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This invention pertains to telephone systems, and more

particularly to systems in which records are automatically
produced of the details of telephone calls for which the
subscribers are to be charged. At the present time such
records are made in the central offices at which the
calls are placed. In offices that employ equipment of
the crossbar type, for example, the apparatus utilized
for making these records includes, besides the switches
and common control equipment for extending the lines, a
recorder or perforator, a recorder controller commonly
known as a transverter, a call identity indexer which
identifies the number assigned to the trunk over which
the connection is extended from the originating office,
and a master timer which, in a sense, is also a recorder
controller since it controls the operation of the recorder
in producing certain items of record information for
the benefit of the accounting office and for certain other
purposes. The recorder, under the control of the trans-
verter acting in response to the calling and called line
number and certain other information supplied by the
sender, records on a continuous recording medium three
so-called entries for each call; namely, an initial entry
when the common equipment is establishing the connec-
tion, an answer entry when the called subscriber answers
the call, and a disconnect entry when the connection is
terminated. Inasmuch as the recerder is used in common
by a piurality of trunks, it is connected to a trunk (and
to the ftransverter for the initial entry) only for the
time required to record each of the three entries pertain-
ing to a call. The result is that while the three entries
for one call are placed on the record in the chronological
order of their production, they are interspersed among
similar entries produced for other calls established over
the other trunks served by the same recorder. A tele-
phone automatic call recording system of the type thus
briefly indicated is shown and described in Patent MNo.
2,688,658 issued on September 7, 1954, to W. W. Car-
penter and R. E. Collis.

There are many telephone central offices, however, in
which the volume of chargeable traffic is too small to
warrant the use of direct trunks between exchanges and
to economically justify the installation therein of the
above-described recording facilities. In respect to the
establishment of such chargeable connections, it has been
the general practice to conmect each office by trunks to
a tandem switching center, and to establish the charge-
able connections therebetween over the interconmecting
trunks, charging for the calls in terms of message units
by appropriate operations of the service meters of the
calling subscribers if the calls are established within so-
called “bulk-billing” areas, or in terms of monetary units
by operators if the calls are completed in the toll area.

In view of the economies afforded by data records of
telephone connections in the preparation of subscribers’
monthly bills by automatic billing devices operating in
response to such records, we have devised a system of
circuit units and related apparatus which can be used
at the tandem exchange to record the details of all calls
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placed by subscribers in any of the offices connected
with tandem, regardless of whether such calls are com-
pleted in local areas and charged for in terms of message
units or in any one of the national (toll) areas and
charged for individually in terms of monetary units.
In view of the desirability of having the machines at
the accounting center process all records, whether now
produced in lccal offices as above described or in the
tandem center as made possible by means. of the present
invention, the records produced at tandem by means
of our invention are identical to those now produced in
local offices by the facilities' shown in the above-men-
tioned patent to W. W. Carpenter et al. That is, and
except as noted hereunder, there will be one initial en-
try, one answer entry, and one disconnect entry for each
call, with similar significance for the notations on the
corresponding entries.

Accordingly, the objects of our invention are to re-
cord at the tandem exchange the necessary details of
calls on a form of record suitable for the production
of subscribers’ bills by known types of automatic billing
machines; to record information pertaining to both toll
and local connections; to record complete information
in regard to toll connections so that charges for such calls
may be computed individually and in detail; and to re-
cord correspondingly detailed information for all calls
originating on certain lines which are under service ob-
servation or for which detailed records are desired by the
operating company, -including similar records made on
certain trunks regardless of the lines connected thereto
for the observation of the grade of service.

In its present embodiment, the invention is employed
in connection with a telephone system using equipment
of the crossbar type at the tandem exchange, although
the equipment at criginating and terminating exchanges
may be of the panel, crossbar or manual type. How-
ever, the invention is applicable to any telephone sys-
tem having suitable characteristics.

In the practice of our invention the calling subscriber
dials the called office and number, which is stored in
suitable storage registers of the sender connected to his
line and subsequently transmitted over a trunk extending
to tandem and there stored into the called registers of
a tandem sender connected to the trunk. Inasmuch as
the calling subscriber’s directory number is also required
as part of the record to be made, the connection is
momentarily bridged by an operator at the tandem ex-
change, who obtains said number by direct inquiry from
the subscriber and keys it into storage registers of the
sender. In the interests of efficiency it is desirable, of
course, to use a minimum number of operators, for
which purpose it is essential to distribute the load of tan-
dem senders awaiting service among all the available
operators’ positions. Accordingly, a feature of our in-
vention is a position link controller which, in the per-
formance of its gemeral function of assigning waiting
senders tc available positions, remembers in which group
of positions it made its last allotment of a sender and
to which position in the group it made the allotment,
choosing on its next operation another- group of posi-
tions and selecting a preferred position therein if avail-
able, and if not, then another positicn in a definite order
of preference. Where a plurality of such controllers are
used, it is another feature of the present invention to
prevent one such controller on successive operations from
“hogging” a possibly one available position, the circuits
of the controllers being so interconnected that the order
of first preference for a single available position is pro-
gressively rotated among the different controllers.

The sender at the tandem exchange receives the called
number over the trunk from the sender at the originating
office, which, in turn and as said before, received it by
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dial pulses from the calling subscriber. On the other
hand, the tandem sender receives the calling number from
the operator, who receives it orally from the calling sub-
scriber over the connection when the circuit of her posi-
tion is bridged across the connection. It is realized, of
course, that in keying the calling number into the sender

the operator may “double key” a digit and thus register:

a wrong number, or may inadvertently depress the key

partially and also result in the registration of a wrong-

number. Accordingly, another feature of our invention is
a circuit arrangement in the tandem sender that will de-
tect such errors. If an error is made, the operator is

signaled to release the registration and rekey the number. -

If a second error is made for the same call, a trouble in-
dicator will record the number, but the call is completed
free of charge if it is a local call, or dismissed if a toll
call, such dismissal being accompanied with an appropriate
tone signal to the calling subscriber to redial the call.

Another of the apparatus units of our invention is the
recorder controller, or transverter. The principal func-
tions of the transverter are to obtain the calling and called
line numbers from the tandem sender (along with certain
other auxiliary information), translate and convert the
same to a form or pattern satisfactory for recording, and
transmit to the recorder all pertinent information in the
ordered sequence necessary to produce the required initial
entry for the call. Three essential items of information
which the transverter requires for  transmission to the
recorder is an office index, or single digit which, in com-
bination with the identity of the recorder serving the trunk
from the calling local office, wiil identify that office; a

message billing index, or digit which identifies what rate-

of charge is to be made for the call; and a notation
of the character of the initial entry; that is, whether such
entry is to be a 2-line entry, or a 4-line entry, the trans-
verter itself determining whether, if the 4-line initial
entry is for a toll call such entry should be changed to
a 5-line initial enfry.

To obtain the above ‘three items of information, the
transverter requires the services of a billing indexer,
another circuit unit of our invention. Accordingly, an-

other feature of our invention is a billing indexer which, -

in response to the calling and called office codes supplied
by the transverter, operates to determine said required
three items. Still another feature of the billing indexer
is an arrangement therein which enables it to determine
whether the calling subscriber has given the operator a
wrong (calling) office code, to call for a check on the
part of the transverter 'in certain cases to determine
whether the calling office code and the called office code
are the same, and to signal the transverter in such cases
as well as certain others to apprise the sender to recall
the operator for a check of the calling number with the
subscriber.

It is the present practice in telephone central offices
o “observe” operations on lines which have complained
about the service, ‘usually as to overcharging. In most
cases the observing is done by means of a pen register
bridged across the complaining line, the pen recording the
dialed pulses and other pertinent data as to the origin and
disposition of the connection. A device for each com-
plaining line, however, presents certain maintenance
difficulties, and in connection with lines entitled to flat-
rate service for local calls, the recording of the details
of all calls for the lines under observation to ascertain
what happened on the few charged-for calls presents
a burden of data analysis which is disproportionate to the
quantity of information sought.

With the advent of automatic call recording, in which
at least an initial entry is made for each connection
established, it is possible automatically to observe per-
formance on desired lines in the office, the initial entry
being simply expanded to include additional information
not otherwise recorded as part of the entry. Accordingly,
another feature of our invention is a circuit device at
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tandem, herein called a “line observing and number
matching circuit,” or simply “matching circuit,” in which
are registered the directory numbers of the lines in one
or more of the local offices for which service observed
initial entries are desired, and in which as each call
comes into the transverter from any line in any office
the calling number thereof is passed to the matching
circuit and therein compared with the numbers registered
therein. If the two numbers compare, the transverter is
advised to have a detailed initial entry made for the
call. If the numbers do not compare, the transverter
receives no signal and proceeds to have the initial entry
normally required for the call made by the recorder.

These and other features of the invention will be more
readily apparent from the following description, the ap-
penaed cizims, and the drawing in which:

Fig. 1 is a block diagram showing the relations to
one another of the various circuit units, of which those
particularly involved in the present invention are shown in
detail in Figs. 3-132, inclusive, as further explained be-
low:

Fig. 2 shows the interconnection by numbered dot-and-
dash cables of the circuit units particularly involved in
the present invention, said cables being identically labeled
in each of the involved separate figures of the drawing;

Figs.
block indications of-the call identity indexer, the recorder
and the recorder connector;

Fig. 5 illustrates an abbreviated showing of the sender
link-controller;

Figs. 6 to 48, inclusive, show the tandem sender;

Figs. 49 and 50 show the calls awaiting circuit;

Fig. 51 shows the position circuit;

Figs. 52 to 65 show the position link and controller
circuit;

Fig. 66 gives an abbreviated illustration of the trans-
verter connector;

Figs. 67 to 109, inclusive, show the transverter;

Figs. 110 to 119, inclusive, show the billing indexer;

Figs. 120 to 132 show the line observing and number
matching circuit;

Fig. 133 illustrates the relationship between a group
of senders and the operator positions divided into groups;

Fig. 134 illustrates the relationship between the opera-
tors’ positions and the links serving to connect said posi-
tions with senders in different sender groups;

Fig. 134A illustrates the rotation of selection prefer-
ence among all positions;

Fig. 135 is “one-line” diagram of the circuit for two
controllers by which the assignment of a calling sender
to an available position is effected;

Fig. 136 is a “one-line” diagram of the principle of the
billing indexer;

Fig. 137 shows the distribution of connectmg links be-
tween all sender greups and all position groups;

Fig. 138 shows the fundamentals of the calls-awaiting
circuit;

Fig. 139 illustrates the different areas in which local
telephone cffices might be located, by way of example,
in respect to the tandem exchange T;

While Fig. 140 illustrates the three types of initial
entries which are produced by means of the invention;
Fig. 140A showing a 2-line initial entry for a call charged
for on a message unit or bulk-billing basis; Fig. 140B
showing a 4-line detailed initial entry made for a toll call
in which the national area code has been “compressed”
into a single digit, and for local call for which a detailed
entry is required; while Fig. 140C illustrates a S-line
initial entry made for a toll call for whlch the natlonal
area code is fully recorded.

For a complete and clear understanding of the inven-
tion we will first ‘describe the general organization of the
circuits and their particular functions. We will then de-
scribe the three kinds of initial entries which we made for

3 and 4 show the tandem trunk in detail, and
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the calls. Finally the detailed operations of the circuits
in producing each type of entry will be described.

General description of the system

The principal circuits employed in the present embodi-
ment of the invention, their relations to one ancther and
to other circuits not directly involved with the invention
but with the establishment of connections to terminating
offices by way of the tandem exchange, are indicated in
the block diagram, Fig. 1. The originating office may be,
for the present embodiment of the invention either a panel
or crossbar office, and each will contain known appara-
tus for extending a connection to a trunk to the tandem
exchange, referred to in Fig. 1 as the incoming trunk cir-
cuit. Of the apparatus of the originating office the unit
of principal interest is the originating sender, which re-
ceives the dial pulses of the called number from the call-
ing subscriber and utilizes the office code portion of this
number to effect selective operations by which the calling
line is extended to an available trunk terminating at
tandem. When such a trunk is taken into use, a sender
link at the tandem exchange is activated to associate an
idle tandem sender with the trunk, in consequence of
which the called directory number stored in the registers
of the originating sender is pulsed over the trunk into ap-
propriate storage registers of the tandem sender. When
the tandem sender has received the called office code, it
proceeds to obtain and become connected to a marker
by way of a marker connector. The marker, in response
to the called office code obtained from the sender, to the
indication from the sender-link of the frame on which the
incoming trunk is located, and to certain other informa-
tion obtained from said sender-link, selects an outgoing
trunk to the terminating office, selects an idle path be-
tween the incoming and outgoing trunks, and passes back
to the sender information derived by the marker from its
translation of the called office code which the sender will
need to control the selective operations at the terminat-
ing office by which the connection is extended to the called
line.

When the tandem sender has received the called num-
ber from the originating sender, it signals the position
link control circuit to select a free but occupied operator’s
position. When selected, the position circuit is bridged
across the talking leads, and the operator is given a “zip”
tone as an indication to obtain the calling line directory
number from the subscriber. After obtaining this num-
ber, she keys it in the storage registers of the sender.
Should she make an error, the sender detects it, signaling
her to rekey the number; and if she makes a second error,
the call is completed free of charge if a bulk-billed call
and dismissed if a toll call. :

When the operator has keyed the last digit of the call-
ing. line number, the connection between the operator’s
position and the sender is released. If the marker has
meanwhile effected a selection of an outgoing trunk and
signaled the fact to the sender, the latter calls for a trans-
verter by way of the transverter connector. When the
transverter is seized and connected to the sender, the in-
formation contained in the various registers of the sender,
such as the called and calling number, the recorder group
number serving the incoming trunk, the rate class and the
class of service (in reality the terminating area of the
called office) is passed to the transverter. The sender
meanwhile transmits appropriate pulses to the distant of-
fice to establish the connection to the called line, but re-
frains from transmitting the pulses of the last or units digit
until it receives a signal from the transverter that the
initial entry for the call has been successfully recorded.

When the transverter is seized and the above informa-
tion is received from the sender, it effects certain transla-
tions and conversions of data and then obtains a billing
indexer into which it passes the calling and called office
codes, the rate class and class of service. The indexer
then operates to convert the inform/ati-on into the three
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indices of (calling) office index, the billing index, and
character of the initial entry, transmitting the same to the
transverter. Should the indexer determine that the calling
office code is a vacant code, a nonexistent code or (in
certain instances) that it is identical with the called office
code, it signals the transverter to recall the operator and
recheck the calling line number. In such an event, the
operator releases the original calling number registration
in the sender and rekeys it after checking with the sub-
scriber, an operation which has the effect of breaking the
connection between the incoming and selected outgoing
trunk, recalling the marker to select another outgoing
trunk, releasing the transverter and billing indexer, and
seizing another (or perhaps the same) transverter and
billing indexer after the marker has completed its opera-
tion of selecting a new outgoing trunk. The transverter
and indexer then function as before.

The transverter, on receiving the office index, the mes-
sage billing index and the character of the initial entry
from the billing indexer, bids for a connection to and
seizes the particular recorder serving the group of in-
coming trunks that includes the one over which the con-
nection is being established, and in cooperation with the
call identity indexer circuit, controls the recorder to
perforate the lines of the initial entry, which may be
a 2-line initial entry if the call is bulk billed and un-
observed, a 4-line initial entry if the call is bulk billed
and observed, a 4-line entry if the call is a toll call with
its called national area code “compressed” into a single
digit, or a 5-line entry if the call is a toll call with the
three digits of the called national area code fully re-
corded.

When the recorder has completed its function of re-
cording the initial entry, the sender releases the trans-
verter on signal from the latter circuit, and thereafter
proceeds to transmit the pulses of the units digit to the
terminating office, in consequence of which the connec-
tion is established between the calling and called sub-
scribers and the sender is released.

Although the functions of the present invention are
terminated by the recording of the initial entry, it should
be noted two single line entries are subsequently made
for the connection if the called subscriber answers.
Since the call identity indexer is permanently associated
with the incoming trunks and has access to the recorder,
the latter is seized by the call identity indexer when the
called subscriber answers, to perforate a single line entry
of the beginning of conversation time and the identity
of the trunk number. A similar entry is also made
when the connection is terminated.

Before proceeding with a description of the detailed
operation of the invention, it should be stated that said
invention is not concerned with the operation of the
marker and marker connector in selecting an outgoing
trunk. These units of apparatus, therefore, are neither
shown nor described herein except as blocks in the block
diagram of Fig. 1, the same being fully described in the
above-mentioned patent to W. W. Carpenter et al. to
which reference is made. In this connection, it should
be mentioned that while the equipment of the tandem
sender is completely disclosed, those of its operations
which have to do with the operation and contrcl of the
marker are not described herein, except insofar as they
affect the operation and control of the transverter, the
former operations being essentially similar to those of
the tandem sender disclosed in Patent No. 2,594,014,
issued on April 22, 1952, to W. T. Haines and J. B.
Newsom, to which reference is made. The recorder and
the call identity indexer which are a part of the inven-
tion (the call identity indexer only incidentally) also are
neither shown nor described herein except by blocks in
the block diagram of Fig. 1, the same being fully shown
and described in the above-mentioned patent to W. W.
Carpenter and R. E. Collis to which reference is made,
the call identity indexer being referred to in said patent
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as the “district identifier.” The trouble indicator and
master timer, which also figure in the operation of the
entire telephone system, but which are only of incidental
interest to the present invention, are neither shown nor
described herein except as blocks in the block diagram
of Fig. 1, said units of apparatus being identical with
those shown and described in the above-mentioned patent
to W. W. Carpenter et al.

For a complete understanding of the invention, it is
further necessary to understand certain assumptions upon
which its operation is based. Referring to Fig. 139,
it is therein indicated that the tandem exchange T con-
nects with a plurality of offices, each indicated by a
circle. All the offices which connect with the tandem
exchange and can be reached through the tandem ex-
change, are divided into three areas 0, 1 and 2, each of
these digits further identifying its designated area as a
“class of service.” Calls originating in offices in one
arca and completed in offices in the same area, or an-
other of said areas, are charged for on a bulk-billing
basis, that is, in terms of message rate units. Area 2,
which is remotest from the tandem exchange T, is
surrounded by a generalized toll zone which takes in the
rest of the country and is divided into a number of
what are cailed national area codes. Each of these
codes consisis of three digits, of which the first, or A,
digit has any value from 2 to 9, inclusive, the second,
or B, digit has the value 0 or 1, and the third, or C,
digit has any value from 0 to 9, inclusive. To reach
an office in the toll zone it is necessary for the sub-
scriber to dial first the national area code indicating the
area in which the terminating office is located, then the
code of such office, and then the numericals of the
wanted subscriber’s number. For the purpose of the pres-
ent invention, a connection established from an office in
any one of the three bulk-billing areas to any office in
the toll zone will be treated as a toll call that will be
charged for in monetary units. For such national area
or toll calls, the originating sender must, of course, be
adapted with suitable additional registers to accept the
three digits of the national area codes, corresponding
additional registers being provided in the tandem sender.
Although the three laiter additional registers are not
shown in the tandem sender disclosed as part of the
present invention, the transverter is adapted to accept
calls from senders which are and senders which are not
adapted to accept national area codes.

Another assumption upon which the operation of the
invention is based is that no office in one area shall have
the same code as any other office in the same area. The
same limitation, however, is not placed on offices in dif-
ferent areas, which may have the same code. This lim-
itation is desirable in view of the widespread use of
names for telephone offices, which may result in two
offices in one area having the same code but different
names.

