idle..condition. of
~;r§ome.one trunk. :
i 6. A-telegraph-systemcomprising alocal.sta-
“utien,-an: unattended office, a.second -unattended
- office, a-central-office, call.means at said station
-+ operable. to-extend a telegraphic channel to, said
first unattended office, means operable ingident
-0, sald-extension. to seizerangidle trunk. between
- said first .and said second: unattended -offices; tel-
- egraph signaling means: operaple incident, to; said
-+ selzure: oy seize -an - idle - trunk, to: said :central

~“office;.and means. operable. incident te the-present -

»:non-existence of an idle-trunk between said séc-
: endrunattended office-and. said gentrakoffice:upon
“.the seizures of a {runk:between, the first-and.sec-
~1:ond - unattended- offices- to-.send. back: overs said

-+ seized - trunk- and. said- channe] distinctive:-tele- .

-graphic signals significant of. said, fact.
. A telegraph-system: comprising a-local -sta-
-i-tiony an-unattended-office, a second;unastended
- roffice, & central-office,: call means at said;station
«uoperahle. to extend a telegraphi
v first: unattended:office; telegraph-signaling qneans
«.operable incident. to said: extension- to::seize;;an
idle trunk between said first and said secgnd-un-
~i‘attended offices;.other. telegraph signgling means

u:operable:incident. to said;seizure. t0:seize an idle:

- trunk. to-said- central -office, and. call- answering
»:aueans adapted bo.receive telegraphie-signals-and
~-applicable: to. conductive terminals. of:said: -lasi
s seized trunk at said central office.

. 8. A telegraph system:comprising a-lecal -sta-
iotion,-an-unattended: office, 2 -seeond-unattended
ffice, a .central:office call means at said-station
--operable to.extend a_telegraphic.channel to said
#:-first-unattended:office, . telegraph: signaling. means
-operable:- incident. to.said extension. to seize-an

«7idle:trunk-hetween said-first: angd said sseeond-un-
- uattended offices, .other ‘telegraph: signaling eans

~uoperable incident to-said:seizure to.seize . an.-idle .

¢ - trunk to said.centrak-office; call indicating.means
~..conditioned to a call indicating condition at said
“o.centralroffice by seizure of :said last-seized trunk,
~+eall answering -means. adapted to: receive: tele-
- graphic signals:and applicable to conductive ter-
-.minals of:said trunk; and-means operable by.res-

---toration of said -call means: prior to-application:

of calling answering means to said-terminals to
- "release-bothr of said sejzed:trunks to:idle .condi-
- -tions :permitting . their.use.for other calls.

9. Aitelegraph system-comprising a plurality of
-~ local stations, an automatically.operating switch-.

. ingoffiee; a-second automatically.operating switch-
wing:office, a-central office, call means at, each of
=+ said wstations: operable to.-extend a :telegraphic
~.channel to.said: first.switching;office, el
--signaling means-operable incident to sa 3
‘~sion to:seize an:idle trunk between said-first-and
- said-second switching offices; and other:telegraph
- ~signaling means operable incident. te said seizure
toseize: aniridle trunk: to:.said centralzoffice; in

.« -combination : with- telegraphie. repeater.: means,
+ means at-sald central: office; operable with. the
- seizure of an. idle trunk exterrding to said.secend
- switching office; trunk .identifying. and .connect-
v«ing means at said.second: switching:office.oper-
~=ableunder remote control.over said trunk by:said

hannel tp said 4

#~83

- telegraphip. repeater, means, means operable.at
~xfiald central ffice to seize.an;idle '
~t ing-

vulocalstations. - .
10 A telegraph; system, comprising a plyrality
= 0fp local;; stations; ~an utomatically,. rabi
Switehing-office, a second-automatically operating
hing: office; acenfral -office,cail.means. at

een, said

seize.an idle-trunk to,said-central-office, in com-
afion with, telegraphic repeater means at said

20.:.cenfral office,: operable- with: the:seizure, of-.an
-zddle trunkcextending- to -said.secondswitehing
office;-trunk identifying-and connecting means at
sald:second..switching- office..operabi
mote controlover said- trunk. by, said-tel
25:Tepeater.means;operable- at.said central
seize an idle;trunk extending to said first switch-
-rving office»and:. channel identifying,and .connect-
-.dng.meany at:said first switching:office-opere
~ynd mote; gontrol- from. said. telegraphie,
::peater, means af;said.eentral- ‘
hannel to.one of.said local-stations, wherein se
siEunk. identifying:and connegting means includes
s 8 director responsive,; to; selective. telegraph. im-
:bulses.sent from said telegraphic.repeatesmeans
aid.: cenfral-office. to selectively-identify a
Unk-group of;one: or & plurality: of .trunks, ex-
ending: from; said.second to-said-first switching
wepffice. ’
:11. Atelegraph system: comprising a. plurality
40: ofy local; stations; an.automatically .operating
s §witching:office, .a second;automatically.operating
switching: office, a..central office; call means. at
each of said stafions .operable to extend g.tele-
graphic:.channel; to: saig; first; switching, -office,
means:.operable:.incident, to: said .extension. to
seize an idle trunk between, said -first. and, said
-ssecond. switching - offices; - and. means, incid
said:seizure, to.seize an idle dtunk, to said cengral
office; in.combination with means operable at said
central:office to.seize apjdle-trunk. extending, to
=y isaid-second: switching office; - trunk. ider
+r 8N ,connecting means at. said..secon
+10ffice: nnder :remote :control. over; -said..
- FReans. operable ab:said:central.office to. seize,an
S9uidle: trunk extending to said first switching office,
+and channel identifying and, connecting means at
w1:821d-first. switehing -office. operable under.remote
~s.control from said central:office to:select .chan-
»~nel to one of;said, local stations;, wherein. .said
60-.trunk identifying and-connectingmeans includes
- &-director responsive to.-selective,impulses sent
. from ;said.central office to-selectively. identify a
trunk.group,; hunting . means, to.hunt for.an:idle
. $runk of.the.group thus identified, and.connect-
ing means to transmissively associate 3 found:idle
- trunk-with; the: central-office - trunk .originally
.c.8ejzed. :
10 12. Astelegraph system .comprising -a plurality

ns,-whe

trunk; by

o 6f <local-:stations;. an:: automatically..oparating
o0 -switching: office, -a second; automatically. operat-

