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1

This invention relates to telephone systems and
more particularly to systems in which connections
are established by automatic switching mecha-
nisms.

In such systems various methods of charging
for service have been employed. Certain sub-
scribers have been charged a flat rate for calls
to a local area and have been obliged to call in an
operator for calls outside that area, for which ad-
ditional charges are made and for some of which
a ticket must be prepared. Other subscribers
have been provided with a message register, which
is operated one or more times for each call in
the local area. Such subscribers may also dial
calls into a limited toll area for which their
message register is operated a plurality of times,
but these subsecribers also require the services of
a toll operator for calls outside that area.

It has been proposed heretofore fo eliminate
the services of the toll operator on calls to toll
points which are not too remotely removed from
the dial switching exchange area by providing
facilities for automatically printing the informa-
tion which may be required for billing purposes,
that is, the calling and called subscribers’ line
identifications, the time and date when the call
was made and the length of the conversation.

This has been done in two ways, one in which
the information is stored in a circuit, individu-
alized to the call, which stores the calling and
called line identifications, measures the elapsed
time and, at the end of the call, seizes a ticket
vrinter and causss a ticket to be printed. The
other method employs a tape perforator com-
mon to a group of subscribers, which records
each of the items of the calls made by the various
subscribers on the tape as the items become
available. The information is entered by punch-
ing holes in the tape in accordance with a code
and the tape is later passed through an analyz-
ing process which produces group and individual
tapes and finally the toll tickets.

The present invention relates to an improve-
ment in the latter type of toll charging arrange-~
ment, particularly as applied to the cross bar
dial system. .

In a cross bar dial office, subscribers’ lines are
not arranged according to any numerical system,
but according to traffic requirements, a number
group frame being employed in connection with
terminating calls by which control equipment,
receiving the called line number, may test and
determine the location of the wanted line. In
the case of originating calls, the calling line is
connected with a district junctor and to an idle
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sender by means of line link and sender link
switches which are operated under the controel
of common control circuits.

The line link control circuit serves one line
frame on which appear from one hundred to
seven hundred lines, arranged in groups of ten
each served by an individual switch. The switches
are arranged in ten horizontal levels each of
which may contain one to seven switches. The
line link controel circuit identifies the line to be
served by a series of preference circuits which
identify the horizontal level containing the switch
serving the calling line, the vertical position of
the switch in the level and the position of the
line in the switch. This control circuit then
selects a group of district junctors on a district
frame capable of extending the call and con-
nects with a sender link control circuit individual
to the selected district frame. _

The sender link control circuit then identifies
the group of junctors selected by the line link
control circuit, selectg an idle junctor to extend
the call, selects an idle sender to control the
extension of the connection and brings about the
operation of the line link and sender link switches
to connect together the calling line, the district
junctor and the sender, whereupon both control
circuits are released to serve other calls,

In accordance with the present invention
meang is provided to identify a calling line in
accordance with its posiiton on the line frame.
More specifically means is provided to identify
a calling line, by the frame, the coordinate posi-
tion of the switch serving the line on the frame
and by the position of the line in the switch.

According to another feature of the invention
means is provided to register the calling line
identity in the control circuit which operates the
line switches, during the association of that cir-
cuit with the calling line and to transfer this
registration to a recorder prior to the release of
the control circuit. - In addition means is pro-
vided to place the release of the control circuit
under the control of the recorder.

Since the line identification is wiped out with
the release of the control circuit, means is pro-
vided to include the identity of the district junc-
tor to which the line has been extended in the
record made of the calling line identity, and to
include the identity of the district junctor in each
of the subsequent records made in connection
with the same call. ’

More specifically, means is provided to asso-
ciate the recoerder with the district junctor con-
nected with a calling line, each time that a record
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is to be made. Furthermore, the association
betwesn the recorder and the district junctor
might be initiated by either the recorder or the
district junctor, according to the type of record
to be made. The district junctor is a name for
a type of circuit path, transmission circuit, or
trunk over which a talking connection is estab-
lished, or in the case of incompleted calls, at-
tempted to be established, these terms being used
interchangeably.

Three types of records are made, namely, the
calling line number, with its class, etc., the called
line number and the time at which the call is
answered and terminated.

When a calling line number is to be recorded,
the recorder is seized by the control circuit and
in turn connects with the selected district junc-
tor. When the called line number is to be re-
corded the recorder and district junctor are

connected together under the confrol of the 2

called number register. When the time is_to be
recorded the connection between the district
junctor and the recorder is initiated by the dis-
trict junctor.

A further feature of the invention lies in a ¢

called number register, operated from the sender,
effective to transmit the entire number to the
recorder or only the code digits in accordance
with the type of charge to be made and to modify
the operation of the recorder in accordance with
the number of digits to be transmitted.

These and other features of the invention will
be more clearly understood from a consideration
of the following description, taken in connection
with the accompanying drawings, in which:

Fig. 1 shows the manner in which Figs. 4 to 78
are to be arranged;

Fig. 1A shows the arrangement of Figs. 2
and 3;

Figs. 2 and 3 are a schematic showing of the
equipment employed, while

Figs. 4 to 78 are a detailed showing of the cir-
cuits used in carrying out the invention, of which

Figs. 4 to 7 show the switches used for meas-
uring time;

Figs. 8 to 13 show one tape recorder;

PFigs. 14 to 34 show the line link sw1tches and
the line link control circuit;

Figs. 35 to 63 show the sender, sender link
switches and the sender link control circuit;

Figs. 64 to 73 show the district Junctor fra'ne
and district frame connector;

Fig. 74 shows the marker and register con-
nector; and

Figs. 75 to 78 show the called numbe1 reg-
ister.

It may be noted that relays identified by the
same reference characters appear in more than
one figure. In such cases the number of the
figure in parentheses has been added to the ref-
erence character in the specification.

The switching and control circuits disclosed
in these figures are essentially the same as those
disclosed and claimed in Patent 2,235,803 to
W. W. Carpenter, March 18, 1941, to which ref-
erence is made for a more complete description
thereof.

GENERAL DESCRIPTION

For a general understanding of the operation
of the detailed circuits, reference may be made
to Figs. 2 and 3. These flzures, with the fol-
lowing general description, provide a brief out-
line of the sequence of operations and relation-
ships between the various elements of the sys-
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tem, which are presented in detail in Figs. 4 to
78 and the subsequent detailed description.
When a line such as line 200, initiates a call,
the line relay L operates over contacts of the
hold magnet PLH. Relay L when operated
grounds. the two conductors 201 and 202 to iden-
tify the calling line to the frame control circuit.
In response to ground on conductor 201, the
horizontal level preference relays HA are oper-
ated, selecting one horizontal level to be served
and operating relay HG individual to that level.
With relay HG operated, conductor 201 is ex-
tended to the vertical row preference relays V
which select one vertical row to be served and
operate relays LR and VC. Relay LR extends
conductor 202 to the line preference relays LT
which finally select the line to be served.

After relay LR has operated the district frame
preference relays Gl test and select one of five
district frames which has one or more idle dis-
trict Junctors available to the selected 1iine
switeh, has an idle sender link control circuit,
and has access to an idle sender through an idle
sender link. When such preference has been
made, relay DA is operated to connect the two
control circuits together and the sender link con-
trol circuit proceeds to identify the preferred
group of district junctors by means of district
group preference relays GP, operating relay G2.
With relay G2 operated, the district junctor pref-
erence relays D select a district junctor to be
used.

When relay G2 operates it initiates the opera-
tion of the sender group preference relays SG
which select a group of senders containing at
least one idle sender and operate relay C in the
control circuit. Relay C extends frame and class
identification eircuits toward the ten senders of
the selected group and initiates the operation of
the sender preference relays S which select the
sender to be used, operating relay SCi in that
sender. With relay SCI operated, the frame and
class circuits are extended to the corresponding
registers of the individual sender, after which
relay ON4 is operated and locked to operate the
sender busy relay and to supply a holding circuit
for the hold magnets of the line link and sender
link switches. The primary sender link hold
magnet PSH and the secondary line link hold
magnet SI'H are operated under the control of

the district junctor preference circuit, the sec-

ondary sender link hold magnet SSH being oper-
ated from ‘the primary sender link hold magnet
PSH. The primary line hold magnet PLH is
operated under the control of the line preference
relays LT but not until after relay DA has
operated.

During the preference operations by which the
line to be served is identified, an indication of
that identity is set up by grounding three sets
of conductors according to a code. These sets
of conductors are represented by conductor 203,
grounded by relay HG to identify the horizontal
level, by conductor 204, grounded by relay VC to
identify the vertical row, as well as the line link
frame and by conductor 205, grounded by the
line preference relays LT to identify the posi-
tion of the individual line.

When the group of district junctors has been
selected and relay DA operated, relay DG is
operated to extend these grounded conductors to
the recorder associated with the frame on which
the selected district junctor group is located.

When the district group has heen selected,
relay BA is operated, in turn operating relay AC
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in the recorder circuit. Relay AC operates relay
LO{ in the selected district junctor to cause that
relay to mark a set of conductors identifying
the district junctor. Relay AC controls the con-
nection of the line identification leads and dis-
trict junctor identification leads to the tape re-
corder and operates relay TP in the junector cir-
cuit. When the line identity has been recorded
the line contrel circuit is permitted to release.

When the sender is connected to the calling
line, the called line number is registered in the
code registers and the numerical registers of the
sender under the control of the calling sub-
scribers’ dial. As soon as the code registers have
been set, relay DST is operated and the relay
SP, individual to the sender in the marker and
register connector is operated in turn operating
relay DF, individual to an idle marker. The
marker and sender are connected together and
the code digits, identifying the wanted office, as
well as the frame designation, are transmitted to
the marker which translates the designation and
operates a corresponding roufe relay. The
marker selects an idle trunk leading to the called
office; obtains access to the frame on which the
district junctor is located by operating relay MC
under the control of the frame designation, and
cbtains access to the individual district junctor
by closing a circuit through the sender to relay ¥
in the district junctor. Relay F operates relay
LC and with relays MC and LC operated the
marker selects a channel connecting the district
junctor with the selected idle trunk, and operates
the proper hold magnets, including magnet PDH,
The marker also transmits to the sender infor-
mation which the sender employs in controlling
the equipment at the wanted office to complete
the connection to the wanted line.

When the sender has completed these func-
tions, relay AST is operated. Relay AST also
operates relay SF in the marker and register con-
nector, but causes the operation of relay RF in
place of relay DF, thereby connecting the sender
with a called number register. Both the code
of the wanted office and the number of the
wanted subscriber are transmitted to the called
number register. .

The called number register also causes the
operation of relay ¥ through the sender and
operates relay RC. Relay F operates relay LC.
With relays F, LC and RC operated, relay I8 is
operated in turn operating relay L&i. Since
relay TP has been operated, relay LC now oper-
ates relay BC in the tape recorder circuit and
the called line number and district junctor num-
ber are recorded on the tape. As soon as relay
BC is operated the sender is permitted to release.

The completion of the connection to the called
line and the ringing of that line take place in the
usual manner. When the called subscriber
answers, relay CS operates and, through circuits
not shown, brings about the operation of relay
1.2, which in turn operates relay L6i. Relay
18§ operates relay CC which controls the tape
recorder to record the identity of the district
junctor as supplied by relay L&1 and the time as
supplied by the timing unit. Similarly, when
the conversation is ended, relay CS releases and,
tharough circuits not shown, again operates relays
1.8 and L81. Relay CC is operated as before,
again recording the identity of the district
junctor and the time. These two records provide
the elapsed time on the call.
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6
' DETAILED DESCRIFTION

Before starting to describe the operations
which take place, a few statements regarding the
arrangement of the equipment may be helpful.

As described in detail in the above-identified
patent to W. W. Carpenter, the subscribers’ lines
of a cross bar system are arranged in groups of
ten, each group served by a primary cross bar .
switch unit having ten sets of vertical terminals
to which the lines are connected, and ten sets
of horizontal terminals which are connected to
outgoing circuits known as line links. Accord-
ing to the amount of traffic required by the
groups of lines, one to seven switch units are
arranged in a horizontal group or level and are
connected in multiple to a group of ten line links.
Ten horizontal levels constitute a frame and four
frames constitute a choice, the latter group be-
ing of interest only when completing a connec-
tion with a called line. On any one frame the
same number of switches are used in each level,
so that one frame may also be regarded as made
up of one to seven verticals.

The line links of a primary switch frame are
distributed to a secondary switch frame indi-
vidual thereto, which comprises ten switches hav-
ing ten sefs of horizontal terminals and twenty
sets of vertical terminals. If preferred, twenty
switches, each having ten sets of vertical ter-
minals, may be used, with two such switches in
each level to provide the necessary number of
vertical terminals. The line links from one pri-
mary level are connected, one to each of the
secondary switches, the links from a primary
level being connected to the correspondingly
numbered sets of secondary horizontal terminals.
For example, the line links from the zero pri-
mary level are connected to the zero sets of hori-
zontal terminals in each of the ten secondary
switches.

The sets of secondary vertical terminals are
divided into two groups of ten each, one group
of ten connecting with line junctors for use with
terminating calls and the other group of ten
connecting with district junctors for extending
originating calls. Therefore, each line switch
frame has access to one hundred district junctors
and, by reason of the arrangement of the line
links, any calling line may be extended to any
one of those district junctors.

The district junctors extend to district junctor
frames where they are connected to the sets of
horizontal terminals in the primary district
switches. ¥Trom each secondary line switch, the
ten district junctors are distributed to five dis-
triet frames, two on each frame, so that from
one line switch frame, there are twenty district
junctors leading to each of five district frames.
These groups of twenty junctors are multipled
to one or more additional line frames, depending
on the traffic originated by the lines appearing
thereon.

Each line frame has a line link control circuit
which controls the operation of the line switches
in extending a calling line to an idle district junc-
tor and each district frame has a sender link
control circuit which assists the line link con-
trol circuit in selecting an idle district junctor
and controls operation of the sender link switches
in connecting an idle sender with the selected
district junctor.

In Figs. 15, 18 and 21 are shown a primary
line link frame, namely, frame 8, Fig. 21 show-
ing three lines in the first and last switches of
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horizontal level 0, that is, in the switches ap-
pearing in vertical rows 0 and 6. The first and
last line links of level 0, viz:, links 00 and 09 are
shown, Fig. 18 is a similar showing of horizon-
tal level I, omitting the switch contacts, while
Fig. 15 shows in schematic form levels 8 and g
of the primary line link frame 0. Figs. 22, 19
and 16 show switch @, switch {, switch 8 and
switeh 8 on the secondary line switch frame, sec-
ondary switch 0 being shown in detail and
switches 1, 8 and 8 in-schematic form.

The sender link and control circuit shown in
Migs. 35 to 47 is individual to a district frame
and includes 2 set of primary and secondary
sender switches for connecting any district
junctor on the frame with any idle sender, one
hundred senders being provided. Since the cir-
cuits connecting a district junctor and a sender
require more wires than are provided by the
standard eross bar switch, two cross bar switches
are operated in multiple. Five such pairs of
switches make up the primary sender link switch,
each switech having twenty vertical sets of ter-
minals and ten horizontal sets of terminals, to
connect one hundred -junctors to fifty sender
links. There are five- secondary sender link
switches, each switch having twenby verticals
and ten horizontals. However, the horizontal
strapping is cut to divide each switeh into four
sections, two sections operating in multiple to
provide the necessary number of connecting cir-
cuits. Ten senders appear in the horizontals of
each pair of sections, to the verticals ¢f which
are connected five sender links, one coming from
cach pair of primary switches.

Therefore, the effective result of this wiring is
a set of five primary switches, and five second-
ary switches for connecting any cne of one hun-
dred district junctors to any one of one hundred
senders by way of fifty links.

Tn Figs. 35, 36 and 39 are shown. details of the
primary sender link switches serving district
junctor groups §, 2 and 4 with the switches serv-
ing groups | and 3 indicated schematically. Ver-

ticals G, f, §, 1D, {1 and 19, corresponding to -

six district junctors, are shown in each switch
together with horizontals 8 and 8 leading to two
sender links. Two switches are shown in each fig-
ure, but it may be seen that the hold magnets and

select magnets are connected in multiple so that &

each pair of switches constitutes one unit.

In Fig. 40 is shown one secondary sender link
switch 9, with the horizontal strapping cut to
form four secticns. The select magnets are com-

ion to all four sections, while the correspond- &

ingly located hold magnets of the first and third
sections are connected in multiple so that two
cross-points are closed simultaneously to pro-
vide the necessary number of circuits through
the link switches. The hold magnets of the sec-
ond and fourth sections are similarly connected
in pairs. Fig. 37 shows secondary switches 2 and
4, while secondary switches | and 3 have been
omitted. Because of the division of the switch
multiple, each secondary switch gives access to
twenty senders, one of which is shown in Figs.
43 to.63.

The- district junector frame has a capacity of
one hundred district junctor circuits arranged in
five .groups of twenty each. Each district junc-
tor circuit is connected to three -cross bar
switches, namely, a secondary switch of a line
iink. over -which it is -connected toward a calling
line, . a primary switch of a sender link which
extends it toward-a sender and a primary switch
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of the district-link over which it is extended to-~
ward an outgoing trunk.; The district link frame
and the sender.link frame are individual to the
district junctor frame, but .each group of dis-
trict junctors is connected to a different line link
frame or to a pair of line link frames connect-
ed.in multiple. At the district link frame the
distriet junctors are arranged in groups of ten,
each served by twenty district links.

Pigs. 64, 66,68 and 70 indicate the arrange-
ment of one district junctor frame to which the
recorder of Figs. 8 'to 13 is individual, district
junctor 0 being shown in detail. District junc-
tors 0 to. 19 form one incoming group reached
over secondary line switches 0 and | on frame 8.

Junctors 49 and 50 are reached over line switch
frame 2,:while junctors 80 to 89 are reached over
line switch frame 4. All of the junctors shown
are served by the sender link control circuif of
Figs, 35:to 47.

Distriet junctors-6 to 9 appear in the ten hor-
izontal rows of contacts in the primary district
switch ‘0, -while district junctors {0 to {9 appear
in the horizontal rows of contacts in primary dis-
trict switch 1. Twenty district links serve each
group of district junctors, appearing in the twen-
ty verticals of the primary switches.

The markers and called number registers are
connected with the sender by means of a marker
and register connector which is essentially like
that shown in the Carpenter patent above-men-
tioned to which reference is made for a com-
plete disclosure of the control circuits. EBEriefly,
the connector comprises a pair of multicontact
relays for each sender, and multicontact relays
for each marker and each register. The senders
are divided into: as many groups as there are
markers and there is a multicontact relay for
each marker in .each group of channel so that
all of the markers may serve senders simultane-
ously. As indicated, there are two called num-
ber registers which have a multicontact relay
in each channel. A bare wire multiple serves
as the contacts for the relays in each channel.
For convenience, groups of conductors have been
indicated by a single circuit passing through the
connector.

There are two recorders like that shown in Fig.
8 to 13 .for each district junctor frame, one serv-
ing district junctors 0 to 49 and the other serv-
ing junctors 50 to 99. The recorder comprises
a tape punching mechanism having twenty-two
punch magnets for punching holes at corre-
sponding positions in a paper tape and a stepper
magnet for advancing the tape after each punch-
ing operation. The circuits serve to operate the
punch magnets to record the desired informa-
tion.

The timing arrangement shown in Figs. 4 to 7
comprises a timing circuit individual to the re-
corder. of Figs. 8 to-13 for indicating the time of
the day and a timing circuit common to all re-
corders for indicating the day and month.

One day’s time may be regarded as composed
of 144 ten-minute intervals, each ten-minute in-
terval being composed of 100 six-second inter-
vals, so that the basic ten-minute interval can he
indicated by three digits and the secondary, six-
second interval may be indicated by two digits.
Accordingly, the individual timer is made up of
five rotary switches which are operated under
the- control of-a master, six-second interrupter.
Switches 100, T10.and- 600 count the ten-minute
intervals while: switches 6{0 and 620 count the
six~-second intervals. -
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Selection of line to be served

Assume first that the subsecriber at. substation
2181, which is the tip party substation’ on: line
2188, initiates a call. The removal of ‘the re-
ceiver completes a. circuit from battery: through
the winding cof line relay L8 associated with
level 8, back contact of hold magnet: PLHSY: of
level 6, through substation 2104, back contzet
of magnet PLHE to ground.

Relay L8, when operated in' the circuit above

raced, grounds conductors 2105 and: 2186 for
the purpose of starting the operatiom of the
control circuit and to identify- the calling line
to the control circuit. The control ‘circuit, as
will be described: hereinafter, in response to the
grounding of these conductors first deterinines
all of the levels in which a line is calling and
prefers one level, then determines the: vertical
location of the individual switches. of the pré«
ferred level in which calling lines’ are: located,
preferring one switch, and finally determines
which lines in the preferred switch are calling
and prefers one line for service.

The connection of ground: to: conductor 2405;
which is common to the ten lines of the group
including line 2188, completes a- circuit. which
may be traced from conductor 2488 over amupper
back contact of relay H-8, lower back confact
of relay H-2, conductor 2{088, back contact of
relay GTA, winding of group: start relay HA-0

10

15

20

25

30

to battery. Relay HA-0 locks over contgct § to

conductor 2{58 and ground, independeht of re-
lay GTA. There is a relay like relay HA-0 for
each level cf the switch frame; relay HA—I be~
longing to level I and relay HA-9, belonging to
level 9, being shown. If a line irt'both level I
and level 8 also originate: calls at this: time, re~
lays HA~{ and HA-9 would also’ both operate
and lock to their respective start eircuits: -

Any one of the relays HA-0, HA-- or HA-S; in:
operating, closes a circuit for the start relay of
the frame control circuit, which may be traced
from battery, contact f of relay' TA2, conductor
2881, winding of start relay CA(25), conitact 5 of
relay CB(25), contact 7 of relay L.B; conductor
2883, contact 5. of relay HA-D (orof ‘relay HA-{

cr relay HA-§), conductor 2484, contact.7 of Te-

lgy TA{, conductor 2565; contact & of relay TA2;
to groun d at the contact of jack 25682. Relay

CA(25) operates in this circuit, Tooking over its

contact § to its operating ~circuit;'indépen’denﬁ
of relay CB(25). Relay: €A(25) alsorcloses a cir=
cuit for relay FA which may be traced from bat<
tery on conductor 2884, winding of relay'FA, con~
tact | of re}ay CA(25), contact I of relay LA, to
conductor 2833 and tbenf'e to' ground: as above
traced.

At contact § relay CA(25) connects-ground over
coutact 8 of relay LA to-condiictor 2510 and the
armature of interrupter 26908 fo: start timing the-
operation of the control circuit. )

Relay FA operates the connect relay AC(27),
and HCY, HCI, HC2 and HC3 for eonnecting the
frame circuits with the control circuit. The ¢ir<
cuit of relay AC(27) may be traced from: battery:
at contact T of relay TAZ, conductor 2604, wind-
ing of reley AC(27), conductor Z70f, contact T
cof relay FA, cenductor 251, contact § of rélease
;elay RBL(34) to ground. Relay’ ACET operates
in this circuit and locks in a circuit ‘which exs

tends as above traced to contact T of relay FA

al"d thence cver contact 6 of relay FA;- -anid-con~

uctor 2542 to ground at the inner right contact
cf relay AC(27).
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Relays HCO, HCI, HC2 and HC3 operate in a
cireuit which may be traced from battery at con-
tact' 8 of rélay TA2, conductor 2685 through the
wmdmgs ‘of relays HCY, HCI, HCZ and HC3 in
parallel, conductor 2884, contact 9 of relay FA,
conductor 2513 to ground at contact T of release
relay RI:i(34). Relay HC3 at contact 4 connects
ground’ over conductor 2885 to confacts 8 and 8
of relay FA completing a locking circuit for re-
lays HCO to HC3.

‘With: the cennect. relays operated, a circuib is
closed fromi ground at the outer left contact of
relay AC(27), conductor 2702, to the winding of
gate relay GTA and battery. Relay GTA oper-
ates in this eirciit; epening the operating eircuits
for the group- start relays HAQL, ete. to prevent
any subsequent calls from operating a group
start relay. At its inner left contact, relay GTA
closes’ & locking circuit for itself over conductor
2465 to ground at contact § of relay CA(25). The
home- control circuit is now locked to the frame
circuit: At its outer left contact, relay GTA com-~
pletes a circuit from ground to conductor 2406,
over contact 8 of relay LA, conductor 2514, con-
tact f of relay HE3, conductor 2805, contact 2 of
relay HAJ, conductor 2407, winding of horizontal
group relay HGO and battery. With relay HGO
operated,- the control cireuit is md1v1dua11y as=
sociated with- horizontal level 8, and the opers-
tion of this relay therefore serves to determine
one item in the identity of the calling line as
will' appear hereinafter.’ Although relays HAI
and IFAS remain operated) they are ineffective
until the'calls it the préférred horizontal group
have been served.

Sinee all lines in:level § are served by the same
group: of line' links, relay-HGO prepares ‘these
links foT use by operating ‘the corresponding se-
lect magnets in the secondary line switches to
which' they extend. For example, it closes an
obvious circuit for select magnet SIS0 in second~
ary line switch @, wh1ch has access to district
junctors 63 to 89 and closes similar circuits for
the- select magnets’ associated with the zero sets
of horizontal contacts in each of the secondary
line'switches. ‘Select magnet ISLSQ which is con-
nected in multiple with select magnet SLSO serves
the- secondary hne switch- which has" access to
line- junctors ‘(not shown). Magnet SLS): and'
the other select” magnsts prepare their corre~
sponding sets of terminals for operation.