The present embodiment of the invention involves by
way of example a maximum of 209 local offices con-
necting with the tandem exchange T, and a maximum of
2000 trunks interconnecting said offices with said tandem
exchange. For purposes of recording these trunks are
divided into groups of 100 trunks, each group serving a
maximum of 10 offices, the distribution of the trunks
amoeng the 10 offices being mads, of course, as traffic
dictates. Each group of 160 trunks is, moreover, served
by one recorder. Since there are 2000 trunks subdi-
vided into groups of 100 trunks entering the tandem
exchange, said exchange is thus provided with 20 re-
corders, each herein called a “recorder group” and each
numerically identified by the designation 00-19. Thus
each recorder, in serving 100 trunks, serves the 10 of-
fices from which those trunks extend. Although the
matter will be further amplified in connection with the
operation of the billing indexer, it is evident that if each
of the offices served by a recorder group is given one

8
of the digits 1-0, the asscciation of this digit with the
recorder group number of the recorder serving the trunk
group that contains the calling trunk will suffice to fully
identify the calling office.

The initial entry

In the present embodiment of the invention, as previ-
ously stated, initial entries are produced by the recorder
under the control of the transverter. The recorder em-
ploys a paper tape which is punched to record items of
record information with a series of holes or depressions
in groups, each group of holes or depressions corre-
sponding to a digit. The series of digits thus recorded
represents, in accordance with the well-known 2-out-of-5
code, the required details of the entry, and by means of
suitable sensing devices, may be transferred from the
record tapes to automatic billing machines for the pro-
duction of subscribers’ bills.

The recorder has twenty-eight punches arranged in a
row acress the tape, each punch controlled by a magnet.
One of the first three punches (used for the so-called A
digit) is cperated to punch a single hole or depression
in the tape, which, by its position, represents the numeral
“0,” “1,” or “2” according to the punch operated. This
serves the purpose of an “entry” digit, indicating the type
of information recorded on the remainder of the line
at the head of which it appears. For the initial entries,
with the production of which the present invention is
primarily concerned, the numeral “2” is always punched
as the A digit of the first line of the entry, while the
numeral “0” is punched for the A digit of each of the
remaining lines of the entry.

The remaining punches are operated in combinations
of two out of each group of five, each combination of
two holes punched corresponding to a digit in accordance
with the following 2-out-of-5 code. For convenience of
identifying each of the five punches that constitute a
group of punches, each is given the respective designa-
0 tion 0, 1, 2, 4 and 7:
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Thus six digits may be recorded on a line. After a
line is punched, the paper tape is advanced to a succeed-
ing position for punching a new line.

Fig. 140 shows the three types of initial entries with
which the present invention is concerned, the lines of
each entry being punched in the order indicated by the
numeral in parenthesis at the right of each line of the
entry.

Fig. 140-A shows the 2-line initial entry which is made
for a regular unobserved “bulk-billed” call. The punch
positions of the two lines of the entry are shown as
circles, those filled in black indicating “punched” posi-
tions for the specific digit shown immediately above each
of the position groups.

Briefly, the first line contains the record of the incom-
ing trunk number of the connection. This number is
a two-digit number (the recorder, it will be remembered,
having access to 100 trunks, each numerically identified
by a number from 00 to 99), is called the “call identity
index” and is recorded in the E and F digit positions of
the line. The D digit is 0 and has no significance, while
the C digit is the message billing index, indicating the
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number of messagé units which aré to be charged for
the connection. The A digit is 2 to indicate that the
line is the first line of the entry, while the B digit is
given the arbitrary value of 1, to distinguish it from B
digits in the first line of other two entries which have
special significance. .

The second line of the entry contains the four digits
of the calling line number in the C, D, E and F digit posi-
tions, while the B digit is the (calling) office index. As
previously stated, this digit, combined with the recorder
group number, will fully identify the calling office code.

Fig. 140-B illustrates a 4-line initial entry for a bulk-
billed call and for a toll call. The first two lines of this
entry are the same as the corresponding lines of the
2-line initial entry, except that the B digit of the first
line has the value 3 to indicate that the call is unob-
served. If the call is observed, the B digit is 4. The
third line contains the three digits of called office code
in the D, E and F digit positions; it contains the called
number structure in the C digit position (that is, the digit
is 1 if the numericals of the called line constitute a four-
digit number and the digit 2 if they constitute a five-digit
number), and, if the call is ‘a bulk-billed detailed call
it contains the area in which the called offie is located
in the B digit position of the line.  If the 4-line initial
entry is for a toll call, the B digit expresses the “com-
pressed” national area code. The fourth line contains
the numericals of the called number, including the sta-
tion digit, if any, in the B, C, D, E and F digit positions.
If the number contains no stations digit, then the F digit
is 0, and if thé number is a five-digit niumber, the digit
position is shifted to the right by the circuits of the
transverter, with the ten thousand digit number occupy-
ing the B digit position, the thousands’digit number occu-
pying the C digit position, etc.

Fig. 140-C illustrates a 5-line initial entry for a non-
observed toll call with the three digits of the national
area code fully recorded in the D, E and F digit positions
of the third line. The first and second lines of the entry
are the same as the corresponding lines of the 4-line
entry except that the B digit of the first line has the
value 5 if the call is not observed and the value 6 if
the call is observed. The fourth and fifth line are the
same as the third and fourth line, respectively, of the
4-line entry.

It should be understood that there are many other
entries recorded on the tape which are essential to the
use that is made of the initial entries by the billing
machines of the accounting office. Thus there are the
“answer” and “disconnect” entries of which mention has
already been made; there are the “hour” entries which
are recorded on the tape every hour by the recorder under
the control of the “master timer”; there are the “end-
of-tape” entries which identify the office at which the
tape is produced, which contain, among other informa-
tion, the recorder group number, and which are placed
at the beginning and end of every tape section; there
are the “splice” and “no paper” entries, and many others.
Our invention makes no change in any of these entries.
These are fully shown and described in the above-men-
tioned patent to W. W. Carpenter et al., and reference
to said patent is made for a description of their form
and of the circuits and apparatus by which they are
made.

Detailed déscription of the invention

To illustrate the operation of the invention, we will
first describe the production of a 2-line initial entry in-
cident to the establishment of a call from a subscriber
whose line terminates in the office Bigelow 9 (code 249)
and whose directory number is 8276, to a subscriber
whose line terminates in the office Republic 7 (code 737)
and whose directory number is 1359. By reference to
Fig. 139, it will be noted that the office Bigelow 9 is
located in the bulk-billing area 0 while the office Republic
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7 is located in bulk-billing area 1. The proposed de-

scription will also include a description of those addi-

ticnal circuit operations by which 4-line and 5-line initial
entries are produced, premising the latter description on
the assumption that a bulk-billed call is an observed call
to produce a 4-line message unit detailed entry (ab-
breviated as an MUD entry), on the assumption that the
call is established to an area in the toll zone to produce
4-line toll initial entry for which the national area code
is compressed, and on the assumption that the call is
established to another area in the toll zone to produce a
5-line toll initial entry for which the national area code
is not compressed.

When the subscriber 8276 at the originating office
Bigelow 9 (which may be a crossbar, panel, or manual
office) removes his receiver from the hook, devices in
the office are set in motion by which, if the office is a
crossbar or panel office, a sender is connected to the line.
In response to dial tone transmitted to the subscriber
after the sender is connected, he dials the digits 7371359
which are stored into corresponding numerical registers
of the sender. If the office is a panel office, the sender,
in response-to the registration of the code 737, guides the
movement of panel selectors to establish a connection
from the line to an outgoing trunk extending to the tan-
dem coffice T (see Fig. 139), which trunk may be assumed *
to-be the one shown in Figs. 3 and 4. If the originating
office is a crossbar -office, the sender, in response to the
registration of the code 737, obtains a marker, which
functions to select said trunk (or similar trunk) and join
it to the extension of the line over anm interconnecting
trunk-link frame. If the originating office is a manual
office, the calling subscriber gives the called number to
the operator, who, in turn, manually selects said trunk
(or similar trunk), joining the line with the trunk by
means of a cord, in the well-known manner.

It may be stated in passing that when the originating
office is equipped to handle calls to national areas, the
sender is provided with additional registers for the stor-
age of the three digits of called national area code and,
in response to the national area code as well as the code
of the called office, effects the selection of the trunk termi-
nating at the tandem exchange.

When the trunk to tandem is thus selected, the sender
at the originating office closes a metallic loop between

‘the leads T and R of said trunk, thereby to complete the

circuit of relay A; the circuit of said relay extending from
battery ‘through its upper winding, No. 3 back contacts
of relay T, No. 1 contacts of relay D1, lead T, through
the metallic loop in the sender at the originating office,
lead R, No. 9 contacts of relay D1, No. 8 back contacts
of relay T, lower winding of relay A, to ground. Relay
A operates and over its No. 2 contacts applies ground
over the No. 2 back contacts of relays D, No. 1 contacts
of relay D2, No. 1 contacts of relay T, No. 1 contacts of
of relay TC, lead STO, extending to the sender-link con-
troller shown in Fig. 5, a-back contact of relay D, wind-
ing of relay GO, to battery, operating relay GO. Relay
GO is comon to the group of ten trunks which appear on
the trunk-side of the sender link frame. The sender-link
controller is essentially similar to the one shown and
described in the above-mentioned patent to W. W. Car-
penter et al,, and inasmuch as it forms no part of the
present invention; only so much of it is shown as is neces-
sary to the operation of said invention. By the operation
of relay GO, an obvious circuit is completed for relay HA
or HB, which operates to extend lead ST0 and the nine
leads ST1-STY (not shown) of the other nine trunks in
the decade each to the winding of a relay T0-T9 of
which relay T8 only, individual to the trunk taken for the
connection, is shown. In consequence of operations in
the sender-link controller incident to the operation of
relay T, an idle sender is selected and relay C com-
mon to five senders is operated, whereby the two cross-
bar switches constituting the sender-link frame are op-
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erated to extend the trunk to the selected sender, and
the leads at relay C are extended to the selected sender.

On the operation of relay C, lead SC is grounded to
complete in the selected sender the circuit of relays
SC1-2, SC3 over the back contacts of relay ON1, and
SC4, which relays operate. Relays SC3 connects re-
sistance R between leads T and R to discharge the ca-
pacity of the trunk conductors to the sender in order to
avoid the possibility of a false pulse to the receiving re-
lays subsequently connected to said leads as hereinafter
set forth. The connection of resistance R to the leads T
and R is as follows: Conductor R, No. 7 contacts of
relay LR1, lead 163, No. 4 back contacts of relay TR,
lead 104, No. 9 front centacts of relay SC3, resistor R,
lead 105, No. 6 back contacts of relay TR, lead 106, No.
2 contacts of relay SR1, No. 6 contacts of relay LRI to
lead T. Upon the operation of relay SCI-2, ground is
applied over its No. 3 contacts to conductor HM, which
completes the circuit of the two hold magnets of the
sender-link switches, thereby to hold the selected cross-
points thereinafter the select magnets have been released,
in the usual manner of crossbar switches.

Also upon the operation of relay C the sender is ad-
vised of the particular trunk-link frame upon which
the incoming trunk appears. The present embodiment
of the invention is devised for use with 2000 trunks ex-
tending from 200 originating offices, the trunks being
divided in groups of ten, of which ten groups, or 100
trunks, appear on each sender-link frame and are served
by one sender-link control circuit. These trunks as well
as the others also extend, of course, to suitable trunk-
link frames, from which the connections are further ex-
tended over outgoing trunks to the different called offices,
and the sender must know on which trunk-link frame the
calling trunk is located, the sender later transmitting the
information to the marker which functions to join, at the
trunk-link frame, the incoming trunk with a selected out-
going trunk. For this purpose, each group of 10 trunks
appearing on the sender-link frame is provided with a
relay (HA) that operates to connect ground from its
contacts to one of the ten leads FO0-F9, and one of the
two leads F00 and F10 to indicate the designation of
the trunk-link frame on which appears the particular
group of ten trunks including the calling trunk, said
trunk-link frames being designated 00-19. If we assume
that the trunk-link frame on which appears the decade of
trunks that contains the calling trunk, to be the trunk-
link frame 00, leads F0 and F00 are grounded at the
Nos. 0 and 10 contacts of relay C by ground extended
thereto from the contacts of relay HA. Consequently
upon the operation of relay C and after the operation of
relay SCi-2, a circuit is completed for relay Fd from
ground on lead F0, No. 8 contacts of relay SC1-2, wind-
ing of said relay FO0, to battery. With the operation of
relay FO0, a circuit is completed for relay FS, said circuit
extending from ground on the No. 1 contacts of relay
Fo, conductor 180, winding of relay FS, to battery, caus-
ing the operation of said relay. It should be pointed
out at this time that relay FS is only operated on even
frame indications. Ground on conductor FC0 completes
the circuit of relay F00 over the No. 18 contacts of relay
SC1-2, winding of relay F00, to battery, operating said
relay.

As indicated in the general description, and for the
purpose of recording call data information, each group
of one hundred trunks, regardless of whether the group
of trunks comes from one office or a plurality of offices,
is served by a recorder, or group of recorders, depending
on the traffic, which group is designated a “recorder
group.” " For a purpose to be discussed hereinafter it is
essential for the sender to know the particular recorder
group involved for the connection to be established.
Since a group of one hundred trunks appears in sub-
groups of ten on particular trunk-link frames, of which
the sender-link has knowledge by the operation of a
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relay. H- individual to the trunk group, the latter relay
may be used to indicate to the sender which recorder
group serves the trunks that includes the calling trunk.
Moreover the present embodiment of the invention is
devised for operation with a maximum of 200 offices,
with each recorder group serving a maximum of ten
offices, thus making twenty recorder groups in all, each
group numerically designated from 00-19, and so indi-
cated to the sender by the selective grounding by the
involved relay H— at the Nos. 15-17 contacts of relay
C in the sender-link controller of three out of the six
leads RNO, RN1, RN2, RN4, RN7, RN13 according
to the following code:

Recorder group number

]

orooreoe”

TR0

et 1 1 g PO
353 50 60 0 60~ g mI 1 2 = 18 1 80 00 6 €3 &

PEO=OO
1 g R PO O

Assuming, therefore, that the trunk group 00 contain-
ing the calling trunk is served by recorder group 00,
then the Nos. 15, 16 (not shown) and 17 contacts of
relay C are connected to the Nos. 7, 8 and 9 contacts
of reiay HA, whereupon when these relays are operated
and relay SC4 is operated in the sender, circuits are com-
pleted for relays RNO, RN7 and RN13 of the recorder
group register over the Nos. 6, 2 and 1 contacts, respec-
tively, of relay SC4. These relays operate to register the
recorder group number in the sender.

The sender must also receive from the sender-link
frame the rate class of the calling trunk. By rate class

5 is here meant different charges for calls to identical des-

tinations from an originating office, or offices, that pro-
vide for such different rate service, and for which the
trunks having the same rate class may be provided with
the same rate-class indication. Three such rate classes
are provided by way of example, and the signal to the
sender for cach rate class is furnished by greunding
through the C relay from the involved relay H- either
lead RCO, RC1, or RC2. Assuming the rate class for
the given trunk group including the trunk taken into
use to be the rate class 0, then the No. 14 contacts of
relay C are connected to the No. 10 contacts of relay
HA. Consequently upon the operation of relays HA
and C and the operation of relay SC4 in the sender,
ground on lead RC@ over the No. 9 contacts of relay
SC4 completes the circuit of relay RCO, which operates
to register in the sender that the rate class is “0” for
the call.

The sender must also be informed of the class of
service. For recorded calls this signal indicates, among
other things, the electrical characteristics that the trunk
outgoing from tandem must have, and the numerical
indication of the area in which the call is to be com-
pleted. This signal is given on a two-out-of-seven
bi-quinary code by the selective grounding of the involved
relay H of twe of the seven leads CS9-CS§ at relay C
in the sender-link controller. Assuming the class of
service designation to be the digit 1, then the No. 23
and No. 18 contacts on relay C are connected to the
Nos. 5 and 6 contacts of relay HA. Hence upon the

5 operation of relays C and HA, and the operation of
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relay SC3 in the sender, ground on leads CS1 and CS5
completes the circuit of relays CS1 and CS5 in the
class-of-service register. Tiic latter two relays operate
and register the digit 1 as the class-of-service indication.

‘When the sender-link circuit has performed certain
other operations not necessary to the present invention
but which are for the purpose of testing for double
connections, said sender-link circuit applies ground over
conductor GS which has the effect of completing the
circuit for relay ON1 in the sender. The circuit for
the said relay may be traced from ground on said lead
GS, No. 6 contacts of relay SC1-2, lead 107, No. 1
contacts of relay FS, conductor 101, winding of relay
ON]1, to battery.
registration is for an odd numbered frame and relay FS
is not operated in consequence, then the circuit of relay
ON1 is completed as traced to lead 187, No. 1 contacts
of the involved odd relay (for example, relay F1) in
the trunk-link frame register, conductor 101, winding
of relay ON1, to battery. Relay ON1, upon operating,
completes over its No. 7 contacts a parallel circuit to
relays ON3 and ON4, the latter over conductor 102.
With the operation of relay ONZ, relay SC3 releases
to remove resistor R from across the trunk leads
T and R.

Relays ON1, ON3 and ON4, among other functions,
ground certain off-normal leads, all designated SONG,
to supply locking paths to various relays of the sender.
Upon the operation of relay ON3, ground is applied
to lead SB from the No. 8 contacts of said relay, and
ground on said lead completes circuits in the sender-
like controller that perform certain functions, sub-
sequent to which said controller returns ground on lead
BS which completes the circuit of relay ON2 over the
No. 5 contacts of relay SC1-2, No. 10 contacts of relay
SC3, winding of relay ON2 to battery. Relay ON2,
on operating, applies ground to lead S, the path thereof
being traced from lead S, conductor 108, No. 5 contacts
of relay AV3, conductor 109, Nos. 2 and 3 contacts of
relay ON2, conductor 110, No. 1 contacts of relay AV3,
conductor 111, No. 3 locking contacts of relay ONI,
No. 1 contacts of relay ON2, to ground on the No. 4
contacts of relay ONL1. The path of said ground com-
pletes over lead S a holding circuit for the hold magnets
at the sender-link frame, thereby to make the holding
of said magnets independent of the ground on con-
ductor HM. Relay ON2 further grounds lead RL, said
ground extending from the No. 3 contacts of relay ON2,
No. 4 contacts of relay SC1-2, and therefrom to com-
plete the circuit through a contact of relay C in the
sender-link controller, of relay RL therein, which op-
erates and initiates circuit operations by means of which
the sender-link controller releases. Relay ONZ further
completes the circuit of relay CK2, the path of said
circuit extending from battery through the winding of
said relay, No. 7 contacts of relay AV, conductor SONG,
to ground on the contacts of relay ON2. Relay CK2
operates and, over its No. 3 contacts, applies operating
ground over the No. 6 contacts of relay AV3, lead CO,
through a contact on the two crosspoints of the sender-
link frame connecting the selected sender with the trunk,
the continuation of said lead into the trunk, winding
of relay T.of the trunk to battery. Relay T operates
and, among other functions, extends the tip and ring
leads T and R over its No. 3 and No. 8 front contacts,
respectively, into the sender, in which said two leads
complete a loop including the two polarized pulsing
relays SN— and SN+ in series with the marginal pulsing
relay MG. The path is as follows: Beginning with the
lead T it extends over the No. 6 contacts of relay LR1,
No. 2 contacts of relay SR1, lead 106, No. 6 contacts
of relay TR, lead 165, No. 10 back contacts of relay
CUA, lead 115, winding of relay SN—, winding of
relay MG, winding of relay SN+-; lead 114, No. 9 back
‘contacts of relay CUA, lead 113, No. 9 back contacts

In the event that the trunk-link frame

20

25

30

35

40

45

50

60

65

70

75

2,848,548

14

of relay SC3, lead 104, No. 4 back contacts of relay TR,
lead 103, No. 7 contacts of relay LRI, to lead R. This
loop completes a dry loop in the sender at the originating
office, which provides a signal to said sender that the
sender at the tandem office is ready to receive the
pulses that make up the digits of the called subscriber’s
number, in consequence of which said pulses are trans-
mitted over the trunk loop.