= ing.switching-office, :a.;central -pffice, call means
: ateach: of :said ;stations operable to.extend a
elegraphic. channel to:said first-switching -office,
-Jmeans.operable incident to;said extension to seize
“o::an:idle trunk between:said first and:said.second
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* ‘switching offices, and means incident to said
selzure to seize an idle trunk to said central office,
in combination with means operable at said cen-
tral office to seize an idle trunk extending to said
second switching officé, trunk identifying and
connecting means at said second switching office
operable under remote control over said trunk by
means operable at said.central office to seize an
idle trunk extending to said first switching office,
and channel identifying and connecting means at
said first switching office operable under remote
control from said central office to select a chan-
nel to one of said local stations, wherein said
trunk identifying and connecting means includes
a trunk hunting means to examine each trunk
of s group of two or more, and means to seize the
first idle trunk of said group.

13. A telegraph system comprising a plurality
of local stations, an automatically operating

switching office, a second automatically operat- :

ing switching office, a central office, call means
at each of said stations operable to extend a
telegraphic channel to said first switching office,
. means operable incident to said extension to seize
an idle trunk between said first and said second

switching offices, and means incident to said’

seizure to seize an idle trunk to said central office,
in combination with means operable at said cen-
tral office to seize an idle trunk extending to said
second switching office,
connecting means at said second switching office
operable under remote control over said trunk
by means operable at said central office to seize
an idle trunk extending to said first switching
office, and channel identifying and connecting
means at said first switching office operable under
remote control from said central office to select
a channel to one of said local stations, wherein
said channel identifying and connecting means
includes a pulse responsive director operable un-
der remote control over the trunk seized at the
central office and the selected and connected
trunk from the second fo the first switching
office to selectively identify and connect a local
station line, if idle, fransmissively to said seized
and selected trunks. |

14. A telegraph system including a central of-
fice, trunks extending therefrom to a switching
office, trunks extending from the switching office
to a secondary switching office, telegraph lines
or channels extending individually to respective
individual stations, means for seizing a trunk at
the central office, selective means at the switching
office responsive to permutationally coded pulses
sent from the central office to select a trunk from
the switching office to the secondary switching
office, and selective means at the secondary
switching office responsive to further permuta-
tionally coded pulses sent over the seized and
selected trunks in tandem to selectively identify
one of said lines or channels and connect it trans-
missively in tandem with said seized and selected
trunks to establish a path of communication from
the individual station of said line to said central
office. ’ ’

15. A telegraph system including a central of-
fice, trunks extending therefrom to a switching
office, trunks extending from the switching office
to a secondary switching office, telegraph lines
or channels extending individually to respective
individual stations, means for seizing a trunk at
the central office, selective means at the switch-
ing officé responsive to permutationally coded
pulses sent from the central office to select a
_{runk from the switching office to the secondary

trunk identifying and :
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switching office, and selective means at the sec-
ondary switching office responsive to further per-
mutationally coded pulses sent over the seized
and selected trunks in tandem to selectively iden-
tify one of said lines or channels and connect it
transmissively in tandem with said seized and se-
lected trunks to establish a path of communica-
tion from the individual station of said line to
said central office in combination with means for
sending telegraphic signals including break sig-
nals both ways over said path, and means where-
by, under control of apparatus at said individual
station, a disconnect condition as distinguished
from a break signal may be created at said cen-
tral office.

16." A telegraph system including a central of-
fice, a source of telegraph signals at said office,
trunks extending from said central office to &
switching office, trunks assigned in groups ex-
tending from said switching office to a secondary
switching office, means at said central office for
seizing a trunk and thereby gaining access to
selective equipment at said switching - office,
means controlled by selective actuation of said
equipment by telegraph pulses from said source
relayed over said seized trunk to identify a trunk
group, hunting means operable incident to such
identification to search said group for an idle
trunk of said group, and means operable in-
cident to identification of an idle trunk of said
group to establish a connection of said idle trunk
in tandem transmissive relation to the' seized
trunk.

17. A telegraph system including a central of-
fice, a source of telegraph signal pulses at said
office, trunks extending from said central office
to a switching office, trunks assigned in groups
extending from said switching office to a second-
ary switching office, means at said central office
for seizing a trunk and thereby gaining access to
selective equipment at said switching office, means
controlled by selective actuation of said equip-
ment by telegraph pulses from said source re-
layed over said seized trunk to identify a trunk
group, hunting means operable incident to such
identification to search said group for an idle
trunk of said group, and means operable incident
to identification of an idle trunk of said group
to establish a connection of said idle trunk in
tandem transmissive relation to the seized trunk
in combination with means including other
sources of the telegraph pulses leaving other idle
or subsequently made idle members of said group
available for use in establishing other communi-
cation paths from said central office to said sec-
ondary switching office.

18. A telegraph system including a central of-
fice, a source of telegraph pulses at said office,
trunks extending from said central office to a
switching office, trunks assigned in groups ex-
tending from said switching office to a secondary
switching office, means at said central office for
seizing a trunk and thereby gaining access to
selective equipment at said switching office,
means controlled by selective actuation of said
equipment by telegraph pulses from said source
relayed over said seized trunk to identify a trunk
group, hunting means operable incident to such
identification to search said group for an idle
trunk of said group, and means operable incident
to identification of an idle trunk of said group to
establish a connection of said idle trunk in tan-
dem transmissive relation to the seized trunk in
combination with means operable incident to said
connection to release said selective equipment,



2,375,856

for use in establishing other similar connections
during the continuance of said established con-
nection.