As- soon as relay HCI operates; a substitute
locking circuit is closed for relay ITA® which may
be traced over contacts 6 and 4 of relay HAQ,
conductor 2489, contact § of relay LA, conductor
2515, "contact- of relay HCI, conductor 281f
through cable 2838; to ground through the wind-
ing of relay S(31) and- at the back contact of
relay VT.

With relay HGS ‘operated, the seven’ statt leads
belonging to- the seven switches, which may be
multipled together in- any one level, are extended
to-the control circuit. Conduetor 2185 which was

_grounded- by liné relay Lﬂ(zl) is extended over

contact 2263 to common: conductor 2204; contact'
of conneet relay HCY, conductor 2887, back con-
tact of relay VE; wmdmg of relay Vo' to battery.
Relay V¥ operates in this-circuit- and locKs- over”
contact 4 to conductor 2807 independent of ré-
lay VE.

Since’ the start condictors of the level ale con-
nected' in multiple over the back contacts of re=
lay H9, ground on- conductor 2165 is: extended
over the other back contacts of relay: H* to the
other start conductors; for example; to conductor
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2109 and thence over contact 2205 of relay HGO
and conductor 2206, contact of relay HCJ, con-
ductor 2808, back contact of relay VE to the wind-
ing of relay V§ and battery. Relay VG locks to
conductor 2888 independent of relay VE. In a
similar manner, relays VI to V5 also operate and
lock. As soon as any one of the relays V0 to VE
is operated, a circuit is closed which may be
traced from ground at contacts 1 of relays V0 to
V5 in parallel, conductor 3191, contact 10 of re-
lease relay RL(34), to battery through the wind-
ing of relay T'T. With all of the relays V0 to V6
operated, a circuit is closed from battery through
the winding of relay VT, conductor 3483, over
the lower front contacts of relays V6 to VO in
series, conductor 3102, contact 6 of relay TT, con-
ductor 3404, contact 2 of relay HC3, conductor
2809, contact 2207 of relay HGO, conductor 2208,
bhack contact of relay H0 to grounded start con-
ductor 2108.

Relay VT, in operating, closes a locking circuit
for itself which may be traced over conductor
3403, winding of relay VS, conductor 3194, con-
tacts of relay VT, conductor 3405, through cable
3402, to ground at a contact of relay AC(27), but
relay VS does not operate, being shunted by the
operating circuit of relay VI. At the same time,
relay VT extends ground on conductor 3405 to
conductor 3406, contact of relay HCI, conductor
2810, contact T of relay HAO0, conductor 24§38,
winding of relay HO to battery.

Relay HO operates in this circuit and opens
the multiple connection between the start leads
of the switches of level 0. Therefore, all of the
relays V0 to V6 release which are not locked to
start leads of calling groups. It has already
been assumed that the calling line is in group
zero so that relay V0 is held locked. Assume also
that a line is calling in group 6 and that, there-
fore, relay V6 also remains locked. All of the
relays VI to V5 release. Relay HO also discon-
nects ground from conductor 2208, thereby
opening the operating circuit for relay VT and
permitting relay VS to operate in the locking
circuit above traced.

With relay VS operated, a circuit is closed from
battery through the winding of relay VE, con-
tact | of relay VS, contact § of relay V0, con-
ductor 2807 and thence as previously traced to
ground on start conductor 2105. Relay VE
opens the operating circuits for relays V0 to V6,
thereby preventing the initiation of a call in
any other group from interfering with the calls
already locked in. ‘

The selection of the tens group to be served
now takes place. When relay VT operated, as
above-described, it disconnected ground from the
locking circuit of relay HAD, but relay HAB re-
mains operated through the winding of relay
S(31), which relay now operates. When relay
VE operates, a circuit is closed from ground,
contact 8 of relay VE, front contact of relay
S(31), contact 3 of relay V0, conductor 3110
through cable 2830, contact of relay HC{, con-
ductor 2812, contact 2209 of relay HGO, conduc-
cor 2210, windings of relays LR0 and HMO0 of
the zero level to battery. Relays LR0 and HMJ0
are individual to the group of ten lines served
by the primary line switch occupying the zero
vertical row in the preferred level, level 0, and
serve to extend to the control circuit, the in-
dividual identifying conductors and the hold
magnet operating circuits belonging to the pre-
ferred switch.

Ground connected to conductor 2{06 by line
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relay L0 now completes a circuit over contact
0 of relay LRO, conductor 2112, through cables
2110 and 2130, confact of relay AC(27), con-
ductor 2703, through cable 27085, back contact
of relay LE, winding of relay LT0 to battery.
If any other line in this group is calling, the
corresponding one of the relays LT! to LT8 will
also be operated. Relay LTO0 in operating ex-
tends ground from conductor 2703 over its con-
tact 1, conductor 3291, through the winding of
relay RE to battery. Relay RE operates in this
circuit and closes a circuit from the ground on
conductor 2703, contact of relay LE, contact 6
of relay LTO0, conductor 3202, contact 2 of re-
lay RE, conductor 3408, winding of relay LS and
battery. Relay LS locks in a circuit from bat-
tery through its winding, over its contacts 4
and 2, conductor 3204, contact 8 of relay VE,
conductor 3{01 to ground at contact | of relay
V8. Relay LS extends this locking ground over
its contact 3 to the winding of relay ILE and
battery, and over its contact 2 and conductor
3202, to the contact 6 and the winding of relay
LT0 and battery. Relay LS at contact 6 also
connects ground over conductor 3205 to the
winding of relay VE, holding that relay operated.
A branch of this circuit extends over contact
{ of relay VS, contacts 5 and 4 of relay V0 to
battery through the winding of that relay to
provide an auxiliary holding circuit for relay
V0 and thereby for relay LS itself.

Relay LE, in operating, opened the operating
circuits for relays LT1 to LT9 and, since the
locking circuits for these relays extend over a
series chain circuit including the contacts 5 of
all lower numbered relays, the operation of re-
lay LT0 prevents relays LTI to LTS8 from lock-
ing, and these relays release, following the op-
eration of relay LE. Therefore, the zero line has
been preferred for service, and relay LTO0 closes
circuits by which the calling line may be iden-
tified as line 0 in the switch which has already
been identified as occupying vertical position 0
in horizontal level 0. Any other calling line
may be similarly identified by its line number,
vertical number and horizontal number.

Up to the operation of relay LS, the release
of the connection has been under the control
of the calling subscriber, since relay V0 was
locked to start conductor 2i05 and held relay
TT operated. The abandonment of a call prior
to the operation of relay LS releases relays Ve
and TT to close a circuit for release relay RL(34)
over conductor 3409, contact 2 of relays V6 to VO,
contact of relay S(31) to ground at contact 8
of relay VE or over contact 4 of relay VS, con-
ductor 3105, contact T of relay TT, conductor
3410 to ground at a contact of relay AC(27).
The functions of release relay RL:(34) will be de-
seribed hereinafter. However, when relay LS is
operated, relays V0 and LS are locked under mu-
tual control, until released by the sender con-
trol eircuit or the time alarm circuit.

While the foregoing operations are taking
place, the selection of an idle distriet junctor
and an idle sender is started.

As pointed out previously, each line switch
frame has aceess to one hundred distriet junec-
tors, which appear in groups of twenty on five
district frames, each of which is served by a
sender link control circuit for connecting a dis-
triet junctor with an idle sender. Therefore,
the line link control circuit, as a first step to-
ward picking an idle distriet junctor, looks for
a group of junctors which is associated with
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an idle sender control circuit, and . which: has
an idle path available to. a group. of senders.in-
cluding idie ones. The first, or regular; test re-
quires that there be at. least .two .idle. district
junetors in the group. A reserve test, made if
the regular test fails, makes use.of groups.con-
taining a single jurnctor..

To start the regular test, the line link. control
circuit first determines which of the line links. are
available. Horizontal group. relay. HGS; when
operated, closed test circuits for the ten line links
88 to 83 conneeting the zero. primary line. switch
level with each of the secondary: line switches.
The test circuit for line link. 08. extends:. from
sieave conductor 2145, to contacts 2241 and 2243
of relay HG8. Over contact.221 I, relay HGO-con.-.
nects battery through retard coil 2212.-fo the
sleeve conductor and over contact 2213, exfends
the sleeve conductor by way of conductor.2214,
contact of relay AC(2T), corductor 21084, to the
winding of relay T8 and battery. The test circuit

for line link 88 may be similarly: traced to: the

winding of relay T3 and battery. When.a line

link is busy, ground is. connected to. the .sleeve.

conductor from the. district junctor or incoming
junctor with which it is in use.. Therefore; only
those relays of the group T8 to T3: which corre-

spond to busy line links are operated, while those.

corresponding to available line links remain nor-
mal.

When relays TT and VT operate, fellowing the

tens group determination, circuits are closed: for
determining which district. junctor groups.- are
available. For this. purpose, group-test relays G2
to G8 are employed,- the relays being ar-
ranged in pairs, G8 and G to G8 and GSY,
each pair corresponding to-the group of twenty
district junctors connecting the calling line switch
frame with one district frame. The circuit for
relay GO may be traced from battery through the
right winding of relay G0, contact 5 of relay TT,
back contact of relay T8, assuming the corre-
sponding line link to be idle, back contact of re-
lay GE, conductor 3412 through cable 3413, con-
tact cf relay AC(27), back contact of relay RS,
conducter 2188, over the back contact of relay
CA(45), eonductor 8504, contact 6 of relay DP
to conducter 4563.- From conductor £583- there
lead {3 branches over back contacts of relays
GB§, GB4, GBS and GBS coirespondmg to the
ten subgroups of district junctors served by this
sender Iink control circuit. The branch extend-
ing over the back contact of relay GBJ may be
further traced over conductor 4518 through cable
4875 to ground at the back conta.ct of hold mag-
net SSHLB of secondary sender switch 8. Three
other bhranches are shown extending respectively
over back contacts of relays GBS, GB4 and GBS,
and conductors 4815, 6614 and 4619 to ground at
the back contact of hold magnet SSH4B of sec-
ondary sender switch 0, at the back contact of
hold magnet SSHEB of secondary switch 4 and
at the back contact of hold magnet SSHAEB of
secondary switch 4. A similar circuit may: be
traced for the otheL relay. of the pair, relay Gf,
over the back contact of relay GE to conductor
2787 and thence over the back contact of relay
CB45) to conductor 4581 and: over-the same cir-
cuit as iraced for relay G8. . The circuits for re
lays G and G2 extend cver contacts of relay VT,
contacts of link test relays T8.and T and thence
as traced. for the: other group.test.relays to con-
ductors 2788 and 2789 extending
sender link and control circuit.
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Relays CA(45). and CB(45). are test. relays. for
the corresponding subgroups of district junectors,
These relays are operated, as will be deseribed
hereinafter, to apply a test to the.junctor group.
each time that. the sender link control. circuit: is:
released. If two.or more.junctors.of each.of: the
subgroups. are .idle, relays CA(45) and .CB(45)
are released; if:less than two are idle the relay is.
held operated. Therefore, for those junctor sub-.
groups of which less than two are idle, the:group
test eircuit is open at the. contact. of a relay like
relay CA(45). Relay DP is a. group busy relay
which: is operated whenever fhe sender link con-
trol circuit is engaged with the asseciated. group
of junctors, and therefore the group.test-circuit
is. cpered in busy: sender link control circuits at:
the contact of & relay like relay DP. Each:.of the:
ten relays. GB2 to. GBS corresponds to.a group of
senders and is released, as will appear later, as:
long as there is-at least one.idle sender in:the.
group. Therefore,- each busy group: of’ senders:
obens one of the ten hranches fron: conductor
45§3. The held magnets, such as magnet SSHIB,
are held operated when the asseciated sender-link
is busy in-a-connection.. Each branch of conduc-
tor 4583 extends: to. the hack contact.of the held
magnet belonging to. the link which connects: the
primary. switch. serving the junctor group -under
test with the secondary switch serving the group
of senders corresponding to the relay GBI, ete.
controlling that kranch. Therefore; the group
test eircuit is-controlled by the hold magnet of
each one of the-links which might be used:and is-
open at busy links.

From the foregoing it is-clear how: the comple-
tion of a group test circuit shows-that there are-
at least two-idle junctors- in the group, that the
associated sender link control circuit is-idle, and
that it has aceess. over an idle sender link to a
group- of senders having at least one-idie sender.

Assuming: that conductors 27886, 2781, 2788 and:
2189 are all grounded; relays G, G, G8: and GS:
operate. The control circuit then - expresses:- a
preference for a- particular distriet-group.

In order to spread the use-of the district june-
tor groups, the contacts of the group relays GO
to G8% are connected to cross-connecting racks.
such as racks 3310 and 3311, where they may be-
cross-connected to the contacts-of relay RP.. In
the various line link control circuits: different
group relays-are-so connected, -thereby causing
different district groups to. be preferred: by the
different control circuits. Relays PR and RP are.
operated and released under the control of re~.
lease relay RIL(34) and different distriet group.
relays are connected to the front and back con-
tacts of relay RP to vary the preference for suc-
cessive calls. As shown in Fig. 33, the cross-
connections give groups 8 and 9 preference cn
alternate calls.

With relay G operated, the- preference causes.
the attempted operation. of lock-out relay D4 of
this line link control circuit inh. a circuit -which
may be traced from ground: at the -ncrmal con-
tacts of relay D4 of the last line link:frame, nor-
mal contacts of relays D4 of the intermediate line
link frames, winding of relay D#.of Fig. 30, con~.
ductor 38(4 through cable 3989, contact. of re-
lay AC(27), conductor 211t through cable 2131,
contact 4 of relay G9, cross-connections between
racks 3319 and 3311, contact 8 of relay RP, con-
ductor 3314, contact 3 of relay VS, resistance
3107 to battery.

From 2 consideration: of Figs: 29:-and 30, it wilk:

:be apparent that each group. of twenty. district.
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junctors is represented by a relay at each line
link frame having access thereto and that these
relays are arranged in a chain circuit so that the

line link frames have a particular order of pref-

erence. For example, the last group of district
junctors to which the line switches of Figs. 16, 19
and 22 have access is represented by a relay D4
in the first line link frame, which is the one
shown in detail, and by a relay D4 in the inter-
mediate line link frame and the last line link
frame indicated in Fig. 29, as well as in the two
frames not shown. If all of the control circuits
of these frames were ready to prefer a group of
district junctors at the same time, each one
would supply battery to the winding of the asso-
ciated relay, but, because of the chain arrange-
ment of the ground supply, the relay D4 in the
last control circuit would operate from the
ground connected directly to its winding and
open the chain circuit to the other D4 relays,
thereby preventing their operation.

Assuming that relay D4 in the last frame has
been thus operated by another line link frame, its
operation results, in the manner to be described,
in opening the operating circuits for relays G8
and GY9 and causing them to release. A new
preference circuit now exists, from hattery to the
armature of relay G9 as above traced, but now
extending over contact 3 of relay G9, contact 4
of relay G, conductor 2710, contact of relay
AC(27), conductor 3010, winding of relay D0 of
Fig. 30 to ground over normal contacts of the D0
relays of the other line link frames.

Assuming that no other line link frame is com-
peting for this distriet junctor group, relay
DO0(30) operates and locks to ground at its con-
tact. With relay D0(30) operated, the line link
control circuit signals the sender link control
circuit associated with the preferred junctor
group that it desires to extend a connection by
means of that group. This circuit may be traced
from ground at contact 9 of relay TT, conductor
3420 through cable 2832, contact T of relay HCS,
conductor 2802 through cable 2833, contact 4 of
relay D0(30), conductor 3020 and thence in the
sender link control circuit, to the winding of relay
GPO0, normal contacts 6 of relays GPi{ to GP4,
conductor 41290, contacts 3 of relays D39 to D0(44),
conductor 4418, contact of relay TL, contact 6 of
relay ON(44) to battery..

The five relays GPO to GP4 are individual to
the five groups of twenty trunks appearing on the
district frame, each group incoming from a dif-
ferent line switch frame. These operating cir-
cuits are arranged in a chain so that, if more
than one line switch frame desires service, a
higher numbered relay, in operating opens the
operating circuit for the lower numbered relays
and gives preference to the corresponding trunk
group and the associated line switch frame. As-
suming that no other line switch frame is seek-
ing service, relay GPO operates, locking to battery
over its contact 5. At contact 2, relay GPO closes
a circuit from ground over conductor 4121, wind-
ing of group relay G to battery. Relay G in-
dividualizes the sender link control circuit to the
corresponding group of junctors and transmits
a, signal to the line link control circuit associated
therewith by closing the locking circuit for relay
G0. This circuit may be traced from battery
through the locking winding and contact 8 of re-
lay GO, contact T of relay G9, cross-connections
at racks 3311 and 3310, contact 12 of relay RP,
conductor 2813 through cable 2832, contact i1
of relay HC3, conductor 3022, contact T of relay
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D0(30) to conductor 302(1 from which it may be
further traced over contact 4506 of relay G, con-
ductor 4507, back contact of relay OS, conductor
4701, contact 4508 of relay G, to conductor 4503
and thence to ground at a hold magnet contact
as previously traced. A branch of conductor 2813
extends to the winding of relay GE and battery.
Relay GE operates, opening the operating cir-
cuits for relays G0 to G8. With the exception of
relay G0 which has just been locked, all of the
operated group test relays now release.

Relay GE also closes an obvious circuit for re-~
lay PS. With relay PS operated, a circuit is
completed from ground at contact T of relay LS,
contact | of relay PS, contact 6 of relay RP,
cross-connections at racks 3311 and 3310, contact
| of relay G9, contact 2 of relay G0, conductor
3315 through cable 3305, contact of relay
ACQ27), conductor 2712 through cable 2132, con-
tact 1 of relay D0(30), winding of relay DF to
battery. Relay DF8, like relay D0(30), is repre-
sentative of the preferred group of twenty dis-
trict junctors and its operation completes the
process of selecting the twenty-group. At con-
tacts 2 and 3, relay DF0 extends the circuits of
relays DAD and DBO by way of conductors 3024
and 3025, contacts of relay HCI, conductors 2814
and 2815 through cable 2830, to contacts of the
even and odd group relays G0 to G9, where, since
only relay GO is locked operated, the circuit of
relay DAJ is extended from conductor 2814, over
contact 6 of relay GO, contact 5 of relay G9,
cross-connections at racks 3310 and 3311, contact
10 of relay RP, conductor 3316 to ground at con-
tact 18 of relay TT. Therefore, relay DAO, rep-
resenting the first ten of the group of twenty
district junctors, is the one to operate. Relays
D0(30), DF0 and DAO establish a plurality of
gcircuits interconnecting the line link control
circuit with the sender link control circuit asso-
ciated with the selected group of district junctors.

In addition, the selection of the subgroup of
ten district junctors determines which sec-
ondary line switch will be used, and thereby,
which one of the ten line links serving the call-
ing line will be used. Therefore, relay DAO
closes the circuit for the primary select magnets
associated with that line link., This circuit may
be traced from battery through the windings of
the seven select magnets PLS0 to PLS69, ete. be-
longing to the seven primary line switches lo-
cated in level 0, conductor 2122, contact 225 of
relay HGH, conductor 2216 through cable 221,
contact of relay DAO, conductor 3026, contact 5
of relay HC3, conductor 2816 through cable 2832,
to ground at the contact 5 of release relay
RL(34).

Subscribers’ lines requiring the same class of
service are placed in the same relative positions
in each group -of ten lines. Therefore the indi-
vidual line test relays LTO, LTI, etc. operated by
the calling line is an indication of the class of
service required by that line. Contacts {1 of the
ten relays LT to L'T9 are connected to ten con-
ductors 3210 to 3219, respectively. These con-
ductors extend, through cable 3230 to contacts of
relay AC(27) and thereover to cross-connecting
rack 2718 where they are cross-connected to rack
2119 and five conductors 2720 to 2724. With re-
lay DF0 operated these conductors are extended
over contacts of relay DF0 to another cross-con-
necting rack 3021 at which they are cross-con-
nected to eight conductors 3040 to 3047 leading
through cable 3048, to the sender link control
circuit. :
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Selection -of district:junctor and sender-

With relay DAO operated as-described, ground
is. connected to conductor. 3021 to .identify. the

selected subgroup. of ten junctors. in.the. group.

of twenty junctors. Ground on conductor 3021
operates subgroup. relay BA -which prepares-test
circuits for the district junctors and-operates re-
lay DA. Relay. DA closes a holding . circuit- for
relay G and prepares the operating circuits. for
the. hold . magnets of the .primary sender link
switch.. Relay BA also initiates the operation of
the tape recorder to record the calling line num-
ber as will be described hereinafter. .

When relay GP0 operated as-above described,; it-

closed.a circuit from battery at its contact. T ever
conductor 4122, contact 6 of relay DS#47),. con-
ductor 47103, winding of relay RS to ground.  Re-
lay RS closes a circuit from. ground through the

10

15

winding of relay DE, to battery at the nermal:-

contact of relay TM.. Relay DE operates:in this
circuit, preparing the circuits for the individual
district test relays D0(44) to DA9.

When relay G operated, it-closed a circuit from

20

ground over contact 4595, conductor 4512, to the: -

winding .of relay ON(44)- and battery. Relay
ON(44) at contact 6 removes battery from the
chain .operating circuit for relays GPO -to. GP4.
At .contacts 3, 4 and 5 it-connects ground.to. the
windings of relay D0(44) .to.D9.
it connects.ground to-off-normal ground. con-
ductor. 4416. At contact [ relay ON(44) closes
a -circuit from battery through the winding of
relay ONI(44), contact | of relay ON(44),.con-

ductor 4417 to ground at the back: econtact of 35

relay TA(38).. At contact 8, relay.ON{(44) con-
nects. ground over .conductor 4418 :to battery
through the winding of relay TS, to start the
operation of the fiming relays. -

At contacts 2 to 6, relay ONI(44). closes-cir-

cuits for operating the .group busy relays in each
of the five .district group.-circuits of the frame
served by the sender link control circuit. Five
such. circuits are .provided, one shown in detail
in Fig. 45 and two indicated by rectangles 4200
‘and 4201 in Pig. 42. The ecircuit closed- by
ground at contact 6 of.relay ONI(44). may be
traced over . conductor 4419 to the left winding
of relay DP and battery. Relay DP opens the
group: test circuit and prepares circuits for re-
lays-CA(45) and CB(45) which become effective
hereinafter. It also.closes .shunts around. the
windings of relays A(45) and B(45) to.prevent
their false- operation. The operation of relays

corresponding to relay DP .in.the -other group.

circuits marks this sender control circuit as un-
available to other line link frames.

With relays ON(44) and DE operated, circuits
are closed for testing the individual junctors of

the.selected subgroup of ten:  These test circuits:

extend. from ground at contacts.of relay ON(44),
windings .of relays D2(44) to. ID9 over contacts
of relay DE, through -cable 4514 and over con-
tacts of relay BA to the ten distriet junctors of
Figs..68.and 70. District junctor 0 is shown in
full in Fig. 70, while junctors: { and 9 are indi-
cated:by rectangles 6801 and 6809. An idle dis-
trict junctor is marked by battery connected to
the busy test conductor. For example, assuming
. the. zero junctor is idle, the test circuit may be
traced from battery through resistance 1000, con-
tact 3 of relay TP(70), contact T of relay T(70).
contact 2 of relay SH(70) to.test conductor 7004
leading to the sender link control ecircuit, where

At .contact 2 .’3 0
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it i1s extended by relay BA in. the.distriet group -

circuit 0 to conductor 45{3 through cable 45{4,

75

18
contact of relay DE, winding of relay .DU..to
ground at contact 5 of relay ON(44)., Rélay
D06(44) and any other.relays corresponding.to
idle districts, operate and. lock over their.con-

. tact 4 to battery. At contact 5 relay D0(44), as

well as any other operated relay. of the group,
closes a circuit over conductor 4429, contact | of
relay ON1(44), conductor 4420, winding. of . relay
DS, conductor 4704, contact 4510 of relay. G
to ground at the normal contact of relay BB.
Relay BB corresponds to relay BA but is indi-
vidual to the other subgroup: of ten.trunks and
should, therefore, not bé operated. - Theérefore,
the operation of relay DS(47) is a cheéck that

only one of the subgroup relays has béen oper-

ated.” Relay DS(47) at contacts 2 and .3 con-
neets ground to conductors. 4717 and 4718 swhich
extend over contacts #4528 and 4529 of relay. G
to the windings of relays CA and ‘CB and bst-
tery. Relays CA and CB operate and lock.

If more than one district’ junctor of .thé sub-
group is idle, so that at least.two of the. distriet
junctor test relays are operated, fof example re-
lays D08(44)' and D4, a eircuit is closed . from
ground, winding of relay TM, contact.8 of relay
ONI(44), contact 6 of relay DO(44), cortact 2
of relay D4 to battery on conductor 3429 sup-
plied from contact 5 ‘of either relay ‘D0(@4) or
relay D%: . Relay TM operates in this_circuit and
locks to battery at its altérnate contact,’at the
same timme opening the. circuit of relay DE, to
disconnect the junctor selecting relays from the
district junctors. If only one district junctor is
idle’ the ecircuit of relay TM cannot be closed.
When relay DS(47) operates as above described,
it opens theé circuit of relay RS and relay RS,
releasing slowly, aftér an interval opens.the eir-
cuif of relay DE. " L

The district junctor to bé used in extending the
call has now béen determined. from the.operated
junctor select.relays, thé.chain wiring over theéir
contacts and the preference wiring, which ‘will be
described hereinafter.