Before proceeding ‘with the description of the opera-
tion of the tandem sender in response to these pulses,
it should be stated that each digit is indicated by a
quadrant of pulses, of which the first and third pulses
are either blank or light positive (high resistance battery
on the tip lead T, ground on the ring lead R) and
resulting, in the case of a positive pulse, in the operation
of relay SN--; and the second and fourth pulses are
either light or heavy negative (high and low resistance
battery respectively, on the ring lead R, ground on the
tip lead T), and resulting, in the case of the light nega-
tive pulse, in the operation of relay SN—, and in the
case of the heavy negative pulse, in the operation of
both relays SN— and MG.

Because of the construction of the originating sender,
the pulses for the A, B and C digits of the called office
code, and the pulses for hundreds, tens and units digits
of the numerical portion of the called subscribei’s direc-
tory number are transmitted therefrom in accordance
with the following code, in which “n” represenis a light
negative pulse, “N” a heavy negative pulse; “p” a light
positive pulse, and “—” a blank pulse. As previously
indicated, polarity is expressed in terms of ring lead R
with respect to the tip lead T.

A, B, C, B, T, U digits—
Quadrant code value

Digit

1 2 4 5
0. — » - n
o S, R 1 n - n
2 —- - N — n
B e mm D N — ]
4 - n D [
B e e m e mmmm e - n - N
7S RO D n — N
OO - N - N
- S D N - N
D e — n p N

In the above table (and also in the next two tables)
the numeral appearing at the top of each column of
pulse symobls is a numeral which, alone or additively
with. the value of the numeral in another column ex-
presses (except for the digit-0) the value of the digit.
For convenience of easy circuit reading, each numeral
is also affixed as part of the relay designation in each
numerical register which registers the corresponding
pulse of the pulse quadrant. -

The pulses for the registration of the thousands digit
are transmitted in accordance with the following code:

Thousands digit—Quad-
rant code value
Digit

2 4 8 1
0 e e e - n - n
1 - n - N
2 » [ - n
3 D [ - N
4 —_ N - n
5 - N - N
6 P N — n
7 - ] N - N
8. - n P n
9 n P N

If the called subscriber’s number contains a ten thou-
sand digit or a station digit (as it might have if the call
is completed to a manual office containing provision for
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sus:h numbers) then the pulses of said digit are trans-
mitted in accordance with the following code:

Ten thousand or stations
digit—Quadrant code

Digit value

1 2 4

o

P
rd

s
™t
ZSseas

had 7

. Eight digits are always sent by the sender at the orig-
inating office, and they are sent in.the following order:
A, B, C, station, thousands, hundreds, tens and units.
The stations digit will always be 0 if the called number
is under 10,000 and has no party letter. If the called
number is over 10,000 the value of the stations digit will
be 1. A value of 2, 3, 4 or 5 represents party letters W,
R, I, and M, respectively. Numerals 6 to 9 do not ap-
pear for the stations digit.

In order that the pulses of the different digits become
properly registered in the digital registers of the sender,
a pulsing circuit, comprising relays W and Z, and re-
sponsive to the operation of the light negative pulse relay
SN, serves to operate the steering circuit comprising
relays CA, CAA; CB, CBA; CC, CCA; CST, CSTA;
CTH, CTHA; CH, CHA; CT, CTA, and CU, CUA for
the transmission and registration of the positive and/or
heavy negative pulse constituting the value of each digit.
In order to avoid repeating the operation of the pulse
cycle for each digit, a description will first be given
of the operation of relays W and Z for one quadrant, it
being understood that the operation of said relays will be
identical for each quadrant.

When relay SN— operates in response to a negative
pulse in the second quadrant, a circuit is completed from
ground on the No. 9 contacts of relay ON1, No. 1 con-
tacts of relay SR1, lead 116, the contacts of relay SN—,
the normally made No. 1 contacts of relay W, winding
of said relay W, resistor R1, to battery. Another circuit
is also closed over the contacts of relay SN—, the No. 3
back contacts of relay Z, resistor R2, to battery. Relay
W operates in this circuit, closes its No. 1 contacts to
ground on conductor 116, thereby holding relay W in-
dependently of its operating circuit, and short-circuits
relay Z, which is supplied with ground on the other ter-
minal of its winding through its own No. 3 back contacts
and the contacts of relay SN. The circuit remains in
this condition so long as relay SN— remains operated;
that is, so long as the negative pulse persists.

At the termination of the pulse, relay SN— releases, :

thereby removing the short circuit around relay Z and
causing it to operate over a circuit from battery, re-
sistor R2, winding of relay Z, No. 1 front contacts of
relay W, to ground on lead 116. Thus at the beginning
of the first negative pulse (second pulse in the quadrant)
relay W operates. At the end of the pulse relay Z op-
erates. With the operation of relay Z, ground on con-
ductor SONG completes the circuit of relay CA over a
circuit that extends from said ground through the No. 1
front contacts of relay Z, conductor 121, serially through
the No. 1 contacts of relays CUA, CTA, CHA, CTHA,
CSTA, CCA, CBA, CAA, winding of relay CA, to bat-
tery, operating said latter relay, which then locks over
its Ne. 3 contacts, lead 122, No. 1 contacts of relay TR,
to ground on lead SONG.

At the beginning of the negative pulse in the fourth
quadrant of the pulse cycle relay SN— again operates,
and due to the fact that both relays W and Z are op-
erated at this time, ground on the contacts of said relay
SN-— establishes a shunt path for relay W, said path
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tracing over the No. 3 front contacts of said relay Z to
the lower terminal of the winding of relay W, causing
said relay W to release. Relay Z, however, now remains
operated under the local control of relay SN—, the con-
tacts of which supply ground for the winding of said
relay through the No. 1 normally made contacts of relay
W. On the termination of the pulse, relay SN— re-
leases, thereby to release relay Z and thus complete a
full quadrant of operations for any digit. Upon the
release of relay Z, a circuit is completed to operate relay
CAA, the path of which may be traced from ground
through No. 6 contacts of relay ON3, lead SONG, No. 1
back contacts of relay Z, lead 126, serially through the
No. 4 back contacts of relays CU, CT, CH, CTH, CST,
CC, CB, No. 4 front contacts of relay CA, winding of relay
CAA, to battery. Said relay operates and locks over its
No. 3 contacts to ground on lead SONG.

Thus as a result of the two negative pulses in a
quadrant of pulses, (1) relay W operates; (2) relay Z
operates (both relays operated); (3) relay W releases,
and (4) relay Z releases. And as a result of the opera-
tion of relay Z in the first quadrant of pulses (the first
digit) relay CA of the steering circuit is operated, and
on its release, relay CAA is operated. With the repeti-
tion of the cycle, and essentially over similar circuit paths
completed over lead 121 on the operation of relay Z and
over lead 126 on the release, relays CB, CBA; CC, CCA;
CST, CSTA; CTH, CTHA; CH, CHA; CT, CTA, and CU,
CUA are operated squentially and in succession; all of
which lock to ground on leads 122, or 132, or 133, all of
which connect with off-normal ground conductor SONG.

We will now describe the registration of the digits
Republic 7 (ABC code 737) 1359 which make up the
digits of the called number herein used as to illustrate
the operation of the invention.

The A digit 7 calls for a blank pulse, a heavy negative
pulse, a blank pulse, and a heavy negative pulse. Conse-
quently when the heavy negative pulse is received, relay
SN— operates to start the operating cycle of relays W
and Z (operating relay W), and relay MG operates to com-
plete the circuit of relay CA2 of the A digit register.
The path for this circuit may be traced from ground on
the contacts of relay MG, No. 2 back contacts of relay Z,
lead 117, No. 2 back contacts of relay CA, lead 118, wind-
ing of relay CA2, to battery. Relay CA2 operates and
then locks over its No. 2 contacts to ground on conductor
SONG. The next heavy negative pulse is, of course, the
same as the first. However, since relay Z is operated at
this time, a circuit is completed for relay CAS of the A
digit register; the path therefor being from ground on the
contacts of relay MG, No. 2 front contacts of relay Z,
lead 119, No. 5 back contacts of relay CAA, lead 126,
winding of relay CAS, to battery. This relay also oper-
ates, locks over its No. 2 contacts to ground on lead SONG
and, in combination with operated relay CA2, registers
the A digit of the called subscriber’s office code.

The B digit is 3 and calls for a positive pulse in the
first quadrant of four pulses, a heavy negative pulse in the
second, a blank pulse in the third, and a light negative
pulse in the fourth. Consequently on the arrival of the
first pulse, only relay SN-- operates, and since relays
W and Z are both normal at this time, a circuit is com-
pleted from ground on the contacts of relay SN--, No. 2
back contacts of relay W, lead 123, No. 1 front contacts of
relay CA (said relay having operated on the operation of
relay Z), No. 1 back contacts of relay CB, lead 124, wind-
ing of relay CB1, to battery. This relay operates and
then locks over its No. 2 contacts to ground on lead SONG.
The second pulse is heavy negative, calling for the opera-
tion of both relay SN— and MG. Therefore since relay
Z is normal at this time, the operation of relay MG
completes a circuit over the No. 2 back contacts of relay
Z, lead 117, No. 2 front contacts of relay CA, No. 2
back contacts of relay CB, lead 125, winding of relay CB2,
to battery. Relay CB2 operates, locks over its No. 3

—



o

17

contacts to ground on conductor SONG and, in combina-
tion with operated relay CB1, registers the B digit 3 of the
called subscriber’s office. The two remaining pulses,
being respectively blank and light negative, will complete
the cycle for relays W and Z, but will cause the operation
of other register relays.

The C digit is 7 and calls for two heavy negative pulses.
On the first pulse, relay CC2 is operated over a path
extending from ground on the contacts of relay MG, No. 2
back contacts of relay Z, lead 117, No. 2 front contacts.of
relays CA and CB (the latter relay, along with relay CBA,
having operated on the previous W and Z cycle), No. 2
back contacts of relay CC, lead 134, winding of relay
CC2, to battery, operating said relay, which locks over
its No. 3 contacts to ground on conductor SONG. On
the second heavy pulse, relay CC5 is operated over a
circuit extending from ground on the contacts of relay
MG, No. 2 front contacts of relay Z, lead 119, No. 5
front contacts of relay CAA and CBA, No. 5 back
contacts of relay CCA, lead 135, winding of relay CC5,
to battery. This relay operates, locks over its No. 2
contacts to ground on lead SONG and, in combination
with operated relay CC2, registers the C digit 7 of the
called office code.

The next quadrant of pulses transmitted from the
originating sender is that which pertains to the station
digit. Since the assumed number of the called subscriber
has no station digit, no positive or heavy negative pulses
are transmitted, but only the cycling light negative pulses
for the relays W and Z which operate relays CC and CCA.
In this connection, however, it should be noted that the
call may be for-a subscriber in a manual office, and that
such an office may have directory numbers over 10,000,
On the other hand if the call is for an automatic office
(as here assumed), directory numbers are limited to ten
thousand. Hence the originating sender must transmit
a signal to indicate whether the call is for a subscriber with
a number over 10,000 or a subscriber under ‘10,000,
which it does in the stations quadrant. If the number
is under 10,000, the station register relays CST1-CST5

will be normal, and upon the operation of relay CSTA .

ground will be applied to conductor UT in cable 2, said

ground extending from the No. 2 contacts of relay CSTA, -

serially through the No. 1 back contacts of relays CST1—~
CST4, No. 2 back contacts of relay CSTS to lead UT. If
the call is for over 10,000, the originating sender will trans-=
mit 1 for the stations digit, resulting in the operation of
relay CST, whereupon when relay CSTA operates ground
is applied to lead OT from the No. 2 contacts of relay
CSTA, No. 1 front contacts of relay CST1, No. 8 contacts
of relay CSD to lead OT. For the particular call here
bemg described, however, it will be assumed that lead UT
is grounded.

The next quadrant of pulses pertains to the thousands
digit 1, which calls for a light negative pulse followed by
a heavy negative. Consequently on receiving the latter
pulse relays SN~ and MG are operated, the latter com-
pleting a circuit from ground previously traced to lead 119,
No. 5 front contacts of relays CAA, CBA, CCA, CSTA,
No. 5 back contacts of relay CTHA, lead 136, winding of
relay CTH2, to battery. This relay operates, locks over
its No. 2 contacts to ground on lead SONG and registers
the numeral digit 1 as the thousands digit.

The next quadrant of pulses pertains to the hundreds
digit 3, which calls for a light positive pulse, a heavy nega-
tive pulse and a light negative pulse. On the light positive
pulse, a circuit is completed from ground on the contacts
of relay SN~ as previously traced to lead 123, No. 1
front contacts of relays CA, CB, CC, CST, CTH, No. 1
back contacts of relay CH, lead 137, winding of relay CH1,
to battery. This relay operates and then locks over its
No. 2 contacts to ground on lead SONG. . On the heavy
negative pulse, relay MG operates to complete a circuit
from ground over its contacts traced to lead 117, No. 2
front contacts of relays CA, CB, CC, CST, CTH, No. 2
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back contacts of relay CH, lead 137, winding of telay
CH2, to battery. -This relay operates, locks over its No.
3 contacts to ground on lead SONG and, in combination -
with operated relay CHI1, registers the numeral 3 as the
hundreds digit of the called subscriber’s number. ~

The next quadrant of pulses pertains to the tens digit
5, which calls for a light negative pulse followed by
a heavy negative -.ome. On the latter pulse, relay MG
completes a ‘circuit from ground through its contacts
as previously traced to conductor 119, No. 5 front con-
tacts of relays CAA, CBA, CCA, CSTA, CTHA, CHA,
No. 5 back contacts of relay CTA, lead 138, winding of
relay CTS5, to battery. This relay operates, ‘locks over
its No. 2 contacts ‘to ground on lead SONG, and reglsters :
the numeral 5 as the tens digit of the called subscriber’s
number.

The next and last quadrant of pulses pertains to- the -
units digit 9, which calls for a light negative pulse, fol-
lowed by a light positive pulse, followed by a heavy nega-
tive pulse. On the positive pulse following the light -
negative ome, relay SN+, completes a circuit from’
ground on its contacts, No. 2 front contacts of relay W,"
lead 139, No. 4 front contacts of relays CAA, CBA,
CCA, CSTA, CTHA, CHA, CTA, No. 4 normally made
contacts of relay CUA, lead 140, wmdmg of relay CU4,"
to battery. This relay operates and than locks over its
No. 2 contacts to ground on lead SONG. On the fol-
lowing heavy negative pulse, relay. MG applies. ground -
to conductor 119, No.”5 front contacts of relays: CAA,-
CBA, CCA, CSTA, CTHA, CHA, CTA, No. 5 normal-
ly made contacts on relay CUA, lead 141, winding of
relay CUS, to battery. This relay operates, locks over
its' No. 2 contacts to ground on lead SONG and, in
combination with operated relay CU4, registers the nu-
meral 9 as the units d1g1t of the called subscrlbers num-
ber.

- When the called office code digits A, B, C have been
registered in the sender, as- indicated by the operation
of relay CCA, a circuit is completed for relay DST for-
the purpose of seizing an idle marker and causing it to
be connected to the sender by way of: the marker-con-
nected circiiit. . The operating path of relay DST . traces
from battery through the winding of said relay, lead 127,
normally made No. 5 contacts of relay TRO, No. 2 con-
tacts “of relay TVS, No. 1 contacts of relay ROP, lead
128, No. 1 normally made contacts of relay TR3, normal-
ly made contacts of relay TR1, lead 129, No. 7 con-
tacts. of relay CCA, to ground on conductor SONG. -
Relay DST operates and, among. other functions, ap-
plies battery over the No. 1 contacts of relay LR2, lead"
130, No. 1 contacts of relay DST, to lead CBS in cable
C14 and thence to the marker connector, and also
through the No. 1 contacts of relay DRL to lead ST in
said cable for operating said marker-connector in a man-
ner fully described in the above-identified application
J. W. Gooderham et al. .

Although the present invention is not concerned with
the operations of the marker, which is shown and de-
scribed in the above-identified Gooderham et al. co- .
pending application, 'said marker, in response to the .
called: office code digits and certain "other information
received from the sender, operates to extend the connec-
tion from the incoming trunk in the designated trunk-link
frame to a selected outgoing trunk, either extending .di-
rectly to the called office (in tihs case Republic 7) or
through some other switching point, from which the
connection is then further extended with -apparatus.at
said switching point under control of the sender.. If
the marker succeeds in extending the incoming trunk to
the outgoing trunk, it transmits back to the sender in- -
formation required for its use in transmitting the  re-
quired number of pulses for completing the connection
to the called subscriber,.the type and intensity of pulses

. transmitted depending upon the- distance of the terminat-
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tional switching points, if any, between tandem and the
terminating office, and the character of the switching
equipment contained in such offices, including the termi-
nating office, which may be manual, step-by-step, panel,
or crossbar. In this specification, and in respect to
marker functions, therefore, only those sender opera-
tions are briefly described as are needed to supply the
marker with the information required by it to extend the
incoming trumk to the outgoing trunk, and to indicate
briefly what relays are operated by the marker in the
sender for the latter to tramsmit the required pulsing
to the terminating office, and such other operations in
the sender which result from signals fransmitted by the
marker consequent to, or in advance of, its performance
of certain of its functions, For a detailed description
of the operation of the marker and marker-connector,
both conventionally indicated in Fig. 9, reference is
made to the above-identified Gooderham et al. copend-
ing application.

The signaling between the marker and sender is carried
out over a multiplicity of leads indicated as contained
in the cable designated C14 which extends to said marker-
connector.

Before indicating the equipment and leads in the
sender, together with their significance, which are in-
volved in signaling between the marker and sender, it
is desirable first to state that the esuipment is arranged
to enable different markers to attempt to extend the
connection in the event that each fails to do so, and to
describe those operations in the sender which result from
a predetermined number of such attempts.