19. A telegraph system including a central of-
fice, a source of telegraph pulses at said central
office, trunks extending from said central office
to a switching office, trunks assigned in groups
extending from saig switching office to a sec-
ondary switching office, means at said central
office for seizing a trunk and thereby gaining ac-
cess to selective equipment at said switching
office, means controlled by selective actuation of
said equipment by telegraph. pulses from said
source relayed over said seized trunk to identify
a trunk group, hunting means operable incident
to such identification to search said group for an
idle trunk of said group, and means operable in-
cident to identification of an idle trunk of said
group to establish & connection of said idle trunk
in tandem transmissive relation to the seized
trunk in combination with lines or channels from
branch or subscriber stations to said switching
office, and means responsive to the telesraph
pulses from said source whereby different selec-
tiVe actuations of said equipment cause identifi-

cation of one of said other lines or channels and

connection of said one line or channel to said
seized trunk in tandem relation.

20. A system of remotely controlled switching
of telegraph lines or channels comprising-a frunk
from a control switching point to a remote con-
-trolled switching point, a source of selective tele-
graph signaling impulses at said control switch-~
ing point, selective equipment at said controlled

switching point operable under control of select-

"ing telegraph signaling impulses arriving over
said trunk from the control switching point, g
group of circuits extending from said controlled
switching point toward a desired. station to be
called, means operable in response to a certain
selection of telegraph signaling impulses arriving
. over said trunk to identify said 8roup of circuits,

10

20

40

means operable incident to ang automatically up- .

on said identification to successively test said cir-
‘cuits for availability, and means operable inci-

dent to and automatically upon the testing of an’

available one of said circuits to establish a con-
nection over it from the control switching point
toward the desired station to be called via the
trunk and the said available circuit,

21. A teletypewriter selective system in which
an operator is provided with equipment for seiz-
ing a trunk to a remote point, selective register
means at said remote point, means operated in-

cident to the seizure for conditioning said regis- s
ter means for reception of selective permutation

codes, means operable thereafter by selective ac-
tuation of said register means to seize a path or
channel from said remote point to a more remote
point and associate it transmissively with said
trunk, selective equipment at said more remote
point, means operated incident to the seizure of
said path or channel for conditioning said selec-
tive equipment for reception of further permuts,-
tion codes, and means operated by selective actu-
ation of said selective equipment to identify a
further path or channel and associate it with said
“seized path or channel,
22. A teletypewriter selective system in which
an operator is provided with equipment for seiz-
'ing a trunk to a remote point and for transmit-
ting over said trunk selective telegraph signals
in permutation code, selective register means at
"said remote point, means operated incident to
the seizure for conditioning said register means
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for reception of the selective telegraph signals in
permutation code from said-source, means oper-
able thereafter by selective actuation of said reg-
ister means to seize a path or channel from said
remote. point to a more remote point and asso-
ciate it transmissively with sald trunk, selective
équipment at said more remote point, means op-
erated incident to the seizure of said. path or
channe] for conditioning said selective equipment

_for reception of additional selective telegraph sig-

nals in permutation code from said ‘source, and
means operated by selective actuation of said se~
lective equipment to identify a further path or
channel and associate it with saig seized path
or channel in combination with means operable
incident to the conditioning of said register means
to transmit to the operator special line condi-
tions indicating completion of said conditioning.

23. A teletypewriter selective system in which
an operator is provided with equipment for seiz-
ing a trunk to a remote point and for transmit-
ting over said trunk selective telegraph signals in
permutation code, selective register means at said
remote point, means ‘operated incident- fo the
seizure for conditioning said register means for
reception of the selective telegraph signals in
permutation code, means ‘operable thereafter by
selective actuation of said register means to seize
a path or channel from said remote point to a
more remote point and associate it transmissively
with said trunk, selective equipment at said more
remote point, means operated incident to the
seizure of said path or channel for conditioning
said selective equipment for reception of addi-
tional selective telegraph signals in permutation
code, and means operated by selective actuation
of sald selectiveé equipment to identify a further
path or channel and associate it with said seized
path or channel in combination with means op-
erable incident to conditioning of the selective

equipment to transmit to said operator special

line conditions indicating completion of said con-
ditioning. '

24. A teletypewriter selective system in which
an operator is provided with equipment for seiz-
ing a trunk to a remote point, selective register
means at said remote point, means operated in-
cident to the seizure for conditioning said regis-
ter means for reception of selective permutation

‘codes, means operable thereafter by selective ac-

tuation of said register means to seize a path or -
channel from said remote point to & more remote
point and associate it transmissively with said
frunk, selective equipment at said more remote
point, means operated incident to the seizure of
said path or channel for conditioning said selec-
tive equipment for reception of further permutg-
tion codes, and means operated by selective actu~
ation of said selective equipment to identify a
further path or channel and associate it with
said seized path or channel in combination with
means for releasing said selective register means
or said selective equipment upon the expiring ol
a predetermined time after its conditioning with.
out actuation by it of selective bermutation codes,

25. A teletypewriter selective system in which
an obperator is provided with equipment for seiz-
ing a trunk to a remote point, selective register
means at said remote point, means operated in-
cident to the seizure for conditioning saiqd register
means for reception of selective permutation
codes, means operable thereafter by selective act-
uation of said register means to seize a path or
channel from said remote point to a more remote
point and .associate it transmissively with said




‘trunk,; -selective -equipment-at -said -more - remote

point, -means -operated: incident-to'the-seizure-of
said-path or channel for conditioning- said-selec-
‘tive equipment-for-reception ‘of further-permuta-
tion codes, and means operated by selective getu-
ation -of -said - selective -equiipment ‘to -fdentify-a
further -path -or -channel -and" associate ‘it with
sald seized-path or-channel in- combination’ with
‘means 'operable‘;a**pre‘determinedﬁime*afterseiz-
ure of said selective equipment -to-release: said
-path or channel and restore ‘it 'to-a -condition
available for -establishing -other scommuniceation
paths between said remote ‘point and said -more
remote point.