In the meantime, the sender control. ¢ircuit has
been selecting an idle sender for use; Whérn the
district group.relay G operated, it:closed circuits
for testing the groups of senders for those in-
cluding at-least two idle senders and having an
idle sender link giving -access théreto.: Each
sender has-an individual sender busy relay, which
relay is‘operated whenever the sender is in use.
Three such relays $B96, SB05 and SBI9; belong-
ingto the first or zero group of senders, are-shown
in Fig. 46 and those belonging to the last group
or-group 9 are shown in Fig.43.” When all ‘the
senders.of a group are busy, the.group busy relay,
relay SGBO, relay SGBS, etc. is operated over a
chain circuit closed by the sender busy relays.
The contacts of the sender busy relays are so ar-
ranged that, if 2ny two senders are idle.and.théir
busy. relays therefore are not operated, ground
will be applied to a group test conductor, such
as conductor 4321, 4651, etc. For .example, if
relays SB00 and SB0Y are released and. relay
SBO6 is. operated, ground will be- connected to
conductor. 4851 over contact -4 of relay SBOD,
contact .5 of relay SB85 and contact & of telay
SB09Y.

With g distriet junctor group..relay..such.as

relay G operated in one.of the sender link.con-

trol circuits, the sender.group test conductors.are
connected to the windings of sender:group-test
relays SG8 to SG9. - For. example,.ground..con-
nected to conductor 4651 by sender group:0-com-
pletes  a circuit which may be traced over the
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back contact of relay SGBO, back contact of relay
SGED, conductor 4653, back contact of relay R2,
conductor 4330, back contact of hold magnet
SSHOA associated with the secondary sender
" switch 0, the A section of which has access to
sender group 0, conductor 4030 through cable
3118, contact 4515 of relay G, conductor 4516,
back contact of relay GBO, conductor 4660, back
contact of relay SS(41), upper winding of relay
SGO to battery. A similar circuit is completed
from sender group test conductor 4321 associated
with sender group 9, over the back contacts of
relays SGBY, SGES and R2, conductor 4339, back
- contact of secondary hold magnet SSH5A associ-
ated with the B section of secondary sender switch
4 which has access to sender group 9, conductor
3729 through cable 3110, contact 4517 of relay G,
conductor 4518, back contact of relay GBS, con-
ductor 4669, back contact of relay SS(41), upper
winding of relay SGY to battery. In this man-
ner a circuit is closed for testing for sender groups
available to the selected group of distriet junc-
tors, the circuit of a sender group test relay being
opened if the entire group is busy, if only one
sender is idle, or if the link having access to the
group is busy. .

Assuming that the zero group of senders is
available, relay SG0 operates and atiempts to
select the corresponding group by operating a
lock-out relay belonging thereto. Relays LLO,
LLI, LL3 and LL4 are lock-out relays individual
to the zero group of senders in four of the sender
link control circuits, there being a similar chain
of relays for each group of senders. In order to
rotate the use of the sender groups, the operating
circuits for the sender group lock-out relays are
completed over a preference circuit including
contacts on the sender group test relays SGO to
SGY which are in turn cross-connected to con-
tacts of the district junctor group relays GPO0 to
GP4, whereby different sender groups are pre-
ferred for different district junctor groups and
this preference may differ in the various sender
link control circuits.

Since district junctor group relay GP0 has been
operated as previously described, the operation
of relay SGO0 completes a circuit from battery
through resistance 4123, contact 4 of relay GPO,
conductor 4124 cross-connected at racks 425 and
4126 to conductor 4127, contact 6 of relay SGO,
winding of lock-out relay LL0 to ground. Relay

LL0 operates in this circuit, disconnecting ground
at contact 5 from the windings of relays LLI to
_LL4& to render this group of senders temporarily
~unavailable to other sender link control circuits.
At contact 2, relay LL8 closes a locking circuit
for relay SGO from battery through the lower
winding and over contact 5 of that relay, contact
2 of relay LLO, contacts | of the other relays of
the chain, relays LLI, LL3, LL4, etc. to ground.

At contact 3, relay LLO also completes a cir-
cuit from battery, through the winding of gate
relay SS(41) to the same chain ground. Relay
SS(41) at its upper contacts opens the operating
circuits of the sender group relays SGO0 to SGY
permitting all of them to release with the excep-
tion of relay SGO which is locked as just de-
scribed. At its lower contact, relay SS(41) closes
a circuit from ground to conductor 4701 to hold
the group relay GO of the line link control eircuit

"in case the paths available circuit should be
opened due to the use of the last available path.

When the non-locked sender group test relays
release, a circuit is closed from battery, through
the winding of relay OC, front contact of relay
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85(41), contacts 3 of relays SG9, SG5, SG4 and
the other released sender group test relays, con-
tact 2 of relay SGO, conductor 4119, back con-
tact of relay SS1(38), conductor 3800, contact |
of release relay RL(47) of the sender link con-
trol circuit to ground on conductor 4512, Relay
OC supplies a supplementary ground to conductor
4416 and closes the circuits for the connector re-
lays which serve to associate the sender group
circuits with the sender link control circuit.
Since relay SG0 is operated, the operation of re-
lay OC closes a circuit from ground at contact 4
of relay SGO, contact of relay OC, conductor 4129,
winding of relay CO0 to battery. Relay C8 con-
nects the zero group of senders with the sender
link control circuit. The selection of the sender
group also determines the sender link to he used
and, therefore, a branch of the operating circuit
of relay C0 extends over contact 4519 of relay G,
conductor 4520, winding of select magnets
PSS0A and PSS0B to battery to prepare the zero
horizontals of the zero primary sender link
switches. _

Each group of senders has, in addition to its
sender busy relays, a set of selection relays, one
for each sender, connected in the usual chain
arrangement so as to select their respective send-
ers according to a certain order of preference.
The sender preferred depends on the sender busy
relays operated and varies with the different
sender groups in accordance with cross-connec-
tions between a set of preference leads and the
connector relaiys. The zero group of senders
which has been selected has a set of busy relays
SB00 to SB0Y and a set of selection relays S00 to
S09. The preference circuit for this group is
shown extending from ground over contact 2 of
connector relay C0, cross-connected to contact 2
of preference relay P0, conductor 4622 to the
upper armature of relay SB00. If the zero sender
is idle the circuit extends over contact { of re-
lay SB00 to the winding of relay S00, contacts 5
on the other sender selection relays to battery.
If the zero sender is busy the preference circuit
extends over contact 2 of relay SB00 to the upper
armature of the tenth sender busy relay and
thence to the winding of relay S09 or to the next
busy relay according as the tenth sender is idle
or busy. ]

Assuming that the zero sender is idle, relay S00
operates in the circuit above traced, locking in a
circuit from battery at its contact 4 through its
winding and contact 2 to ground at contact 5 of
relay C0. Relay S00 extends its locking ground
to the winding of relay P0 and battery causing
that relay to operate and open the preference
circuit.

At contact 1, relay S00 closes a circuit for re-
lay SGE0 which opens the sender group test
circuit, not only to the sender link control circuit
shown but also to the other control circuits, there-
by making this group of senders unavailable for
other calls until the sender has been connected
with the calling line through the link switches.

In addition, relay S00 closes a circuit for op-
erating the select magnet individual to the se-
lected sender. This circuit may be traced from
ground at contact | of relay PO, or at contact 3
of relay C0, contact 6 of relay S08, conductor 4624,
contact 4 of relay C0, conductor 4626, winding of
select magnet SSS0 of secondary sender switch 0

" to battery. Magnet SSS0 prepares the zero level

7F

in the zero secondary sender link switch. Fur-
thermore, relay S80 also closes a start circuit for
the sender which may be traced over a branch of
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conductor:4624, to the-winding of relay:SCl. and
battery and over contact-3: of frame holdmagnet
F of the:sender:cross har-register:ang conductor
5201 to the winding .of relay SC2 :and battery.
Relays SCI and SC2 operate to connect certain
-registeringrand.control conductors from-the-send-
-eriink control-circuit to the:sender. -

With relays:SCH{ .and ‘8C2: operated; the class
of-the calling: line, the frame on which:the district
junetor-is located and certain other matters:are
recorded: inthe:sender by:.means:of .circuits ex~
‘tended thereto by relay €0, as:will :be deseribed
hereinafter. While these registrations.are being
‘made,preparations-are made:in the:sender link
-control circuit.-for operating .the ;primary:-hold
‘magnet of the.selected senderlink.:

When relay P0 operated-as:above described;-it
closed:a cireuit- from:ground .on-conductor 4121,
-supplied -at:one point:by.a front:contact :of -relay
DA -over:front: contacts of primary:select. mag=
nets PSS0A: and PSSIB:which  were .operated in
parallel,-conductor 3929, contact 452+ -of relay -G,
conductor: 4522, contact 45 of relay €8, contact.7
of:relay PO, conductor:4638, contact 14 of relay
C0, -conductor 4654, -front -contact.of :secondary
seleet-magnet -SSSP, . conductor 4059, front con-
‘tact -of -relay: :OC, .conducter: 4138, -contact 2 of
relay.SL, contact 4 of relay:DS; -eonductor-4107,
back contact of relay-DE-to-thewinding of relay
-OH--and - battery: The . operation:of -relay . OH,
therefore, -checks. the -eperation of-both the pri-
mary and secondary select: magnets:-and, -there-
dore; the fact:that the link switches are-ready
for the operation of the hold-magnets. .

‘Relay: OH, operated; closes :a ‘cireuit - from-bat-
tery, through-the winding of relay GH,:conductor
4108, back eontact.of relay DE;:front.contact of
relay-OH, contaet:2 ofrelay RI1.¢47), contact7
of:xelay: ON1(44) {o off-nermal ground conductor
A446. - Relay:GH-operatesin-this circuit:and locks
over-its. contact. 8 and.-contact-2. of relay RL{(47)
toground - astraced for -its operating -.circuit.
With relay- GH -operated; two-circuits -are-coms=
pleted-under: the rcontrol ;of -the -district-junctor
testrelays :D0(44) <to DY, :one for-operating the
hold magnet.of the secondary line link: switch and
the other:for:eperating.the hold-magnet . of-the
primary: sender -link - switeh, : both:-of whichare
determined-from-the identity:of .the-selected dis-
trict -juneter::- As-in other.cases;wa distribution
of traffic is obtained as a result of:.giving different
eircuits preference:in the various control-circuits
by.means: of.8 variahle cross~connection at rack
4422 -between the ground supplied:by:relay GH
ang:the -chain circuit ‘contacts:of ‘relays D0 (44)

to DSY. - Assuming @ cross-connection:as shown -

and:relay :D8(44) . operated:--as previously: de-
scribed; the..one circuit ‘extends from-ground:at
contact~2 of-relay. GHE to:rack~4422.and thence
over-:contact T of: relay: D%(44), conductor 4423,
through:cable 4421; contact 4523.-0f relay &, con-
ductor:: 4524, icontact:. of relay -DAJ; r.conductor
3028, through cable :3602; to battery :through: the
winding:of -hold magnet: SLHE of secondary-line
switch .zero. - Since -select -magnet;SI.S% is - op~
erated, the operation of-hold magnet SLHG closes
cross<point: 2221: - o

The:second - circuit-may be traced from: ground
connected torack:4422; contact of relay-OH; con-

tact -2 of relay.-D8(44), conductor :4424> through

cable A425, contact.of relay: DA, ‘conductor:4525,
through cable-4526; to-the windings; of ‘hold 'mag-
nets :PSHIA -and. PSHOIB of thetwo- switches
constituting the:primary senderdink switch: zere:

Sihicesselect-magnets PSSOA and PSSOB of 'these: 7
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switches-are operated, the operation of:hold niagr
nets PSHOA and PSHOB: closes «cross-points: 3931
and 384t The-closure:of cross=point 3931:con-
nects::the operating :ground for: magnet PSHOA
to thesleeve conductor 3932 of :the sender:link:4,
completing a circuit through the windings of hold
magnets: SSHIA!and SSHOB.of :secondary sender
link: switch zero. . .Since select magnet.-SSS0-:is
operated;, hold: magnets :SSHIA :and .SSHIB, in
operating; close. cross-points 4051 and- 4052,
Magnet PSHOA ‘connects  ground . to :.conductor
:3934.:and over contact ‘1. of .relay I. to resistance
‘1866::and - sleeve conductor.: 2224 of - the district
junctor. ‘Magnet. PSHOB connects: ground-ito
conductor:3935,.completing-a circuit:through:the
winding of rélay:S1(70): to-battery. - RelayS1€70y
operates -and disconnects battery from conduetor
‘1804: to .mark the district junctor busy <toithe
sender link control circuits. . :

"With- cross-point: 4051 :closed,  the: operating
‘ground of magnets SSHEA and: SSHOB's extended
to the sleeve conductor. 4053 ledding to the ‘sefider
where:it is connected over contact-3 of relay-SCGi
to conductor 5002, and thence over-contact 26
of :relay -C0, conductor. 4656, windingof relay-SL
to battery at-contact T of relay: ON(44) . Relay
8L operates in.this-ecircuit; as-a -check ‘thatithe
cross-points of:thesender.link have been closed;
and closes a locking:circuit for.itself:from: battery
at..contact 1. of ‘velay :ON(44);, winding: of:relay
SL; winding:of relay: DC(7) to ground atcontact
4 of relay SL... Relay-DC(47) -cannot operate-at
onee, :being: shunted by the operating circuit of
relay-SL. . At-contact.?, relay SL: opens: the-op-
erating:circuit.of relay: OH;. causing relay ©H 1o
release -and open -the:operating: circuits of the
sender: link .magnets and- relay -SLi - However,
these: magnets :are-held: operated: ‘by:the-locking
ground of relay: SL ionnected thereto through
the winding - of ‘relay: DC(47) The -removal-of
ground from the operating circuit of relay-SI
permits.relay .-DCT) to: ‘operate, “provided--no
double. connections:exist between the present con-
nection and any: other connection. - - ; o
Relay:DC(47) in operating icloses 4 circuit-from
battery, -connected to- conduetor.<4(122 ‘by-‘relay
GP9.-as:above described; resistance 4742;-contact
1 of relay SL; winding of. relay DR, front-contaet
of: relay: DC(47), ‘conductor. 4143} %o ground-at
the back c¢ontact of :relay  HD. " 'Rélay DR “op=~
erates and locks:to -ground.at its-contaet 5 -and
at.contact 4 connects:ground-to:conductor-4744;
for a purpose-to-beexplained hereinafter, « -

When-hold magnet-SLHO0:of the secondary:litie
switch operates.in:the circuit previously -traced;
it.closes cross-point 2221:and:extends its operat-
ing ground-over-its auxiligry:contact aiid 5 -con-
tact of cross-point 222( to conductor 2115; -and
thence-over-the line link- test circuit ‘which - may
be:retraced over-conductor-2{1 5; contact-223 of
relay. HG9,: conductor 2214, :contact: ‘of relay
AC(27), conductor :2704; to the ‘winding of relay
T8 and-battery. . Relay ‘T0, ‘which-was-previeus«
ly -unoperated to -indicate -that: linedink-00 was
idle, now -operates: to:indicate ‘that:the:seeendary
cross-points-have: been . closed:.” Relay-T0; “when
operated, ‘closes-a ‘circuit from *battery through
the -winding of . hold'‘magnet-PLHY -individual
to.line 2100 :in: the: primary: line :switch 0, con-
tact.of.relay- HMO; conductor:2423 through cables
21257 and «2131; contact-of relay HC2, .condustor
2817 through-cable 2834; contact'8 of relay-I5T0;
conducter :3220; contact:3.6f ‘relay: PS; conductor
3428, contact; 9. of relay-G0;.conductor-3847; front
c.ontactsnf.relayeTﬂ',iconductoréaﬂl'ithrnug’hfcab;lee1 .
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2832, contact 8 of relay HC3, conductor 2818
through cable 2833, contact 3 of relay D0(30),
conductor 3028 through cable 3056, to the sender
link control circuit where it extends to ground
through resistance 4115 and over contact 6 of
relay RL(47).

Since select magnet PLS0 is operated, the
operation of hold magnet PLE0 closes cross-
point 2124, connecting the calling line 2100 with
the selected sender. Magnet PLH0 also opens
the circuit of line relay L0, causing that relay
to release. Relay L0 in releasing, disconnects
ground from conductors 2105 and 2106, thereby
releasing relay RE. Therefore, the release of
relay RE indicates that the calling line has been
connected to the sender and that the line relay
has been released, and registers that fact by
preparing a circuit from ground at the lower
contact of relay LE, conductor 3286, contact 4
of relay RE, conductor 3425, contact of relay
AC(27), conductor 2714, contact 2 of relay
DE(30), conductor 3030 through cable 3056, con-
tact 19-of relay C0, to conductor 467} leading
to the sender.

When the sender was seized and relays SCI
and SC2 operated, these relays established a
plurality of temporary connections between the
sender link control circuit and the sender. In-
cluded in these connections are circuits for reg-
istering the identity of the district junctor frame
with which the sender has been connected and
the class of service to which the calling line
is entitled. Relay SC2 at contacts 3 to {2 con-
nects the select magnets of the cross bar register
switch shown in Figs. 52 and 53 to the frame
units conductors leading to the contacts of sender
group connector relays such as relay C0 in each
of the sender link control circuits while at con-
tacts 1 and 12, relay SCi connects the frame
tens -conductors to the windings of relays F00
and FI0.

There is a relay like relay C8, individual to
the zero group of ten senders to which the
selected sender belongs, in each sender link con-
trol circuit, and, since each sender link control
cireuit is individual to a district junctor frame,
these relays are used to inform the sender of
the identity of the district frame to which it
has been connected. At contact 29, relay CO
connects ground to conductor 4692 which is one
of the ten frame units conductors which corre-
spond to the units digit of the number of the
frame with which relay C0 is associated, in this
case the digit zero, and at contact 30 connects
ground to conductor #6393 which is one of the
two -frame tens conductors. Relay C0 also ex-
tends the class of service conductors to the
sender.

Relay SCI, at contacts 5 to {0 connects six
of the class of service conductors to relays CSO
to CSS, while relay SC2 at contacts { and 2 con-
nects two other classes of service conductors to
relays CS6 and CST1. With relay LT0 operated
and the cross-connections shown in Figs. 27 and
30, ground is connected from contact i of relay
V0, contact 8 of relay VE, conductor 3204, con-
tact (I of relay LT0, conductor 3210, through
cable 3230, contact of relay AC(27), cross-con-
nection at racks 2718 and 2719, conductor 2720,
contact 9 of relay DRO, cross-connection at
rack 3021, conductor 8048 through cable 3048,
contact of relay G, contact 25 of relay CO0, con-
ductor 4683 through cable 4687, contact 8 of relay
SCI, winding of relay CS3 to battery. Ground
is also connected over contact (0 of relay DFO,
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cross-connection at rack 3021, conductor 3046
through cable 3048, contact of relay G, contact
of relay CO0, conductor 4686 through cable 4681,
contact { of relay SC2 to the winding of relay
CsS6 and battery. C

Ground connected to conductor 4693 by relay
C0 completes a circuit over contact (I of relay
SCl to the winding of relay F00 and battery,
operating that relay to indicate that the district
frame number is less than ten. Ground con-
nected to conductor 4682 by relay C0 completes
a circuit over contact 3 of relay SC2, conductor
4810, through cable 4809, through the winding
of the sender register select magnet RS0 and
resistance 5310 to battery. Select magnet RS8
prepares the contacts in the zero level of the
register for operation, and at its auxiliary con-
tact extends its operating ground over con-
ductor 5311, contact 3 of relay SM3 to the wind-
ing of relay SMI and battery operating relay
SMI. Relay SMI, at contact 6 closes a circuit
from battery through the winding of relay ON4,
to conductor 4901, contact 5 of relay CS3 to the
operating ground for relay CS3. Relay ON4 op-
erates and locks over its contact 5 to conductor
4901. At contact 9, relay ON4 connects ground
to conductor 5501 and thence to the winding of
relay SBO0, individual to this sender. At con-
tact 4, relay ON4 connects ground to conductor
4910, which supplies locking ground for many
relays. Ground on conductor 4910 extends over
contact 5§ of relay SS(54), contact 2 of relay
AL{ to the interrupter TM to start timing the
operation of the sender. '

With relays SMI and ON4 operated, a circuit
is closed from battery through the upper wind-
ing of relay SM2, contact 1 of relay SMI, con-
ductor 4803, to ground at contact T of relay ON4.
Relay SM2 operates and closes a holding circuit
for select magnet RS0 and relay SMI by con-
necting conductor 5311, over contact | of relay
SM2, to ground over conductor 4300 and contact
6 of relay ONA4. Relay SM2 also closes a circuit
from battery through the winding of relay SM3,
contact 2 of relay SM2, conductor 4902, contact
1 of relay CS$, contact | of relay CS3, contact 3
of relay F00 to ground on conductor 4901. The
operation of relay SM3 therefore indicates that
the frame tens digit and frame units digit have
been registered as well as the complete class of
service indication.

Relay SM3 at contact 3 opens the operating
circuit of relay SM{ and at contact 2 closes a
holding circuit for relay SM2 and an operating
circuit for hold magnet F which may be traced
from battery through the winding of magnet F,
conductor 5202, contact 2 of relay AV, conductor
4800, contact 1 of relay CL(49), contact 3 of relay
RAS, contact 6 of relay RA3, lower winding of
relay SM2, contact 2 of relay SM3, conductor
4903 to ground at contact T of relay ON4. Relay
SM2 is held operated in this circuit and magnet
F operates to close cross-point 5203 which was
prepared by the operation of select magnet RS0,
thereby locking in the registration of the units
digit of the frame number. Magnet F opens the
circuit of relay SC2, permitting that relay to re-
lease. Relay SM3 also closes a circuit from bat-
tery through resistance 4904, winding and con-
tact | of relay RA2, contact | of relay SM3 to
grounded conductor 4800. Relay RA2 operates in
this circuit and locks over its contact 2 directly
to conductor 4900, at the same contact closing a
circuit from battery through resistance 4905 and
the winding of relay RA3 to ground on conductor
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“4900. - Relay RA2 doéstict operaté; being shunted
by~ ground- f¥om/. coniddctor- 4900 -6ver- contact |
“-of relay ‘SMiiand contact 2 of relay RAS.

“Hold: magnet - F; when operated, also-closes a
=10ckmg eireuit for itsélf over conductor-5202; con-
‘tact ‘2 of relay- AV I, cenductor 4800; conitact 2-of
aggnet F, coriductor: 5204, to ground at contact 3
‘of: relay ONA4.- 'The closiire of thislocking greund
‘to-conductor 4808 short-cireuits relay- SM2, caus-
‘ing that relay to release-and in-turn- reléase’ se-
lectc inagnet RSO -and:relay -SMS. With- relay
SM3 released, the shunt around the winding-of
-relay ‘RA3 is-opeéned- and that relay- operates to
-indicate tha,t the frame-designation has been reg-

‘isteted. : -Relay. RAZ: closes a-ciréuit from-bat- -

tery through resistance “4906; winding of relay
RA& and-its contact 1; éontact I of relay RA3
6 grotnded conductor--4500.  “Relay- RA4: locks
‘over: its-eéontact 210 gfound on conductor 4993
anhd-closes -a:circuit from:battery: through resist-
ance*4907, ‘winding : of “relay- RAB; contact 2of
relay-RA#& to grounded eonduetor: 4903 but relay
RAS - ¢armot” -opérate ‘being- shunted’ by ground
overithe operatmg cireuit of relay-RA4 and'con-
tact f.of relay  RAS.: With relay RA4 operated
the‘eircuit “dbove  traded from- ground: to' con-
ductor4671-ay be Further traced over contact
‘f-of relay.SCH; back-contact of relay-CK; contact
3of-relay RAL: eonductor 4908; ‘winding’ of relay
ONI (55) -to-battery.’ Relay ONI 55)-4t contact 3
¢orineets "ground-:ta :conduetor "4904 .- to- provide
Jocking - ground- for ‘the ‘elass--of -service" relays
€S0: t0:CST;-and -for sthe Trame:tens' relays 00
and’F40; ete.