When, after relay DST has operated and a marker is
connected to the sender via the marker-connector, the
sender applies ground to lead TR1 in cable C14 over the
No. 2 back contacts of relay TR2, No. 2 back contacts of
relay TR3, lead 131, No. 2 contacts of relay PD, to ground.
If the marker, after receiving from the sender the called
office code and certain other information as will herein-
after be set forth, fails for any reason to obtain an out-
going trunk, it applies ground over lead TRL, completing
thereby an obvious circuit over the lower winding of relay
TRL, which operates and thereby advises the sender that
the marker cannot extend the connection to an outgoing
trunk. Said relay opens the circuit of relay DST and
thereby releases the marker. Relay TRL also completes
the circuit of relay TR1 from battery through its winding,
No. 4 back contacts of relay TR4, No. 4 back contacts of
relay TR2, lead 142, No. 1 contacts of relay TRG, No. 2
contacts of relay ROP, No. 2 contacts of relay TRL, to
ground on lead SONG. A circuit is then completed for
relay TR2 in series with relay TR1 over the front con-
tacts of the latter relay, lead 129, No. 7 contacts of relay
CCA to ground on lead SONG. The marker, having been
released and temporarily made busy, the sender applies
ground to lead TR2 over the No. 2 front contacts of relay
TR2, No. 2 back contacts of relay TR3, and thence as
previously traced to ground. Relay DST is now reoper-
ated over a circuit path previocusly traced to lead 128,
thence over the No. 1 contacts of relay TR3, No. 3 con-
tacts of relay TR2, to aforetraced ground on lead 129.
Relay DST initiates operations by which another marker
is seized and connected to the sender. Should the second
marker also fail to obtain an outgoing trunk, it, too,
grounds lead TRL to reoperate relay TRL. Since relays
TR1 and TR2 are operated, a path is now closed for relay
TR3 from battery through its winding, No. 2 back con-
tacts of relay TR4, Mo. 4 front contacts of relay TR2, lead
142, No. 1 contacts of relay TRO, No. 1 contacts of relay
ROP, No. 2 contacts of relay TRL, to ground on lead
SONG. Upon the operation of relay TR3, relay TR4 op-
erates in series therewith through the No. 1 front contacts
of relay TR3, No. 3 contacts of relay TR2, to aforetraced
ground on lead 129. On the operation of relay TRL,
relay DST again releases to release the second marker.
The reoperation of said relay DST over a previously traced

10

15

20

30

35

40

50

55

60

65

70

75

20
path to lead 128, and thence over the No. 3 contacts of
relay TR4, No. 3 contacts of relay TR2 to ground on lead
129, causes the seizure of a third marker, in consequence
of which ground is then applied to lead OF over the No. 2
front contacts of relay TR3, lead 131 to ground on the No.
2 contacts of relay PD.

If the third marker also fails to obtain an cutgoing
trunk and, accordingly, grounds lead TRL to operate
relay TRL, then a circuit is completed for relay RO, the
path of which may be traced from battery through the
winding of said relay, No. 2 front contacts of relay TR4,
No. 4 front contacts of relay TR2, lead 142, and thence
as previously traced to ground on lead SONG. Relay RO
operates, locks over its No. 4 contacts to ground on lead
SONG, and, as will be shown later, initiates the release of
the sender.

It may be remarked at this point that although a
marker may have obtained an outgoing trunk, it may still
fail to extend the incoming trunk thereto. The marker,
however, is so arranged that it will detach itself from the
sender once it has obtained an outgoing trunk, for which
purpose it grounds lead DC to cause the operation cf relay
DC in the sender, advancing the operating ground over its
No. 4 front contacts to lead DC in the cable C6, to com-

5 plete the circuit of relay F in the outgoing trunk as already

described. This ground is further advanced over the No.
3 contacts of relay F into the trunk link circuit, thence to
operate a relay. If the marker should thereafter fail to
connect the incoming trunk with the selected outgoing
trunk, it grounds lead D to complete over the No. 8 front
contacts of the DC relay the circuit of the upper winding
of relay TRL, which then operates to cause previously de-
scribed functions to be performed by which the marker
is released and another marker called in.

Proceeding, now, with the information supplied by the
sender to the marker upon their connection through the
marker connector, the marker obtains from the sender:

(a) The called office digits A, B, C, from the selective
operation of the following relays grounding the indicated

conductors within cable C14:
Digit Relays Conductors
_| CA1-CA5 | BO-B4, BA5, BB5
_| CB1-CB5 | DO-D4, DA5, DB5
CC1-CC5 | GO-G4, GAS, GB5

Conductors B~ receive ground from conductor 131
through the No. 5 contacts of relay TR4, No. 2 contacts of
relay CAA; Conductors D- receive ground from the No. 2
contacts of relay CBA; Conductors G- receive ground
from the No. 2 contacts of relay CCA.

(b) The trunk-line frame number 08-19 from the se-
lective operation of the following relays grounding the in-
dicated conductors within cable C14, cecnductors F88 and
F10 being grounded from the sender line frame through
contacts 18 and 19 of relay SC1-2 when required:

Relays Conductors ‘

Fo-F9, F00, F10

|
F0-F4, FAS5, FB5, F00, F10 ‘

(c) The class-of-service indication (0-9) of the trunk
from the originating office from the selective operation of
the following relays grounding the indicated conductors
within cable C14:

Relays Conductors

C80-CS6 C80-CS6

i
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(d) Tr1a1 numbers mdlcatmg to the marker Whether
first, second or third trial is being made by the grounding
of the following leads as previously described:

Trials

First.
Second.
Third,

(e) The marker is also supplied with certain miscel-
laneous information by the grounding of certain leads with
off-normal ground, but which are not shown as they are
not pertinent to the present invention.

The marker transmits information to the sender re-
garding the type of signaling to be used on the selected
outgoing trunk, number of digits to be picked or other
disposition of the call by grounding combinations of leads
through the marker connector. Register relays in the
sender which operate in response to the marker grounds
lock operated variously over leads 145, 156, 157 and 158,
only after relay DRL is operated by the marker as a re-
lease signal to the sender, so that involved combinations
may be changed if the marker, after determining on an
outgoing trunk and finding it impossible to establish con-
nection thereto, finds it necessary to re-route the call and
change the combinations. Release of the registers is,
of course, necessary if second or third marker trials are
made.

(1) For the classification of the call in respect to the
called office, the marker operates relays S0, XB, OD, TCI,
CI, and TW in the required combinations;

(2) For type of pulsing the marker operates relays
SSA, SSB, RBS, and MF (multifrequency) in required
combinations;

(3) For type of termination; that is, whether the
terminating office receives the pulses on step-by-step
switches or on a dial pulse sender, the marker operates
relay RBS for the latter and leaves said relay normal for
the former;

(4) For the number of office code digits to be pulsed,
the marker operates relays S0, IGS singly or in combina-
tion depending upon whether no office code digits, one,.
two or three office code digits are to be pulsed;

(5) For code conversion of office digits the marker
operates relays CR2 and CR4 if there is to be no code
conversion and leaves both relays normal if there is to be
code conversion;

(6) For loop compensation for terminating manual
and panel offices the marker operates relays CR1, CR2,
and CR5 alone or in combination depending on the
length of the loop;

(7) For the code conversion of the A code digit to
step-by-step or certain types of crossbar offices, the mark-

er operates relays OCAl1l, OCA2, OCA4 and OCA5—

either alone or in appropriate combinations (none for
the A digit 1); for the B code digit it operates relays
OCB1, OCB2, OCB4 and OCBS cither alone or in ap-
propriate combinations (none for the B digit 1); and for
the C code digit it operates relays CR1, CR2, CR4 and
CRS5 either alone or in appropriate combinations (none
for the Cdigit 1);

(8) If multioffice terminating revertive units are
reached over common trunk groups, relay IGS is op-
erated by the marker to distinguish between them, caus-
ing the sender to add five (5) to the value of its incom-
ing group selection.

The foregoing operations are those which, as previous- -

ly stated, are initiated after the three digits of the called
office code ‘have beén registered in the sender, and in
consequence of which a marker is caused to be connected
to the sender for the purpose of extending the conmec-
tion from the incoming trunk to the outgoing trunk.

When the marker ‘has completed: its- functions;; it grounds -

lead RL, thereby completing the circuit of relay DRL
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over the No. 2 back contacts of relay RO, wmdmg of :

relay DRL to battery. Said relay operates, locks over

its No. 5 contacts to ground on the No. 7 contacts of re-

lay DST, supplies ground over its No. 10 contacts and
5 over the Nos. 4, 9, 3 and 2 contacts, respectively, of re-
lay DST to leads 145, 156, 157 and 158 to lock up the
registers operated by the marker, and performs certain
other functions in connection with the further operation of
the sender that will be described in due course.

When the sender at the originating office has finished
sending the pulses which constitute the called office num-
ber, a circuit is completed for relay TR.  However, before
tracing the circnit of said relay, it will be observed that
when. relay ON1 was operated a circnit was completed
for relay CCH through the No. 5 back contacts of relay
TR to ground on lead SONG extending to the No. 9
contacts of relay ON1. Now when relay CUA operates
after the last quadrant of pulses is received, relay TR op-
erates over a circuit extending from battery - through
the winding of said relay TR, lead 300, No. 8 contacts of
relay CUA, to ground on lead SONG. Relay TR op-
erates, locks over its No. 5 contacts to ground on lead
SONG. The operation of relay TR opens the circuit of

" relay CCH, but since the latter relay is slow-release, there -
25 js an interval during which relay CCH applies resistance
battery to the tip lead T via the No. 6 front contacts of
relay TR, lead 106, through No. 2 contacts of relay SR1
and No. 6 contacts of relay LR1, and ground to the ring

" “lead R via the No. 4 front contacts of relay TR, lead 103,
30 and contacts 7 of relay LR1. This is to charge the cable
as already described. Relay CCH then releases to re-

move said battery and ground.

With the operatlon of relay TR, and the release of re-
“Jay CCH relay A is connected across the tip and ring leads
35 T'and R when looped at the originating sender after the

transmission of the pulses. The circuit of said relay A

extends from battery through its lower winding, lead 304,

lower left winding of transformer A, lead 303, No. 1
¢ “back contacts of relay CCH, No. 4 front contacts of re-
40 lay TR, lead 103, No. 7 contacts of relay LR1, lead R,

over the loop back to lead T, No. 6 contacts of relay LR1,
No. 2 contacts of relay SR1, lead 106, No. 6 front con-
tacts of relay TR, No. 2 back contacts of relay CCH, lead
302, left upper winding of transformer A, lead 301, upper
45 winding of relay A, to ground. Relay A operates and
over its No. 2 contacts completes an obvious circuit for
relay SR which, on operating, completes a circuit for re-
lay SR1 from battery through its winding, lead 305, No..
:3 front contacts of relay SR, to ground on lead SONG.
Relay' SR1 operates and locks over its No. 5 contacts
to ground on lead SONG. It should be noted that slow
release relay SR and the memory relay SR1 keep the tip
and ring leads T and R closed, but after relay SR1 op-
anerates, if the leads are opened at the originating office,
55 for a time long enough to release relays A and SR, as
they would be, for instance, if the subscriber disconnected,
relay A cannot reoperate as the loop would be opened at
the locked-up relay SR1. The release of relay A under
~nthese circumstances will cause the sender to release, as
60 Will be described. It should also be noted that ringing
tone is supplied the calling subscriber by induction from
the source connected over the No. 1 and No. 8 contacts
of relay OA1 to the primary windings of transformer A,
the secondary of which are in series with relay A as
above described. The ringing tone thus supplied is re-
moved when the sender becomes attached to an operator’s
position and the operator thereat is ready to ask the call-
ing subscriber for his number, at which time relay OA1
is operated, as will be described. -

When the last of the numerical digits or, if desired,
any previous digit including a code digit, has been regis-
tered in the sender, operations are initiated by which the
sender is caused to be connected to an operator’s position,
the latter having access to the incoming trunk by way of
76 the sender as will be shown, and causing the operator to
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communicate orally with the calling subscriber and ob-
tain from him the directory number of the station at
which the call is placed; that is, to obtain from him the
three digits of the calling exchange and the four or five
- digits of the station . directory number. By the connec-
tion of ground shown in Fig. 20 to the appropriate one
of the terminals extending to the No. 6 contacts of one
of the eight relays CAA—CUA, said operations may be
initiated after any one of the eight called number digits
are received from the originating office. In the present
embodiment of the invention, the ground connection is
made at the No. 6 contacts of relay CUA, so that the
operations of connecting the sender with an operator’s
position are initiated after the called units digit is re-
ceived, after which relay CUA is operated as already
described. Upon the operation of said relay, therefore,
a path is established from ground on lead 146, No. 6
contacts of relay CUA, lead 147, No. 3 contacts of relay
0OA1, No. 8 contacts of relay PR1, winding of relay CW,
to battery. Relay CW operates. Over its No. 2 contacts
it advances the operating ground over lead 148, No. 6
contacts of relay ON4, lead 149, No. 1 contacts of relay
PA, lead STO within cable C10, and thence to complete
a circuit in one of two controllers ((as will be shortly de-
scribed) by which the sender will be connected over a
link to an available operator’s position. Over its No. 3
contacts, it applies positive 130 volts through the 10,000
ohm resistor CW1 to lead CW extending to the Call
Awaiting circuit shown in Figs. 49 and 50 (the operation
of which will be described in due course).

In order to understand more clearly how this connec-
tion is achieved, consideration is directed to Figs. 133,
134, 135 and 137, in which Fig. 133 shows schematically
the relation between a sender group and the links avail-
able to the senders in the group for connecting the send-
ers to certain operators’ positions; Fig. 134 shows sche-
matically the relation between the links and the operator’s
position, Fig. 135 shows the essence of the two controller
circuits' A and B, by one or the other of which a sender
is caused to be connected to an available operator’s posi-
tion, while Fig. 137 schematically shows the distribution
of links between sender groups and position groups.

The present embodiment of the invention is predicated
on the use of two controllers for each of forty senders
divided into four groups of ten each, namely, sender
group 0, sender group 1, sender group 2, and sender
group 3. There are ten links for each sender group by
which the senders in each group are enabled to connect
with fifty operators’ positions (by way of example) di-
vided into five groups of ten positions each, namely posi-
tion group 0 for positions 00-09, position group 1 for
positions 10-19, position group 2 for positions 20-29,
position group 3 for positions 30-39, and position group
4 for positions 40—49. The distribution of links between
the sender group switches and the position group switches
is shown in Fig. 137. Due to the fact that there are four
sender group switches and five position group switches, it
will be seen from Fig. 137 that while each sender switch
is served by ten links, each position group is served by
eight of these links, each pair coming from a different
sender group switch.

Each of the ten senders in a group, for example, each
of the senders in sender group 0 indicated in Fig. 133 by
way of example, terminates on a corresponding hori-
zontal member on each of two crossbar switches, each
of said members having a suitable number of contacts by
which to engage an equal number of contacts on the ver-
tical members of the switch.

To the ten vertical members of the upper crossbar
switch (shown underneath the legend “served by con-
troller A”) are connected the ten links, numerically desig-
nated 0-9, while to the ten vertical members of the lower
crossbar switch (shown underneath the legend “served
by controller B”) are connected ten other links, similarly
and correspondingly designated 0-9. The access of each
of the senders in the group to each link on the upper
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crossbar switch is effected by a circuit identified as con-
troller A, while access of the same senders to each of the
links in the lower crossbar switch is effected by another
circuit identified as controller B.

It will be noted from Fig. 133 that the ten links in
the upper crossbar switch are indicated as having access
to fifty operators’ positions, with each two links serving
one position group of ten operaters’ positions. Thus as
elaborated in Fig. 137, links 0 and 1 have access to posi-
tions 00-09 (designated as “position group 0”); links 2
and 3 have access to positions 10-19 (designated as
“position group 17), said links being indicated as links
0 and 1 on the position switch for position group 1, and
so on up to and including links 8 and 9 which have
access to operators’ positions 40-49 (designated as “posi-
tion group 4”) and which are designated as links 0 and 1
on the position switch for position group 4. In the same
manner, the ten links appearing on the lower crossbar
switch in Fig. 133 similarly have access to the same
operators’ positions (or to fifty others if desired) with
each two links serving ten positions, namely, links 0 and
1 having access to the positions 50-59 in position group 0;
links 2 and 3 having access to the positions 60-69, and
so on up to links 8 and 9 having access to positions 90-99.

All other sender groups are each similarly connected
to two crossbar switches, each switch having ten links
through which the senders in the group are made to have
access, through controller A and controller B, respec-
tively, to the positions served by the links on each switch.

It is apparent from Figs. 133 and 137 that a calling
sender in any sender group, for example a calling sender
in sender group O, will have access to positions 00—49
over the links € to 9 in the upper switch, if accessibility
thereto is had through centroller A, and to the same posi-
tions over the links § te 9 in the lower cross-bar switch
(Fig. 133) if access thereto is had over controller B.
Since the positions are all alike and the links are all alike,
a calling sender is made to obtain a position through a
link allotted by one controller or the other depending
upon a certain centroller sender group preference and
link and position availability. If the preferred controller
is busy when a sender in a group is calling, then the
sender will automatically obtain a link thrcugh the other
controller, provided (and subject to certain later qualifica-
tions) that a link served by the latter controller is avail-
able.

Referring to Fig. 134, a crossbar switch is shown therein
with ten horizontals, each connected to a2 position in a
group of ten positions; for example. positions 00-9 of
position group 0. These positions are served by eicht
links available through controller A and eight Jinks served
bv controller B. said lafter links annearing on another
switch (not shown) to which the nesitions are multinled.
Bv reference to Fies. 133 and 137 it will be seen that
links 0 and 1 are extensions of links 9 and 1 on the
sender switch fer sender groun 0. links 2 and 3 are ex-
tensions of links § and 1 on the switch of sender arovn 1,
and so on to links 6§ and 7 which are extensions of links
0 and T on the switch of sender eroup 4. Similar dis-
tribution of links is. of course, followed with resnect to
the links between other sender eroup and other positions
grouns. as indicated in Fies. 133 and 137.

Before describine in detail the arrangements hv which
a calling sender obtains access to a link throueh a con-
troller, it is desirable at this point to indicate brieflv that
when a sender calls bv grovnding its lead ST— (lecad ST
for sender 9 in each sender groun) =s previcusly de-
scribed. its access to its preferred controller depends unon
a mumber of conditions. To begin with. it denends on
whether links are available in the switch served bv that
controller: it also denends upon whether a position is free
and available in the sroups of positions available through
the Tinks served by said controller, and finally it depends
on whether the controller itself is free to serve the calling
sender. If all three conditions are met, then the preferred
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controller operates to extend the sender to a link on the
link switch served by said controller. If all three con-
ditions are not met, then the non-preferred controller

takes over to serve the sender, provided that all the three-

conditions are similarly met.

Fig. 135 shows the essence of the two controller cir-
cuits A and B, the details of one of which, namely, con-
troller A, are shown in Figs. 58-63. In Fig. 135, con-
troller A is shown above the horizontal dividing line while
controller B is shown below it. The circuit is so arranged
that each group of senders has preference for a particular
controller, and uses the non-preferred controller only if
the preferred one is not available as above described.
Thus the ten senders constituting sender group 0, and
those constituting sender group 2 have controller A as
a preference while the ten senders of group 1 and those
of group 3 have controller B as a preference. In each of
the controllers a relay PF- is individual to each of the
preferred groups, the relationship between the sender
group and the relay individual thereto being indicated by
the numerical suffix of the designation of the relay. Thus
relay PFQ in controller A is associated with sender group
0, while relay PF2 is associated with sender group 2.
In the same manner, relay PF1 in controller B is asso-
ciated with the sender group 1 and relay PF3 is asso-
ciated with sender group 3. Also in each of the two
controllers a relay is provided therein for each of the
sender groups which use the controller only if the pre-
ferred controller is not available. These relays are relays
XP1 and XP3 for controller A and XP0 and XP2 for
controller B, relay XP1 in controller A being associated
with the senders of group 1 having controller B as 4 pref-
erence, relay XP3 with the senders of group 3 also having
controller B as a preference. - In the same manner, relay
XPO in controller B is associated with the senders of
group 0 having controller A as a preference, and relay
XP2 is associated with the senders of group 2 having con-
troller A as a preference. : .