96, ‘A system of "telegraphic-'commumc_ation by
permutation codes ‘comprising -a’ control -station,
a primary trunk-for code transmission-extending
to a -controlled -station, - selective equipment. at
said controlled station to he -selectively actuated
by codes transmitted over said primary trutik,
lines and secondary trunks ‘terminating at said
-controlled ~station- interchangeably’ -selectable by
said equipment, means operable incident:-to se-
Jegtion of a ‘line ‘to transmissively connect sald
lne to said primary trunk in tandem, means op-
erable incident to selection of a.secondary trunk
to transmissively connect said -selected secondary
trunk to said primary trunk in‘tandem, secondary
selective equipment at the remote ‘end -of the-se-
jected secondary trunk, and means for relaying
over said trunks 4n tandem permutation -codes to
selectively actuate said Jast=named - selective
equipment to select telegraphic ‘transmission
paths to moreremote points.

27. A _system.of ‘telegraphic communication by
permutation. codes of “predetermined. timing and
‘number of code elements per selective permuta-
tion comprising an office having.control of estab-
_lishing a path of commnnica;tion‘s_‘ele.ctively’.t_o a
remote. station, a trunk. path extending from. said
office toward said remote station. to.a switching
point, equipment responsive to codes of said tim-
ing and number of .code elements at said.switch-
ing point, means for. sendineg said codes over said
trunk to selectively actuate said egiiipment, ¢chan-
nels leading away from said equipment to more
remote points, means whereby certain. of said
_sent codes.select. one of sald channels, means op-
erative incident to ‘the .sélection to extend. said

~_trunk communicatively Over “the selected channel,

_other. more remote. selective eqiipment -at a. re-
‘mate. point upon.said. selected channel, selectable
telegraphic communication, paths to.outlying sta-
‘tions .leading from sald. remote point, means; for
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over sald trunk.and said selected ¢hannel to select
one.of .said .paths, and means operative.incident
to.selection of said. path to connect .said sélected
.path, said channel and said .trunk in tandem. to

constitute .a. through telegraphic. communication <60

‘channel,

98. A.system of. telegraphic communication’by
permutation codes ofv.pnedeternunedhtiming and
number of code elemends, per .selective permuta-
tion.comprising an office. having.control of estab-
lishing & path .of communication - selectively .to
2. remote station, .a. trunk path extending from
said office toward said.remote station to.a switch-
.ing .point, equipment responsive .to codes of .said
timing and number of code _elements at .said’
switching point, means: for sending .said .codes
‘over said trunk to.selectively:actuate. said. equip-
ment, channels leading -away: from..said. -equip-

-65
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ment to. mare remofe;points,. means whereby.cer-

tain of said sent codes select one of said ‘chan-

75

.said trunk in:-tandem

with means whereby-&
-than one of said
-office. over said path, said- channel and said’trunk
from an-outlying station.

-point, -equipment responsive:
‘ing and number-of code. elements-at: said
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n6ls, means operative: incident
extend sgid trunk- communicatively: over the:se-

1o the selection:to

lected channel, other more remote .selective
equipment at.a -remote:point upon said -selected

.channel, selectable . telegraphic .communication
‘paths to outlying stations leading from:sald re-
-mote - point, -means -
-mote selective equipment

for actuating said more re-
over said: trunk-end:said
selected channel toselect:-one of said -paths;-and

-means operative incident: to-selection:-of saidpath

to connect said selected :path, .said :channel-and
to-constitute:a through:tele-
graphic - communication channel in :combination
disconnect indication other
codes may be sent-to-said cenitral

29. A system of telegraphic communication:hy

.permutation codes of predetermined’:tlmlng.i-and

number of code elements per selective permuta-~

-tion comprising an office having control of estab-
lishing-a path of communication .selectively:to<a

remote station, a trunk path extending from said
office toward said remote:station fo: a ‘switching
to codes-of:said tim-
switch-
ing point, means:for sending said codes:over:said
trunk to selectively actuate said.equipment,.chan-

nels leading away. from said equipment to.more

remote  points, means whereby certain :of -said

.sent codes select one of said: channels; means:op-
.erative incident to the selection to. extend said

trunk communicatively over the. selected :chan-
nel; other:more remote selective equipment at:a

remote point upon said selected channel; select-

able telegraphic communication’ paths to-outlying

‘stations -leading :from. said remote point, means

for  actuating said .more ;remote selective equip-
ment over-said trunk and said selected chanmelito

selectone of said paths, and:means:operative:in-
_cident ‘to.selection of said:path:to connect:said-

selected path, said channel and said trunkin:tan-
dem to.constitute 2 through telegraphic commu-
nication. .channel in combination :with :means

 .whereby.a disconnect -indication:other than one
-of ‘said. codes may be sent to said central -office
_over said path, said channel and said trunk from
‘an .outlying . station, holding means at -safd

switching point maintaining said trunk and.chan-
nel in inter-associated relation,.and means: oper-
able under control of said office in.response to
sald disconnect indication to release said:holding
means.

-30. A system of ‘telegraphic commimication by
permutation codes of predetermined. timing:and

.number of code elements per.selective permuta-
tion comprising an office having control of estab-

lishing a path of communication selectively to.a
remote -station, a trunk path extending: from said
office: toward said remote station to. a switching
point, equipment responsive to codes: of said-tim-

ing and number of code elements-at:said: switeh-
ing point, means for sending-said codes: over: said

trunk to selectively actuate said equipment, chan-

nels leading away from- said equipment-to more
remote points, means whereby certain of>said:sent
.codes:select ane. of said channels, means:operative

incident to the selection to-extend -said - trunk

.communicatively.over the selected channel, other

more remote.  selective equipment: at-a -remote

‘point, upon said selected channel, selectable. tele-
_graphic:.communication paths:to outlying-stations
Jeading from:said remote point, means for-actu-
.ating said more. remote selective .equipment:over
_said trunk and said selected channel to-select;one

of said paths, and means operative incident to se-
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lection of said path to connect said selected path,
said channel and said trunk in tandem to consti-
tute a through telegraphic communication chan-
nel in combination with means whereby a dis-
connect indication other than one. of said codes
may be sent to said central office over said path,
said channel and said trunk from an outlying sta-
tion, and holding means at said more remote
switching point for maintaining said channel and
an associated path in interassociated relation and
means at said switching point whose operation is
initiated under control of said office in response
to said disconnect indication to release said hold-
ing means.