Withirelay ‘'ON4(55) - operated: the: ‘continuity
of-the:dialing conductors-is'tested and, ‘since'the
operution’ of relay-CS3 indicates that & tweo=party
line is~calling; 4-test is-made’ for the 1000:o0hm
ground’ -which- identifies' -the-tip ~party. "These
éonductors- mayhe' traced from the ealling: sub-
station: 2104 over:line’ 2100;-tip-and-ring contaets
of “eross- pomt 2124: of the 'primary line switeh,
conductors: 241 6:-.and- 21 £7- of ‘line’ 1ink06; con-
taicts. of eross~point 22214 ¢f-the secondary line
switeh; conductors:2222 andi 2223 of the: district
junetor; contacts: of: cross-point’394i of the pri~
mary sender:switeh; conductors 3842 and:3943
of the-sender: link 8, contacts.of cross=point: 4852
of -the’ secondary -switeh;: eonditetors :4062 and
4063; -contacts 9 and: 10 of relay ON{(55), con=
ductors-8542 and 5543, contacts 4-and 2 of relay
AVE,--eonductors: 5412- and 5113 to -contacts 6
and. 8- of relay-GN3; where they are: connected
together and-- extend over- conductor-5514; -con-~
taet-1-of relay:CS3;.conductor- 5014; to the wind=
ing- of. relay ’I'P(55) and- battery -Since it was
assumed - that the .tip.. party is- callmg, relay
’I’P(55) operates. and. eloses .a’ 01rcu1t from’ the
operating ground of relay ONI155), contact 6. of
that relay, contact of relay TP(55),. conductor
5502, contact 8 of relay STT., conductor ‘5104,
Wwinding of relay TPI to battery. Relay TP,
operates "and 1ocks to ‘ground’ at "cortact 8 of
relay “ONI(55). ~When' relay "CS3” operated,”
connected ground from conductor ‘4901, over 1ts
contact 6, and -conductor” 5015° to the armatiure
of relay ' TPT, and to ong side of condenser 5803,
and ‘over contact 8 of relay ON1155) “and con-
ductor'5106 to'the other side of gondenser” 5503
and throughthe lower winding of reldy TPT to
battery, thereby dlschargmg condenser 5583 and
énergizing: relay TPT in a direction-to hold‘its
contact open When relay ONI (55) operated as

lower wmehng of relay lTPT a.nd condenser 5503
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-ahdconnected: ground-over. its contact 1-to:the
“upper:’ winding; of “relay: TPT: energlzlng»wthat

wmdmg in &-direction to:cause the relay to- close
However, a charging. cuirént’ for

“decreases urntil‘the upper winding becomes’ ef=

fective to-close the contact;-at which time relay
ON3 operates-through its: lower ‘winding: Relay

‘ON3 closes: a-toeking eireuit for-itself which: may
be traced. fromibattery: through-its: lower wind~

ing; conductor:5E04, ‘contact 2 of rélay STL, con-
diretor 5105, .¢ontict 8 of relay: ON3;-to grovnd

‘over conductor 5045 as previously traced.- Relay
‘ON3.also conineets-ground from:conductor 5015;

over “contact &:iof relay. ON3,: conductot 5506,

contact:l-of relay STL to.conductor 5106,.t by
dischatging coridenser 5503 dnd energizing: rcl'ay
TPT.in a:directioh to: open its: contact and- hold
it: open.

* If “thercalling line ‘had.not ‘béen a- two-party
hne, one ofithe felays CS0-to CS2:wouldHave been
operated; . in~.place of relay-CS¥F:and a-egiréuit
would: have:been'¢closed from. ground-on:condiics
toi 4391 ‘over:contact 6:of the: 6perated: one’of
the-relays: €S0 te €S2 conductor: 5005 to the

\ Upper.winding of:relay ON3 and battery:opers

ating: relay ON3:at once; ‘without:waiting. for the
t1m1n Lopération:performed by relay TPT. .

' With: relay ON3:operated, the:tip and ringcon-
du‘ctors ‘are disconnected: from: one’another:dnd

. from relay TP(55), the tip conductor 5.ti2:being

extended-over-contact 5 of relay: ON3, .and: con-
ductor 8§522-to.the primary winding: of dial.tone
coil: §19%; while -the-ring -conductor: 5113 is:ex-
tended-over-cohtact; T- of ‘relay ONS; conductor:

. 5523, through the lower: Wmdmg of Hne relay: L

to~battery.

-+ When relay ON#4- operated it grounded condiie~.
tor-4949; closing a<polarizing: circuit:for-relay: I
through- its upper winding to: battery,; causing

45 relay Li-to-hold:its: contact 2-closed. ::Ground is

also -supplied-to the: armature of- relay: I. from
ground-on:conductor- 4840; by way of: contact: 5
of-relay AVt and conductor4822: - Wher: relay
ON{(55) is operated, . it also: supplies. ground: to:

. conduetor:4918-over its contact: 4.

50

- When 'the -ring' conductor: is-extended: to:: the
lower winding of'relay I, that relay is energized
in:the-reverse. direction- and closes its-contact: 1,
completing-a circuit from ground on its armature

- through--the 'windings of* relays Ll.and SR(51)

65

te battery. -Relays Ll and SR(51): operate, relay
SR(51) also operating: relay SRI.

‘' With- relay SR [-operated; a cireuit. is closed to
test whether the sender busy:relay-has. been.op=

5 erated.. “This. eircuit-extends from ground at-gon~
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tacts 4:and- 5-0f relay DR in-the sender-link-con-
trol: cn'cmt -over -conductor 47]4 contact- 3. of
relay-FS, conductor 4426;.contact (8- of relay-Co,
conductor: 4658;.contact 4: of- relay S€I;-conductor

5 4612;..contact T~ of" relay SB09J,:-econductor 4659,

contaet,-5; of-relay:SR I, winding: of relay ON2 and
battery: Relay ON2: operates in-this-circuit, clos=
ing a locking ‘circuit:.for itself: and relay ONI(55):
from: battery; through the -winding: and-contact

. 5.0f relay: ON2; conductor’ 5109; contact | .6f re=

lay: -AV4,--conductor ' 5108; -contyet 6. of ‘relay:
ONI55): and in-parallel’ therewlth from: battery
through: the winding: of relay-ON{(55); extend-
ing thence over contact 5 of relay: 0N’l(55) “gon=

= - ductor 6505 to ground at-contact 6 bit'relawe’Nz.
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Relays ON1(55) and ON2 are therefore held op-
erated under the control of relay AV4, relay
ONI(55) at contact 3 grounding conductor 4901
to hold relay ON4 operated. The line link and
sender link hold magnets are held operated by
ground connected to the sleeve conductor 40953
over contacts 2 and 5 of relay ON2 to grounded
conductor 5409. Relay ON2 also extends its lock-
ing ground from conductor 5108 ever its contaets
5, 4 and 3 to conductor 5103, contact 2 of relay
SCI, conductor 5004, to the sender link control
circuit when it is further extended over contact
11 of relay C0, conductor 4614, contact 3 of relay
DR to the winding of relay AB and battery.

Relay AB operates in this circuit and closes a
locking circuit for itself from battery through
its winding, contact 8 of relay SL, contact 3 of
relay AB to ground over conductor 4512, At
contacts | and 2, relay AB connects ground to
conductors 4111 and 47118, and, at contact 4,
closes a circuit through the lower winding of
release relay RL(47) to battery. Relay RL(47)
operates and locks under the control of relay GH.
At contact I, relay RL(47) opens the circuit of
relay OC which releases, in turn releasing the se-
lect magnets PSS0A and PSS0B as well as the
connector relay CO thereby disconnecting the
sender from the sender link control circuit. The
release of relay CO also opens the circuit of select
magnet SSS0 and of relay S00. At contact 3,
relay RL(47) connects ground to the winding of
off-normal relay ONi(44) to hold that relay op-
erated. At contact 2, relay RL(47) opens the
locking circuit of relay GH, permitting that relay
torelease.
. 'With relay RL(47) operated, and relay GH re-
leased, a test is made of the continuity of the
sleeve conductor through the line and sender link
switches. If at this time the sleeve conductor
through the line link switches is properly closed,
ground from the front contact of hold magnet
PSHOA of the primary sender link switch, ex-
ténds over conductor 3934 to the district junctor
and there over contact | of relay I, conductor
1011, through resistance 71006, to the incoming
sleeve conductor 2224 of the distriet junctor, ex-
tending over the sleeve contact of cross-point
2221, sleeve conductor 2115 of line link 00, sleeve
contact of cross-point 2124, and in the line link
control circuit over contact of relay HMO, con-
ductor 2123 through cables 2125 and 2131, con-
tact of relay HC?, conductor 2817 through cable
2831, contact 9 of relay LTO0, conductor 3220,
contact 3 of relay PS, conductor 3423, contact 9
of relay G0, conductor 3311, contact of relay TO,
conductor 3424 through cable 2832, contact 9 of
relay HC3, conductor 2818 through cable 2833,
contact 3 of relay D0(30) to conductor 3029
through cable 3056 leading to the sender link
control circuit where it extends over contact §
of relay RL(47), contact 4 of relay GH to battery
through the upper winding of relay RL(47) to
hold that relay operated and over conductor 4121
through cables 4130 and 7301, contact 10 of relay
AC(9) or contact of relay LK2, as an indication
that the recorder has completed the record of
the line identification, conductor 4728 through
cables 4730, 71301 and 3058, to the line link con-
trol circuit and there over contact 5 of relay
DO(30), conductor 3039, through cable 2833, con-
tact 8 of relay HC3, conductor 2819 through cable
2832, contact | of relay LS, contact i of relay RE
to the winding of the line link release relay
RL(34) and battery.
. The operation of release relay RL(34) restores
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the line link ¢ontrol circuit to normal, resulting
in the removal of ground from conductors 3020
and 3027. The removal of ground from conductor
3020 releases relay GPD, in turn releasing relay
DR and relay LL0. Relay LL0 restores ground to
the operating chain for relays LL{ to LL4 so that
another relay may be operated by its associated
sender link control circuit to seize the corre-
sponding group of senders. Relay LL0 opens.the
operating circuit of relay SS(41) and also opens
the locking circuit of relay SG6 which also re-
leases.

The removal of ground from conductor 3021,
releases relay BA, in turn releasing relay DA.
Relay GP0 opened one branch of the circuit for
group relay G while relay DA opens the other
branch and relay G now releases, freeing the dis-
trict junctor group. With relay G released, the
circuit of relay ON(44) is opened and that relay
also releases. Relay ON(44) disconnects ground
from the windings of relays D0(44) to DY, releas~
ing relay D0(44) as well as any other relays of
the group which may have been operated, fol-
lowed by the release of relay DS(47). In addi-
tion, relay ON(44) opens the circuit of relay SL,
which releases, opening the holding circuit for
relay SS(41) and that relay releases. Relay SL
also removes ground from the off-normal ground
conductor 4416 and opens the locking circuit for
relay AB which releases. With relays AB and
DR normal, relay RL(47) is released and in turn
releases relays ONi(44), DP and TS. Relay TS
resets any of the timing relays which may have
been operated and thereby completes the return
of the sender link control circuit to normal.

When relay CA(45) operated as previously de-
seribed, it connected the busy test conductors like
conductor 7004, from the subgroup of district
junctors of the associated subgroup, through in-
dividual resistances like resistance 4532 in
multiple to the windings of relays RA and A in
series. The other side of the winding of relay A
is connected to ground over the locking circuit
of relay CA(45). However, neither relay RA nor
relay A(45) can operate, since ground from con-
ductor 4717 is also connected over contact 4533
of relay G to the multipled resistances #4532,
ete., relay A(45) also being short-circuited at con-
tact 5 of relay DP as previously described. Re-
lay DP is locked over a circuit from battery
through its right winding, back contacts of re-
lays RA and RB in series, and thence over its
contact 3 to ground over the locking contact of
relay CB(45) or over its contact 4 to ground over
the locking contact of relay CA(45). When re-
lays DS(47) and AB release as above described,
ground is removed from conductors 4TIT and
4118, removing ground from in shunt of the
windings of relays RA and RB. Since battery is
connected to the busy test conductors of idle dis-
trict junctors, relays RA and RB, which are
sensitive relays, can operate if there is at least
one idle junctor in each group. The operating
circuit of relay DP has been opened, but relay DP
remains operated in the locking circuit above
traced. If either relay RA or relay RB operates,
relay DP releases, opening the shunt around the
windings of relays A(45) and B(45). The latter
relays are low resistance, marginal relays and
will only operate if there are at least two idle
junctors. Relay A(45), in operating, connects
ground through its winding to resistance 4538
in shunt of the winding of relay CA(45) causing
relay CA(45) to release and in turn release relay
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A(45).. - Similarly, -relay: B(45)- in operating. re-
leases relay. CB(45) -and itself.

- From -the-foregoing- discussion; it will be -ap-
parent that, if all of the district.junctors-of the
group, with which -the -group-cireuit of Fig. 45
is-associated, are-busy, relay- DP remains: locked
holding the paths-available. circuit- open- at-its
contact. 6.
will. be.released, and the paths-available eireuit

will be extended-either over the front-contact of.

relay -RA -to conductor 4538 or over the front
contact of -relay RB-to conductor. 4537. Under

this-condition relays CA«45) and. CB(45) remain-

operated to-hold-the paths-available cireuit dis-
connected from conductors 2706 -and 2701. - Con-
ductors #536:-and 4531 .-are used. for the-reserve
test -which -has. not .been-described. - -Reference
may be made to.the Carpenter patent a,bove cited
for such- a- description.

‘When relay RIL(34): of- the line link. control:

circuit. operates. from:.ground. supplied by the
sender link control eircuit,. it connects: .ground
to:conductor 3426-to control relays RP-and BR:to

change the district group preference for-the next:
Assuming- that relays RP-and PR are nor-.

call.
mal, ground. on conductor 3426: completes:a. eir-

cuit over contact 3 of relay PR, through its wind-

ing-to. battery- through resistance- 3348. 'Relay

PR.operates in this circuit and-locks to ground at:
its contact 4-at the same time: closing: a- cireuit.

from- this. ground through-the winding. of relay
RP to- battery.-through: resistance: 3319. How-

ever, relay RP-cannot-operate; being shunted by

ground- on. -conductor- 3426 over. its: contact 3.

With: relay PR operated and relay RP -normal,:

one-locking: eircuit: of relay-RIi(34)- is:- opened:

‘When: the release: relay: RI1.(34). releases, relay

RP - operates;. switching: the.-preference circuits
from the cross-connections -over -rack- 3340 to

those overrack 8320. At the-end.of the;next.call,:

when. ground is -again connected to conductor
3428, a. circuit-is completed over contact 4 of re-
lay RP to-resistance 3318, -in.shunt of the wind-

ing of relay- PR, causing that relay- to release:
while relay RP-is held operated- over conductor-

3426 and.-contact 3 of relay.PR. At this time

the-locking cireuit of relay-RI.(34) is opened-and.
when. relay: RLi(34) - finally releases, . relay RP
also releases, restoring  the preference: circuits: to..

cross-connecting rack-3310.

<At contacts.T and. 8 relay RL(34) when-op-
erated,: opens the operating circuits of relays
AC(2T), HCI,
are-held-operated under the control of relay FA.

At contact 5, relay RL(34) disconnects: ground-

from conductor 28186, opening the circuit of the
select magnets. PLS0 to PLS60.

‘When. the, sender link: eantrol. circuit releases:

relays GO0..and GE as previously. described, the
circuit.of relay D0(30) -is-opened-and that relay

releases, in-turn releasing relays DFO0 and: DAD.
Relay. GE opens the circuit of relay PS, and. that

relay. closes -a. circuit from. ground at-contact 5

of relay PS, contact 9 of relay RI.(34), conduc-
tor-8421, contact 2715 of relay AC(27) conductor:
2116, winding . of relay LA, conductor: 2516 to.

battery at contact 9 of relay TA2. At contact

8, relay I:A: disconnects: ground. from - conductor

2510- to stop the timing.operation and to release

relay - TA(26) if operated. - At’ contact [, relay-

LA opens the circuit-of relay FA which releases.
At.contact 6, relay: LA opens the locking circuit
of-relay- HAD- causing- relay HAD- to. release, .as
well ag relay:S(31).
the circuit. of the-horizontal group relay. HGO::

- If only one.junctoris idle, relay DP-

Af-contact3;. relay LA 6pens:
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--Relay: HGU releases: ahd:in: turn-relegses: the-
select'magnets SLS0.and:ISLS0-of the secondary
line switch. ‘Relay-HG0-alsoopens: the line Yink
test circuits, thereby releasing:relay T8 and-any:
other ones- of ‘the -relays. T1 to T9-which-may
have been operated: from-busy line links: ’

The release of relay FA-opens-the:docking eir=
cuits of the connector relays:-AC(27):and’ *HCO:
to HC3;. disconnecting -the frame:ffom:the con=
trol circuit. and:thereby releasing:thes ine:group.
relays LR8 and:HMO and relay LAras'well-as re«-
lays VT :and VS, followed: by relays V0; VE;: LTG,
LE and LS.

Operation. of sender:

W1th relays ON2 and ONI(B5Y operated and
locked, the sender is now ready to recéive the
called:line number, and' sighalsthe’ ca.ilmg sib-
seriber by completlng a, eircuit “from - giound at
contact | of relay SR(51) seconddry., wmding of
dial tone-coil- 5107, condense1 5110, coridiictor
5Fi 1, contact of relay "FN, contact 4 of* relay tic;
contact & of relay ALl -to theé tone supply. ce
over:conductor5460; Dial tonéi§ HoW teteived By
the calling' suoscribier;” who' responds by ‘oper=
ating his dial‘in accordance with’ the Wanted sub-
scriber’s designation.

It w111 be remembered that reIay L :o Jerste

c1rcu1t by-the: dlal relay L releases m”
its release and operation being made"‘"
more energetic by the effect of its: middle’ winding
which' is connected ‘i series with condexiser 5
in-parailel with- 1elay SR(51). “Rélays Lt and LZL
also release atiedch release of’ Telay. L. "Réldys
SR{(51) and SRl are slow to reledse and vémain.
operated-untit: relay L remadins, relea“sed When the
call ig‘completed or abandoned

At the first opening of the’ “aialing circmt re-
lay Lt closes' o eircuit from: grounid at contact
10" of relay SR.! batk contact.of ‘relay Til; “con-
ductor 5111, wmdmg of relay- RA(49) to battery
Relay RA(49) is slow to release and ‘rémains op
erated-until relay L{ remains operated at the :
of the digit. Relay RAI'was operated in respofise’
to the operation of “hold mégret Fin a }
from battery through the winding of relay RA[ .
contact 3 of* relay RA(49) condﬁctor 5206

contact 1 'of relay ON4 When relay RA(49 0D~
erates during ‘the dialing of “a digit; relay RAIJ
releases and when relay’ RA149) releases .
the interdigital 1ntervals, relay RA( is )
At-each opening of the dialing’ cncmt ‘reld L.
cleses ‘a - circuit’ from’ ground, conneeted to its
armature as previously traced; over its cont it 2,
contact 2 of relay SR, contact 5 of relay STT,
conductor 5418, coritact - of relay L5;’ wmdmg of .
relay- L3 and battery. Relay L3 operates in-this-
cireuit; locking threugh the upper-winding of e
lay 1.5, baek-contact of relay L4, conitact Fof e
lay L3; contact ( of relay: RA(49) conductor 49% 1
to ground at contact 10 of relay ‘SRA, but relay-
L5 cannot operate, being shunted by: ground:on
conductor 5118. ‘When relay L reoperates:atithe
end of-the. first pulse, it rémoves- ground’ from:
conductor: §118 and permits rélay 1.5 to operate;

‘With relay L§ operated, ground from conductor-

491 I'is.connected over contact 4 of relay RA (49);
conductor: 4942, contact:3:of relay Lb:to coridics:-
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tor 4913. At the release of relay L in response
to .the second dial pulse, ground on conductor
5118 completes a circuit over contact 2 of relay
L5 and the lower winding of relays L5 and L4 to
battery. Relay L4 opens the locking circuit of
relay I3 and that relay releases. When relay
L operates after the second pulse, relays L3, 14
and.L5 are all released and ground is extended
from conductor 4912 over contact 4 of relay L5
and contact 4 of relay RAI{ to conductor 49i4. It
will be apparent from the foregoing that after
each odd pulse ground is connected to conductor
4913 and after each even pulse, ground is con-
nected to conductor 4914. The connection of
ground to conductors 4913 and 4914 serves to con-
trol the operaticn of the pulse counting relays
P to P6.

The first connection of ground to conductor
4913 completes a circuit over contact 6 of relay
P4, contact 6 of relay P2, contact 6 of relay P3,
contact 5 of relay P5, lower winding of relay Pl
and battery. Relay PI locks over contact 4 of
relay Pl, conductor 480f, contact 2 of relay RAI,
conductor 4915, contacts 3 of relays P2, P3, P4
and P9, conductor 4802 to ground over contact
{ of relay RAI or over contact 3 of relay SMI
and conductor 4811,

When ground is connected to conductor 4914
following the second dial pulse, it completes a
circuit over contact 6 of relay Pl, winding of re-
lay P2 and battery. Relay P2 locks over its con-
tact 4 and a chain circuit over contacts 3 of
relays P3, P4 and P5 to ground by way of con-
ductor 4802 as above fraced. At contact 3, relay
P2 opens the locking circuit of relay Pl which
now releases.

Ground on conductor 4913 following the third
dial pulse completes a circuit over contact 6 of
relay P4, and contact 5 of relay P2 to the wind-
ing of relay P3 and battery. Relay P3 locks over
its contact 4 and the chained contacts 3 of re-
lays P4 and P5 to ground over conductor 4882,
and at contact 3 opens the locking circuit of re-
lay P2 which releases.

The fourth pulse operates relay P4 over contact
§ of relay P3 and the fifth pulse operates relay
P5 over.contact § of relay P4, relay P4 locking
over its contact 4 and contact 3 of relay P5 and
releasing relay P3, while relay P5 locks over con-
tact T of relay Pl and contact 4 of relay P5 to
conductor 4802 and releases relay P4. '

Ground on conductor 4914, following the sixth
pulse, operates relay P6 which locks directly to
conductor 4802 and therefore remains operated
throughout the remaining pulses. With relay
P8 operated, ground on conductor 4913 follow-
ing the seventh pulse operates relay PlI, the cir-
cuit including contact 6 of relay P6 in place of
contact 5 of relay P5. Relay Pl locks over con-
tact 5 of relay P6 to conductor 4915 and the
previously traced chain locking circuit and at
contact T releases relay P5.

The circuits for operating relays P2, P3 and P4
in response to the eighth, ninth and tenth pulses
of a digit are the same as those by which they
operated in response to the second, third and
fourth pulses, these relays operating, locking and
releasing the previously operated relays as de-
scribed before. .

The pulse counting relays record the value of
the digit dialed by grounding one of the con-
ductors 4810 to 4819. When relay RA(49) re-
leases between digits, the operating circuit of
relay RA{ is again closed, and ground over a
branch of that circuit extends over contact 4 of
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relay SMI! to conductor 4816. With relay P8
normal, that is, with any digit from 1 to 5
counted, ground on conductor 4916 extends over
contact 3 of relay P6 to contacts 2 of relays Pl
to P5 and over the contact of any operated one
of relays P2 to P5 to any one of conductors 48{2
to 4815, respectively. With relay P8 operated,
conductor 4916 is connected over contact 4 of
relay P6 to contacts { on relays P{ to P5 and
over the contact of any operated one of relays
P5 and Pi to P4 to any one of conductors 48{8
to 4810. Since the digit 1 is never employed
alone as the first digit of a subscriber’s designa-
tion, the connection between contact 2 of relay
Pl and conductor 4811 is extended by way of
conductor 4803 and contact 5 of relay AL{, the

-operation of which follows the registration of the

first digit as will be described hereinafter.

For the purpose of describing the operation of
the cross bar register, let it be assumed that the
called line number is Chelsea 3-5678., The first
digit dialed will be two, resulting in the operation
of relay P2 and, when relay RA(49) releases, in
the grounding of conductor 4812. Ground on
conductor 4812 completes a circuit for select
magnet RS2 which operates, prepares the second
level of the register, and extends its operating
ground to conductor 5311, contact 3 of relay SM1,
winding of relay SMi and battery. As previous-
1y described, relay SMI locks to conductor 4900
and operates relay SM2, which in turn operates
relay SM3. With relay SM3 operated, a circuit
is closed from battery through the hold magnet
AA, controlling one of the two verticals for regis-
tering the first office code digit, back contacts
of hold magnets B and C, conductor 6211, contact
4 of relay RA3, contact | of relay AV, contact 2
of relay SM3 to ground over conductor 4983.
At the same time a circuit is closed from battery
through the winding of hold magnet A control-
ling a second vertical, also for registering the
first office code digit, conductor 5212, contact 2
of relay PS, conductor 5402, contact 6 of relay
CL(48), contact 6 of relay RAS, contact § of
relay RA3, lower winding of relay SM2, contact
2 of relay SM3 to ground over conductor 4903,
thereby holding relay SM2 operated. At contact
I, relay -SM3 connects ground from conductor
4900 over contact 3 of relay RA3 to resistance
4904 and battery, in shunt of the winding of
relay RA2, causing that relay to release, but

- holding relay RA3 operated over contact | of
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relay RA2. At contact 3, relay SM3 opens the
operating circuit of relay SMI, causing that
relay to release. '

Hold magnet AA operates in the circuit above
traced, closing cross-point 5213 and locks over
its contact 1 and contact { of hold magnet F to
grounded conductor 5205. Hold magnet A also
operates, closing cross-point 5214, and completes
a locking circuit for itself over conductor 5212,
contact 2 of relay PS, conductor 5402, contact |
of magnet A, contact 3 of magnet AA, to
grounded conductor 5205. Magnet AA at con-
tact 2, closes an operating circuit for relay AL,
which operates and locks to grounded conductor
43(0. Relay ALf at contact 5 connects conduc-
tors 4802 and 4811, as above mentioned, to permit
the use of the digit 1 as the second or subsequent
digit ‘'of the called number. At contact 3, relay
ALl disconnects tone source 5400 from the coil
51071 removing dial tone from the calling line.
At contact 2, magnet A connects conductors 4804
and 4915 together independent of relay RAI.

The locking ground for magnet A short-cir-
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cuits relay SM2, causing that relay to release, in
turn releasing relay SM3. The release of relay
SM3 opens the holding circuit for relay RA3 and
that relay also releases. At contact | of relay
RA3, the shunt around the winding of relay RAS
is opened and that relay operates in the circuit
previously traced. Therefore, at the end.of the
first digit, relays RA2 and RAS are both normat
and relays RA§ and RA5 are both operated.