When a calling sender has reached that stage of its op-
eration where lead ST~ is grounded; for example lead STO
of sender 0 in sender group 0, relay PF0 will be opérated
if the controller A is free, if a link is available in the
sender-link switch served by controller A, and if an op-
erator’s position is available through the links on that
switch. Referring to Fig. 135 and assuming ground on
lead STO (the ten leads ST0-ST9 of the ten senders of
group 0 being shown as one lead for convenience) said
ground will complete a circuit through a conducting path
partially indicated by the dot and dash line (which will
be closed in the controller if a link is available and a
position is free), the No. 4 contacts of relay SGGT, No. 3
contacts of relay XP@, winding of relay PF0, to battery.
It will be noted, however, that the ground on lead ST0
is also carried through a symmetrical dot-and-dash path
in controller B, through corresponding contacts of relay
SGGT in controller B, to one terminal of the winding
of relay XP0. However, since ground is also present at
the other terminal of relay XP9 from the No. 3 contacts
of relay PFO, it follows that relay PF0 will operate and
relay XP0 will not. As previously stated, one or both
of these paths are closed on the condition that a link
and a position through the switch served by the involved
controller are both free and available. When relay PFQ
operates, it locks over its No. 2 contacts to ground on
lead STO, and completes an obvious circuit for relay
SGGT, which operates to cut-off access to controller A
by other calling senders in the two groups preferring the
controller. If by way of example when sender 0 in
sender group O calls by grounding its lead STO, relay
SGGT is operated because the controller is busy, the
ground on lead STO is then diverted to controller B as
will be explained. Relay PF0, on operating, initiates the
performance of functions by which the calling sender in
sender group 0 is connected to one of the two links
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serving. an available position in the group of positions
indicated to be free and served by said two links.

If we now consider that controller A is busy, as indi-
cated by the operated condition of its relay SGGT, or by
the fact that no link or position is available through said
controller A as indicated by an opening in the dot-and-
dash line path between the sender leads ST- of the sender
group and the contacts of relay SGGT, then the ground
on Jead STO is applied through the No. 4 contacts of
relay SGGT in controller B, winding of relay XP0, No.
3 contacts of relay PF0, winding of relay PF0, to battery.
In this circuit, relay XP0 which is of relatively low re-
sistance, will operate, but relay PF0 which is of much
higher resistance will not operate. Relay XP0, on operat-.
ing, locks over its No. 2 contacts to ground on lead STO,
completes and obvious circuit for relay SGGT of con-
troller B, and initiates operations by which the calling
sender in sender- group 0 is caused to be connected to a
free link and position served by controller B.

A calling sender in each of the other groups similarly
causes the operation of its associated relay PF— in the
preferred controller. For example, a calling sender in
group 3 which is wired for preference to controller B,
will close the circuit of relay PF3 in controller B over a
circuit path corresponding to the one above traced for
relay PF0. Should relay SGGT in controlled B be op-
erated, or should the dot-and-dash path connection there-
in be opened, then the circuit is completed to relay XP3

in controller A over a circuit path corresponding to the

30

35

one above traced for relay XP0. Relay PF3 will lock to
operating ground, close an obvious circuit for relay SGGT
of controller B, and initiates operations by which the call-
ing sender in group 3 is caused to be connected to a
free link and position served by controller B. On the
other hand, if controller B is busy and relay XP3 in
controller A is operated in consequence thereof, then
said latter relay will initiate operations whereby the call-
ing sender in group 3 is caused to be connected to a

..~free link and position reached by controller A.
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With this general understanding of the relationship be-
tween the two controllers A and B, and the links and po-
sitions as indicated by Figs. 133, 134, 134A,.135 and 137,
we will now describe in detail the operations by which
the calling sender 9 in sender group 0 is caused to be
connected to a position, say position 00 in position group
0, and reached over links 0. and 1 on the sender group
switch, reference being made specifically to Figs. 52-65,
and to Fig. 51.

Considering Fig. 56, it will be seen that there are

five relays GBO-GB4, of which only GBO and GB4

are shown. FEach of these relays is a position “group
busy” relay, and when the ten positions constituting the
group are busy, unoccupied, or otherwise not available,

_such a relay is operated.

The position circuit is shown in Fig. 51. When the
operator occupies the position, the head-set is plugged
into the two jacks provided therefor, completing thereby
an obvious circuit for relay P0. As soon as a. position

.is seized by a link, a circuit is completed, as will be shown,

for relay S in said position. If, now, all the ten positions
constituting the group are busy, as evidenced by the
operated condition of relay S or that of relay PD. in
each position (the latter relay operating over a local cir-

_ cuit as soon as the position disconnect key POSDISC is
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operated) or if the positions, or any of them, are unoc-
cupied, as evidenced by the released condition of relay
PO in each such unoccupied position, battery through the
No. 3 contacts of relay S and through similar paths closed
in each of the other ten positions if busy or unoccupied,
will be applied to lead 156.. Assuming that all ten posi-
tions of position group 0 are busy or unoccupied, then
said battery on lead 156 will complete the circuit of relay
GB0. In the same manner, if the ten positions in posi-

-~ tion group 1 are busy or unoccupied, then the correspond-

ing relay GB1 (not shown) will be operated. The same
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thing is true with respect to relays GB2, GB3 and GB4
(relays GB2 and GB3 not shown) for position groups
2, 3 and 4, respectively. If all the positions in each of
the different groups to which each of said relays is indi-
vidual are busy or unoccupied, then the involved relay,
or relays, GB— will be operated. On the other hand,
if one or more positions in each of said position groups
are free and occupied, then the involved relay, or re-
lays GB~ will be normal.

Assuming, therefore, that position group 0 has at least
one position free and occupied, then the previously traced
ground on lead STO of the calling sender will complete
a circuit for relay PF0 in controller A if one or the
other of the two links 0 and 1 serving positions 00-09
through said controller is free, and also if said controller
is free. In connection with the two link verticals which
are shown to the left of Fig. 59 and of which one is
shown in detail, the idle condition of each link is deter-
mined by the unoperated condition of their respective
hold magnets HM0 and HM1. If the preferred controller
A is busy the circuit we are currently tracing is broken
since either relay PF0, PF2, XP1 or XP3 is operated
therein as previously described in connection with Fig.
135. 1If one of these relays is operated, a circuit is closed
for relay SGGT of controller A, said circuit extending
from battery through the winding of said relay, No. 9
contacts of relay PS, lead 196, to ground on a pair of
contacts on relays PF0, PF2, XP1 or XP3, whichever
is operated. Relay SGGT operates, locks over its No.
2 contacts to operating ground, and completes over its
No. 1 contacts and lead 158, contacts 1 of relay P and
lead 159 the circuit of relay PGT.

Assuming, however, that both links are normal, that
controller A is not busy, that a position is free and avail-
able in each position group or amy of them, and that
links are available leading to each position group, then
ground on lead STO of the sender is extended over the
No. 10 contacts of relay D@, lead 150, No. 1 contacts
of relay GBO (or corresponding contacts on relays GBi~
GB4), lead 151, the No. 1 contacts to hold magnet HM0
or HM1, lead 152, No. 3 contacts of relay SGGT, lead
153, No. 1 contacts of relay- XP0, lead 154, winding of
relay PF0, lead 155, No. 3 contacts of relay MB, resistor
MBI, to battery. Relay PF0 operates and locks over
its No. 4 contacts to previously traced ground on lead
150. Tt will be evident from Fig. 56 that if relay GBO
is operated, indicating that all positions in position group
0 are busy or otherwise unavailable, that lead i50 will
be carried over the No. 1 back contacts of either relays
GB1, GB2, GB3, or GB4 depending upon which relay
is normal, as previously indicated.

Before considering the further operation of controller
A following the operation of relay PF0, or any of the
three other relays XP1, PF2 or XP3 therein, it is neces-
sary to point out that the ability of the controller to serve
any calling sender depends upon the operated condition

of one of the four selection preference relays SP0-SP3, .

one of the five position group preference relays GP0-GP4,
and one of the ten position preference relays PP0—PP9
therein. Relay EP will also be operated if either relay
SPO or SP1 is operated. On the termination of the opera-
tion of the controller in connecting a calling sender to
an available position, a relay in each of the three above-
mentioned groups will remain operated in the controller.
However, if we assume that all relays are normal prior
to the application of power to the controller, then said
coniroller will “prime” itself to operate a relay in each
one of said groups before it can serve calling senders.
Specifically, it will operate relays SP1, GP4 and PP9.
Therefore, upon the application of power to the control-
ler, a circuit is completed for relay PU from ground on
the No. 3 back contacts of relay GP4, serially through
No. 3 back contacts of relays GP3, GP2 and GP1 (not
shown), No. 3 back contacts of relay GPO, lead 161, the
left contact of interrupter CA1 when closed, winding of
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relay PU, to battery. It will be observed that ground is
also applied to lead 161 from the No. 4 back contacts
of relay PP9, serially through the MNo. 4 back contacts
of relays PP8, PP7-PP2 (not shown), No. 4 back con-
tacts of relays PP1 and PP0, to lead 161. Relay PU
operates and locks itself to ground on lead 161 over its
No. 1 contacts. When interrupter CA1 makes its right
contacts, ground on said lead 161 is advanced through the
No. 1 contacts of relay PU to complete a circuit over
lead 179, winding of relay CA, to battery. Relay CA
operates, locks over its No. 5 contacts to ground on the
No. 7 contacts of relay RS, and completes the circuit of
the latter relay from battery, resistor RS1, lower winding
of relay RS, No. 4 contacts of relay CA, to ground on
the latter’s No. 8 contacts. Relay RS operates and opens
the locking circuit of relay CA, but the latter will con-
tinue to hold over its operating circuit through the right
contacts of interrupter CA1. With relay CA operated, a
circuit is completed for relay GP4 over a path which
extends from battery through its upper winding, lead
166, to ground on the No. 11 contacts of relay CA. Relay
GP4 operates and locks over ground through its No. 3
front contacts and lower winding, serially through cor-
responding front contacts on relays GP3-GP1, No. 5
contacts of relay GPO, resistor GPP, to battery. A cir-
cuit is also completed for relay PP9 from battery through
its left winding, lead 165 to ground on the No. 10 con-
tacts of relay CA. Relay PP9 operates and then locks
over ground through its No. 4 front contacts and right
winding, serially through the No. 5 back contacts of relays
PP8-PP1, No. 5 contacts of relay PPQ, resistor PPP, to
battery.

The operation of relay CA also completes a circuit
for relay SPO, the path of which extends from battery
through its winding, No. 5 normally made contacts of
said relay, lead 164, No. 3 contacts of relay CA, lead
163, No. 1 contacts of relay SP3, No. 1 contacts of relay
SP2, No. 1 contacts of relay SP1, lead 162, No. 7 con-
tacts of relay CA, to ground. Relay SPO operates and
locks over its No. 5 front contacts to ground on the No. 6
normally made contacts of relay SP1. Upon the opera-
tion of relay SPO a circuit is completed for relay SP1,
the path of which extends from battery through its wind-
ing, No. 5 normally made contacts, No. 9 contacts of
relay SPO, No. 1 contacts of relay SP3, thence as traced
over lead 162 to ground on the No. 7 contacts of relay
CA. Relay SP1 operates, locks over its No. 5 front con-
tacts to ground on the normally made contacts of relay
SP2, and advances the locking circuit of relay SPO over
its No. 6 front contacts to lead 162 and ground thereon
applied over the No. 7 contacts of relay CA. Conse-
quently when interrupter CA1 opens its right contacts and
relay CA releases in consequence thereof, relay SPO
releases, while relay SP1 remains locked. With the op-
eration of either relay SP0O or SP1 a circuit is closed for
operating relay EP (Fig. 52) said circuit extending from
battery through its winding, lead 169, No. 10 contacts of
relay SPO to ground on the No. 7 back contacts of relay
SP3, or No. 10 contacts of relay SP1, to ground. :

Thus at the time relay CA releases, and assuming that
no sender is calling, relays GP4, PP9 and SP1 are oper-
ated and locked, while relay EP holds locally from
ground on the No. 10 contacts on relay SP1. The con-
troller will now remain in this condition until one or
more senders ground their respective leads ST-. For,
although interrupter CA1 will continue to function in the
absence of calling senders, relay PU, and hence relay
CA, cannot be operated inasmuch as with relay GP4
operated (or any other relay of this group operated)
and relay PP9 operated (or any other relay of this group
operated) no ground is applied to lead 161.

The cycle of interrupter CAl is shown in Fig. 54A.
As is there indicated, the left contact engages with the
moving spring for approximately 0.15 second. There-
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after there is an iriferval of approximately one second
during which neither the left nor the front contact engages
the moving spring, following which the right contact
only engages said spring for approximately 0.15 second,
after which said spring is again unengaged for approxi-
mately .020 second and subsequent to which it is en-
gaged by the left contact for 0.15 second at the beginning
of the next cycle. Relay CA, therefore, is operated and
held for approximately .150 second when it releases,
since relay RS will have released before the expiration
of this time interval. It should be stated at this time
that the controller is permitted a time equal to the open
period of both contacts of interrupter CA1 (approxi-
mately one second) to complete the operation of assign-
ing a calling sender to a position. Should it fail to do
so in this time, the reoperation of relay CA will operate
an alarm, as will be described.

With the controller in the condition above described,
that is, with relays GP4, PP9, SP1, and EP operated,
we will now describe those operations of the controller
that follow the operation of relay PF9 incident to ground
on lead STO of -the calling sender 0 in sender group 0.

Relay PFO, on operating, not only locks to start ground .

on lead STO as already described, but if relays XP3 and
XP2 are normal, thereby indicating that the controller
is not in the act of serving a sender from group 3 or
group 2, also has an additional locking circuit over its
own No. 5 front contacts, No. 5 back contacts of relay
XP3, No. 5 back contacts of relay PF2, lead 276, No.
3 contacts of relay SP1. (or of relay SP3, whichever is
operated at this time), lead 277, No. 6 contacts of relay

P31 (Fig. 53), lead 178, -to ground on.the No. 1 contacts .

of relay- RS (Fig. 53). The operation of relay PF0 re-
sults in the application -of ground on its' No. 2 contacts,
lead 168, No. 5 contacts -of relay RS, to lead 161. If
interrupter -CA1 is at this time making with its left con-
tacts, relay PU will operate as before described.. How-
ever, since the closure of the left contact is followed
by an open period of approximately 1 second in which
the controller is to assign .a calling sender to an avail-
able position, the closure of the right contact of said
interrupter, and hence the operation of relay CA, will
not occur during the operations that will now be de-
scribed. Should the controller fail to discharge by the
time the right contacts of-the interrupter close and relay
CA is again operated, then an alarm will be given, as
will be shown.

Relay PF0 also completes the circuit for relay SGGT
(Fig. 62), as previously described, and the latter relay,
through -its No. 1 contacts, operates relay PGT (Fig.
53), also as described. Relay PGT, in conjunction with
operated relay SP1, completes a circuit for the cut-in
relays CA0, CB0 and CCO individual to sender group 0
containing the calling sender. The circuit path of said
relays is as follows: ground serially through the windings
of relays CA0, CB0 and CCO0, No. 1 contacts of relay
PFQ, No. 1 back contacts of relay XP3, No. 1 back con-
tacts of relay PF2, lead 191, No. 2 contacts of relay
SP1, lead 171, No. 1 front contacts- of relay EP, lead
172, No. 2 contacts of relay PGT, lead 173, No. 3 con-
tacts of relay PA, No. 1 contacts of relay PA1, lead
174, No. 1 contacts of relay PG, lead 175, No. 2 con-
tacts of relay SK, No. 2 contacts of relay RS, resistor
RS2, to battery. - Relays CA0, CBO0 and CCO operate
and lock through the No. 11 contacts of relay CCO, lead
181, resistor CCO01, lead 182, No. 2 contacts of relay
RS, resistor RS2, to battery.

Upon the operation of relays CA0, CB0 and CCO a
circuit is completed for relay DO from ground through
its winding, No. 11 contacts of relay CA0, lead 187,
resistor CAA, to battery. Relay DO operates, - breaks
the connection between the start leads ST0-ST9 of the

" senders in group 0, and completes a path for relays PA
(Fig. 62) and SGT (Fig. 58). The path of said relay
PA extends from ground through the No. 1 contacts of
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relay RS lead 178, No. 5 back contacts of reIay PAI
lead 183, No. 12 contacts of relay CC0, lead 150, No.
11 contacts of relay DO, lead 184, No. 12 contacts of
relay CAO, lead 189, winding of relay PA, to battery.
Another branch of the circuit extends through the No.
1 contacts of relay S, lead 185, winding of relay SGT,
to_ battery, operating relay SGT. Relays. PA and SGT
both operate. Relay PA completes the circuit of relay
PA1 over its No. 4 contacts to operating ground on lead
178 and operates said relay, which locks over its No. 5
front contacts to operating ground. Upon operation of '
relay PA1 a circuit is completed for relay PGGT, said
circuit extending from battery through resistor PGT1,
No. 4 contacts of relay PG, No. 2 contacts of relay
PGK, No. 1 contacts of relay APS, winding of relay
PGGT, lead 195, No. 4 contacts of relay PA1, lead 196,
to- ground on the No. 3 contacts of relay PF0. Relay
PGGT operates to perform certain functions noted here-
inafter. Relay SGT, through ‘its Nos. 2-11 contacts,
connects the ten sender-preference relays S0-S9 to corre-
sponding leads ST0-ST9 of the calling sender group (in
this case sender group 0) through the contacts of relay
CAC. Whatever senders are calling in the  group will
have ground applied to their corresponding leads ST-,
and. said grounds will complete the circuits of the corre-
sponding relay S—. It has been assumed that sender 00
in sender group O is calling, said sender having ground
applied to its lead STO as already described. Conse-
quently when relay SGT operates, ground on lead STO is
applied through the No. 10 contacts of relay CAO, lead
186, No..2 contacts of relay SGT, winding of relay SO0,
to battery. In the same manner, any other sender in
group 0 which has ground on its lead ST— will similarly
cause a circuit to be completed for a corresponding relay
S— over a circuit path similar to the one just traced
for relay S0.

The relay SO, on operating, advances operating ground .
over its No, 3 front contacts, serially through the No. 3~
back contacts of relays S9-S2, No. 4 contacts of relay.
SP1, lead 190, winding of relay S (Fig. 62), to battery.
Relay S, by closing.its. No. 2 contacts on operation, ob-
tains ground therethrough from the No. 3 front contacts ~
of relay RS, lead 191A, No. 4 contacts of relay SO,
lead 192 and the No. 2 contacts of relay S. Said ground
thus holds both relay S and relay S0 operated independent
of relay SGT. By its operation, relay S opens its No.
1 contacts and thereby opens the circuit of relay SGT
which releases, . In consequence all relays S0-9 which
have operated wrll release except the one that is locked
in parallel with relay S, in this particular instance relay
S0, which represents the calling sender, and particularly
the one preferred for service since there is no other
sender in the .group calling. If there had beem more
than one sender. calling the particular one of the relays
50-S9 .that would remain locked would depend upon
which one of the four relays SPO-SP3 is operated at the
time. For example, assume that relay SPO is operated
and that senders 0, 4 and 7 are calling. Relays S0, S4
and S7 are therefore operated In this case, the locking
circuit. of relay S0 is completed through the No. 4
contacts of relay SPO to lead 190. Relays S4 and S7 will
have no.locking circuits, so that when relay S0 is oper-
ated, sender 0, represented by relay SO will have first
preference When relay SP1 is operated, sender 2, rep-
resented by relay S2 will have first preference inasmuch
as the locking circuit of said latter relay will be through
the No. 4 contacts of relay SP1. When relay SP2 is
operated, the preferred sender will be sender 5, the
locking of relay S5 being through the No. 4 contacts of
relay SP2, and when relay SP3 is operated the preferred
sender will be sender 7, the locking circuit of relay ST
being through the No. 4 contacts of relay SP3.