31. A system of telegraphic communication
by permutation codes of predetermined timing
and number of codes eclements per  selective
permutation comprising an office having control
of establishing a path of communication selec-
tively to a remote station, g trunk path extending
from said office toward said remote station to a
switching ‘point, equipment responsive to codes
of said timing and number of code elements at
. said switching point, means for sending said
codes over said trunk to selectively actuate said
. equipment, channels leading away from said
equipment to more remote pboints, means whereby
certain of said sent codes select one of said
channels, means operative incident to the selec-
tion to extend said trunk communicatively over
“the selected channel, other more remote selective
equipment at a remote point upon said selected
channel, selectable telegraphic communication
paths to outlying stations leading from said re-
mote point, means for actuating said more re-
mote selective equipment over said trunk and
sald selected channel to select one of said paths,
and means operative incident to selection of said
path to connect said selected path, said chan-
nel and said trunk in tandem to constitute g
through telegraphic communication channel in
combination with local channels leading from
the first-named switching point directly to out-
lying stations and means whereby alternative
codes control said first-named equipment to
select one of said local channels, means incident
to the seeletion to transmissively associate said
local channel with said trunk, and means for
establishing a call signal at saig outlying station
.over said trunk and channel under control of
said office. '

32. A system of telegraphic communication

by permutation codes of predetermined timing
and number of code elements per selective per-
mutation comprising an office having control of
establishing a path of communication selectively
to a remote station, g trunk path-extending from
said office toward said remote station to a switch-
ing point, equipment responsive to codes of said
timing and number of code elements at said
switching point, means for sending said codes
over said trunk to selectively actuate said equip-
ment, channels leading away from said equip-
ment to more remote points, means whereby cer-
taln of said sent codes select one of said chan-
nels, means operative incident to the selection
to extend said trunk communicatively over the
selected chanmnel, other more remote selective
equipment at a remote point upon said selected
channel, selectable telegraphic communication

paths to outlying stations leading from said re-’

mote point, means for actuating said more remote
selective equipment over said trunk and said
selected channel to select one of said.paths, and
means operative incident to selection of said path

10 connect said selected path; said channel and
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sald trunk in tandem to constitute a, through téle-
graphic communication channel in combination
with teletypewriter equipment including driving
means at said outlying station and means oper-
able under control of said office over said through
circuit to cause said
driving means to drive said equipment..

33. A system of telegraphic communication by
permutation codes of predetermined timing and
numbper of code elements ber selective permuta-
tion comprising an office having control of estab-
lishing a path of communication selectively to a
remote station, a trunk path extending: from
said office toward said remote station to a switch-
ing point, equipment responsive to codes of said
timing and number of code elements al said
switching point, means for sending said .codes
over said trunk to selectively actuate said equip-
ment, channels leading away from said-equip-
ment to more remote points; means whereby cer-
tain of said sent codes select one of said chan-
nels, means operative incident to the selection
to extend said trunk communicatively over the
selected channel, other more remote selective
equipment at a remote point upon said selected
channel, selectable telegraphic communication
paths to outlying stations leading from said re-
mote point, means for actuating said more re-
mote selective equipment, over said trunk.and
sald selected channel to select.one of said. paths,
and means operative incident to selection:of said
path to connect said selected path, said channel
and said trunk in tandem to constitute a through
telegraphic communication channel in combina-
tion with teletypewriter equipment normally un-
energized and consequently incapable of record-
ing code combinations at said ‘outlying station,
and. means controllable over said through tele-
graphic communication circuit for energizing
said equipment and causing it to record code
compinations relayed over said trunk, channel,
and path.

'3¢. A system for selectively setting up a com-
munication to g selected point which comprises
means for seizing a path to a remote point,
selector and start-stop distributor equipment, at
said point available for use with more than one
path, means operative incident to the seizure to
associate said equipment with said seized path
for use, means for relaying over said path codes
of start-stop type to selectively actuate said
equipment, outgoing subpaths one of which is
selectively connected to said path in response to’
said actuation, more remote selector and start-
stop distributor equipment available for use
with more than one path, and means operative
incident, to the seizure of said subpath to seize
and’ temporarily exclusively associate said selec-
tor and start-stop distribuor equipment with said
one subpath for making g further selection under
control of and over said initially seized path.

-35. A system for selectively setting up a com-
munication circuit to a selected point which com-
prises means for seizing g path to a remote point,
a3 source of selective permutation code impulses,
selector equipment at said point available for
use with more than one path, means operative
incident to the selzure to associate said equip-
ment with said seized path for use, means for
relaying over said path impulses received from
said source to selectively actuate said equipment,
outgoing subpaths- one. of which is selectively
connected to said path in response to said actua-
tion, more remote selector egquipment available
for use with more than one path, and means

5 operative incident to the seizure of said subpath
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.45 seize and vtemporarily exclusively zassociate
;ssaidselector: equipment owithrsaidc subpath:for
making:at further:;selection withradditionalsim-
~pulses from :said:source over.saidbinitiallyoseized
s path. ’ e
136 Acsystemy Tor selectively:setding . up:azeom-
municationcirciit to.arselected-point:whicl cam-
"prises.means vfomseizing;-.a;,pa}th:to:azramote.p’bint,
‘.xa..r..sourcez:of,;»selective:.permuta;tiom code.dmpuises,
.selector, equipment.at: said: ;point-available ufor
useswithiomore thanuoneupath, ‘means roperative
: incidentito -:i:he*cseizure‘;-tozassoniateisajdtzﬂquip-
~ment with:said: seized:path or-:use;. meansifor
-frelaying<‘over:.said:.pai;ha;impulses‘.-.rece’wéd from
ipald csource dn cpermutation:code.
‘.:actuateysaidz:'equipment,cov.tgoing: further:zpaths
pne of which:isselectively: connected; tosaidspath
-dne x:esponse.to::sa.idxactuation,nnorezxembte setec-
.tor-eqiipment-available: for-mse: withcmorerthan
\ -'nner.-path,7ands:meanS‘:;opezabive’.:mcident' tosthe.
-:seizure:.of ;sald:further path to:seizerand tam-
:pox:a'rily,exblusiv’ely;;associatefsaid:selector equip-
s ments with: said- onet further:.pathifor:making:a
sfurther selectionywith ‘additional:impulsess from
»sgid.source oVer: said-initiallyzseized: pathimeans
_.operable-incidentsto. the-seizure:ofrsaid orecre-
.mote:selective: equipment: arid itsiassociation with
- pathfor..use.to:relay over.saidninitially seized
pathcand ‘directed: toward | the point of drditial