After the first digit has been dialed, relay L re-
mains operated and relay RA(49) releases, per-
mitting relay RAI {o reoperate and open one
branch of the locking circuit of relay P2. When
relay SM1 operates, it opens the second branch
of the locking circuit of relay P2 and that relay
releases. Relay SMIi also opens the operating
cireuit of the select magnet RS2, but first cleses
a locking circuit for itself from battery through
its ‘winding, contact 3 of relay SM3, contacts 2
and 5 of relay SMI, to ground over conductor
4969. It also closes a locking circuit for select
magnet RS2 which may be traced from battery
through resistance 5310, winding -and .contact of
magnet RS2, conductor 5311, contacts 2 and 5¢f
relay SMI to ground over conductor 4980. Relay
SM2, in operating, at contact | connects conduc-
tor 5311 to conductor 49980 to hold the select mag-
net RS2 operated, thereby insuring that the se-
lect magnet remains operated until after the hold
magnets have operated. When the locking
ground for the hold magnet short-circuits -and
releases relay SM2, the select magnet is also re-
leased. The pulse counting and registering cir-
cuits are now ready to receive the next digit.

The second digit, which has been assumed to
be the letter H, equivalent to the numerical digit
&, leaves relay P4 operated, following the fourth
dial pulse. Relay P4 causes the operation of se-
lect magnet RS4, which operates relay SM1{ fol-
lowed by relays SM2 and SM3 in the manner
previously described. With relays RA2 and RA3
released and relays RA4 and RAS operated, when
relay SM3 closes the holding circuit for relay
‘SM2, that circuit extends from grounded con-
ductor 4983, contact 2 of relay SMS3, lower wind-
ing of relay SM2, contact § .of relay RA3, con-
tact 4 of relay RAS, contact 5 of relay TD, contact
3 of relay CL(49), conductor 43918, winding of
hold magnet B to battery. Hold magnet B locks
over its front contact, contact 3 of magnet A, to
grounded conductor 8285. Since select magnet
RS4 was operated, hold magnet B closes cross-
point 52i5. Relay SM2 is released followed by
relay SM3 and select magnet RS4 in the manner
previously described.

When relay SM3 operated it closed the previ-
ously traced circuit for relay RA2, ‘which oper-
ated, locked and prepared the circuit for velay
RA3. When relay SM3 released, relay RA3 also
operated, connecting ground from-conductor 4888
over contact { of relay RA3, contact 2 of relay
RAB to resistance 4888 and battery in shunt of
the winding of relay RA4 and causing relay RA4
to release. Relay RAB is held operated over con-
tact | of relay RA#& and contact 1 of relay RAS.

In response to the dialing of the third digit
of the office code, digit 3, relay P8 is operated, in
turn operating select magnet RS3. Magnet RS3
operates relay SMI, followed by relays SM2 and
SM3 as before. 'The holding circuit for relay
SM2 extends from its lower winding, over contact
B of relay RA3, contact § of relay RAS, contact
T of relay TD, conductor 4819, contact | of relay
HL, winding of hold magnet C to battery. Mag-
net C locks over its contact {, cantact 3 of mag-
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net A to grounded conductor 5285, closing cross-
peint 5216 and releasing relay SM2 and select
magnet RS3. Relay SM3 when operated released
relay RA2, and when released, released relay RA3
as before. Relay RA3 on releasing, opened the
holding circuit for relay RAS so that relays RA2,
RA3, RA% and RAE are now all released, ready
for a new cycle. '

Hold magnet C in operating also closes a eir-
cuit from battery, through the winding of relay
CL(49), conductor 4820, contact 2 of magnet C,
conductor 8217, to ground at contact 8 of relay
ON4. Relay CL(49) transfers the hold magnet
operating -circuits from the frame and office code
hold magnets to the hold magnets which control
the verticals registering the numerical digits.
Relay CL(48) also closes a circuit for relay DST
which causes the association of the sender -with
a mazrker as will be described hereinafter.

The sender is arranged to handle calls for of-
fices identified by either two-digit codes orthree-
digit codes. All two-digit codes are identified by
the initial digit, and the winding of relay TD is
cross-connected to the cross-point in vertical AA
which corresponds to that digit. As shown, an
initial digit 9 represents a two-digit code and
when cross-point 5218 is closed in response-to the
dialing of the digit 9, relay TD is operated over
contacts -of cross-point 5218 ‘to grounded con-
ductor §2i0. With relay TD operated, the circuit
previously traced for operating the hold magnet
B is opened at contact & of relay TD and extended
over contact § to conductor 4919 and the winding
of the hold magnet C. Likewise, the circuit for
operating the hold magnet C is opened at contact
7 of relay TD and extended over contact 8 tothe
winding of the thousands hold magnet TH.
Similarly, each hold magnet operating circuit
is transferred to the next hold magnet. There-
fore, with relay TD operated, no digit is regis-
tered on the B vertical, but the seccnd digit .of
the two-digit office code is registered on the.C
vertical and the numerical digits are registered
on the same verticals as usual. )

In response to the numerical digits, the pulse
counting relays count the pulses and operate the
select magnets. Relays SMI{, SM2 and SM3 func-
tion as before, operating relays RA3 to RA5 in
the manner described and progressively operat~

.ing the hold magnets TH, H and T of the thou-

sands, hundreds and tens verticals. Magnet H
when operated closes a circuit from battery
through the winding of relay HL, contact of mag-
net H to ground over conductor 5211. Relay HL
prepares the circuits for operating ‘the units and
stations verficals. Since it was assumed thatthe
called line number was 5678, cross-points 5317,
6318, 5319 and 5329 will be closed in the ‘thou-
sands, hundreds, tens and units verticals, re-~
spectively. Sinece no stations digit is dialed, no
cross-point will be closed in the stations vertical.

When relay CL operated, following the regis-
tration of the last office code digit, it -closed
circuit from hattery, through the winding of
relay DST, contact of relay TRI(61), conductor
6188, contact 7 of relay CL{49), conductor 4910
to ground ai contact 4 of reiay ON4. Relay DST
operates in this circuit and ciosss a locking ¢ir-

.cuit for itself over contact i of relay TRI(61),

contact 42 of relay DST, conductor 4940 fo
ground. At contact 3, relay DST connects bat-
tery over conductor 618, through cable 6102,
contact 12 of relay LR(51), conductor 514§
through cable €182, contact 3 of relay DRL {o
conductor 6193 which extends through -cable
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£880 to the marker and register connector of Fig.
74 where it completes a circuit for relay SS81(74)
of the marker connector. A branch of conductor
5119 also extends to the marker connector inde-
pendent of relay DRL to supply battery fo the
multicontact relay SFI individual to this sender.

At contact 1, relay DST connects battery to
conductor 6194 to prepare the counting relays of
Fig. 63 for operation. Similarly, at contact 9,
relay DST connects battery to conductor 6105
to prepare the steering relays of Fig. 690.

With relay SFIi operated, ground connected to
conductor 6120 by relay DST is extended to con-
ductor 7403 and, if the first marker is idle, over
the back contact of relay CB{ to the winding
of relay DSI and battery. Relay DSi operates
relay DFI(74). These functions take place as
deserihed in the above-identified Carpenter
patent and serve to connect the sender to the
marker 14080 over a plurality of circuits by means
of which information is transmitted to and re-
ceived from the marker.

The class of service relays ground one or more
of the class of service conductors 5821 to 5624
in various combinations. With relays CS3 and
CS6 operated, as previously assumed, conductor
5023 is grounded directly by relay CS3. The
marker supplies a temporary ground to conductor
5025, which relay CS3 connects at contacts 2 and
3 to conductors 5021 and 5022, respectively, while
relay CS6, at contact 2 connects this temporary
ground to conductor 5024, Relay CX, which
operates ineffectively at this time, serves to
detect a false permanent ground on conductors

5025 or 5225, or the operation of both relays F§0

and Fi0.

The tens digit of the frame registration is
transferred to the marker by the grounding of
conductor 5830, either directly by relay Fid or
by means of a temporary ground supplied by the
marker to conductor 5225 and connected to con-
ductor 5030 over contact | of relay F88. The
units digit of the frame designation is trans-
mitted to the marker by grounding one or more
of conductors 5231 to 5234 over contacts of the
cross-point closed in the frame vertical of the
cross bar register. Since it was assumed that
cross-point 5203 was closed, none of these con-
ductors is grounded directly but all are grounded

from the temporary ground supplied by the ;

marker to conductor 522%.

The office designation is transmitied to the
marker by grounding one or more of four con-
ductors for each digit, that is, conductors 5241
to 5244 for the A digit, 5251 to 5254 for the B
digit and 5261 to 5263 for the C digit. Since
cross-points 5214, 5215 and 5216 have been closed,
direct ground is connected to conductors 5242,
5253, 5261 and 5262, Temporary ground supplied
by the marker to conductors 5226 and 5227 is
connected to the remaining conductors.

In addition, relay TP grounds conductor 5526
to indicate that the tip party is calling and tem-
porary ground on conductor 5228 is connected
over contact 2 of relay TR2(61) to conductor
§106. Relay TR2(61) grounds this conductor
directly when a marker is called in on a second
trial.

The originating marker 1430 takes this infor-
mation, uses the frame registration to obtain
access to the district junctor to which the call
has been extended, translates the office code to
operate a route relay and, under the control of
that route relay, selects a trunk leading to the
wanted office and connects the district junctor
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thereto. It also derives certain information re-
garding the manner in which the call is to be
terminated and transmits that information back
to the sender.

This information includes the nature cf the
record to be made on the tape, namely whether
the entire number is to be recorded or only the
office code. In the former case, rclay REC is
operated over conductor 4831, in the latter case
relay CD(48) is operated over conductor 483Z.
Either relay, when operated, locks to conductor
6109 when the marker signals for disconnection.

It also includes an indication of the class of the
terminating office for guiding the manner in
which the call is to be completed, which is indi-
cated by the operation of one or more of the
relays CLI to CLS5. With none of these relays
operated, the call is to be directed to a panel
office. Relay CLl (Fig. 61) operated alone, indi-
cates a call to a cross bar office. Relays CL2
(Fig. 61) and CL4 (Fig. 62), operated together,
indicate a call to be extended by call indicator
pulses, when operated with no other class relay
they indicate a tandem call; with relay CLI they
indicate a direct call; with relay CL3 (Fig. 56)
they indicate an official code and with relay CLS
(Fig. 54) they indicate that the designation is to
be transmitted in two stages. Relays CL3 and
CL4 are operated together for calls to an oper-
ator in response to permanent signal, official
code, etc. Relay CL#4 operated alone indicates a
call to a restricted code rerouted to an operator.
Relays CLI to CL5 also lock over conductor 6109.

In addition the marker controls relays CRI
and CR2 to give four values of compensating
resistance in the fundamental circuit during
office test and selections and relays CR3 and CR4
to similarly vary the compensating resisfance
during later selections. Relay CR5 is operated
whenever a particular type of incoming selector
will be employed. Relays CRI to CR5 lock over
conductor 6(07 which is not grounded until the
marker is ready to release.

The outgoing connection may or may not in-
clude a tandem or two-wire selector. If no such
selector is included, relay S0 (Fig. 57) is operated,
while if such a selector is included, relays OB to
OBS5 and OG{ to OGS are operated to determine
the selections to be made by that selector. Re-
lays OBl to OBS and OGI to OGS lock to con-
ductor 6108.

For the operation of the marker, reference is
made to the above-identified Carpenter patent as
well as for the operation of the sender in the
completion of a connection to a called line.

After the marker has finished decoding the
office code and has performed certain other fune-
tions, it connects ground to conductor 4620, com-
pleting a circuit over contact i of relay AST,
conductor 4821 to the winding of relay DC(51)
and bhattery and also over contact of cross-poing
4052, conductor 3944 of the sender link, contact
of cross-point 3941 to conductor 7868, extending
in the district junctor to the winding of relay ¥
and battery. Relay F operates, exiending ifs
operating ground over contact 7 and conductor
7019 to the winding of relay LC(69) and battery.

‘When the marker 7480 wishes to connect with
the district junctor frame on which the junctor
of Fig. 70 is located, it connects battery to the
start conductor 7451 leading to the district link
connector associated with this frame and thence
to the winding of the marker preference relay
MP0 and ground. Relay MPJ has the preferred
position for operating and may operate even
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thongh some other marker preference-relay has
already operated, but hecomes effective.only when
the subseauent:relays in thechain:release to.con-
neet .ground over their normal-contacts to con-
tach2 of relay MPl:and-thereby complete the op-
erafing circuit for the corresponding multicon-
tact relay MCO. Relay MCO .in operating locks
-over contacls 2 and 3.0f relay MPD to.ground at
its.own eontact 15. With relay MCQ.operated, re-
lay L.C(69) extends its operating :ground by way
of conductor T{Cl, contact | of relay MC8 and
conductor 1103 $hroush.cable 1450 to the marker

10

which responds :to the:signal -and then connects .

ground to eonductor 1403 to hold relays LC(69),
F-and DC(51) operated. Relay LC(69) is com~
meon to the ten district junctors 8 to -9 and.con-
nects the marker to that-group of junctors. Re-
lay F-which is-individual to -the -district junctor
completes -certain .control circuits between the
mazrker and the junctor and also-connects.ground
to conduetor 7015 to operate -the :select magnet
PDS0-which prepares the horizontal row .of con-
tacts individual to this junctor. The marker
tests -the district links by means of .circuits ex-
tending over contacts-of relays MC0 and LC(69)
and, after selecting an idle .channel connecting
the district junctor with the.outgoing trunk, em-
ploys one of these circuits to operate the associ-
ated hold magnet, for -example, magnet PDHS,
te extend the district junctor to the district link
6930 over which it is further extended to the
selected trunk.

‘Having .established this indirect .connection
with the .sender, the -marker signals for the re-
lease of the direct connection by way of the
marker connector. For this purpose it connects
ground to conductor 6111, operating relay DRL.
Relay DRL closes-a locking eircuit for itself over
its contact 2, contact {1 :of relay DST, to ground
at -contact 5.0of relay DRL. -Ground over contact
5. of relay DRL is extended over contact 2 of relay
DST to conductor 6408, over .cantact 8 of relay
DST to conductor 6108, and over contact 18 of
relay DST to conductor 6607, thereby locking in
the registrations set up by the marker. At .con-
tact 3 relay DRI: disconnects battery -from the
marker connector start conductor 6183, thereby
releasing the marker connecfor and disconnecting
the sender from the marker.

When the marker has completed its functions,
it disconnects ground frem 1183, releasing relay
Fin the district junctor and relay DC(51) in the
sender.

- When relay DST connected battery to conduc-

tor 6104, a circuit was completed for relay RC
over the:back contact of the No. 5-counting relay,
conduetor 6300 to ground at contact { of relay
F02. Relay RC closes a circuit from hattery on
conductor 6104, winding of relay F03, contact 3 of
relay RC to ground at contact 2 of -relay F2.
When relay DC(51) operated, it elosed a circuit
either for steering relay 93 or for steering relay
S6, depending on -whether the skip office relay
S0 is normal or operated. Relay S8, if .operated,
locks through the winding of relay:S3’ but relay
S3’ cannot operate, being shunted by the operat-
ing circuit of relay 'S3. ‘When relay DC(51) re-
leases, relay S3° operates :and -the sender ‘pro-
ceeds to test the office selector, after which the
office selections are made.

Calls to panel or cross bar offices-are completed
by ‘means of -revertive pulses -from the -called
office ‘which act on-stepping xelay STP and are
counted by the counting relays of Fig. 63, the
successive selections being -eontralled by contacts

15

20

[
T

35

40

50

60

65

70

38
on-the thousands, hundreds, tens and units:verti~
cals of the cross har register, which are progres-
sively made -effectively by the steering relays of
Fig. 60. :

If-the-call is routed to0 an office equipped to re-
ceive -call indicator pulses, pulses -are .generated
by relays PG, PGI, PG2, and PG3, assisted by
relays -GR, PT, PR, 12 and 34. ‘The codes t0 he
transmitted are determined by the cross-points
closed in the cross bar register which are made
effective in order by the progress relays of Fig. 56.

For a complete description cof the operation
of .the sender in controlling the completion of a
connection, reference may be made to the Car-
penter patent previously identified.

Before the sender can be released when han-
dling 2 charge call from a two-party line, it
must make a second party test and transfer the
called line number to the called number register.
To prapaxe for the party test a number of opera-
tions must take place. Assuming, for example,
that the call -is outgoing to another cross bar
office -and that -the entire number is to be re-
corded for charging purposes, the marker op-
erates relays SD and SDi to indicate that no
five-digit number may be expected, class of call
relay ClLd, charge relay REC, and, finally the
marker release relay DRL. With these relays
operated, a circuit is closed from battery through
the windings of relay C(586) and C’ in series, con-
ductor 58890, contact 4 of relay CL!{, contact |-of
relay DRL, conductor 5538, to ground at contact
2 of relay ON{(55). In addition, when hold
magnet U operates, to indicate that the units
diget has been registered, that magnet closes a
circuit from ground at its contact 3, conductor
#3214, lower winding of relay UL! to battery. Re-
lay UL{ locks in a circuit from battery through
its upper winding and contact &, contact 5 of
relay SS(54) to grounded conductor £9(8. With
relay UlL{ operated a circuit is closed from bat-
tery through the windings of relays STB and
STB’, contact 2 of relay SD, conductor 5691, con-
tact of cross-point 5317, conductor 5322, contact
T of relay UL, conductor 548{, contact 4 of re-
lay -C, conductor 5802, contact ! of relay DRL to
ground over .conductor 5588, The path for op-
erating relays S8TB and STB’ varies with the
type of call and other circuit operations which
need not be considered here.

Relay STB’ closes a circuit from battery
through the winding of relay STL, conductor
5124, contact 2 of relay RA(49), conductor 4922,
contact 5 of relay STB’, to ground over conductor
5530.

Relay .STL in operating opens the locking cir-
cuit for relay ON3 and that relay releases, dis-
connecting the tip and ring conductors from
relay L and tone coil Bi87 and connecting them
together and to the winding of relay TP(55)
as-previously traced. If the tip party ground is
still preseni, the relay TP(55) operates, closing
a circuit from grounded conductor 5108, contact
of relay TP (55), conductor 6582, contact 7 of re-
lay S8TL, conductor 5123 to the winding of relay
TPZ and bhattery. Relay TP2 locks over its con-
tacts 2 and 6 to grounded conductor 4304. Re-~
lay ONS3, released, closes a holding circuit for
relay SR(61) and Li over contact il of relay
SR, .conductor 6422, contact | of relay ON2, con~
ductor 4§22, contact 5 of relay AV{ to grounded
conductor 4818. Relay STL in operating dis-
connects .ground from the lower winding of re-
lay TPT bui current .continues to fiow while
condenser 5588 :is charged to measure a time in-
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terval for the tip party test. When this flow
ceases, relay TPT closes its contact.

When relay TPT closes its contact, it agam
operates relay ON3, but relay ON3 cannot lock,
since relay STL has opened the locking circuit.
Relay STL also opened the circuit for restoring
relay TPT so that relays TPT and ON3 now
remain operated and relay ON3 restores the tip
and ring conductors to tone coil 5107 and relay
I, at the same time opening the holding cir-
cuit for relays SR(51) and Lil.

The party test takes place while the sender is
controlling the completion of the call at. the
called office. When the sender has completed
these operations, relays STP, OF(62), BI, F0 and
1A are operated as described in the previously
mentioned Carpenter patent. Relay IA closes
a circuit from ground at the contact of relay F0,
conductor 630, contact & of relay OFI, con-
tact 4 of relay IA, conductor 6280, contact 2 of
relay ON3, contact 2 of relay TPI, contact 2 of
relay TP2, conductor 5524, contact 3 of relay
SRi, conductor 5124, contact 2 of relay CD(48),
contact 3 of relay REC, contact | of relay ARL,
winding of relay AST to battery. Relay AST
initiates the transfer of the wanted number to
the called number register of Figs. 75 to 78, by
connecting battery over its contact 6 and con-
tact 2 of relay ARL to the start conductor 4822
and directly to battery supply conductor 5119
leading to the marker and register connector of
Fig. 74. At contact 3, relay AST closes a substi-
tute holding circuit for hold magnet F of the
{frame vertical and thereby for the other hold
magnets.
tary locking circuit for relay ON{(55) under the
control of relay ON4. At contact {1, relay AST
disconnects relay DC from the district junctor.

At contact 5, relay AST closes a circuit from
ground, connected to conductor 4825 as above
traced for the operating circuit of relay AST,
to conductor 4825 and the winding of relay AVI.
Relay AVi operates and locks over its contact
6 to grounded conductor 4910. When conductor
4813 was grounded, relay AV3 operated in a cir-
cuit from that ground over contact | of relay
AV?, winding of relay AV3 and battery and re-
mains operated throughout the operation of the
sender. Relay AV, in operating, closes a circuit
from battery through the winding of relay AV,
conductor 6201, to ground at contact 4 of relay
AVi. Relay AV2 opens the circuit of relay AVS
and that relay releases slowly to measure a time
interval.

Relay AVI, when operated, closes a circuit
from ground on conductor 43i0, contact 8 of
relay LR(51), conductor 5125, contact 9 of relay
AVi, conductor 4808, contact 5 of reiay DC(51),
conductor 5128, contact of cross-point 4651, con-
ductor 3938 of the sender link, contact of cross-
point 3931, conductor 3937, contact 2 of relay F
in the district junctor, winding of relay T(70) and
hattery. Relay T(70) operates in this circuit
and locks over its contact 3 to conductor 76#l
to which ground is connected from the sender at
this time. At contacts | and 9, relay T(70)
extends the tip and ring conductors 2222 and
2223 over contacts { and (2 of relay OT to
ground and battery through the windings of relay
S(70). If the substation switchhook contacts
are still closed, relay S(70) operates, closing an
obvious circuit for relay S1(70). Relay S1(70)
connects ground over its contact f, contact 6
of relay T(70) and contact 9 of relay OT to con-
ductor 70f1 holding relay T(70) operated as

At contact (2 it closes a supplemen- :
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well as the hold magnets of the line link switches.
With relay S1(70) and relay T(70) operated the
outgoing tip conductor 7013 is connected over
contact 3 of relay OT, contact 2 of relay T, con-
tact ¢ of relay S1(70), through coil 7012, winding
of relay CS, contact 5 of relay OT, contact 8 of
relay T(70), contact 10 of relay OT to ring con-
ductor T8{4. Conductors 2222 and 2223 are con~
nected to conductors T0i4, 7045, respectively,
through condensers 1018 and 7019 to provide a
talking circuit.

When relay AV2 opelates, as above described,
it connects resistance 6203 hetween conductors
5631 and 50832 which form part of the funda-
mental circuit over which control of the distant
office was performed. Conductors 5031 and 50632
are connected over contacts of cross-point 4051,
conductors 3838 and 3939 of the sender link,
contacts of cross-point 3331, conductors 3348
and 3949, to conductors 1613 and 7014 leading
toward the called office through cross-point 6931
of the primary district switeh, so that the con-
nection of resistance 6203 to conductors 5031 and
5632 provides a trunk closure for those offices
requiring such a closure to complete the con-
versational connection.

Relay AV3 is slow to release to provide time for
the functions of the district junctor, above de-
scribed, to take place. Relay AVI, in operating,
at contact 5 disconnects ground from the arma-
ture of relay L, permitting relays L, SR(51)
and SR{ to release. At contact 2, relay AVI
opens the operating and holding circuit of hold
magnet F, but this circuit is held closed at con-
tact | of relay AST. When the record is com-
pleted in the called number register, ground is
connected to conductor 4824, operating relay
ARIL, which opens the register start circuit and
the operating circuit of relay AST, releasing
reiay AST, opening the holding circuit for reiay
ON2, and permitting the hold magnets to release
in cascade. At contact I, relay AST also opens
the operating circuit of hold magnet AA.

When relay AV3 releases, it closes a circuit
from ground over its contact {, conductor 6292,
contact 3 of relay AVI, conductor 4827 to the
winding of relay AVA and battery. Relay AV4
operates in this circuit, opening the locking cir-
cuit for relays ONi(55) and ON2 and disconneci-
ing the tip and ring conductors from the winding
of relay L. The release of relay ON2 opens the
holding circuit for hold magnets PSHOA, PSHOB.
SSHOA and SSHOB, releasing the sender link
switches. S

Relay ONI(55), releasing, opens the locking
circuit for relay ON4 and, with relays ON{(55),
ON2 and ON4 released, the sender is restored
to normal.