. With the release of relay SGT and the disconnection of
relays S0-S9 from. the sénder start leads STO0-ST9, a
circuit is' completed for relay SS, the path of said circuit
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being from battery through the winding of said relay,
lead 193, No. 1 contacts of relay SGT, lead 194, No. 1
front contacts of relay S0, serially through the No. 2
back contacts of relays S1-S9, No. 6 contacts of relay
S0, lead 186, No. 10 contacts of relay CAO, to ground
on lead STO of the calling sender. By its operation relay
SS indicates that the sender has been selected and will
remain operated so long as ground is maintained on start
lead STO.

Having selected the sender to be served, the controller
operates also to select an available position through an
available one of the links serving sender group 0. We
have noted as a result of the priming of the controller,
that the position group preference is initially set at posi-
tion group 4 by the operation and locking of relay GP4.
It may be, however, that no position is available in this
group or no link free connecting with the group, in which
event the sender will be connected to an available posi-
tion in some other group. This makes it necessary first
to determine which position groups have positions free
and available therein. For this purpose each controller
in the office is provided with a relay for each position
group; namely relays PG, PG1, PG2 and PG3. As
shown in Figs. 55 and 56, corresponding relays in each
controller are disposed in a double transfer lock-out cir-
cuit. By the operation of a relay in any controller for
a position group, the operation of corresponding relays
in other controllers is rendered ineffective. Remember-
ing that two controllers are furnished for each forty
senders, Fig. 55 shows the first and last of the four chains
of relays PG~ for a plurality of pairs of controllers,
the relays PG0-PG4 of the “first” controller in the chain
being those shown in Fig. 56.

‘Referring to Fig. 55 in conjunction with Fig. 56, it is
evident that if relay PG4 in the first controller is oper-
ated, said relay will lock over its No. 2 contacts, and
complete an obvious circuit over its top operated contacts
for relay GA4. Should another controller now be ac-
tivated for example, controller B for the first group of
forty senders, its relay PG4 will also operate if the con-
troller has determined that a free position and a link
connecting therewith are both available in group 4, said
relay also locking over its bottom contacts. However,
since relay PG4 in the first controller is also operated
and locked at this time, said first controller renders the
No. 1 back contacts of relay PG4 in controller B in-
effective to operate its associated relay G4, since ground
to the armature of said contacts is not applied at this
time over the No. 1 back contacts of the first PG4. This

causes controller A to obtain a position in position group ¢

4 while all other controllers, or any of them, are locked
_out of accessibility to said position group.

The same relation obtains for each of the five position
groups, for which a separate chain of relays PG- for
all controllers is provided, as indicated in Fig. 56. Hence
when a controller is serving a sender, the operated con-
dition of its five relays PGO-PG4, or any of them, indi-
cates the availability of at least one position in each
group and a free link connecting therewith.

We may now assume that a position is available in
each group and that a link is idle to each group. Under
these circumstances relays PG0-PG4 in Fig. 56 will all
be operated, the circuit of relay PGO, by way of exam-
ple, being completed from ground through the No. 2
normally made contacts of relay PGO of the last con-
troller B, serially through the No. 2 normally made con-
tacts of relays PGO of all intermediate controllers (as-
suming them all to be normal), winding of relay PGO
of the controller disclosed in Figs. 52-65, lead 218, No.
2 and No. 3 contacts of relay PGGT, lead 197 connect-
ing with the No. 2 contacts of said relay PGGT, No. 1
contacts of relay CBO0, lead 198, normal contacts of hold
magnet HMO of link 0 (assumed to be idle) lead 199,
No. 9 contacts of relay GBO, resistor GB00, to battery.
The No. 3 contacts of relay PGGT connect with: the
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armature of hold magnet HM1 of link 1 (on the switch
frame for position group 0) by means of lead 226, No.
2 contacts of relay CBO, lead 227 to the armature of
hold magnet HMI1, lead 199, No. 9 contacts of relay
GBO0.  Since lead 218 is connected to both the No. 2
and No. 3 contacts of relay PGGT, it follows that relay
PG¢ will operate if either link 0 or link 1 is free, as indi-
cated by the normal condition of their respective hold
magnets HM0 and HM1.

In the same manner, relays PG1-PG3 will operate
over similar circuits closed through involved contacts of
relay PGGT, providing that all other controllers are
free, that a position is available in each of the four
position groups (indicated by the released condition of
relays GB1-GB4) and that a link is idle for each posi-
tion group. For the present it will be assumed that a
position is available in each group and that, accordingly,
relays PG0-PG4 are all operated.

With relays PGO0-PG4 operated, a position will be
selected in the particular preferred group indicated by
the. relay in the group of five relays GP0-GP4 which is
locked up. Remembering that relay GP4 was locked
when the controller was primed, a position will be se-
lected in position group 4 if available. Further, a par-
ticular position indicated by an operated relay PP— will
be selected in the group if that position is free. It will
be remembered that relay PP9 was locked up when the
controller was primed. Consequently position 9 in posi-
tion group 4 will be selected if that particular position
is available.

The circuits of our invention are so arranged that the
positions are selected in the order of rotation indicated
in Fig. 134A to which attention is directed. The relays
PBO-PP9 each represent a corresponding position in each
of the five position groups, the positions being designated
by numbers 00—49, the last digit of their respective nu-
merical designations corresponding to the digit suffixed
to the designation of the relays PP— and P-. If PP9
is operated in the controller as assumed, the selection
will be for the last position in the group indicated by the
locked-up group relay GP- which, being relay GP4 in
this case, will be the last position in group four, or posi-
tion 49, even though other positions may be free in the
group. Of course, if position 49 is not free, and subject
to a qualification later to be described, then whatever
position in the group is free will be selected.

Still referring to Fig. 134A, after the position is
selected, the position preference is changed for the next
service operation of the controller, as will be shown.
In the particular example, the selection position 49 will
mean that the next preference will be position 48 in posi-
tion group 4, and this is accomplished by releasing relay
PP9 and locking up relay PP8. Relay GP4 will remain
locked since position 48 is in group 4. When the con-
troller, ‘after an assumed series of service operations,
has selected position 40, the next preference will be
position 39, again involving the operation and locking
of relay PP9, but this time also involving the release
of relay GP4 and the operation and locking of relay
GP3 (not shown), since position 39 is in group 3. When
the controller, after an assumed series of service oper-
ations, has assigned position 00 (relay GP9 and relay
PPO both operated) the preference rotates back to posi-
tion 49 in position group 4, involving the release of
relays GPO and PPO and the operation and locking
of relays GP4 and PP9.

As previously stated, the operation of relay PG0-PG4
results in the operation of relays GA0-GA4 over local
circuits. The operation of any of said latter relays un-
locks at its No. 1 contacts the circuit of relay PGK
(Fig. 52), allowing said relay to release after an interval
since it is slow-release, and completes the circuit of relay
PG over a path extending from battery through resistor
CB33 (Fig. 61), No. 12 contacts of relay CB0, lead 200,
No. 2 contacts of relay APS (Fig. 52) or No. 3 con-
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tacts of relay PK, or No. 3 contacts of relay GK, wind-
ing of relay PG, No. 2 contacts of relay PGK1, No. 1
contacts of relay GK, lead 201, No. 4 contacts of relay
GP4, No. 8 front contacts of relay GA4, winding of
relay PG4, to ground on the No. 2 front contacts of the
latter relay. Relay PG4 thus locks in series with relay
PG. If the preferred nosition group had been position
group 0 instead of position group 4, indicated by the
locked-up condition of relay GPO instead of relay GP4,
then relay PG would have been operated in series
with relay PGE@ over the above-traced path as far
as lead 201, thence over the WNo. 4 contacts of
relay GPO, No. 8 front contacts of relay GAS;
winding of relay PG, tog round on its No. 2 contacts.
Similarly with the three position groups 1, 2 and 3, relay
PG1 or PG2 or PG3 locking in series over paths closed
through the No. 8 front contacts of relays GA1, GAZ
or GA3, respectively.

We may now assume for the purpose of this descrip-
tion that while relay PG4 is locked for preference to posi-
tion 4, no position is available in said group, but there
is a position available in group 0, the two respective con-
ditions being indicated by the normal condition of relay
PG4 and the operated condition of relay PGO. In this
case, and since relay GAO is operated, relay PG will
operate in series with relay. PGO over a path previously
traced to lead 201 and the No. 4 front contacts. of
relay GP4, thence through the No. 8 back contacts of
relay GA4, serially through corresponding back con-
tacts on relays GA3-GA1, No. 8 front contacts of relay
GA®, winding of relay PGS, to ground on the No. 2
front contacts of said relay. Thus no matter what the
position group preference may be in the controller, a
position will be selected in the preferred group if there
is a position available in the group, but if there is none,
a position will be selected in whichever group a position
is available regardless of the preference. On the oper-
ation of relay PG the circuit of relay PGGT is cpened,
thereupon opening the paths of the four relays PG1-PGH4,
thus leaving the selection of the position in position
group C.

Having determined the position group (position group
0), a circuit is closed for the connector relay GP@ in-
dividual to said group. This relay is operated over
a circuit path that may be traced from battery through
resistor PGGT1, No. 1 contacts of relay PGGT, lead
206, No. 2 back contacts of relay GA4, serially through
correspending contacts on relay GA3-GAL, No. 2 front
contacts of relay GAS, winding of relay GCS9, lead
163, No. 1 front contacts of relay PGKL, to ground on
lead 161 as previously traced thereto. Relay GC@ op-
erates to conmect the position test leads -of positions
00-09 (lead 203 for example) severally to the windings
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battery on lead 199. In this case relay OL operates, but
due to the high resistance of said relay, relay PL does
not. Relay OL locks over its No. 3 contacts to the
same circuit as relay PL. As will be shown, relay PL
controls the operation of the hold magnet HM® of link
§ and other even numbered links, while relay OL con-
trols the operation of the hold magnet HM1 and other
odd numbered links. If relay EP is normal, as it will
be for the preference selections controlled by . relays
SP3 and SP4, link selections are reversed (if both are
free) to distribute the wear among the links, the normal
condition of relay EP completing the circuit of relay PL
over the contacts of hold magnet HM1 and that of relay
OL over the contacts of hold magnet HM®@. If both
links are free and relay EP is operated, the even link
will always be the one to be selected. ) C

The controller now determines which of the positions
are frez and available in the selected group. If it is
assumed, for example, that position 00 is free and
available a circuit is completed for relay P0 from ground
through its winding, lead 202, No. 12 contacts of relay
PGT, lead 203, No. 12 contacts of relay GCO, lead 204,
No. 1 contacts of relay S of the position circuit, No. 2
contacts of relay PO of said circuit, No. 1 contacts of
relay PD, resistor PDD, to battery. All other positions
in the group which are iree and available at this time
will, of course, cause the operation of the corresponding
relays P1-P9. :

Assume, now, that positions 00, 01 and 09 are free and
available, which means that relays PO, P1, and P9 are
operated. A circuit is then completed to operate relay
P in series with relay P® for the preferred position 09,
the circuit tracing from ground through the winding of
relay P9, No. 5 contacts of said relay, No. 3 contacts of
relay PP9, lead 267, No. 8 contacts of relay APS, No. 1
contacts of relay PK, lead 208, winding of relay P, lead
209, No. 7 contacts of relay GAO, resistor GAG0, to bat-
tery. Relay P operates, releases relay PGT, which re-
leases relays PO and PI, and completes the circuit of
relay PS from ground through the winding of said relay,
lead 210, serially through the No. 1 back contacts of
PO-P8, No. 1 front contacts of relay P9, lead 211, No. 1
contacts of relay PGT, lead 212, resistors PSS and SPS,
to battery.

Posiponing a consideration of what follows incident
to the operation of relay PS if position 09 though pre-
ferred is not available, then subject to a qualification that
will be described shortly, the next position available in
the numerically descending order of preference will be
taken into use. Thus if position 01 is available relay P1

. would be operated, and then locked over its No. 5 con-

of the ten position test relays PO-P9 over contacts of

relay PGT. Upon the operation of relay GCJ, a test is
made to determine which of the two links serving posi-
tions 00-09 are busy, if any. If link 9 is free and relay
EP is operated, a circuit is closed for relay PL from
ground through its winding, No. 1 contacts of relay
CL, lead 228, No. 1 contacts of relay PSi, lead 221, No.
5 {ront contacts of relay EP, lead 223, No. 2 contacts
of relay GCO, lead 197, No. 1 contacts of relay CBG,
lead 198, thence as traced through the contacis of hold
magnet HMO of link 0, lead 159, No. 9 contacts of relay
GBS, resistor GB00O, to battery.
opens the path of relay OL, and locks over its No. 2
front contacts, Mo. 2 contacts of relay PG, lead 224,
resistor GBOQ, to battery. If link € is busy, then link 1
must be idle, since otherwise relay PGO would not have
operated, whereupon a path is closed for relay OL
from ground through the winding of relay PL, No. 2
contacts of relay PL, winding of relay OL, No. 4 front
contacts of relay EP, lead 225, No. 1 contacts of relay
GO0, lead 226, No. 2 contacts of relay CBO, lead 227,
contacts of hold magnet HM1, and thence as traced to

Relay PL operates,.
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tacts, serially through the No. 9 contacts of relays P2-P9,
No. 3 contacts of relay PP9, lead 207, No. 8 contacts of
relay APS, No. 1 contacts of relay PK, lead 208, winding
of relay P, lead 209, No. 7 contacts of relay GAO, re-
sistors GAOQ, to battery. With relay PP9 operated the
circuit of relay PS would be completed from ground
through the winding of said relay, lead 216, No. 1 back
contacts of relay P@, No. 1 front contacts of relay. Pi,
serially through the No. 2 back contacts of relays P2-P9,
lead 211, No. 1 contacts of relay PGT, lead 212, through
resistors PSS and SPS to battery. In this event, as will
be shown, the position preference for the next service
use of the controller will not be for position 08, which
it would be if position 09 had been available and taken
into use, but for position 00, the position immediately
below in numerical order to the one actually so taken.
If the position actually in use is position 00, as assumed
for the further description of the invention, then accord-
ing to Fig. 132A the next position preference will be
position 49 in position group 4.

Relay PS, upon operating, completes a circuit for relay
PS1 from ground over its No. 2 contacts and lead 216,
and completes circuits to operate the select magnet SMa
at the position switch for position 00 and to operate the
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select magnet SMO at the sender switch for the calling
sender 0. The path of the position select magnet SM¢
extends from ground through the winding of said magnet
(Fig. 59), lead 211, No. 8 contacts of relay P9, lead
0212, No. 5 contacts of relay PS, through ballast lamp
LP1, lead 213, No. 8 contacts of relay RS, to baitery.
The path of the select magnet SM¢ for the sender switch
0 extends from ground through the winding of the select
magnet SM0 (Fig. 60), lead 214, No. 5 contacis of relay
S0, lead 215, No. 4 contacts of relay PS, through ballast
lamp LP2, lead 213, and thence as traced to battery cn
the No. 8 contacts of relay RS. Select magnets SM0 and
SMO operate and condition the crosspoints on their re-
spective horizontal members to lock mechanically upon
the subsequent operation of any hold magnet on either
switch, as is well known from the construction of the
crossbar switch.

Before proceeding with circuit operations following
the operation of the select magnets SM® and SMJ, we
will first describe the advance of selection preference in
the controller for its next service use. 1t will be remem-
bered that relay SPI was operated at the time the con-
troller was primed, and that said relay is held locked to
ground on the No. 6 normaily closed contacts of relay
SP2. Upon the operation of relay PS, however, a circuit
is completed for relay SP2 from battery through its
winding, No. 5 normally. made contacts . of said relay,
No. 9 contacts of relay SP1, No. 1 back contacts of relay
SPO, lead 162, No. 9 contacts of relay RS, lead 217,
No. 1 front contacts of relay PS, to ground. Relay SP2
operates, locks over its No. 5 front contacts to the No. 6
normally made contacts of relay SP3, and advances the
holding circuit of relay SP1 over its No. 6 front contacts,
lead 162, No. 9 contacts of relay RS, lead 217, No. 1
front contacts of relay PS, to ground. With both relays
SP1 and SP2 operated, a circuit is completed for relay
SK from battery through its winding, lead 276, No. 8
contacts of relay SP2, No. 7 front coniacts of relay SP1,
to ground. Relay SK, by its operation, indicates that
the preference has been advanced, while relay SP2, by
its operation, will cause sender No. 5 in sender group 0,
if calling amongst other senders in a group on the next
use of the controller, to be preferred for service, as pre-
viously described.

Position group preference is also advanced in the order
indicated in Fig. 134A. It will be recalled that the con-
troller was primed by operating relay GP4, meaning
thereby that the controller, on its first service use after
priming, will select a position in group 4 if such a posi-
tion is available therein and a link is idle therefor. More-
over, the operation of relay PP9, on priming, limited
the preference to position 49 in group 4. Since it has
been assumed that on the first service use of the con-
troller after priming position 00 was selected, then accord-
ing to Fig. 134A the next position preference would be
position 49 in group 4. This change means that the
operated condition of neither relay GP4 nor PP9 should
be disturbed. Suppose, however, that position 49 had
been available and selected on the service use of the
controller now being described. This would mean that
after the position is selected and relay PS has been
operated the preference for the next use of the controller
would be for position 48, calling for the release of relay
PP9 and the operation and locking of relay PP8. Accord-
ingly, after relay PS has been operated and remembering
that relay P9.is locked in series with relay P according
to the assumption, a circuit for relay PP8 is completad
which extends from battery through its left winding, No.
6 contacts of relay P9, lzad 226, No. 3 contacts of relay
PS, to ground. On operating, relay PPS. uniccks relay
PP9 and locks itself over a circuit from ground on the
No. 4 back contacts of relay PP9, Nc. 4 front contacts
of relay PP8, right winding of said relay, serially through
the No. 5 back contacts of relays PP7-PP0, resistor PPP,
to battery. Relay PP8 will remain locked on the release
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of the controller to insure the preference selection of
position 48 on the next use thereof.

To indicate that the position preference has been
changed for the next use of the controller (and specifical-
ly from position 49 to position 48), a circuit is com-
pieted for relay PK upon the operation of relay PP3 and
the release of relay PP9, the circuit of said relay PK
extending from battery through the winding of said relay
PK, lead 236, No. 6 contacts of relay PP9, No. | front
contacts of relay PP8, serially through the No. 1 back
contacts of telay PP7-PP0, serially torough the No. 2
back contacts of relays PPO0—PP7, No. 2 front contacts
of relay PP8, No. 6 contacts of relay P9, lead 226, and
thence to ground on the No. 3 contacts of relay PS.
Relay PK operates to perform certain functions to be
noted hereafter.

If, in spite of the registered preference for position 49
the only available position in group 4 had been position
41 by way of example, the selection preference would
then be shifted to position 40. With relay P1 operated
for position 41, a circuit is completed for relay PP0 from
battery through its left winding, No. 6 contacts of relay
P1 and thence as traced over lead 226 to ground on the
No. 3 contacts of relay PS. By similar circuits, the nex
position preference will always be shifted to cne below
the position actually taken into use, relay PK operating
as before to indicate that the position selection preference
has been changed.