_aseigure . thereof va stelegrapht pulse biridieativeriof

.:the . completioncof’ :gaid~seizurezand sassociation.
-:37. sAn soutlying ~station: ‘having:upermutation
. code.operated .teletypewriter equipment,:a itele-
sgraph-line toa- subsatellite:6fice; mesns for-con-
‘trolling through-a: contactin/saids egluipment.the
;extension of -4 path.over: saidoline: theoughsaid
. subsatellite:.office: via-.a ‘subtrutikito- & principal
-:gatellite. office, »axid: sequencing means.- insald
.iprincipal satellite’ Gfice:allocating 4 trunk-to:ex-
.~tend-said ‘path over said line:aid: subtrunk to-a
-principal satellite -office. .
38. A subsatellite office having telegraph lines
-to .local® offices: each comprising telegraph equip-
~~mentiand-& call:switch:-operable to non-call-and
.- eall conditions:atid subsatéllite :6ffice having’ slib-
strunks bo & principal-satellite GHee Swhichintturn
~has' trunks to-a ‘main office,telegraph-signaling
- means-automatically ‘pperable in*response. to''the
:r.pperation of said-switch-to callsposition' tocause
«sdid :subsatellite-office to= #llocate-a ! trufik to-a
:»ppincipal - satellite- office- andcconnectvsaid line
.-transmissively: thereto,-and other! telegraphisig-
- naling:‘means automaticdlly operable by’ connec-
- ¢ion of-said’line’ toc

- gllocate 2 trunk-to’ said principal‘dfice-and’con-
~vnect-said subtrunk thereto. S
39, In combination; & normélly open telegraph
- pireuit; & series of trunk:-assignors; corresponiding
: series *of groups of - frunks, means- operable”by
" closure-of ~said *circuit to-eause’ the “first® trunk
assignor to assigha trunk-of-a first: group to-said
“eireuit; and-: telegraph- signaling ‘means operative
incident to -assignment of -said trunk ‘to>cause &
-second trunk assignorto-assign-a trunk-of-&-sec-
.-ond-group to said-first trunk to the efid that-said
“pireuit-ard assignéd- 7
»interconnected.
40, In-combination; a telegraph circuit,” a-se-
- yies -of ‘permutation -code- selection ‘means each
comprising - a * distributor “and marKer, - means
- ~whereby permutation’ codes are ‘transmitted.over
.-said ‘circuit to-control:said -selection “méans “in
:consecutive sequence to-mark a° circuit for trans-
-mission of further permutation: codes, arid means
-pperative’ incident’to ‘the marking: eonsecutively,

‘trunks-are 'transmissively

to.:selectively

.90 identify sald-group;

50 trunks,

ausessaid satellite ‘6fficé 4o’

.65 “cluding  a [star

52875;886

to-connect:itdmdandem: with:the
telegraphic:communiea-

_sofreach:circuits
firstenamed;circuit as:a
.:tion path. C
441, A trunk assigning system camprising: a BUC-
5 ceession’, of -sequence: circuits for.assigning:trunks
_—from.successive trunk groups: successively:to-calls
.sproceeding in one*.idirectionv;hhrought,hhevsystem
andra -suceession .of permutation -cpdenactuated
»:-xselect.ivef‘:means:rforx-s_ele‘ctingw.trunksy forassign-
jddnment to: calls prozeeding: in the: other-direction
rthrough the system. e
~492. : A systeny. for:establishing: atelegraph:eom-
_ifiunication: path Ifrom -station+Artoustation.C
through station B which comprises a.telegraphic
1= prunk from stetion A to station B; g-source of iper-
“mutation’ code impulses atostation: A aigroupof
+pathy from station'B to station C, selective means
sat-stationB selectively:operable qn'responset¢-im-
-pulses receiveéd from said sourceoversaid trunk-to
hunting 'means initiatédinto
the identification to choose
to-connect it trans-

- pperation incident to
.an‘idle one of said paths and
~pissively to said trunk. ' )
143 A~system for-establishing -a’ communtca-

93 -%ion -path from station- A* tof station " Ctthrough
-station *'B “~which comprises a - communication

. trunk ‘ from ‘station -A-to* station'B; & source’of
-permutation’ code impulses-at ‘station A;~selec-

" tive means st station'B: selectively operable by a
130" -codeor “cddeS“transmitted,'from'said-’s'ource;* a
. grunk -group-extexding’ from- station“B' to station
Q- selectively responsive“to~the impulses ‘from
-said-source”and: ‘identifigble - from- other—groups
-of ‘one or-.more*truhks, hunting means’ initiated