In the case of calls for which no charge is to
be made, provision is made for operating relay
AV independent of relay AST. For example,
for calls to an operator the marker operates relay
CI4 which closes a circuit for relay AVI which
becomes effective as soon as trunk test is com-
pleted by the sender. Similarly, if the calling
subscriber abandons the cail before the con-
nection is completed, relay LR is operated and
controls the operation of relay AV! independent
of relay AST. L

Operation of dz‘strict':iunctor

‘When the connection has been extended to
the called line a circuit is completed at the in-
coming junctor of the called office over the office

: switches and the district secondary switeh to



4566,557

41
the tip conductor of district lnk 69:;@ and- the
tip contact of cross-point 6931, tip conductor
7818, contact 3 of relay OT, contact 2 of relay
T(70), contact 3 of relay S1C10), retard coil
7012, winding of supervisory relay CS, contzct
§ of relay OT, contact 8 of relay T™Mo), contact
1% of relay OT to ring conductor 7814, ring con-
tact of cross-peint 6831, ring conductor of link
£930 and back to the incoming junctor at’ the

called office. Relay CS is polarized and the cur- 3

rent flow in ifts circuit at this time is in the
direction to hold its left contdet  ¢losed which
is ineffective. When the ealled subscriber gn-
swers, the- direction of current flow in this cir~
cuit is reversed and relay CS closes
contact, connecting ground to couductor {7
leading to the delay circuit of Fig. 72 which- is
commnion to @ group of ten junctors. Interrupter
7288 is constantly operating, alternatély closing
its upper contact to operate relay OF(72) over
a back contact of relay OB-and closing its lower
contact to operate relay OB over a-back contaet of
relay OF(72). At the first operation of relay
OB following’ the grounding of conductor’ 817
by the operation of relay CS; a cireuit-is com=
pleted from- ground on conductor i1, contact
of relay OB; conductor 7281, winding of relay
SR(70) and battery. Relay SR(70) operates
and-locks over contact 3 to ground on conducior
7041,
operation of relay OF(72) closes a circuit from
grouad on conductor 70T, contact of relay
OF(72), conductor: T282; contact 4 of relay
SR(70), winding of relay' CH and battery. Relay

CH operates and-locks over its comtact 3; con- o

tact 2 of relay I, to ground at contact 6 of relay
TP(70) and also locks over contact 4 of relay
SE(70) toground at contact 4 of relay CI

With relay CH operated, if the recorder is
free, relay L8O is operated- from battery at con-
tact T of relay ON(13) in the recorder over a
chain' circuit including normal’ contacts on' the
L8 relays of the other district junctors served by
the same recorder to-the winding velay 188, con-
tact {-of relay TP(70), contact § of relay CH; con-
tact & of rélay I to ground: Relay L89 closes an
obvious-circuit for relay L@i8. A circuit is now

clesed from ground at contact 2 of relay CH, and
contact & of relay L8t fo conductor 1816- to

tell the recorder the type of record to be made.
The district junctor number is recorded on the
tape along with the time at which the subscriber
answered. When the record has been made, the

recorder conhects ground to conductor 908, coni=

pleting a circuit over contact ti of relay Li6i6;

contact § of relay CH to the lower winding of

relay I, operating relay I which opens the circuit
of relay L&D disconnecting the tape recorder from
the district junctor. Relay I locks in @ circuit
from hattery, through its lower winding, contact
8 of relay CH, contact 2 of relay SR(70), con-
tact 8 of relay I to ground at contact § of relay
TP(70).
of relay CH, but that relay remains operated
under the control of relays SR(70) and’ CS.
When the call is teriinated, the current

through relay CS is again reversed and’ that-

relay recloses its left contact. The opening- of
the right contact of relay CS opens the locking
circuit- of relay SR(70) and that relay releases

after an interval, due-to its'slow to release: char-

acteristic. When relay SR(70) releases, it-opens-

the lockmg mrcuts of relays CH and I, bub
relay- I releasés before relay CH which is slow

to: relenss; and recloses its- Holding' circuit- for

its right

With relay SR(70) operated; the next s

Relay I also opens- one holding: circuit
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ey

relay CH With: rélay I released and relay CI-I-
operated the operating c1rcu1t for relay Lllﬂ is’
reclosed and the district’ Junctor is connect d
with the tape recorder to record the time of dis¥
connect, As beforg, the completion-of the record
causes the operation of relay I and, smce_rel
SR(I0) has been released, relay CH 150" §
leases. Relay TP('?O) i held “operd iter] under the.
control of relaj 8079y which' i§ operated over
the calling line. Therefore, if the called’ sub=
seriber should again remove his receiver and latér
restore-it, récords of these times would bé. made )

If the callitig subscriber restores hi§ redeiver
first, relay TP(70) is held under the control of
relay CH The release 01 relay S(70) m turn

link smtches The distriet and ofﬁce sw chesj
are Held by ground supplied 4t contact 2 6f relay
TP(70). When, now, the calléd stubscribes re-
leases, the record is made s sboves descnbed
but when relay CH relessss, relay TP(70) also»
releases, thereby restoring the distFiet aiid offide”
switches.
Operation of the recorder

The operation of the recorder in- connecmon
with a call, as mdlcated in the genersl’ descrrp-‘
tion, takes ola.ce in four stages. The calling” line
number is recorded from information: set- up’ i
the line link control eir cult during the" br1ef mter-
val-that the ling link control cirguit-and- sender'
link: control circuit- are associated; The called
line' number is- obtained- from the" called number
reg1ster to which it-is transferred pr1or to the
release of the sender and th° t1me of answer and
trict junctor 1tself

The line link control circuit sets up an 1dent1—
fication cf the callmg line for call-charging puir=
poses as follows: It may be remembered that,
as was stated- prevrously, g lme may be- 1dent1ﬁed
by identifying the frame on which-it' is located::
the: horizontal level and the vermcal row in wh1ch-
the line sw1tch serving the line. gppeéars on the

> frame and the set-of terminals in the line switeh

which are individual-to the callihg line’ )

The horizontal group relays HGE to- HGY
ground two conductors of the- group of conduc—
tors- 2841 to 2845, in accordance with' a prede-
termined code as follows:

Digit

Conductors
2341 and 2342;
234I and- 2344
2342 and: 2344”
2304 and 2345
2342 and 2345
2343 and 2344
2341 and 2343
2342 and 2343
2343 and 2345
234{ and 2345

In accordance with this code, relay HGI
grounds conductors- 2341 and 2342 to identify
_ xI groungds’ con«"
ductors - 2341 and 2384 {o identify’ Horizomtal’
level {; relsy HGS8 grounds condictors 2343 and
2345 to identify horizontal level 8, and the other
horizontal group relays similarly identify the cor=
respondinig horizontsl levels.

For convenience, the line frame number and:
vertical row number have beeny combineéd; each:
vertical row being given g three=digit:niufnber, of
which: the fitst: two digits represent the- frame
number and the last digit-represents thé number

O 2 i D G R GO R e €D
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of the vertical row cn the frame. When the
vertical row in the calling frame was identified
by the operation of relay V@ in the group of
relays V0 to V6, thereby operating relays LR
and HMS9, a parallel circuit was closed which
may be traced as for relays LR and HMO to
conductor 2812 and thence to the winding of relay
VCO0 and battery. Each of the relays Vi to V6,
when operated, close circuits for similar relays,
relay V6 for example, operating relay VC6. The
vertical row relays VCO0, VCS8, efc. connect ground
to two conductors in each of three sets of five
conductors in accordance with the above code.

Since it has been assumed that the vertical
row identified by relay VCO is the zero vertical
on frame 00, its number may be regarded as 000
and relay VCO connects ground to conductors
2411 and 2402, 2421 and 2422, 2431 and 2432,
which may be traced through cables 2416, 2426
and 2436 to contacts of relays DGO0, DG, ete.

Relay VCS§, which identifies vertical row 6 on
this same frame, grounds conductors 24(1 and
2412, 2421 and 2422, as does relay VCO to identify
frame 09, but grounds conductors 2431 and 2433
to identify vertical row 6. It may be noted that
one of the relays VCO0 to VCB is operated whenever
one of the relays V0 to V6 is operated, independ-
ent of the horizontal group. selected by the oper-
ation of one of the relays HGO to HGS.

Relays L'T0 to LT9 which selects the individual
line to be served, also mark two out of five con-
ductors, according to the code given, to trans-
mit the identity of the position of the calling
line to the recorder. With relay LTO0 operated
as above described, ground is connected over
contacts 2 and 4 of relay L'T8 to conductors 3221
and 3222 of the group of conductors 3221 to 3225,
to identify the calling line as line 0 in the switech
which has been identified by relays VC0 and
HGO0. For other relays of the chain L'T0 to LT9,
ground is supplied over contacts | and 3 of relay
LT0 and any other intermediate unoperated re-
lays of the chain and over contacts 2 and 4 of the
operated relay to the corresponding conductors
of the group 3221 to 3225. Conductors 3221 to
3225 are extended over contacts of relay HCO to
conductors 2821 to 2825, through cable 2826, to
contacts of relays DG0§ to DGDB4.

When relay DF0 was operated to indicate that
the associated line link control circuit and sender
link control circuits were to he connected to-
gether, it connected gsround to conductor 3858,
operating district group connector relay DGO0.
Similarly, relays DF02 and DF04, if operated,
would ground conductors 3652 or 3654, operating
relay DGO2 or relay DG04. Each line link frame
has five such relays DG09 to DG4, for connect-
ing the identifying conductors to the recorders
associated with the five district junctor frames
to which the line link frame has access. Relay
DG00 serves to connect the line identifying
circuits to the recorder associated with district
frame 0. ) :

With relay DGG0 operated, conductors 2341 to
2345 grounded by relay HGS are connected to con-
ductors 2351 to 2355 which extend through cable
2356 to the recorder associated with district
frame 0.

Relay DGO0 also extends conductors 2441, 2412,
2421, 2422, 2431 and 2432, grounded by relay
VOO0 to conductors 2311 and 2312, 2324 and 2322,
2331 and 2332 which extend through cables 23186,
2326 and 2336 to the recorder. In addition relay
DGO extends conductors 2821 and 2822 grounded
by relay LTO to conductors 236( and 2362 and
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through cable 2366 to the recorder. Similarly
each of the relays DG8( to DG04 when operated
connects the various identifying conductors to
the recorder associated with the corresponding
distriet junctor frame.

Therefore while relays D3, DAC and DFD are
operated to connect the line link control circuit
with the sender link control circuit, circuits are
prepared for transmitting the line identity to
the recorder associated with the selected district
junctor frame.

When relay BA operated following the selec-
tion of the subgroup of district junctors, it
closed a circuit from ground to a conductor
4569 through cable 4203, to the first recorder
where it extends over contact | of relay CR,
through the winding of relay 1.8, contact 2 of
relay 1051 to battery at contact 7 of relay 0N (13).
Relay L0 locks to battery at its contact 4, at con-
tact 3 opens the operating circuit for relay L0R,
in the district junctor, Fig. 70, and for any similar
relays associated with the fifty district junctors
served by this recorder. With relay L90 and all
similar relays unoperated, @ circuit is closed
from ground at contact | of relay 100 and over
the corresponding contacts on the similar lock-
out relays at all of the district junctors of the
group, to conductor 6680, contact 2 of relay L0,
winding of relay AC(9) to battery. At contact
10, relay AC(9) opens the release circuit of the
iine link control circuit to prevent its release be-
fore the calling line number has been recorded.

Relay AC(9) prepares the recorder to record
the calling line number as derived from the line
link control circuit. Accordingly relay AC(9)
closes a circuit from battery through the wind-
ings of relays TRI(13) and TRA in series, con-
tact | of relay ON(13) to ground at contact 2 of
relay AC(9). Relay TRA closes a locking cir-
cuit for itself and relay TRI(13) over contact 2
of relay TRA to ground at contact 2 of relay
AC(9), independent of relay ON(13). At con-
tacts 2 and 3, relay TRA closes a circuit from its
locking ground through the winding of relay
TRB, contact 6 of relay CCl, contact § of relay
CC, winding of relay TR2(13) fo battery. Re-
lay TRB also locks to ground over contact 2 of
relay AC(9). Relay TRI(13) closes a circuit
from battery through the winding of relay
ON(13), to ground at contact | of relay TRI(13).
Relay ON(13) also locks over its contact 2 to
ground at contact 2 of relay AC(9). In addition
relay TRi1(13) closes a circuit from ground at
contact 4 of relay LK, contact 5 of relay
TRI(13), contact § of relay AC(9), to battery
through the winding of relay AIl(8). Relay
Af(8) closes holding circuits for itself over its
contacts 4, 5, 6 and T and conductors 1112, {113,
t1i4 and 1i15 to the back contacts of relays
CK2, CK3, CK4 and CKS5, respectively, of the
tape perforator. Relay AC(9), at contact 4, also
closes an obvious circuit for relay V which con-
nects the conductors, grounded to identify the
horizontal level and the position of the individ-

-ual line, to relays VI'0 to VT4 and VU@ to VU4.

Since conductors 23581, 2352, 2351 and 2362 were
grounded, relays VT0, VTI, VUD and VUl are
operated and lock to ground at contact 6 of re-
lay ON(13).

Relay A1(8) closes the circuits for operating
the perforator magnets to record the numbers
of the frame and of the vertical in which the
switch serving the calling line is located, as well
as the party calling if the line is a party line.
As previously described, relay VC0, operated
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when the vertical position of the -calling switch
was identified, grounded conductors 24{1 ‘and
2412, 2421 and 2422, 2431 and 2432 to identify
the vertical position of the switch as 000 indi-
cating the 0 vertical of frame 08. When the
district frame was selected, relay DFO0 operated,
operating relay DGO00 to extend these frame and
vertical identifying conductors to -conductors
2311, 2312, 2324, 2322, 2331 and 2332 leading to
the ‘recorder.

In the sender, the operation of relay €S8 in-
dicated that the calling line was a party line and
a test was made to determine which party was
calling, relay 'TPI being operated to indicate that
the-call was originated by the tip party. With
relay ‘TP{ ' operated ground is connected to con=
duetors 5526 and §942 which ‘are carried through
cable 6045 over -contacts of relay C0(46) -and
cables 4694, 4730 and 730{ to contacts of :relay
Al(8). It may be noted that, with relay TPI
unoperated, ground is connected ‘to conductors
5043 -and - 5044 to indicate a calling ring party or
an Individual ‘line. Four conductors are pro-
vided between the sender and the recorder which
may be grounded in a code of two out -of four
to permit discriminating between four or more
parties-if that should become desitable.

With relay Af(8) operated, the ground con-
nected to conductors 5526 and 5042 is extended
to battery through the windings of magnéts 4
and § in the group 4 to 7 operating those mag-
nets; ground on conductors ‘2311 and 2312 op-
erates magnets 8 -and 9 in the group 8 to 12;
ground on conductors 2321 and 2322 operates
magnets 3 and 14 in the group I3 to {7 and
ground on conductors 2331 and 2332 operates
magnets 18 and 19 in the group 18 to 22. These
magnets in operating perforate the tape to make
a tape record of the vertical number and of the
party number.

It-may be noted that the party indication is
recorded in a “two out of four” code, while the
vertieal number is recorded in a “two out of five”
code

When relay ALl (8) operates, it closes a circuit
from-ground over its contact 3, conductor 808,
upper winding of relay CD(13) to battery. Relay
A1(8) also-closes a circuit from ground over con-
tact 2, conductor 801 to the winding of the step-
per magnet 1100 of the tape recorder. Relay
CD(13) connects ground over its upper contact
to eonductor 881 to hold magnet 100 operated
in preparation for advancing the tape on its re-
lease. Relay CD(13) also completes a circuit for
relay LK extending from ground at the contact
of the stepper magnet 1169, conductor {181, con-
tact T of relay LK, lower contact of relay CD(13)
to battery through the winding of relay LK. Re-
lay-LK operates and locks over its contact 6 to
ground on conductor {101, independent of relay
CD(13).
vieus circuit-for relay LK2 which operates and
locks to ground at contact 6 of relay ON(13).
At'its Upper contact, relay TLK?2 closés a link in
the release circuit of the line link control eir-
cuit permitting that -control eircuit to release
under the-control of the sender link c¢ontrol ¢ir-
cuit as-above described.

Wlth relay LK operated, ground on conductor
800 is extended over contact | of relay LK to
contact ‘3 and the winding of relay TRI(13),
holdmg relay TRI(13) operated but shunting the
winding: of relay TRA, causing that relay to re-

lease: and- open the - operating cirghiit- for- rel:a,y_—75

Al8),

At -contact 5 relay LK closes an ob-.

[>1]

10

15

20

25

30

40

45

50

65

60

65

(3

46

T4 iwill Be noted that -each ;punch magnet { to
22 is provitled with ‘g :set 0f ‘make contacts, the
armatures of which:are grounded, while the: sta-
tionary :contacts are-conmected to individual re-
sistors ‘which in {furn -are connected in parallel
in :groups, -each group -connected ‘through ‘the
wikidings of :a relay CK gnd‘a relay T to batiery
at-a contact of a -cut«ih relay. ‘More:specifically
punch magnets-4-and -5, 'when-‘operated as:above
described, close a circuit from ground at -their
contacts, thiough their .individual resistors,
throtgh the windings of ‘relay CK2:'and ‘T2, over
conductor 802 ‘to battery at contact | of relay
At(8). Magnets 8 ‘and-9¢lose:a similar circuit
through relays CK3vand T3; magnets {3-and 14
close ‘@ -similar circuit (through relays CK4{ and
T4, while magnets 18:and 19:close the circuif for
relays CK5-and ‘T5. Relays:CK2 to.CK5:and T2
to ‘I8 dre marginal relays, relays CK2 and CKS
being adjusted to operate with:at least two re=
sistors-connected in parallel to:their circuit, while
relays ‘T2 to 'T9 ‘operate .if .more than two re-
sistances are-connected -in:parallel 1o ‘their cir-
cuit. ‘Relay CK{(11) “operates in:series with a
single resistor -while:relay ‘T1(11) ‘operates-if two
or ‘imore ‘resistors -are ‘connected .in parallel.
Therefore, :if :less :than -the proper .number of
maghets 'is operated «in any ‘group, :the .corre-
sponding CK ‘relay ‘does not eperate, while *if
more -than the: proper number is operated, the
T relay operates. “In:éither case thevassociated
locking :circuit for:the ‘cut-in-relay fails-to open
and the recorder is held.

‘When relay -ON(13) ‘operated,.it-closed :a¢ir-
cuit-from: grourid “at-its coritact B, ‘contact 2:of
relay LK to battery through the winding.of relay
SR(13). When reldy LK .operates, it ‘opens.the
circuit ‘of ‘relay SR(18) ‘and that relay staits to
release.  Relay ‘SR(I3) :being slow :to .release,
relay LK is normally relessed to reclose the cir-
cuit-of relay SR(13) before the latter relay can
close its-contact. However, if ‘the: recorder: does
rnotiadvance properly, relay SR(13) . on releasing
completés a- circuit fromiground over coritact 5
of relay ON(13) -contaet:3of relay LK, back con-
tact of “relay -SR(13)  to 'the ‘alarm- cireuit 1309,
causing’ an-alafin to-scund.

- Assuiming -that -relays - CK2, - CK3, .C&X4 and
GKbY operate in résponse to.puriching: the record
above -deseribed, the locking ' circuits . of relay
Af{8) “are-opéned -and that relay releases, dis- =
cornéctinig ground from:conductor €68 and per-
mitting relay TRI1(13) to.release.

-Relay- Al(8) -in~téleasing breaks: the connec-
tions between “the ‘iegistering -leads :and the
punch -‘niggnets, ~eausing "the "latter - to: release.
The lower winding of relay 'CD(13) -is connected
to‘conductor 802 so’ that, as long as any punch
nmaghnet remains -opetated, relay CD(13): remains
operated in: series-with the-associated T and CK
relay to-ground -at ‘the:closed magnet contact.
Relay -CD(13) at “its Upper contact ‘connects
ground - to coniductor =801 to "hold 'the -stepper -
magnet 1100 operated “until -all “6f “the puneh
magnets Have-releaged. ~When  the -last" pinch

'magnet releases, Telay CD(13) “releases, in -turn

réleasinig “the stepper magnet {460, 'which : now
advances the tape roll ‘one-space, bringing fresh
paper - under the purich pins. “The ‘release  of
magnet © 1400 “¥emoves ‘ground ' from  conductor
110}, which, with" relay €D(13) released permits
relay EK to reléase. "With relay LK released, -a
cirenitis elossd from:grotind 4t contaect &6f relay
LK -contact'6 of relay TR1(13) ; contact 2:6f relay
TR, ¢ontaet~67of: telay AC(Q) windirig6f cuts-
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in relay A2(8) to battery. Relay A2(8) locks
over its contacts 5 to 9, conductors ti1ii.to {115
and the back contacts of relays CKIi, CK2, CK3,
CK4 and CKS5, and establishes the circuits for
recording the number identifying the horizontal
position of the switch serving the calling line,
the position of the line in the switch, and the
tens and units digits of the number identifying
the district junctor being employed in extending
the call, .

The horizontal level and line identifications
have been set up on the. register relays VT0 to
VT4 and VUJ to VU4. The district junctor iden-
tification is derived directly from the junetor in
the following manner. . 'When relay AC(9) oper-
ated, it connected ground over its contact 3 to
conductor §80. . With primary hold magnets
PSHOA and PSHOB operated .this ground is ex-
tended over conductor 3950, contact 8 of relay
‘TP(70) to the winding of relay LOI0 and battery.
Relay 1010 being individual to the zero district
junctor, serves to identify that junctor to the re-
corder. To that end, at contacts 1 and 2, it con-
nects ground to the two conductors 1621 and 7022
of the group of four conductors 7021 to 71024 indi-
cating in the two out of four code that the tens
digit is zero. A two out of four code may be used
for the tens digit since the recorder serves only
fifty district junctors. Similarly relay 1010 at
contacts 3 and 4 connects ground to the two con-
duetors 103( and 7032 of the group 103{ to 1035
to indicate in the two out of five code that the
units digit is also zero.

From the foregoing it is apparent that, with

relay A2(8) operated, punch magnets 4, §, 8, 9,
i3, 14, 18 and 19 are operated from the line and
junctor registrations. In addition, relay A2(8) at
its contact 2 connects ground to conductor 803,
closing a circuit for punch magnet | as an indi-
cation that this is the first record in connection
with a particular call. This number may be said
to identify the class of entry. Relay A2(8) at
contacts 3 and 4 grounds conductors 800 and
801, operating the stepper magnet (180 and
relay CD(13). As before, relay CD(13) operates
relay LK which locks. Relay LK connects
ground from conductor 800 over contact f of
relay LK, contact 2 of relay TRI(13), contact 5
of relay TR2(13), to the operating circuit of
relay TR2(13) in shunt of the winding of relay

TRB, causing relay TRB to release and holding *

relay TR2 operated. Relay LK again reopens the
circuit of relay SR(13).

The punch magnets operate relays CKi to
CKS5 in the manner above described and when all
of these relays have operated, the locking circuits
of relay A2(8) are opened and that relay re-
leases, opening the circuits of the punch mag-
nets which also release. When all of the punch
magnets have released, relay CD(13) releases, in
turn releasing the stepper magnet {00 which
opens the circuit of relay LK. Relay LK re-

leases and opens the holding circuit for relay

TR2(13) which also releases.

A cireuit is now closed from ground at contact

4 of relay LK, contact 6 of relay TRi(13), con-
tact | of relay 'TR2(13), contact § of relay TR3,
contact 3 of relay ON(13), contact 8 of relay
AC(9), conductor 801, through cable 902, to the
associated district junctor, over contact 8 of re-

lay L010, winding of relay TE(70) to battery.

Relay TP(70) operates and locks over its con-
tact 4 to ground at contact 4 of relay SI(70).
The operation of relay TP(70) records the fact
that the district junctor identity has been re-
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corded. At its contact 8 it opens the circuit of
relay L0198 causing that relay to release and dis-
connect ground from the junctor identifying
leads.

When relay TR2(13) released, a circuit was
closed from ground at contact 8 of relay AC(9),
contact 4 of relay TRI(13), contact 4 of relay
'TR2(13), contact 4 of relay ON(13), winding of
relay CR to battery. Relay CR operates, breaks
the circuit of relay L0 and locks to ground sup-
plied to conductor 4509 by relay BA to prevent
the reseizure of the recorder until it has re-
stored to normal. Relay L0, in releasing, opens
the circuit of relay AC(9). However, relay AC(9)
is held in a locking circuit over its contact {, con-
tact 2 of relay TRB, conductor (30! through
cable 802, contact 9 of relay LOIO0, to contact 1
of relay TP(70) until the latter relay operates,
thus insuring the operation of relay TP(70) in
the district junctor before the recorder can re-
turn to normal. Relay AC(9) when released
opens the locking circuit of relay ON(13) and the
operating circuit of relay L010. With relay L0I90
operated, ground is connected over contact 5 of
relay L.010 to conductor 7040 through cable 802,
to the locking circuit of relay ON(13), so that
relay ON(13) is held operated until relay LOI8
also releases. The release of relay ON(13) re-
leases all relays locked thereto, thereby restor-
ing the recorder to normal.

Called line number entry

Becausz the sender register is arranged to
transmit the office designation of a called num-
ber to the marker in accordance with a special
code, and also to save holding time for the send-
er, a called number register is provided which re-
ceives the number from the sender and transmits
it to the tape recorder after the sender has been
dismissed.

When relay AST connected battery to conduc-
tor 4822, relay SSi operates if the channel is idle
as in the case of calling in the marker. Relay
AST also connects battery to conductor 5119 so

5 that, when relay SSI operates, multicontact re-

lay SFI operates as before, in turn operating re-
lay SAl. However, relay AST grounds conductor
4823 which completes a circuit over contact of
relay S¥{, to the back contact of relay CB1T, in-

: dividual to the first called number register and

thence to the winding of relay RSI and battery.
Relay RS{ operates relay RFI which. closes a
plurality of circuits connecting the sender with
the called number register. Relay RFI also con-

5: nects ground to the winding of relay CB7 to mark

this register busy in all of the channels, and con-
nects ground to conductor 1600 to operate the
start relay ST of the register. '

The operation of the multicontact relays SFI,
SAt and RF( connect the verticals of the eross-
bar register of the sender to the relay registers of
the called number register. In response to dial-
ing the wanted number, cross-points 5214, 5215,
5216, 5317, 5318, 5319 and 5320 have been closed.
In ‘addition relay REC was operated to indicate
that the complete number was to be recorded
and relay F00 was operated and cross-point 5203
closed to identify the frame on which the district
junctor is located. Relay REC connects ground,
supplied over conductor 5225 from the called
numper register, to conductor 4833 which is ex-
tended through the marker and register connec-
tor of Fig. 74 to the register. If relay CD(48)
had been operated, conductor 4833 would have
been grounded at contact | of relay CD(48), The
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same circuits grounded by the frame and code
digit cross-points which transmitted the infor-
mation to the marker are now extended to the
called number register, the conductors grounded
by the assumed setting being none of the frame
conductors, A digit conductor 5242, B digit con-
ductor 9253 and C digit conductors 5264 and
5262.