An inspection of Fig. 134A shows that if the controller
had registered therein a preference for position 00 in
position group 0, the next preference registration would
be for position 49 in position group 4. The preference
for position group 0 will have been registered by the
operation and locking of relay GP0, and the preference

5 for the particular position 00 therein by the operation

and locking of relay PP8. The selection preference of
position 49 in group 4 for the next use of the controlier
will call for the operation and locking of relays GP4
and PP9, the change of selection preference by the opera-
tion of the involved relay in the group of reiays PPO-PP9
having already been described.

The change of position group preference is similarly
effected. If it is assumed that the preference is for posi-
tion group 0, indicated by the locked-in condition of
relay GP®, and that position 00 is the preferred position
in the group as indicated by the locked-up condition of
relay PPO, then the next preference will be for position
group 4, which calls for the operation and locking of
relay GP4. Accordingly, when relay P8 is operated,
relay GP4 will operate over a circuit that extends from
battery through its upper winding, No. 6 contacts of relay
GAS®, lead 228, No. 7 contacts of relay P08, iead 226, and
thence as traced to ground on the No. 3 contactis of relay
PS. Relay GP4 operates, unlocks relay GP§ which re-
leases, and relay GP4 locks over a circuit from ground
on its No. 3 front contacts and lower winding, serially
through the No. 5 contacts of relays GP3-G20 and
through resistor GPP to battery, No. 3 back contacis of
relays GP3-GP1, No. $ contacts of relay GP, resister
GPP, to battery. Relay GP4 thus seis the next groud
preference to position group 4, and the operation and
locking of relay PP9 particularly sets the preference to
position 49 therein. '

The group transfer check relay GK now operates over
a circuit extending from battery through its winding,
lead 167, No. 1 contacts cf relay GP4, serial'y through
the No. 1 back contacts on relays GP3-GP9Q, serially
through No. 2 back centacts of relays GP6-GP3, MNo. 2
contacts of relay GP4, No. 6 contacts of relay G.A0, lead
228, No. 7 contacts of relay PO, lead 226, and thence as
traced to ground on the No. 3 contacts of relay PS.
Relay GK operates to indicate that the group preference
has been changed, and performs certain functions to be
noted hereinafter.

The qualification to which reference has been made
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with respect to position selection pertains to the condi-
tion in which all available positions are of a higher
numerical designation than the operated preference relay
PP-. In this case, the preference is next set to the top
position (indicated by relay PP9) in the next descending
position group. Thus, for example, assume that the
preference is set for position 1 in position group 0, indi-
cated by the locked-up condition of relays GP6 and PPI,
respectively, that neither position 1 nor position 0 is
available, but that positions 2-9 are available, meaning
thereby that relays PO and P1 are normal and relays
P2-P9Y are operated.  In this case none of the available
positions is selected, but the preference is reset to the
next lower position group (in this position group 4
according to Fig. 134A) and to the top position in that
group (position 49) after which the controller recycles
to select a position in said group, the preferred position
therein if available. Assuming, therefore, that relay GP®
is operated for the position group preference, that PPi
is operated for the position preference in the group, that
positions indicated by relays P2-P9 are available, and
that positions indicated by relays Pi and P9 are not, the
controller now functions to select a position from the
“new” position group 4, by first setting the preferences
and then selecting the position preferred if available, or
one numerically lower. With relay PP1 operated and
relays P1 and P¢ normal, a circuit is completed for relay
APS extending from ground through the winding of said
relay, lead 239, No. 4 contacts of any one of the operated
relays P9-P2, lead 235, No. 1 back contacts of relay FS,
lead 232, No. 9 back contacts of relays P% and P1, No. 3
contacts of relay PP1, lead 233, No. 1 contacts of relay
PK (which is normal since no position preference has
yet been changed), lead 208 winding of relay P, lead
209, No. 7 contacts of relay GAS, resistor GA08, to
battery. Relay APS operates in this circuit but relay P
does not owing to the high resistance of the former relay,
locking over a circuit from battery through resistor GA08,
lead 234, No. 7 contacts of relay APS, lead 235, No. 4
contacts of relay P9 (for example) and thence to the
winding of relay APS.

Since the preference had been set for position group 0
as evidenced by the locked-up conditicn of relay GPO,
the shift of preference in this case can only be to the
position group 4 to which relay GP4 is individual, which
relay upon the operation of relay APS, operates over a
circuit from battery through its upper winding, No. 6
contacts of relay GA8, leads 228, 228’, to ground on the
No. 5 contacts of relay APS. In operating, relay GP4
releases relay GPO and locks in the manner described to
register the preference for position group 4, relay GK
operating as before to register to change of preference.
At the same time the preference is changed to position 49
in the new preferred group 4 by the operation of relay
PP9, which relay operates over a circuit from batiery
through its left winding, lead 165, to ground on the No. 4
contacts of relay APS. Relay PP9 operates, releases relay
PP1 and locks in the manner described to register pref-
erence for position 49, relay PK operating to indicate the
change of position preference.

With the operation of relay APS, relay PGK, which
released on the operation of relay GAS, is reoperated over
a circuit from battery through its winding, No. 6 con-
tacts of relay APS on the No. 12 contacts of relay CA via
lead 161 to ground, said relay PGK locking under con-
trol of the No. 1 contacts of relay GA4 until the latter
operates. The operation of relay APS and the operation
of relays PK and GK cause the release of relays, PG and
PG~ (in this case relay PGY) in series, relay PGO re-
leasing relay GAQ and the latter causing the release of
relays GC8® and GK. Relay GA9 further causes the re-
lease of the operated relays P— subsequent to which relays
PX and APS release. Relay PGGT now reoperates over
its previously described circuit to connect relay PG4 with
the links to position group 4, subsequent to which the
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controller operates in the manner described to select:a
position in said group.

The circuits of our invention are further arranged to
“handicap” each and every controller on an all-positions
busy condition, which, once having assigned a calling
sender to an.available position re-enters the race for
yet another position while other controllers are still wait-
ing for theirs. In order to understand this feature of our
invention reference is made to Fig. 65 which shows the
wiring arrangement between relays FS of all other con-
trollers, relay FS of the first controller A (the con-
troller shown in detail in Figs. 52~64) being shown in
Fig. 62, while a representative intermediate controller
A, the last controller A, the first controller B, a representa-
tive intermediate controller B and the last controller B
being shown on Fig. 65.

To understand the circuit arrangement, assume that all
positions but one are busy, and that all controllers in
the office each have a sender waiting for a position.
From what has been previously described, each control-
ler will have the appropriate relay, or relays, PF0-XP3
operated therein, followed by the operation of relays PA
and PA1 as described. By the chain arrangement of
relays PG- shown in Fig. 55, some one controller will
seize the available position, in consequence of which the
involved relay GB- in each controller will be operated
to indicate the busy condition of the position group,
followed by the release of relay PA in each controller
except the one controller that obtains the position, As-
suming for the present that the first controller A dis-
closed in Figs. 5264 is one of the controllers that failed
in getting the one available position, a path is then closed
therein for relay PS1 which traces from battery through
the winding of said relay, lead 216, No. 2 contacts of relay
PA1, No. 1 contacts of relay PA, to ground on the No. 1
contacts of relay PS. With the operation of relay PS1, a
path is thereupon closed for relay FS, extending from
battery through the lower winding of said relay, lead
240, No. 4 contacts of relay RS, No. 2 contacts of relay
PS1, lead 241, No. 2 back contacts of relay PS, to
ground. On operating, relay FS locks over its upper wind-
ing and No. 3 contacts to ground on the No. 2 back con-
tacts of relay PS. .

As indicated, the above operation of relays PS1 and
TS takes place in each controller that failed to get the
one available position. Relay FS in each such control-
ler then closes a circuit for relay RS from ground pre-
viously traced to the No. 3 contacts of relay FS, No. 2
contacts of said relay, No. 2 contacts of relay PA, No. 3
contacts of relay PAIL, lead 242, lower winding of relay
RS, resistor RS1, to battery. Relay RS operates and re-
leases relays—CA~—, CB—, CC—, S, S0-S9, PAl, and the

_involved PF-XP relays, thus releasing the controller,

but leaving relay FS therein locked under the control of
relay PS. »
Attention is now directed to Fig. 65 in which relay FS
of the controller A may be supposed to be normal on the
assumption that said controller was the one which ob-
tained the one available position, while relay FS in each of
the other controllers may be supposed to be locked as de-
scribed above to represent the failure of the controller to
get the one available position. Now when another posi-
tion becomes available, the involved position group relay
GB- in each controller is released, including that of the
last controller A which got the first available position,
whose relay FS is normal if said controller has mean-
while restored to normal and been reseized to serve an-
other calling sender. In this case, however, when relay
PF- of this controller is eperated, ground to operate its
relay PGGT will have to wait the operation of relay PAL,
which controls the closure of the circuit for said relay
PGGT over its No. 4 contacts as previously described.
However, in the controller to the right of the last con-
troller A, that is, the first controller B, and due to the
fact that relay ¥S is operated therein, ground. for op-
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erating relay PGGT of said first controller B is supplied
directly to the winding of relay PGGT from the contacts
of relay PF- or XP-, with said supply path including
the No. 6 back contacts of released relay FS in the last
centroller A, MNo. 4 contacts of relay FS of the first con-
troller B, to the winding of relay PGGT of said first
controller B. This means that relay PGGT in the first
controller B is operated ahead of relay PGGT in the
last controller A, and because the operation cf the posi-
tion group relay PG— of the group having the one avail-
able positicn is closed through immediately upcn the op-
eration of reclay PGGT which locks out the relays cor-
responding to relays PG- in all other controllers as pre-
vicusly described in connection with Fig. 55, it follows
that the first contrclier B succeeds in getting the posi-
tion while the last controller A will not. Operations fol-
lowing the energization of relay PGGT are the same as
those ajready described for the contrcller A shown in
Figs. 52-64 by which the calling sender will be con-
nected to the available position. When relay PS op-
erates in the first controiler B, relay FS is unlocked.

Each position, as it becomes available, is then seized
by a waiting controller in the closed clockwise chain in-
dicated in Fig. 65; that is, the first controller seized in
the chain is the controller after the last one served that
has its relays PS locked, the latter relay releasing upon
the operation of relay PS. It should be noted that wait-
ing controllers which have their respective relays FS nor-
mal will niot get a position until all controllers having
their respective FS relays operated are first served.
this manner, no controller on an overload condition can
get the one available position and return for another po-
sition to the exclusion of all other controllers still wait-
ing for positions.

Under the overload condition above described the cir-
cuits of our invention are further arranged to cause each
controller to prefer its own groups of senders, specifically
controilers A preferring sender groups 0 and 2, control-
lers B preferring sender groups 1 and 3. It will be re-

called that relays SP@-SPI are operated in succession,

one on each service use of the controller, and that Figs.
52-64 are assumed to represent a controller A. If re-
lays PFO, XP1, PF2 and XP3 are all operated in this
controller for example, and relay SP@ is cperated, the

controller will serve the calling senders represented by re- «;

lay PFO, XP1, PF2 and XP3 in the order of sender groups
0, 2, 1 and 3. Thus the sender to be served first will
be the sender in group 0, the circuit of the sender group 0
cut-in relays CAG—CC@ being completed through the
No. 3 contacts of relay P as already traced, and thence
through the MNo. 2 contacts of relay SP$§, lead 171 and
thence as traced to battery on the No. 2 contacts of re-
lay RS. After the controller has operated to connect the
sender from group 0 to an available position, relay PFO
is released but relays XP1, PF2 and XP3 will still hold
to ground in the respective calling senders in the groups
represented by said relays. Relay SP1 is operated and
locked over its No. 5 contacts, relay SP@ is released on the
operation of relay SPi1. Thereupon the sender in sender
group 2 is served, the circuit of cut-in relays CA2—CC2
(not shown) being closed over the No. 1 contacts of relay
PF2, lead 1921, No. 2 contacts of relay SP1, lead 17%,
and thence as traced to battery on the No. 2 contacts of
relay RS. When the sender in group 2 is served relay
PF2 releases, as does relay SP1 which, in turn operates
relay SP2. TIn this case, the circuit cui-in relays CAT—
CC0 (not shown) for sender group 1 will be closed
through the No. 1 front contacts of relay XPI1, No. 1
back contacts of relay PF9, thence as traced to the No.
3 back contacts of relay P, No. 2 contacts of relay SP2,
lead 189, No. 1 back contacts of relay EP (which is nor-
mal when relays SP9 and SP1 are both normal), lead
172, No. 2 contacts of relay PGT, lead 173, No. 3 con-
tacts of relay PA, No. 1 contacts of relay PAL, lead 174,
No. 1 contacts of relay PG, lead 175, No. 2 contacts of
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relay SK, No. 2 contacts of relay RS, resistor RS2, to
battery. When the sender in sender group 1 is served,
relay XP1 releases, leaving only relay XP3 operated.
Also, relay SP2 releases and relay SP3 operates. The
sender in sender group 3 is now served, the circuit of the
cut-in relays CA3—CC3 being completed through the
Wo. 1 front contacts of relay XP3, No. 1 back contacts
of relay PF2, lead 191, No. 2 contacts of relay SP3, lead
189 and thence as previously traced to battery on the No.
{ contacts of relay RS.

Thus under normal conditions controllers A and B
serve the senders in the four groups in the order deter-
mined by which of the relays SPC-SP3 in each con-
troller is operated at the time relays PF0—XP3 operate.
Linder overload conditions, however, all the controllers
in the office are waiting for a position to become avail-
able. This means that each controller has its relays PF—
operated therein but not its relays XP—, thus restricting
its service to the senders indicated by the operated re-
lays PF-,

With the description of the above specific features of
the controller disposed of, the description of its cpera-
tion to extend sender € in sender group 0 to position 0 in
position group 0 will now be resumed. It will be re-
called that the select magnets SMO at both the sender-
and position switches were operated to conditicn the
crosspeints at the switches. 1If relays EP and PL are
operated, indicating that link @ is available, a circuit is
completed for the two hold magnets HM®8 of said link,
said circuit extending from battery through the respective
windings of said magnets, lead 243, MNo. 1 contacts of
relay CC%, lead 244, No. 4 contacts of relay GAG, lead
248, No. 2 frent contacts of relay EP, No. 1 front con-
tacts of relay PL, lead 246, No. 5 back contacts of re-
lay DCK, lead 247, left contacts of relay HO, lead 248,
contacts of select magnet SMO on the sender switch, lead
249, contacts of select magnet SM® on position switch,
to ground. Hold magnets HM9 and M@ opecrate and
clese the cross-points te extend sender @ to position 00.
If link 00 is not available, indicated by the operation
of relay OL as previously described, then the circuit of
hold magnets JIMZE of link 1 is completed from battery
to the winding of said magnets, lead 259, No. 2 contacts
of relay CC¢, lead 251, No. 3 contacts of relay GAGC,
fead 252, No. 3 contacts of relay EP, No. 2 contacts of
relay OL, WNo. 1 back contacts of relay PL, lead %46 and
thence as traced to ground on the contacts of select mag-
net SMO of the position group switch.

When the crosspoints have been closed in the position
switch, operating ground on the hold magnet HM® is
extended to lead S and thence to the winding of relay
S of the position circuit, operating the latter relay, which,
by opening its No. 1 back contacts, removes battery from
lead 204 thereby to indicate that the position is busy,
closes in part over its No. 3 contacts the path of the
position-busy group chain, and over its No. 2 contacts
a circuit is completed for operating relay H as will here-
inafter be described. When the crosspoints have been
closed at the sender switch, the operating ground for
the held magnet HM$ is further extended over lead S
of the sender in cable C1%, No. 3 back contacts of re-
lay PR, winding of the position attached relay PA, No.
3 normally made continuity centacts of relay PR1, lead
H, thrcugh the sender and position switch crosspoints,
No. 1 contacts of relay TE, lower winding of relay H,
No. 1 normally made contacts of said relay H, No. 1
front contacts of relay S, Jead 204, No. 12 contacts of re-
lay GCO, lead 283, Wo. 3 contacts of relay P, lead 258,
serially through resistors H8% and HOL, l=ad 263, wind-
ing of relay H@, lead 242, Mc. 8 contacts of relay PS,
resisters SPS, to battery. Due to the resistor H81, neither
relay PA in the sender nor relay H in the positicn op-
erates, but relay HO in the coniroller does operate as an
indication that the crosspoints at the position and sender
switches have been closed. On operating, relay HO
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locks from battery previously traced through lead 262,
winding of relay HO, lead 263, resistor HOL, No. 3 back
contacts of relay DCK, lead 255, right contacts of relay
HO, lead 248 and thence as traced to ground on the con-
tacts of select magnet SMO of the position switch. Prior
to the operation of relay HO, polarized relay DCT is
held on its released, or back, contact owing to the fact
that current flows in the proper direction therefor by
ground through the back contacts of relay DCK, lead
246, to the right terminal of the winding of said relay
DCT. However, when relay HO operates, this ground
is removed from the right terminal of the winding of
relay DCT. The circuit for holding the hold magnets
HM- is through the winding of relay DCT and resistor
DCT2 to aforesaid ground on lead 248. This causes a
reversal of current through the winding of relay DCT
which causes its operation. Thus the hold magnets HM~
hold in series with the winding of relay DCT. In re-
gard to the operation of this relay it should be remarked
that if a double connection occurs, as might occur for
-example if a bent finger on the select bar of the switch
causes position 9, for instance, to be simultaneously
connected to position 0, and position 9 is serving a sender,
ground on lead S of position 9, appearing on the No. 1
armature of relay PL, shunts the battery to the hold mag-
nets HM® and causes relay DCT to fail to operate. In
this event, further operations will be suspended and the
controller will be caused to time out, as will be shown.

With the operation of relay DCT, a circuit is closed
for relay DCK, the path of which extends from battery
through resistor PGT1, armature and right contacts of
relay DCT, lead 254, No. 2 contacts of relay SS, wind-
ing of relay DCK, lead 255, right contacts and armature
of relay HO, to ground on lead 248 as previously traced
thereto. Relay DCK operates, locks to battery over its
No. 4 contacts and, over its No. 1 contacts short-circuits
resistors HOL and HO1 through the MNo. 1 contacts of
relay HOR in the path of the previously established cir-
cuit for relays H, H0 and PA. Due to the increase in
current flow, both relay H in the position circuit and
relay PA in the sender circuit operate, relay PA locking
over its No. 2 contacts, lead 147, No. 8 contacts of re-
lay ON4, to ground. This ground is further extended
over the No. 2 contacts of relay PA, No. 3 back con-
tacts of relay PR1, lead S in cable C18, to the windings
of the hold magnets HMO, through the crossbar switch
contacts thereby holding said magnets independently of

their operating paths when the latter are opened on the .

discharge of the controller. The original operating
ground of relays H and PA is then supplanted by the
locking ground through the winding of relay PA, nor-
mally closed continuity contacts No. 3 of relay PR1, lead
H in cable C19, through the sender and position switch
crosspoints, lead H in cable C1 No. 1 contacts of relay
TE, lower winding of relay H, No. 1 front coniacts of
relay H, No. 2 contacts of relay S, upper winding of
relay H, to battery. Relay PA in the sender and relay
H in the position thus hold in a series with each other.
Relay PA, at its No. 1 contacts, removes start ground
from lead ST® and further releases relay CW, which re-
moves positive 130 volts from lead CW to the calls wait-
ing circuit which indicates to said circuit that the sender
has become attached to a position. The operation of re-
lay H opens the circuit through front No. 1 contacts of
relay S, and releases relay HO.