35 -into~operation” upon such’ identification’ to: seek

~an -available idle  oneof’ said-trunks; and means
- pperative -incident- to* finding ~an ‘available ~dle
" trunk to-connect it transmissively with said com-
“munication trunk. R
40 44 A-system for establishing a conintunication
~-path-fromstation' A" to ‘station ‘Cthrough 'sta-
“tion B-‘which comprises a communication: truhk
““from- station A to station'B, a source of ‘permuta-
-tion code impulses at station' A, selettive means at
.45 station’ B selectively operable by a.code or codes
- transmitted’ from. said source, a trunk group ex-
~'tending from station'B to station C selectively re-
-sponsive. to”the impulses” from said source .and
-“jdentifiable from other. groups. of ‘one .or,.more
“hunting means: initiated” into. operation
upon such identification to seek an available idle
one of said trunks, aid means operative incident
" tofinding an ‘gvailable -idle” trunk. to cannect it
‘transmissively with.said communhication trunk in
55 ‘combination With_a ‘source Jof busy ..signal.im-
“pulses in, psrmutation code and means. operative
~incident to examihing all’of said trunks- withgut
.identifying an available idle one thereof to.trans-
it from said source of busy sigrial impulses over
.80 'said communication path towards. station’A."
45 A system for establishing & communication
-path ‘from station A to ‘station . 'C’ through sta-
“tion’ B. which. comprises a. ¢ommunication. trunk
-from ,station A to station.B, seléctive means.in-
t-stop ~distributor, responsive to
" permutation . code at station’B ‘selectively oper-
“gble by a code .or codes: transthitted over. said
‘trunk, a trunk graup exterding from station B.to
“station “C .selectively’ identifiable _from - other
170 _groups of ‘one.or -more: trihks, hunting. means
initiated into: operation upon. such:identification
" to seek an available idle one. of said. trunks,.ahd
- means operative incident. to finding an.availdble
;idle: trunk to. connect it transmissively with. said
{75 .communication “trunk in.a. path.iridepexident.of
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said selective means including said distributor
whereby they are rendered available for use in
setting up other communication paths.’

46. A telegraphic trunking system having a
8roup of lines extending to a common point and
arranged in consecutive order, calling means in-
cluding a calling telegraphic path for selectively
calling any line of said group, means for con-
necting the said calleq line, if idle, means, op-
erative when said line is not idle, for seeking
among lines of said group ranked above the called
line for an idle line, and means for connecting
any such idle line to said calling telegraphic path.

47. A telegraphic trunking system having a
group of teletypewriter sets, lines from said sets
to a common point said lines heing arranged 'in
two groups consisting of a first group and a sec-
ond group, the lines of each group_ being ranked
one above the other, the sets of said second group
of lines only including unattended energizing
equipment, calling means ineluding a calling tele-
graphic path for selectively
line of said first group or alternatively to a line
of said second group. means operable in response
to such direction for connecting any such called
line, if idle, to the calling path, means operative
when said line is not idlé and is'a line of said
first group for seeking and connecting any idle
higher ranking line of said first group or any
line of said second group to said calling path,
means operative when said line is not idle angd'is
a line of said second group for seeking and con-
necting any idle higher ranking line of said sec-
ond group only to said calling path, and means
controllable over said path to operate saiq ener-
gizing equipment. .

48. A telegraph system comprising g local sta.-
tion. an unattended office. 2 second unattended
office, a central office, call means at said station
operable to extend a telegraphic channe] to said
first unattended office, means operable incident
to said extension to seize an idle trunk hetween
said first and secong unattended offices, means
operable incident to said seizure to seize an idle
trunk to said centra] office, means operable in-
cident to said first seizure to connect said seized
trunk to said channel, electromagnetic holding
means for holding saig connection, means op-
erable incident to saig second seizure to connect
sald second seized trunk to said first seized trunk,
second electromagnetic holding means for hold-
ing said connection, said connections thus held
constituting a telegraphic inter-communication
channel between said local station and said cen-
tral office, means operable from saiq loca] sta-
tion for conditioning hoth of said holding means
for release, means at the central office operable
upon said conditioning for causing release of said
holding means and restoration of said trunks to
idle condition, and means in said channels and
sald trunks adapted to respond to direct current
impulses for both supervision and communica-
tion. .

49, In 3 communication system, a, central office,
3, plurality of switching centers connectable in
tandem to said central office, trunk circuits ar-
ranged for full duplex supervisory operation in-
terconnecting one of said switching centers and
said central office, other trunk circuits arranged
at all times for half-duplex operation intercon-
necting another of said switching centers and
said one switching center. selector means seizable
by any one of said first-named trunk circuits and
remotely controllable thereover, and other means
at each of saijd switching centers responsive to

directing a call to a
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said selector means for automatically establish-
ing a transmissive Interconnection between said
one trunk and s trunk arranged for half-duplex.
operation, L
50. In a communication system, a plurality of
subscriber stations, a central office, a plurality of
switching centers connectable in tandem to said
central office, trunk eircuits arranged for full-
duplex supervisory operation interconnecting one
of said switching centers and said central office,
other trunk circuits arranged for half-duplex op-
eration interconnecting another of Said switching
centers and said one switching center, selective
means sejzable by any one of said first-named .
trunks and remotely operable thereover, estab- .
lishing a connection under control of said central
office through said plurality of switchin centers
and between one of said subscriber stations and
said central office, and means operative incident
to the establishment of said connection to convert
said trunk which is full duplex for supervisory -
operation to half duplex for communication. , .
51. A teletypewriter Switching system compris-

ing a central office, a plurality of switching cen-

- ters connected in tandem to said central office,

a plurality of subscriber stations connected - to
one of said switching centers, trunk circuits nor-
mally arranged for full-duplex operation and in-
terconnecting the other of said switching centers
and said central office, other trink circuits ar-
ranged for half-duplex operation and intercon-
necting said one of said switching centers and
said other switching center, permutation code
transmission meansg adapted for connection to
any one of said first-named trunk circuits for '
establishing a connection through one or more -
switching centers, in tandem, between said cen-
tral office and one.of said subscriber stations for
communication purposes. . .
52. In a telegraphic system, a.central office, a
satellite office, g plurality of subseriber stations,
a plurality of lines respectively connecting said:
subscriber stations to said satellite office, a group
of said lines extending to a group of stations of
one subscriber, g trunk connecting said satellite
office to said central office, means at said satellite
office respongive to telegraphic code transmitted
from said central office for automatically selecting
for connection any line of said group to said trunk .
circuit, and other means at said satellite office for
automatically selecting  for said connection the
next idle line of a group when said one subscriber
line of said group is busy. : .
53. In g telegraphic system, a central office, &
satellite office, g plurality of subscriber stations,
certain of said stations being arranged in groups
and certain stations of a group being .arranged
for attended service ang other stations of said.
group being arranged for unattended service, a
line connecting each of said stations with said
satellite office, a trunk connecting said satellite
office to said central office, means in said satellite
office responsive to telegraphic code transmitted
from said central office for automatically select-
ing for connection any one of said subscriber sta-
tions of a group to said trunk, other means in said
satellite office responsive to telegraphic code
transmitted from said central office for-automati-
cally connecting to said trunk any one of said
certain stations of said group, still other means in
said satellite office responsive to telegraphic cde
transmitted from said central office for automati-
cally connecting to said trunk one of the other
stations of said group, and hunting means at said