As in the cass of the marker, certain relays in
the code regisiers are operated directly from the
ground on contacts of the cross-points while the
other relays are operated from ground supplied
over back contacts of a check relay, namely relay
CK3, conductors 7525, 1526 and 7527 through
cables 7528 and 7598, contacts of relays RF{ and
SF! to conductors 5225, 5226 and 5227. In addi-
tion relay CD3 is operated from ground on con~
ductor 5225 over contact 1 of relay REC, conduc-
tor 4823 through the connector to conductor 7492,
the winding of relay CD9 and battery. If relay
CD (48) had been operated, conductor 4823 would
have been grounded directly at contaet { of that
relay. When all of the register relays have oper-
ated, as well as relay CDO, a circuit is closed for
relay CKI over contacts of the frame register re-
lays, conductor 7558, contacts of relays Al to A4,
conductor 7832, contact {-of relay CDJ to ground,
supplied to conductor 1507 from the connector.
Relay CK{ locks under the control of relay CK3
to ground on cenductor 1567. A similar eircuit
is closed for relay CEK2 over the contacts of the
relays of the B and C registers which are ar-
ranged in the same manner as the A register
shown in detail. Relay CK2 also lecks under the
control of relay CK3. With relays CK{ and CK2
operated, an cbvious circuit is completed for re-
lay CK3 which operates and locks to conductor
T687. Relay CKS3 releases relays CKIl and CK2
and removes ground from conductors 1523 to
7587, permitting the register relays cperated
thereover to release, leaving the code digits of
the called number registered. When relays CKlI
and CK2 have released, a circuit is closed from
ground over contact 3 of relay CKS3, contact 3
of relay CK2, contact 3 of relay.CKi, to'the wind-
ing of relay RR and battery. Relay RR closes a
circuit for bringing about the connection .of the
called number register with the proper tape re-
corder.

In order fo prepare the circuits for transmitting
the numerical designation to the recorder, when
relay AST operated, it also closed a circuit from
batlery through the windings of relays NT1 and
NT2 over conductor 5840 and a circuit through
the windings of relays NT3 and NT4 over con-
ductor 5841, contacts 9 and 10 of relay AST, in
parallel to conductor 4330, contact 1 of hold mag-
net U of the units vertical, contact 2 of hold
magnet T to ground over conductor 5211.

The circuits used for transmitting the numeri-
cal designation conform to the two out of five
code mentioned in connection with recording the
calling line number, so that cross-point 5317
closes one circuit from ground over contact 9 of
relay NTI, contact of cross-point 5311, contact
4 of relay NT2 to conductor 5093 and a second
circuit from ground over contact 10 of relay NT3,
contact of cross-point 5317, contact 2 of relay
NT2 to conductor 5054. Conductors 5653 and
§054 are extended through the marker and regis-
ter connector to relays TH3 and TH4 of the thou-
sands register. Similar circuits are closed by the
other sender numerical -registers for setting the
corresponding registers of the .called number
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register. When relay RR operated it closed a
circuit which may be traced from battery, con-
tact § of relay RR, through the frame register
to conductor 1300 leading through cable 1501 to
the district frame connector of Fig. 73 associated
with the frame identified by the setting of the
frame register, through the winding of preference
relay MP3, normal contacts of relays MP2, MPI,
MP0 and any other intermediate preference re-
lays to ground. Relay MP3 operates, locks to
ground over its contact 4, and closes a circuit for
multiconnect relay RC8, contact 2 of relay MP3,
normal contacts of relays MP4 and MP5 to
ground. Relay RCC now connects the called
number register to circuits leading to the two tape
recorders associated with this district frame.

When relay RR .operates, it also operates relay
CND2 which opens certain conductor checking
circuits and connects ground to the code registers
by means of ‘which to ground the conductors
leading to the tape vrecorder. Each register
grounds two out of five conductors in accordance
with thedigit registered thereon, the ground being
supplied by relay CND2.

At.contact | relay RR connects ground to con-
ductor 1620 which is extended through. the con-
nector to conductor 4820, leading to the sender
and thence through the sender link switches as
previously traced to conductor 1608, winding ‘of
relay F and battery. Relay F, in the manner
previously -described extends this ground to the
winding of relay LC(69) and battery and relay
LC(69) locks over conductor 7101 and contact of
relay RCO to ground in the called number register
over conductor 7628. With relays LC(69) and
RCO operated a circuit is.closed for connecting
the district junctor involved in the connection
with the associated tape recorder. This circuit
may be traced from ground at contact |.of relay
ST, contact 4 of relay RR, through the frame
register to conductor 1382 through cable 7501,
contact of relay RCO, conductor 1303, contact of
relay LC, conductor 6909, contact 8 of relay F,
winding of relay 1.89, over the chain circuit con-
tacts of the L0 relays of the other district junc-
tors, conductor 6601, contact 3 of relay 1.0, con-
tact 2 of relay L85! to battery at contact 1 of
relay ON(13). Relay L0 operates in this circuit,
locking to battery at its contact 3 and operating
relay L0I0. Relay L010 when operated closesthe
previously -described circuits for identifying the
district junctor -and also closes a circuit from
ground at contact 18, contact'5 of relay TP(70),
contact 8 of relay F, contact of relay LC(69),
conductor 7102, winding of relay BC to battery.
Relay L0{0 again connects ground to conductor
1040, completing a circuit over contact | of relay
ON<(13), windings .of relay TRA and TRI(13) in
series to battery. Relays TRA and TRI(13)
operate and lock as before, in turn operating and
locking relays TRB and TR2(13) in the manner
previously described. ‘With relay AC(9) normal,
relay TRB extends its locking ground .over its
contact 4, winding of relay TRC, contact 7 of relay
AC(9), winding -of relay TR3 to battery. Relay
TRC locks to.ground on conductor 7040. Relay
TR3 at contact 2 closes a locking circuit for relay
BC, and at contact 1 closes a circuit over conduc-
tor 1302, contact -5 of relay BC, to conductor 903,
which ‘extends through cable 992 over contact 7
of relay LO{0 of the district junctor, to the wind-
ing of relay L60 to hold that relay operated until
the record has been completed.

Following the operation of relay TR (13), re-
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lay ON(13) operates and locks to conductor 7040.
With relay BC operated, the operation of relay
TRI1(13) also closes a circuit from ground at con-
tact 4 of relay LK, contact 5 of relay TRI(13),
contact | of relay BC to the winding of relay
B1(9) and battery. Relay BI(9) connects the
code and stations conductors coming from the
number recorder to the punch magnets. Relay
BI(9) at contacts 8, 9 and 108 locks directly to
ground at the back contacts of relays CK2, CK3
and CK4. It also locks at contact T, over con-
ductor 904, contact | of relay TRB, conductor
1115 to ground at the back contact of relay CKS.
Relay Bl (9) supplies battery to the windings of
relays T1(11) to T and CKI(11), to CKS, oper-
ates step magnet 1100 and relay CD(13) and, at
contact 4, extends ground over conductor 914
through cable 1301, contact of relay RC0, conduc-
tor 1304 to the called number register to operate
relays CDI and CD2 to connect the code and sta-
tion conductors to the registers of the recorder
over contacts of relay RC0. Ground supplied by
these registers operates the corresponding punch
magnets, in turn operating relays CK2 to CKS.
It may be noted that punch magnet 3 is employed
in the punching of the A digit code and the cir-
cuit closed by its auxiliary contact extends
through resistance {103, over conductor {104, con-
tact 6 of relay BI(9), conductor 907 to the wind-
ing of relay CK2 to provide the necessary operat-
ing circuit for relay CK2 if magnet 3 is operated
in response to the code digit registered.

As previously described, the stepper magnet
1100 operates relay LK which opens the operat-
ing circuit of relay Bi(9), connects ground to
the winding of relay TRI1(13), shunting and re-
leasing relay TRA. When the locking circuits
of relay Bi(9) are opened, relay Bi(9) releases,
in turn releasing the stepper magnet to advance
the tape for the next set of items and releasing
relay LK. Relay LK released also releases relay
TRI(13).

When relays CDI and CD2 of the called number
register are operated they connect ground over
conductor 7512 to operate relay RH. Relay RH
connects ground to conductors 7601 and 7602 to
lock the register relays independent of the sender,
closes a holding circuit for relays ST, and RR
as well as for relay CDO, if that relay is operated,
and operates relay CND. Relay CND locks over
its contact 3, the contact of relay CND{, contact
5 of relay CND to ground at contact 3 of relay
ST. Relay CND also connects ground to con-
ductor 7603 to operate relay CBT to mark the
called number register busy.

The operation of relay RII brings about the
disconnection of the called number register from
the sender. At contact {, relay RH connects
ground from the back contact of relay RTI, to
conductor 7624 which is extended through the
connector to conductor 4824, winding of relay
ARL and battery. Relay ARL restores the sender
to normal as previously described. )

With relays TRI(13) and LK released, a cir-
cuit is elosed from battery through the winding
of relay B2, contact 2 of relay BC, contact 2 of
relay TR2(13), contact 6 of relay TRI(13), to
ground at contact 4 of relay LK. Relay B2 locks
at contacts 6, 7, 8 and 9 to relays CK2 to CKS5,
at contact | connects battery to the windings of
relays T1(11) to TH and CKI(11) to CKS, at
contacts 2 and 3 operates the stepper magnet
and relay CD(13), and at contact 4 connects
ground to conductor 906 which is connected
through cable 730{ over contact of relay RCO
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to conductor 1305 through cable 1501, contact 3
of relay CDO, conductor 7505 to the windings
of relays NDI and ND2 and battery, operating
relays NDI and ND2 to connect the conductors
grounded by the numerical registers to the re-
corder. Relays NDI and ND2 reclose the circuit
for relay RH, but that relay is held operated
over conductor 75i2 through cable 7501, contact
of relay RCO, conductor 912 through cable 1301,
contact 6 of relay BC, contact { of relay TRA and
contact 5 of relay TRB to ground, during the
interval between the release of relays CDI and
CD2 and the operation of relays NDi and ND2.
Relay B2, operated, extends the numerical con-
ductors to the punch magnets, which are there-
upon operated in accordance with the number
registered, in turn operating relays CK2 to CKS5.
The stepper magnet operates relay LK ag before, .
relay LK connecting ground over contact 2 of
relay TRI{(13) to contact 5 of relay TR2(13),
holding the latter relay operated and releasing
relay TRB. Relay LK also runs the operating
circuit of relay B2 and, when the punch magnets
have operated relays CK2 to CKS, the locking

5 eircuits of relay B2 are opened and relay B2 re~

leases, releasing the stepper magnet {180 to ad-
vance the tape. When the punch magnets re-
lease, relay CD(13) releases, permitting relay LK
to release and in turn to release relay TR2(13).
When relays TR2(13) and LK have released,
a circuit is closed from battery through the wind-
ing of relay B3, contact 3 of relay BC, contact
4 of relay TR3, contact { of relay TR2(13), con-
tact 6 of relay TRI(13) to ground at contact 4
of relay LK. Relay B3 operates in this circuit
and locks at contacts 6, 7 and 8 to relays
CKI(11), CK2 and CK3. Relay B3 at contact |
supplies battery to relays TI(11) to T5 -and
CKIi(11) to CK5. At contact 2, it closes a cir-
cuit for punch magnet 2 to indicate the class of
entry and at contacts 3 and 4 operates stepper
magnet 1100 and relay CD(13). As before, relay
CD(13) operates relay LK, which locks and opens
the operating circuit for relay B3. Relay B3
connects conductors 7031, 7032, T02{ and 7022,
which were grounded by relay LO010 associated
with the distriet junctor, to the punch magnets.
Therefore, the third item of the record includes
the identity of the district junctor involved in
the connection and the class of the entry. The
release of the recorder takes place as described
for the class | record. When the second entry
was completed, relay TRB was released in turn
releasing relays NDI and ND2, so that relay RH
also releases, opening the locking circuits for
relays CD08, RR and the register relays. Relay
RH also opens one holding circuit of relay ST.
The release of relay RR releases relay CND2 and
relay RH opens the operating circuit of relay
CND. Relay CND tests for the release of the
numerical registers, since it is locked to ground
at contacts of all the numerical and stations
register relays and holds relay ST operated in
a circuit over contact | of relay CND to ground
at contact 5 of relay RH. Relay CND2 closes a
test circuit for the release of the code register
relays. This circuit extends from ground at con~
tact T of relay RH, contact 6 of relay CND2, con-
ductor 7604, back contacts of relays Ad, A3, A2
and Al, conductor 7834, contact 3 of relay CND2,
conductor 7605 over the back contacts of the
relays of the B code register to conductor 7835,
contact | of relay CND2, conductor 7606, through
the C code register to conductor 1836, contact 7

78 of relay CND2, contact 2 of relay CND to the
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winding of relay CNDI-and battery. ‘Therefore
if the code registers release properly relay -CNDI
operates, opening the-locking. circuit-of:relay CND
to release relays CND, ST :and -.CNDI and restore
the called number register:to-normal.

As described previously, when:the.called: sub-
seriber answers, relays ‘T.00 and 1010 .0f the dis-
trict junctor are operated: as soon:as:the :tape
recorder is free. Ground.connected to.conduc-
tor 7046 by the district junctor.completes a .cir-
cuit through the winding of relay CC to battery.
Ground is also connected to:conductor 1040 :to
operate relays TRA :and TRI(13) .as previously
described, relay TR1.(13) operating . relay’ON(13).
Sinee relay CC is operated, the .circuit of relays
TRB and TR2(13) is open.at:contact-b .of relay
CC and the recorder is.arrangedito make only a
single line entry, which :includes:the number .of
the district junctor and the:time. The time.is
.obtained from the timing circuit of Figs.- 4 to 7
which will be described hereinafter. At con-
tact 4, relay CC connects battery to the winding
of relay PU. At contact 3 it -closes the circuit
of relay Ci(10), at contact 2 it .prepares:the re-
lease eircuit to the district junctor and-at .con-
tact 4 it connects the contact.of -punch mag-
net 2 to the winding .of relay CK!, since magnet
3 is now used to identify-a:class 3:record.

Relay Ci(10) is.operated in.a-circuit -over:con-
tact 3 of relay CC, contact 5 of relay TRd.(13)
and contact 4 of relay IiK. Relay Ci supplies
Jattery to relays Ti(11) to TH.and CKI(11) to
CKS5, it operates stepper magnet 1100 -and re-
lay CD(13), locks to relays CKl to CKH, .oper-

ates punch magnet 3 and connects the other 3

punch magnets to the conductors on which the
distriet junctor and the time are.indicated. The
identity of the district:junector is recorded -in the
manner previously described. ‘The circuit.of re-
lay PU .extends over.conductor 1088, brush Bi3
in positions 2 o 19 or {2 to 20, to ground -at
contact { of relay C(6). .As will be pointed. out
hereinafter, relay TCR .is -operated .at the ten-
minute intervals and at such times the -circuit
of relay PU is completed threugh contact 2 .of
relay TCR and brush Bi3-in-positions I or 1.

When relay PU operates, it locks-to ground at
its own contact and connects ground to conduc-
tor {881 to close a locking ecireuit: for relays:iC(6)
and C{(8) over contact T of relay C(6) to pre-
any switches while the record is being made.
Relay PU also connects conductors 620 to 624
and §30 to 634, grounded in accordance with the
two out of five code by brushes Bi5:and Bi6, B25
and B2§ to indicate the six-second interval,.dur-
ing which the call was ecompleted.

When the punch magnets have operated, in
turn. operating relays CKI to CK?5, relay C{(10)
releases in the manner previously described. The
stepper magnet operates relay LK which shunts
relay TRA. Relay .CD(13) -releases, following
the release of the punch magnets, in sturn re-
leasing relhy LK which releases relay TRI(13)
and then connects ground over. contaet 4.of re-
lay L¥, contact 6 -of relay TRI(13), contaet 1-of
relay TR2(13), contact -5 .of relay TR3, -contact
3 of relay ON(13),.contact 2. of relay CC to con-
ductor 808 to release the recorder. from-the :dis-
trict junctor. When the distriet junetor removes
ground from conductors 7016 and 1949, relay-CC
releases, in turn -releasing relay PU, and relay
ON(13) releases, restoring the -recorder to nor-
mal.

The operation of ‘the recorder in recording the
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-time .of release by the called subseriber. is :the
-same .as for the answering time, the. entry :dlso
consisting of the disfrict identification:.and :the
-time.

Local -calls

For calls within the suburban .ares, no item-
ized billing is required. Such a call.is identified

by the marker which grounds .conductor 4832
and the winding of relay CD(48) in-the sender.

Relay CD(48) operated connects ground to con-
ductor £833 which is extended when the register
connector is operated to conductor 7482, wind-
ing of relay CDJ and battery. Relay CD8 opens
the operating circuit of relays NDI and ND2 so
that no numerical digits can be recorded, dis-
connects ground .from the stations register to
prevent recording a stations digit-when the code

is recorded, and connects ground to.conductor

7502. As described for the previous:type of-call,
when the number has been registered, the called
number - register connects the recorder with: the
district junctor-and with the register, operating

Telay “BC, which in turn operates relay Bl, and

relays TRA to TR3 are operated as previously
described. When the called number register-has

‘been connected -to-the tape recorder, ground on

conductor ‘7582 is extended through cable 1501,
contact of relay RCO, to conductor: 989 so that,
when relay Bl gperates, a-circuit -is completed
over contact ‘5 ‘'of relay Bl, contact 3 of relay

TR2(13), contact § of relay CCI, contact § of

relay CC to the winding of relay TR2(13) and

‘battery to hold relay TR2(13) and shunt and

release relay TRB. Therefore,-when relay LK
releases relays TRA and TRI(13), following the
punching of the first entry, and relay Bi -is re-
leased, relay "TR2(13) -also releases and relay B3
is-operated to control the recording of the-dis-
triet junctor number. It will be remembered
that the locking circuit of relay Bi controlled
by relay CK¥& extends over contact { of relay TRB.
Therefore, in connection with a call on which no
stations digit is to be recorded, the release of
relay TRB, immediately following the operation
of' relay Bl opens the locking cireuit, -associated
with the stations digit and permits relay Bl to
release without a stations record.

Timing circuit

As pointed -out above, the timing: cireuit. com~
prises a timer individual to the recorder which
counts six-second intervals under: the control of
a master timer. REach time that ‘the master
timer 688 closes its contact, a circuit is clesed
from ground, over the timer contact, through
the lower winding of relay C(6), winding of relay
Cl(8) io battery. Relays C(6) and CI(6) eper-
ate in series. -Relay Ci(8) is slow to release and

‘closes a supplementary circuit through the upper

winding of relay C(6). Relay C(6) in operating,
at contact 1 disconnects ground from brush B3
and at contact T prepares a locking. circuit for
itself over conductor 10661.

Whenever the recorder is ready te make a
time reccerd it tests for the ground supplied to
conductor {088 over brush Bi3 and connects
ground to conductor (801 to lock relay C(6), if
it is operated by the master timer, to prevent the
brushes of the timer from moving while a record
is being made. The supplementary circuit for
relay C(8) closed by slow relay Cl.(8) allows time
for the locking circuit to be completed if the
recorder seizes the timer just hefore.relay C(§)

-is operated.

Relay C(8),at contact’§:completes.a ;éircuit. for
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relay B2H, which in turn closes an obviocus cir-
cuit for stepping magnet B2, Magnet B2 oper-
ates and prepares to step switch B2, When relay
C(B6) releases, relay B2H releases, releasing mag-
net B2 and advancing switch B2 one step. There-
fore switch B2 advances one step at each six-
second interval.

When switch B2 has been advanced ten steps,
the next operation of relay C(6) closes a circuit
from ground over contact 4 of relay C(6), brush
B22 in position 10, through the winding of relay
BIH to battery. Relay BIH closes an obvious cir-
cuit for magnet Bl which operates and prepares
to step switch BI. The release of relay C(6)
opens the cireuits of relays B2H and BiH, which
release magnets B2 and Bi. Therefore switch
Bl advances one step at each sixty-second, or
one-minute interval.

Similarly, when switch Bl has advanced ten
steps, switch A3 is advanced one step, to mark
a ten-minute interval, under the control of relay
C(6) and brush Bi2. After ten steps of switch
A3, switch A2 is advanced one step and after
ten steps of switch A2, switch Al is advanced one
step.

The stepping switches employed in the timer
have twenty-two sets of terminals and therefore
switches B2, Bi, A3 and A2 are wired to also close
the stepping circuit for the next switch when
they reach position 20. When switch B2 steps to
position 21, a circuit is closed from battery,
through the winding of relay B2H, back contact
of stepping magnet B2, brush B2l and its
twenty-first terminal to ground. Relay B2H
operates, in turn operating magnet B2 which
opens the circuit of relay B2H. Relay B2H re-
leases, in turn releasing magnet B2 to step
switch B2 to position 22 where the circuit for
relay B2H is again closed and switch B2 is
stepped to normal. Similar circuits are provided
for stepping switches Bl, A3 and A2 over posi-
tions 21 and 22.

Ten-minute record

As indicated above, the time recorded as the 4

answering or releasing time is the six-second
interval within which the answer or release
occurs. One hundred such intervals make up
ten minutes which is regarded as the base time.

At the beginning of each ten-minute interval an ;

entry is made on the tape independent of the
calls in progress. When switch Bl stands in
position 1 or 11, at the beginning of the day or
after one hundred six-second intervals have been
counted, a circuit is closed from ground over
prush Bi4 in position 1 or 11, conductor 603,
contact 4 of relay TCR, conductor 701, winding
of relay L051 to battery at contact T of relay
ON(13) if the recorder is idle or as soon as it be-
comes idle. Relay L05{ locks to battery at its
contact 3 and at contact 2 opens the chain cir-
cuit to the district junctor LO relays to prevent
one of them seizing the recorder. With all of the
junctor L0 relays released, ground is connected
to conductor 6600 as previously described, over
contact | of relay L0, contact | of relay L0S5I,
winding of relay CCl to battery.

Relay CCI at contacts 2, 3 and 4 prepares cir-
cuits for relays C3 and C4, at contact 6 opens
the operating circuit for relay TR2(13) and at
contact 5 closes a circuit from battery, through
resistance 1201, over contact 5 of relay CCI,
winding of relay PU{, conductor 701, contact I
of relay TCR, brush BI3, now in position 1 or 11,
-to ground at contact { of relay C(6). Relay PUI
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operates and locks to ground over its contact 4,
and at contact 3 connects ground to conductor
1601 to provide a locking circuit for relays C(6)
and CI(6) if they should happen to be operated,
thus preventing the advance of the timing
switches while the recording is in progress.
Relay CCl also connects ground to conductor
1040, to operate relays TRA and TRI{(13). With
relay TRI(13) operated, relay ON(13) is oper-
ated and locked to conductor 7040, At contact
5, relay TRI(13) closes a circuit from ground
at contact 4 of relay LK, contact 5 of relay
TRI(13), contact 3 of relay CCl, contact T of
relay CL to the winding of relay C4 and battery.
Relay C4 operates in this circuit, locking over
conductors (ii1 to 1114 to ground at the back
contacts of relays CKI(11) to CK4. Relay C4
closes battery over conductor 802 to the windings
of relays TI(11) to T5 and CKI{l(11) to CKSE,
and also closes operating circuits for stepper
magnet 1100 and relay CD(13). In addition,
relay C#4 closes circuits from the punch magnets
to ground over brushes Al5 and Al6, A25 and
A26, A35 and A36, to record the three digits
identifying the ten-minute interval. Since the
hundreds digit is only zero or one, it is recorded
by punch magnets 4 to T, while the tens and units
digits are recorded in accordance with the usual
two out of five code. Magnet 2 is also operated to
give a time class identification.

As in the case of the other entries, stepper
magnet {100 operates relay LK, relay LK releases
relay TRA and, when relays CKIf (11) to CK4 have
operated, releases relay C4. The release of the
punch magnets releases relay CD(13) and in turn
relays LK and TRI(13)., When relay TRI(13)
releases, a circuit is closed from ground at con-
tact 4 of relay LK, contact 6 of relay TRI(13),
contact { of relay TR2(13), contact 5 of relay
TR3, contact 3 of relay ON(13), contact { of
relay CCI, conductor 708 to the winding of relay
'TCR and battery. Relay TCR locks over its con-
tact 3, conductor 603 to ground over brush Bi4.
The operation of relay TCR opens the circuit of
relay L0581, which releases in turn releasing re-
lay CCl. The recorder is now restored to normal.
Relay TCR remains operated until switch Bl is
stepped forward at the end of the minute. Dur-
ing this time the circuit of relay PU in the re-
corder circuit is extended over contact 2 of relay
TCR to the contacts of brush BI3 in positions
1and 11,

Reset of timer

At the beginning of each day, the timing
switches are reset, the tape is stepped forward
and a record is made of the day and month, to-
gether with the number of the building and of
the recorder.