70
satellite office for automatically selecting for said.
connection the next idle subscribier station of a
group when said’ one station originally selected
is busy. :
54. In ateletypewriter system, a.central office,
a satellite office, a plurality of subscriber-stations,
a plurality of lines respectively  connecting. said
subscriber stations to said satellite office, said.
lines. being arranged, first; in groups and’ then in
subgroups,.a.trunk connecting said satellite office
to said central office, means ab said satellite office
responsive to permutation code transmitted from
said’ central office; for® automatically connecting.
any ome of said'lines in any one of said subgroups

to said trunk; other means operative in response -1

to- the operation of said means. for selecting the
next higher- numbered idle line in said one sub-
group-when said- line, originally selected,.is busy.
still otlrer means operative in response.to the
operation of said means. and’ said other means
for continuing the selecting of the next, higher
numbered idle line in said one subgroup:-when the
previously selected lines are found; busy, until all
lines in said group are found busy, and’ signaling
means at said’ central office for. indicating when
alf lines of said subgroup are busy. o

55. A telegraph system comprising a.local sta-
tion, an unattended. office; a.second unattended.
office, a central office, call means. at said station.

operable to extend a telegraphic cliannel to said -

first unattended office, means operable incident
to-said extension to seize an idle trunk between
sald first-and said second unattended offices, tele~
graph signaling means operable incident to said.

sefzure to seize an idle trunk to said central office,. 3

switching meansincluding electromagnetic means

joint-
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Hetic means and restoration of said trunks to jate
conditiom, o

56. A system for establisting a through tele-
graphic. communicatiorn path comprising & first
station having a path of telegraphic commuruni-
cation extending to a. second: station, means. for
sending impulses comprising. selectively coded
permutations of & fixed number of: different con-
ditions from said. first station to sald second sta-
tion, means including selector means operated
under control of said codes as received at. said
second station to select out of a. possible. plurality
of selectable channels one leading to a third sta-
tion and connecting it transmissively in tandem.
to.form in conjunction. with said path. a.channel
of transmission, and’ means. including selectar:
means. at, said third station operable by additional
impulses.comprising selectively, caded similar pexr-
mutations, for selecting one of a plural number of,
selectahle condiictors and.connecting it in.tandem
with.said channel of transmission..

57, A. system for establishing a through. tele-
graphic. communication path comprising a. first
station having a path.of telegraphic- communica-
tion. extending to a. second. station; nreans for

" sending, impulses - comprising selectively. - coded

permutations of a fixed. number of different. con-

ditions. from said first.statian.to said second. sta-

tion, means. including selector means; operated
under controel of said codes: as: received at said
second station. to select.out of a. possible plurality:
of selectable channels one-leading: to' a: third sta-
tion and- cannecting: it: transmissively in tandem-

_ to. form- in. conjunction. with ‘said path-a charmmel

coordinately arranged and aperable incident to.

said first seizure to connect said seized trunk.to.
said channel, one of said electromagnetic means
being individual to the first-mentioned. trunk.and
arranged to condition the first-mentioned trunk
for- seizure in response to the operation of said
call'means and the other of said eléctromagnetic.
means- being- individual to said; channel and ar-
ranged to interconnect said channel and the first-
mentioned trunk and to hold said, connection,
otHher switching means including electromagnetic.
mesans- coordinately arranged and operable inci-
dent to'said second seizure to connect said second.
seized: trunk to said first selected trunk, one of

said electromagnetic means on said other switeh-

ing- means' being’ individua} to the second-men-
tioned trunk and arranged to econdition the sec-
ond-mentioned trunk for seizure in response to
the operation of said telegraph signaling means,
and the other of said’ electromagnetic means of
said other switching means being individual to.
the first-mentioned trunk and arranged to inter-

connect said first-mentioned and said second-~

. mentioned trunk. and to hold the second-men-
tioned connection, said connection thus held
constituting, a. telegraphic: intercommunication
channel between said local station and said cen-
tral office, means operable
for conditioning both of said holding electro-
magnetic means for release, and means at. the
central office operabile upon said conditioning for
causing the release of said Holding electromag-

from said local station.

of transmission, means including selector mesans:
at said: third station operable by additional im-
pulses: comprising: selectively coded: similar- per-
mutations: for selecting; one of’ a plural number

- of selectable: stations: each including a: permuta-

60!

tion:code responsive:selector and connecting: it in
tandem with said’ chiannel: of: transmission, and
means including: said: last-named selector selec-
tively:respansive to selectively coded: similar per-

. mutations. sent from said: first: station.

58. A system. for establishing & through tele-
graphic: communication path, delivering a mes-
sage thereover, and disestablishing said path all
under control of a first:statiom, which comprises

- sending’ from said’ first station: coded impulses

over a channel of impulse transmission to a sec-
ond station, selective means at said second sta-
tion operated under control’ of sald coded im-
pulses to select a channel of impulse transmission

. to a third station and interconnect it to said first-

named’ channel, means at said third station in-
cluding means operated under control of code:
impulses’ transmitted over said intercormected
channels as & through transmission- path to select
a: channel of impulse transmission leading to &
further station, means at said further station
controllable over said channels under sole control
from said first station to record at said further
station g message transmitted by coded impulses,

5. and means:operable under the sole control of said

first station to disconmect all said chanmels se-
lected and connected as’ aforesaid. C
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