As pointed out heretofore, in describing the
timing circuit, switches Al, A2 and A3 are ad-
vanced to measure off one hundred and forty-four
ten-minute intervals and at the end of the day
switch Al will stand in position 2, switch A2 in
position 5 and switch A3 in position 5. When
switch A3 is stepped to position 5, a circuit is
closed from battery through the winding of relay

RST, brush A2 in position 2, brush A22 in posi-
tion 5, brush A32 in position 5 to ground. Relay

RST locks over contact 4 to ground at contact §
of relay TCR.
After switches Bi and B2 have counted the

.one hundred six-second intervals which make up

the last ten minutes of the day, brush B4 will
be in position 1 or 11, and will close the circuit



57
previously traced for relay L5f, Relay LOGI(
opens the cham circuit, excluding the tape re-
corder from the district junctors and sender
hnk control circuit. It also operates relay CCI
as prev1ously described, which in turn operates

relay- PUL.  Relay RST connects ‘ground over
contact {! to conductor 705, operating relay
CL(12). With relay PUI operated, relay RST

closes & circuit from ground over contact 10, con-
ductor 106, contact 6 of relay PUI, conductor 1288
to the winding of relay DRI and battery. Relay
DRI prepares the day and month circuit for ad-
vancement. When all recorders are ready fto
start the new day’s tape and have operated their
corresponding DR relays, the day units switch D2
is advanced, together with the day tens switch Di
and menth switch M if necessary.

With switch A3 in position 5 and relay RST
operated, a eircuit is closed from battery through
the winding of relay A3H, back contact of mag-
net A3, brush A3l and its strapped contacts
to 18, contact | of relay RST to ground. Relay
A3SH operates magnet A3 and switch A3 is ad-
vanced under the reciprocal control of relay A3H
and magnet A3 to position eleven or one. When
switch A3 reaches that position, it connects
ground over brush A32 to conductor 634 com-
pleting a circuit over contact 2 of relay RST and
the strapped contacts of brush A2l, back contact
of magnei A2, to the winding of relay A2H and
battery. Relay A2H operates magnet A2 and
switch A2 is advanced under the reciprocal con-
trol of relay A2H and magnet A2 to position one
or eleven.

At contacis 2
from greund over contact 1 of relay RST, back
contact of magnet Al, brush Al and its strapped
contacts, contact 3 of relay RST, conductor 762,
contact 2 of relay PUi, conductor 801 to the
winding of the stepper magnet 1100 of the re-
corder. Magnet 1180 operates and connects
ground to conductor 1161, contact T of relay LK,
conductor 1342, contact 5 of relay PUI, conduc-
tor 183, contact 8 of relay RST to the winding of
relay AIH and battery. Relay AIH operates
magnet Al which releases the stepper magnet
1180 to in turn release relay A{H and magnet Af.
Therefore switch Al and the recorder tape are
stecped alternately until switch Al reaches posi-
tion 20, in which position the circuit of the step-
per magnet is opened and a circuit closed which
may be traced from ground to brush Ail as be-
fore and over contact 20 of that brush, contact
5 of relay RST, conductor 784, contact | of relay

PUI to the winding of relay C2(12) and battery. i

When relay CCi was operated, it operated re-
lays TR1(13) and TRA as described for the ten~
minute record. Since relay CL(12) is now oper-
ated, relay TRA extends its locking ground over
its contacts 2 and 8, through the winding of relay
TRB, contact | of relay CL, contact 5 of relay CC
to the winding of relay TR2(13) and battery.
Relays TRB and TR2(13) operate and lock, relay
TRB extending its locking ground fo the winding
of relay TRC, contact 7 of relay AC, winding of
relay TR32 and battery. Relay TRC also locks
itself and relay TR3 to ground on conductor 7048.

Relay C2(12) locks over conductors I1t{ to
{115 under the control of relays CKI(11) to CKGS,
supplies battery to the windings of these relays,
cperates the stepper magnet (100 and relay
CD(13). With relay C2(12) operated, ground
is supplied for operating the punch magnets in
accordance with the codes for a two-digit num-
ber identifying the building number and a two-

 and T, relay R8T closes a circuit 3
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digit number identifying the recorder. These
circuits are indicated schematically at the upper
contacts of relay C2(12). In addition, ground
is supplied over contact 3 of relay CIL, and a
contact of relay C2(12) to conductor 803 for
operating punch magnet { to indicate this to be
a class 1 time record. At the same time the
operation of the stepper magnet closes the cir-
cuit above traced for relay AIE which operates,
in turn operating magnet Af. Magnet Al opens
the operating ecircuit of relay C2(12) which re-
leases as soon as.its locking circuits are opened
in the usual manner, in turn releasing the stepper
magnet {100. Relay AIH is held operated at
this time by ground over contact 8 of relay LK.

As previously described, the punching of these
numbers operates and releases relay LK to re-
lease relays TRA and TRI(13). When relay LXK
releases, relay AIH releases, in turn releasing
magnet Al and stepping switch Al to position 21.
Relay LK also closes a circuit from ground at
contact 4 of relay LK, contact 6 of relay TRI,
contact 2 of relay TR2(13), contact 2 of relay
CClI, contact 5 of relay CL(12) to the winding
of relay C3 and battery. Relay C3 periorms the
same control functions as relay C2, except that
it provides no time class indication and therefore
does not lock to conductor 1il. It closes four
pairs of circuits from the punch magnets to
ground supplied by relays Ri0 to RI7, R28 to
R27, R30 to R37 and R40 to R4T which are op-
erated from the brushes of the month and day
switches M, DI and D2 in the two out of five
code to indicate the day of the month for which
the record is about to start. When this record
has been entered, relays TRB, TR2(13) and C3
are released, relay AlH being operated by the
stepper magnet to advance switch Al to position
22. When relay LK is released in the manner
previously described, relay LK closes a circuit
over contact 6 of relay TRI(13), contact | of
relay TR2(13), contact 4 of relay TR3, contact
4 of relay CCI{, contact 6 of relay CL to the wind-
ing of relay C4 and battery.

Relay C4 causes the printing of the base or
ten-minute time 880, under the control of
switches Al, A2 and A3. Switches Al and A2
were restored to position 1 as previously de-
scribed, but the contacts of brushes Al and Al8
in position 22 are connected in multiple with
those in position 1 to permit printing the hun-
dreds digit zero at this time.

The stepper magnet (160 operates relay A{H
which in turn operates magnet Al, and relay
LK holds relay A{H operated until after the
record has beeh printed. When operated, relay
LK releases relay TRC and holds relay TR3 as
previously described and when released permits
relay TR3 to release, thereupon closing a circuit
from ground at contact 4 of relay LK, contact §
of relay TR{(13), contact | of relay TR2(13),
contact 5 of relay TR3, contact 3 of relay ON(13),
conductor 708, winding
of relay TCR and battery. Relay TCR locks over

3 its contact 3, under the control of brush Bi4

as previcusly described. At contact | relay TCR
cpens the circuit of relay PUI and at contact 2
prepares the circuit of relay PU. At contact 4,
relay TCR opens the circuit of relay CCI and
at contact B opens the locking circuit of relay
RST.

Switch Al has now been advanced to position
1 by the release of relay AIH. Relay RST opens
the stepping circuits for relays A3H and A2H,
disconnects relay AIH from the recorder circuit
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and again places it under the control of switch
A2, releases relay CL(12) and opens the circuit
of relay DRI. The release of relay PUI opens
the holding circuit of relays C(6) and CIi(6).
The timing circuit and recorder are now ready
to make the records of the new day.

What is claimed is:

1. In a telephone system for the automatic
billing of connections, a calling line, line switches
for extending a connection from said calling line,
a control circuit for operating said line switches,
means in said control circuit for identifying said
calling line and for operating said switches to
extend said calling line, a tape recorder and
means to transfer the identity of said line from
said control circuit directly to said tape recorder.

2. In a telephone system for the automatic
billing of connections, a calling line, line switches
for extending a connection from said calling

line, & control circuit for operating said line ¢

switches, means in said control circuit for identi-
fying said calling line, means under the control
of said identifying means for operating sid line
switches to extend said calling line, a recorder

and means to transfer the identity of said line o

from said control circuit to said recorder.

3. In a telephone system for the automatic
billing of connections, a calling line, line switches
for extending a connection from said calling
line, a control circuit for operating said line
switches, means in said control circuit for identi-
fying said calling line, means under the control
of said identifying means for operating said line
switches to extend said calling line, means re-
sponsive to the operation of said switches to
release said control circuit, a recorder and means
to transfer the identity of said line from said
control circuit to said recorder before releasing
said control circuit.

4. In a telephone system for the automatic
billing of connections, a calling line, line switches
for extending a connection from said calling line,
a, control circuit for operating said line switches,
means in said control circuit for identifying said
calling line and operating said line switches to
extend said calling line, a recorder, means to
transfer the identity of said line from said control
circuit to said recorder, means to release said
control circuit, and means in said recorder to
render said release means ineffective.

5. In a telephone system for the automatic
billing of connections, a calling line, line switches
for extending a connection from said calling line,
a control circuit for operating said line switches,
means in said control circuit for identifying said
calling line, means under the control of said
identifying means for operating said line switches
to extend said calling line, a recorder, means to
transfer the identity of said line from said con-
trol ecircuit to said recorder, means to release
said control circuit, and means in said recorder
to render said release means ineffective.

6. In a telephone system for the automatic
billing of connections, a calling line, line switches
for extending a connection from said calling line,
a control circuit for operating said line switches,
means in said control circuit for identifying said
calling line, means under the control of said
identifying means for operating said line switches
to extend said calling line, a recorder, means to
transfer the identity of said line from said con-
trol circuit to said recorder, means responsive to
the operation of said switches to release said con-
trol circuit, and means in said recorder to render
said release means ineffective.
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7. In a telephone system for the automatic
billing of connections, a calling line, line switches
for extending a connection from said calling line,
a control circuit for operating said line switches,
means in said control circuit for identifying said
calling line and for operating said line switches
to extend said calling line, a tape recorder, means
to transfer the identity of said line from said con-
trol circuit directly to said recorder, means to
release said control circuit, means associated with
said tape recorder fto render said release means
ineffective, and means responsive to the com-
plete transfer of said line identity to said tape
recorder to render said release means effective.

8. In a telephone system for the automatic
billing of connections, subscribers’ lines, line
switches serving a plurality of subscribers’ lines,
said switches arranged in a plurality of vertical
and horizontal rows on a frame, a control circuit
individual to said frame, means responsive to
the initiation of a call by one of said lines for
starting said control circuit, means in said con-
trol circuit for identifying the horizontal row and
the vertical row in which the switch serving the
calling line is located and the position of said
line in said switch, means for employing said
identifications to operate said switch to extend
said calling line, a recorder, and means to trans-
fer said identifications to said recorder.

9. In a telephone systern for the automatic
billing of connections, subscribers’ lines, primary
and secondary line switches serving a plurality
of subscribers’ lines, said switches arranged on
a frame, a control circuit individual to said frame,
means responsive to the initiation of a call by
one of said lines for starting said control circuit,
means in said control circuit for identifying the
position of said line, a district junctor frame, a
control circuit individual to said district junctor
frame, means to associate said line frame control
circuit with said junctor frame control circuit,
means in said junctor frame control circuit to
select an idle district junctor, means under the
joint control of said control circuits to operate
said line switches to connect said calling line with
said idle district junctor, means responsive to the
connection of said line with said district junctor
to release said control circuits, a recorder indi-
vidual to said district junctor frame, and means
effective during the association of said line frame
control circuit and said junctor frame control
circuit to transfer said line identification to said
recorder.

10. In a telephone system for the automatic
billing of connections, subscribers’ lines, primary
and secondary line switches serving a plurality of
subscribers’ lines, said primary switches arranged
in a plurality of vertical and horizontal rows on a
frame, a control circuit individual to said frame,
means responsive to the initiation of a call by one
of said lines for starting said control circuit,
means in said control circuit for identifying the
horizontal row and the vertical row in which the
switch serving the calling line is located and the
position of said line in said switch, a district junc-
tor frame, a plurality of groups of district junc-
tors on said frame, a control circuit individual to
said district junctor frame, means to associate
said line frame control circuit with said junctor
frame control circuit, means in said junctor frame
control circuit to select a group of district junc-
tors, a recorder individual to said district junctor
frame, means responsive to said group selection
to transfer said line identification to said re-
corder, means in said junctor frame control cir-
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cuit to- select an idle district junctor in said
group and means under the joint control of said
control circuits to operate said line switches to
connect said calling line with said idle district
junctor.

11. In a telephene system for the automatic
billing of connections, subscribers’ lines, primary
and secondary line switches serving a plurality
of subscribers’ lines, said primary switches ar-
ranged in a plurality of vertical and horizontal
‘Tows on a frame, a control circuit individual to
said frame, means responsive to the initiation
of a call by one of said lines for starting said
control circuit, means in said control circuit
for identifying the horizontal row and the verti-
cal row in which the switch serving the calling
line is located and the position of said line in
said switch, a distriet junctor frame, a plurality
of groups of district junctors on said frame,
a, control circuit individual to said district junc-
tor frame, means to associate said line frame
control circuit with said junctor frame control
cireuit, means in said junctor frame control cir-
cuit to select a group of district junctors, a
recorder individual to said district junctor frame,
means responsive to said group selection to
transfer said line identification to said recorder,
means in said junctor frame control circuit to
select an idle district junctor in said group,
means under the joint control of said control
circuits to operate said line switches to connect
said calling line with said idle district junctor,
means in said recorder to connect said district
junctor with said recorder, means in said dis-
trict junctor to transmit the identity of said
junctor to said recorder, and means in said re-
corder to release said confrol circuits.

12. In a telephone system for the automatic
pilling of connections, a recorder, means in said
recorder for recording a calling line number,
means for recording a called line number, means
for recording the time of completing or releas-
ing a connection, district junctors included in
telephone connections, means in said district
junctors for transmitting a junctor identifica-
‘tion to said recorder, means for operating one
of said junctor identification transmitting means
each time that said recorder makes a record,
said transmitting means being operated under
the control of said reccrder or under the con-
trol of said junctor in accordance with the type
of record made.

13. In a telephone system for the aubtomadtic
billing of connections, a recorder, means in said
recorder for recording a calling line number,
means for recording a called line number, means
for recording the time of completing or releas-
ing a connection, district junctors included in
telephone connections, means in said district
junctors for transmitting a junctor identifica-
{icn to said recorder, means for operating one

f said junctor identification transmitting means
each time that said recorder makes a record,
said transmitting means being operated under
the control of said recorder when recording a
calling line number and under the control of
said junctor when making said other records.

14. In a telephone system for the automatic
billing of connections, a recorder, means for
registering a calling line number, means in said
recorder for connecting said calling line num-
ber registering means with said recorder for
recording a calling line number, a called line
number register, means for connecting said called
line number register with said recorder for re-
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cording. a. called. line number, means for record-
ing the: time of completing. or releasing a con-
nection, district junctors included in telephone
connections, means in said district junetors for
transmitting a junctor identification to said re-
corder, means for operating one of said junctor
identification transmitting means each. time that
said recorder makes a record, said transmitting
means being operated under the control of said
recorder, under the control of said called line
number register cennecting means, or under the
control of said junctor when making said other
records.

15. In a telephone system for the automatic
billing . of connections, a calling line, a called
office, a register sender, means for connecting
said line with said sender, means for register-
ing the designation of a called line in said sender,
a marker, means to connect said sender with
said marker and to transmit a part of said
designation to said marker, means in said marker
to contrel the extension of said calling line to
said called office and to transmit to said sender
an indication of the type of charge to be made,
a called number register, means to transmit
said designation from said sender to said called
number register, a recorder, means in said called
number register to transmit said designation to
said recorder and means under the control of
said charge type indicating means to deter-
mine how much of said designation shall be
transmitted.

16. In a telephone system for the automatic
billing of connections, a calling line, a called -
office, a register sender, means for connecting
said line with said sender, means for register-
ing the designation of a called line in said sender,
a marker, means to connect said sender with
said marker and to transmit a part of said des-
ignation to said marker, means in said marker
to control the extension of said calling .line to
said called office and to transmit to said sender
an indication of the type of charge to be made,
a called number register, means to transmit
said designation from said sender to said called
number register, a .recorder, means in said called
numbper register to transmit said designation
to said recorder and means under the control
of said charge type indicating means to deter-
mine whether all of said designation or only
said part shall be transmitted.

17. In a telephone system for the autematic
billing of connections, a calling line, a called
office, a register sender, means for connecting
said line with said sender, means for register-
ing the code of the called office and the number
of a called line terminating therein in said
sender, a marker, means responsive to the regis-
tration of said office code in said sender to
connect said sender with said marker and to
transmit said office code to said marker, means
in said marker operated in accordance with
said code to control the extension of said calling
line to said called office and to transmit to said
sender an indication of the type of charge to
be made, a called number register, means to
transmit said called office code and said called
line number from said sender to said called
number register, a recorder, means in said called
number register to transmit said code to said
recorder, means to transmit said called line
number to said recorder and means under the
control of said charge type indicating means to
render said last mentioned transmitting means
ineffective.
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18. In a telephone system for the automatic
billing of connections, a calling line, a called
office, a register sender, means for connecting
said line with said sender, means for registering
the code of the called office and the number of
a called line terminating therein in said sender,
a marker, means responsive to the registration
of said office code in said sender to connect said
sender with said marker and to transmit said
code to said marker, means in said marker oper-
ated in accordance with said code to extend said
calling line to said called office and to transmit
to said sender an indication of the type of charge
to be made, a called number register, means to
transmit said called office code and said called
line number from said sender to said called num-
ber register, a recorder, means in said called
number register to transmit said code to said re-
corder, means to transmit said called line number
to said recorder, means to transmit a pass-by
signal to said recorder and means under the con-
trol of said charge type indicating means to de-
termine which of said last mentioned two means
shall be effective.

19. In a telephone system for the automatic
billing of connections, a calling line, a called
office, a register sender, means for connecting
said line with said sender, means for registering
the code of the called office and the number of
a called line terminating therein in said sender,
a marker, means responsive to the registration
of said office code in said sender to connect
said sender with said marker and to transmit
said code to said marker, means in said marker

operated in accordance with said code to ¢

extend said calling line to said called office
and to transmit to sald sender an indica-
tion of the type of charge to be made, a called
number register, means to transmit said called
office code and said called line number from
said sender to said called number register, a
recorder, means in said called number register
to transmit said code to said recorder, means to
transmit said called line number to said recorder,

means to transmit a pass-by signal fo said re~ ¢

corder, means under the control of said charge
type indicating means to determine which of
said last mentioned two means shall be effective
and means under the control of said pass-by

signal to modify the operation of said recorder. ;

20. In a telephone system for the automatic
billing of connections, a calling line, a called
office, a register sender, means for connecting
said line with sender, means for registering the

code of the called office and the number of a ¢

called line terminating therein in said sender,
a marker, means responsive to the registration
of said office code in said sender to connect said
sender with said marker and to transmit said
code to said marker, means in said marker oper-
ated in accordance with said code to extend
said calling line to said called office and to trans-
mit to said sender an indication of the type of
charge to be made, a called number register,
means to transmit said called office code and
said called line number from said sender to said
called number register, a recorder, means in
said called number register to transmit said code
to said recorder, means to transmit said called

line number to said recorder, means to operate

said recorder through a plurality of stages to re-
cord said code and said line number, means to
transmit a pass-by signal to said recorder, means
under the control of said charge type indicating
means to determine which of said last men-
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tioned two means shall be effective, and means
under the control of said pass-by signal to ad-
vance said recorder through one of said stages
to omit the corresponding record.

21. In a telephone system for the automatic
billing of connections, a calling line, a called
office, a register sender, means for connecting
said line with said sender, means for registering
the code of the called office and the number of
a called line terminating therein in said sender,
a marker, means responsive to the registration
of said office code in said sender to connect said
sender with said marker and to transmit said
office code to said marker, means in said marker
operated in accordance with said code to control
the extension of said calling line to said called
office, a called number register, means to trans-
mit said called office code and said called line
number from said sender to said called number
register, a recorder, means to connect said called
number register with said recorder to transmit
said called office code and line number to said
recorder, and means responsive to said connec-
tion to disconnect said sender from said line.

22. In a telephone system for the automatic
billing of connections, a calling line, a called
office, a register sender, means for connecting
said line with said sender, means for registering
the code of the called office and the number of a
called line terminating therein in said sender,
a marker, means responsive to the registration
of said office code in said sender to connect said
sender with said marker and to transmit said
office code to said marker, means in said marker
operated in accordance with said code to control
the extension of said calling line fo said called
office, a called number register, means to trans-
mit said called office code and said called line
number from said sender to said called num-
ber register, a recorder, means to connect said
called number register with said recorder, to
transmit said called office code and line num-
ber to said recorder, means normally respon-
sive to said connection to disconnect said sender
from said line and means under the control of
said marker to release said sender independent
of said called number register and said recorder.

23. In an automatic telephone system, a plu-
rality of lines each capable of calling or being
called, trunks over one of which a calling line is
connected to a selectively called line, each said
trunk having an identifying designation, means
operable incident to the making of any such call
for uniquely identifying said calling line, means
for registering the identification of said called
line, a recorder, means operable incident to in-
terconnecting two of said lines over said trunk
to operate said recorder to record the calling line
jdentification, the called line identification, and
means to cause said recorder to record with said
recorded identifications the identifieation of said
utilized trunk. :

24. In an automatic telephone system, in com-
bination with lines and frunks each having an
identifying designation, means for selectively
establishing and disconnecting a talking connec-
tion between one line as a calling line and an-
other line as a called line over said trunk, means
for identifying said calling line, means for iden-
tifying said trunk, means for registering the
designation of said called line, means for deter-
mining the times at which said connection is
established and terminatfed, and means respon-
sive to selective establishment and termination
of a call for causing said recorder to record the
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calling line identification, the called line iden-
tification, the times of establishment and termi-
nation of the call and associated with each such
record a record of the trunk designation.
25. In an automatic recording telephone sys-

tem, in combination with calling lines, called

lines, and trunks, said lines and trunks each hav-
ing an individual identifying designation, means
remotely controlled over one of said lines used
as a calling line for establishing connection be-
tween said calling line and one of said lines as
a selectively called line over one of said trunks,
means for seizing one of said trunks for establish-
ing said connection, means for identifying said
calling line, means for idenfifying said seized
trunk, means for registering the designation of
said called lines, a recorder having an elongated
recording medium, interconnections for causing
said recorder to respond to and record under
control of said trunk identifying means, said line
identifying means, and said registering means to
record on said medium a group of information
indicia relating to each of said connections in-
cluding an identification of the trunk used there-
for.

26. In an automatic recording telephone sys-
tem, in combination with calling lines, called
lines, and trunks, said lines and trunks each
having an identifying designation, means includ-
ing means for seizing one of said trunks for
establishing talking connections between said
calling lines and said called lines over said seized
trunks, means for identifying said calling lines,
means for identifying the one of said trunks
seized for each such connection, means for regis-
tering the designations of said called lines, means
for determining the times at which said connec-
tions are established and terminated, a recorder
having an elongated recording medium upon
which it records indicia capable of machine sens-
ing, and means causing said recorder to respond
to said trunk identifying means, to said line
identifying means, to said registering means, and
to said time-determining means, incident to each
connection, to record on said medium informa-~
tion in the form of such indicia relating to each
of said connections.

27. The method of making telephone call
records which comprises the recording on a com-
mon medium, in approximately the time order
in which the events occur, of a plurality of sepa-
rate entries relating to a plurality of telephone
interconnections and disconnections, employing
a plurality of interconnecting transmission
trunks and the recording in each of said entries
of an identification of the trunk involved in the
connection or disconnection to which said entry
relates.

28. The method of recording a telephone call
record which comprises the recording upon a
single record medium of a plurality of separate
entries relating to said call, the recording at
random, intervening hetween said entries, of
similar entries relating to other calls, and the
recording in fixed association with each of said
entries of an identification of the trunk over
which said call to which the entry relates is
made.

24, The method of making a telephone call
record suitable for automatic sorting and assem-
bly of charges for calls which comprises the
recording successively upon one medium of an
entry containing an identification of the calling
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line and an identification of which of a plurality
of trunks over which each successive call is made,
the recording together of an entry containing an
identification of the called line and an identifica-
tion of the trunk over which each successive call
is made, the recording together of an entry con-
taining an indication of the time when a talking
connection is established and an identification
of the trunk over which said call is made, and
the recording together of an entry containing an
indication of the time when the talking connec-
tion is terminated and an identification of the
trunk over which said call is made.

30. In an automatic recording telephone sys-
tem, including a plurality of lines, the combina-~
tion with a calling line, a called line, and a. trunk
and means for establishing and terminating
under remote control over a calling line a talking
connection between said calling line and said
called line over said trunk, of means for record-
ing an entry containing an identification of said
calling line, means for recording an enfry con-
taining an identification of said called line, means
for recording an entry containing an indication
of the time when said talking connection is estab-
lished, and means for recording an entry contain-
ing an indication of the time when said talking
connection is terminated, means for recording
an identification of said trunk in association with
each and every of said other entries as a fixed
part thereof.

31. In a telephone system, in combination, a
plurality of lines one of which may function as
a called line, selective means for establishing
association of said calling line with a called line,
a trunk having an identifying designation, means
for establishing a connection between said call-
ing line and said called line over said trunk,
means for recording a plurality of entries relat-
ing to said connection, and means for recording -
in each of said entries the designation of said
trunk. :

32. In a telephone system, in combination,
lines usable as calling lines, any of said lines
capable of being a called line, frunks each hav-
ing an identifying designation, means for seizing
said trunks individually for establishing a plu-
rality of connections between a plurality of said
calling lines and a plurality of said called lines
over a corresponding plurality of said trunks,
means for recording on a common medium a
plurality of discrete entries relating to each of
said connections, and means for recording in
each of said entries the designation of the seized
trunk over which the connection to which said
entry relates is made.
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