Postponing until later operations which follow the
energization of relay H in the position and the further
operations, which follow the energization of relay PA
in the sender, the removal of ground on lead ST® re-
leases relays PF0 and SS, while the application of
ground on lead S, traced to the armature of relay PL,
reverses current through relay DCT, causing it to release
since it is a polarized relay.. With the release of relay H
a circuit is completed for relay HOR over a path which
extends from battery from winding of said relay, its No.
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3 normally closed contacts, No. 5 front contacts of re-
lay DCK, lead 247, contacts of relay H9, to ground as
previously traced on lead 248. Relay HOR operates and
locks over its No. 3 front contacts to ground on the No.
3 contacts of relay PST. With relays HO, SS and DCT
normal and relay HOR operated, a circuit is completed
for the release relay RS over a path which extends from
ground as previously traced to lead 248, left contacts of
relay HO, lead 247, No. 5 front contacts of relay DCK,
No. 2 contacts of relay HOR, lead 256, No. 1 contacts of
relay PGK, lead 257, No. 5 contacts of relay FS, lead
258, upper winding of relay RS, No. 1 contacts of relay
SK, lead 259, No. 2 contacts of relay PK, No. 2 contacts
of relay GK, lead 260, No. 3 contacts of relay SS, lead
261, left contacts of relay DCT, resistor PGT1, to bat-
tery. Relay RS operates, locks over battery on resistor
RS1, through the lower winding of relay RS and over
its No. 6 contacts via lead 264 to ground on the No. 3
contacts of relay PGK1.

With relay RS operated, relay PA1 is released at the
No. 1 contacts of said relay RS, select magnets SM§ are
released at is No. 8 contacts, and relays SO, S and the
sender-connector relays CA0—CCO are released at ifs
No. 3 contacts, the first operated relay SP (in this in-
stance relay SP1) is released at its No. 9 contacts. The
release of relays CAO—CCO releases relays D9, PG and
PGO, relay PG@ being followed by the release of relay
GAQ. Relay GAOD releases relays GK and GPO, the re-
lease of relay GPO being followed by the release of re-
lays PK, PS and PSi. Relay PS1 releases relay PU,
GC¢, DCK and PGK1, relay PGK1 unlocking relay RS
and thus restoring the controller to normal with a posi-
tion group preference relay GP-, a position preference
relay ‘PP-, and a sender group and sender preference
relay SP— operated and locked as described.

The above completes the description of the operation
of the controller. - It only remains to describe .certain
facilities which are provided to furnish an alarm in the
event that the controller does not compleie its functions
within the cycling time of interrupter CA1l, or fails even
to get started when ground is applied to the start lead
ST- of one of the senders.

In the event that the controller fails to assign the sender
to a position in the time allowed by the opened.interval
of interrupter CA1, relay CA will operate when said
interrupter makes its right contacts, as already described.
Relay CA locks over its No. 5 contacts to ground on the
No. 7 contacts of relay RS, and completes the circuit of
the latter relay from battery through resistor RS%, lower
winding of relay RS, No. 4 and No. 8 contacts of relay
CA, to ground.” Relay RS operates to release the con-
troller as already described, said relay RS locking to
ground on the contacts of relay PU and releasing on the
release of the latter relay. Relay CA releases on the
operatlon of relay RS.

If it is desired to prevent the controller from releasing,
key HLD is operated to tie left for the shown controller .
A (and to the right for the mate controller B) thereby
short-circuiting the winding of relay RS by ground on
the No. 8 contacts of relay CA, lead 268, contacts of
key HLD, lead 269, No. 10 contacts of relay RS, to re-
sistor RS1. Relay RS is thus prevented from operating
to release the controller for as long as key HLD is oper-
ated. .

Relay CA When operated also completes a circuit for
the alarm memory relay AM, from battery through the
winding of said relay, lead 265, No. 2 contacts of relay
CA, lead 266, key AR, to ground. Relay AM operates,
locks to said ground over its No. 1 contacts, and com-
pletes the circuit of lamp A over lead 267, which lamp
lights to indicate that controller A failed, though it may
have released to service in the meanwhile by the operation
of relay RS. A similar alarm memory relay (not shown)
is provided for controller B, which causes the lighting of
lamp B individual to said controller. Lamp A can only
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be.extinguished by operating key AR which releases relay
AM.

It may also happen that when a calling sender applies
ground to its start lead ST-, for example lead STO for
sender 0 in sender group 0, relay PF0 may fail to operate
due to an open wire, an opened contact on relay MB, or
to some other canse. In this event and if links and posi-
tions are free and available as shown by the released con-
dition of GBG-GB4 or any of them and by the released
condition of the link hold magnets HM-, ground on said
lead STG will complete a circuit for relay SGO individual
tc sender group. 0, the path of said circuit tracing from
ground on lead ST, No. 10 and 12 contacts of relay
DO, lead 268, No. 10 contacts of relay MB, lead 269, No.
5 contacts of relay GBO (if a position is free in the
group as well as a link connecting with the group), lead
270, contacts of link Hold magnets HM@ at the sender
switch, lead 271, inferrupter PU®, lead 272, No. 3 con-
tacts of relay LA, lead 273, lower winding of relay SGO,
to battery. Said relay operates, locks over its No. 4 con-
tacts to operating ground, and over its No. 2 contacts ap-
plies ground through interrupter LA to resistor LAl to
battery, releasing relay LA, On the release of relay LA,
relay 8GO is provided with another locking circuit through
its upper winding and No. 3 contacts, No. 7 contacts
of relay LA, key AR, to ground. Thus relay SGO0 will
hold even if the calling sender should dismiss in the mean-
while, and by the lighting of lamp SGO over its No. 5
contacts and the No. 2 back contacts of relay LA, calls
the attention of maintenance to the fact that the con-
troller was unable to operate any of its relays PF0-XP3.
The operation of key AR releases relay SGO and extin-
guishes lamp SGO0.

The controller may be made busy by operating key
MB to the left for the shown controller A and to the right
for the mate controller B. The operation of said key MB
to the left grounds lead 274, operating relay MB (also
operated by ground from the No. 6 contacts of relay CA).
Relay MB opens the link alarm circuits previously de-
scribed, removes battery from the windings of relays
PF9—XP3 thereby to prevent their operation in response
to calling senders, and supplies operating battery for
relays XP0 and XP2 over its Nos. 1 and 2 front contacts
and the Nos. 5 and 6 contacts of relay MB of controller
B, as shown thereby to enable said controller to service
calling senders which ordinarily would prefer the control-
ler made busy.

Mention has already been made of the fact that when
a sender is ready for assignment to a position ground is
applied to its lead STO and positive 130 volts through a
10,000 ohm resistance CW1 is transmitted over the No. 3
contacts of relay CW to lead CW, which extends to the
Calls Waiting circuit shown in detail in Figs. 49 and 50
and in terms of its fundamenta] electrical components in
Fig. 138. Referring more particularly to the latter figure,

the Calls Waiting circuit is an arrangement which portrays 5

at any given instant the relation between the number of
positions occupied and the number of senders waiting for
positions. The principle utilized is that of -applying a
positive potential on one side of lead CW through the No.
3 contacts of relays CW of all the senders waiting for
positions, and applying a lower negative potential to the
other side of said lead through the No. 1 contacts of relay
P@ of all occupied positions.

As shiown in Fig. 138, the Calls Waiting circuit com-
prises essentially -three branches connected to the right
of the CW lead, to which is also connected a lead parallel
to each position for the application to said lead of nega-
tive 24 volts through 100 chms when the position becomes
occupied and its relay PO is operated as previously de-
scribed. The first path comprises the variable resistance
D in series with the upper winding of polarized relay GR
to negative 24 volts; the resistance D being capable of ad-
justment to bring the total resistance of the path up to
1,550 chms. For reasons that will later appear, the lower
winding of relay GR is selectively connected in series
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with. one of three potentiometers. that will enable it to
operate. on three different conditions of current which
may. flow through its upper winding,

The second path comprises the variable resistance X
in series with the upper windings of relays R and W to
negative 24 volts, the resistance X being capable of
adjustment to bring the total resistance of the path up to
3,100 ohms. As with the first path, relays R and WH
have each a lower winding selectively connected 'to three
potentiometers by means. of which each of the relays is
given adjustments that enable it to operate on three
different values of current that may flow through the
upper winding.

The third path comprises the variable resistance AL,
the meter M and the windings in series of the marginal
cveptond relays ©L and OLI and No. 6 contacts of
relay ST to negative 24 volts battery, the variable re-
sistance AL being capable of adjustment to make the
total resistance of the path 4,430 chms.

The combined resistance of these three paths is about
832 ohms. As will be shown, the operation of relay GR
controls the lighting of lamp G, while the operation of
relays R and W control the lighting of lamps R and W,
respectively. By means. of the potentiometers severally
and selectively connected to the lower winding of relays
G, R and WH, each of these relays is biased to operate
on currents resulting from predetermined differences of
potentials between the positive voltage applied to the left
of lead CW by calling senders through their respective
relays. CW and negative potential applied to the right
of lead CW by the negative potential applied through
each of the three branches and the branch extending to
the occupied positions. Since the positive potential ap-
plied to the left of lead CW represents the number of
waiting senders and the negative potential applied to the
right of lead CW represents the number. of occupied
positions, it is evident that the difference. in potential
and the current determined thereby will indicate the
relation between the number of waiting senders and the
number of occupied positions, or the number of: waiting
senders. per occupied positicn.

The circuit is arranged to provide relay adjustments

for different conditions of call waiting signals which:

are herein defined as team size A, team size B and team

size C. For team size A, relays GR, WH and R are:
adjusted to operate and light their respectively controlled -

lamps G, W and R in the following “calls waiting range,”
for which the values given represent the current flowing
through the meter M.

Calls waiting—Team

size A
G W R
.5 .75 .75
L¢ 2.0 3.0
2.0 3.0 3.0

This team size is used in very light load periods, at
which time the switchboard is manned by less than five
operators. At this time team size key is turned to posi-
tion A.

For team size B, relays G, WH and R are adjusted to
operate and light their respectively controlled lamps in
the following “calls waiting range”:

Calls waiting—Team
size I

GR WH R

mm%ﬁ

.5
Lo
2.7,

S
hadm
o sten

o
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This team size is used in medium load periods, -at’

which time the switchboard is manned by five to ten
operators and team size key is normal or in position B.
For team size C, relays GR, WH and R are adjusted
to operate and light their respectively controlled lamps
G, W and R in the following “calls waiting range”:

Calls waiting—Team
size C
G w R
.20 .5 .5
.25 7 1.0
.75 1.5 2.5

This team size is used during periods of heavy load
when the switchboard is manned to full capacity.

From Fig. 138 it is evident that the difference between
the positive potential applied to the left of lead CW
and the negative potential applied to the rigkt of said
lead depends on the number of waiting senders and the
number of occupied positions, respectively. For exam-
ple, the difference of potential is greatest and the current
flow through the three branches is at maximum when all
senders are waiting and mo positions are occupied, at
which time relays GR, WH and R will be operated
and the meter R will .give its maximum reading. How-
ever, as positions become occupied and relay PO in each
position operates as described, the above three paths will
be shunted by negative 24 volts through 100 ohms for
each position. Each newly occupied position has its
negative 24 volts through 100 ohms placed in parallel
with that of every other occupied position, reducing the
ohmic resistance of the shunt and causing more of the
current to flow through the shunt and less through each
of the three branches, thereby causing the meter M to
give a progressively lower indication and the relays GR,
R and WH to operate or non-operate in accordance with
the current. Finally, when all positions are occupied
the “position shunt” attains maximum value, and the
current flowing through each of the three branches will
be determined by the number of waiting senders, being
a minimum when no sender is waiting.

Referring now to Figs. 49 and 50, which show the
Calls Waiting circuit in all its details, said circuit is
placed in operating condition by operating key CWSIG,
which completes the circuit of relay ST from battery
through its winding, the No. 5 normally made contacts
of relay OL2, key Reset, to ground on key CWSIG.
Relay ST, on operating, connects ground through the
Nos. 1, 2 and 3 back contacts of relay RL to the con-
tacts of relays GR, WH and R, respectively, connects
negative battery through the Nos. 4 and 5 back contacts
of relay RL to the upper windings of said relays, con-
nects said battery through its own No. 4 contacts to the
lower windings of relays GR, WH and R, connects said
battery to the resistance path comprising the windings
of relays OL1, OL, and the meter M, and further con-
nects’ said battery through its No. 5 contacts to the
potentiometers RB—GA shown at the lower left of
Fig. 49.

%When positive 130 volt battery through 10,000 ohms
from each of the waiting senders and negative 24 volt
baitery through 100 ohms from each of the occupied po-
sitions is applied to lead CW, the difference of potential
between the two batteries effective at the No. 1 back con-
tacts of relay CK1 is applied (1) through variable re-
sistance AL, meter M, relays OL and OL1 in series to
negative battery at the No. 6 contacts of relay ST; (2)
through variable resistance D, upper winding of relay
GR, No. 4 back contacts of relay RL, to battery on the
No. 6 contacts of relay ST; and (3) through variable re-
sistance X, upper winding of relay R, upper winding of
relay WH, No. 5 back contacts of relay RL, to battery on
the No. 6 contacts of relay ST.

2,848,548
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Assume that traffic is such as to justify team size A, and
assume also that potentiometers GA, WA and RA have
been adjusted so that when one call per position oc-
cupied is waiting, relay GR will operate; when two calls
per position occupied are waiting relay WH will also
operate, and that when three or more calls per position
occupied are waiting, relays GR, WH and R will all be

operated. When the Teamsize key is set at position A

a circuit is completed for relay TA from ground on the
No. 4 contacts of key CWSIG, Teamsize key in position
A, No. 3 back contacts of relay TST, winding of relay
TA, to battery. Relay TA operates and applies positive
battery through resistances K, J, and H, its Nos. 1, 2 and
3 front contacts, potentiometers CA, WA and RA, its
Nos. 4, 5 and 6 front contacts, to the lower windings of

relays GR, WH, and R, completing through each of said-

windings a circuit to mnegative battery over the No. 4
contacts of relay ST and providing each of said windings
with the current necessary to cause it to operate when
its upper winding receives the current it requires for team
size A.

If relays GR, WH and R have been adjusted to operate
on certain current values for the three different adjust-
ments placed on each of said relays through their re-
spective lower winding, and which current will be severally
applied through said lower windings by the potentio-
meters shown on the lower left under the three different
conditions, then said relays will operate and the meter
M will give a reading in accordance with the current
flowing through the respective upper windings of said
relays and the coil of said meter, said current being de-
termined by whether the Teamsize key is operated to
A, B or C position. If traffic is such as to justify a
team size A, then said key is operated to position A,
whereupon a circuit is completed for relay TA from
ground on the No. 3 contacts of key CWSIG, team size
key in the A position, No. 3 back contacts of relay TST,
winding of relay TA, to battery. Relay TA operates, and
over its Nos. 1, 2 and 3 front contacts and the potenti-
ometers applies positive battery through its Nos. 4, 5 and 6
front contacts to the lower windings of relays GR, WH
and R, completing for each of said windings a circuit to
negative battery over the No. 4 contacts of relay ST,
and providing each of said windings with the appropriate
adjustment current that will enable each of the relays
to operate over their respective upper windings when the
current therethrough reaches team size A value.

If the Teamsize key is operated to the B position
(which is the neutral posiiion of the key), the quautity
of current is changed as determined by the setting of
the potentiometers in series with the back contacts of re-
lay TC, causing relays GR, WH and R to operate over
their respective upper windings when the current there-
through reaches team size B value.

If the Teamsize key is operated to the C position, relay
TC is operated over a circuit from battery through its
winding, No. 5 back contacts of relay TST, contacts of
said key in the C position, to ground on the contacts of
key CWSIG. By operating, relay TC changes the cur-
rent applied to the lower windings of relays GR, WH and
R the value of which is determined by the potentiometers
in series with its front contacts, causing said relays to
operate through their respective upper windings when
the current therethrough reaches team size C value.

When relay GR operates under the conditions stated,

it completes a circuit for relay GR1, extending from bat--

tery through its winding, contacts of relay GR, No. 1 back
contacts of relay RL, to ground on the No. 1 contacts of
relay ST. Relay GR1I operates, locks over its No. 2 con-
tacts to operating ground, and completes an obvious cir-
cuit for relay GR2, which operates and completes a cir-
cuit for the lamp G. This lamp, as well as lamps W
and R and the meter M, are preferably located in the
apparatus room and there supply the maintenance force
with the ratio of the number of waiting senders to the
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number of occupied pesitions, as was previously discussed.
Relay GR2 completes the circuit of relay GR3 from
ground on key CWSIG, No. 3 normally made contacts of
of key Test, No. 1 contacts of relay GR2 winding of re-

lay GR3, to battery. Relay GR3 operates to light lamp-

G1. This lamp, as well as lamps W1 and R1, is located

at the switchbeard to give a similar indication of the:

sender-to-position relationship that is given by lamps G,
W, and R in the apparatus room.

In the same manner, the operation of relay WH will
result in the operation of relays WHZ2, WH2, and WH3
and the lighting of lamps W and W1, while the operation
of relay R results in the operation of relays Ri, R2 and
R3, and the lighting of lamps R and R1.

The circuit of the meter M traces from the pctential
at variable resistance AL, the meter M, winding of relays
OL and OL1 in series, to battery on the Mc. § contacts
of relay ST. The meter will give an indication of the
“current equivalent” of the sender-to-position relationship
previously described. Normally, relays OL and OL1 do
not operate. In case of an overload, however, they do
cperate, relay OL shorting the meter and relay OL3 com-
pleting a circuit for. operating relay OL2, which locks
over its No. 5 contacts to operating ground, and releasing
relay ST, which removes ground from the contacts of
relays GR, WH and R, and connects hciding ground for
relays GR3, WH3 and R3. Relay ST, by releasing, aiso
causes relays GR, WH and R to release and further
causes the release of relays OL and OLI. With relay
012 locked, however, relay ST cannot reoperate until
key Peset is eperated to release relay CL2, after which
sender-to-pesition indications are resumed.

Under normal conditions the operation of zny one of
the relays GR2, WHZ and R2 comipletes the circuit path
of relay RL over the No. 3 contacts of any one of said
relays, No. 7 contacts of relay TST, to ground through
conducting segments of interrupter INT. Over its Nos.
1, 2 and 3 front centacts relay RYL supplies holding
ground for relays GR2, WH2 and R2 to prevent their re-
lease, while over its Nos. 4 and 5 front contacts and the
No. 6 front centacts of relay ST it provides a holding
battery for the upper windings of relays GR, WH and R,
causing said relays to hold until the insulating segment
cf the interrupter INT is engaged, at which time relay RL
is released to again place ground on the contacts of relays
GR, WH and R and battery to their upper windings.
These relays, or any of them, will repeat their operation
to maintain, or change, the sender-to-position indica-
tions in accerdance with any change in the senders await-
ing load and positions occupied load.

V/ith the sender connectied to the operator’s position,
and remembering that relays SR1 and PA are operated,
the former after the pulses constituting the called sub-
scriber’s number have been registered in the sender and
the latter when the sender is extended to an operator’s
position, a circuit is completed for relay OA, extending
from ground on the No. 4 contacts of relay 5R3I, lead
306, Mo. 3 contacts of relay PA, winding of relay OA,
No. 7 contacts of relay PR3, lead 357, Ne. 10 contacts of
relay ROP, lead 388 (which is lead T3 in cable Ci8)
through the sender and position switches cross-points,
fead TS in the position to which the sender has been con-
nected, winding of relay A, to battery, and in parallel
therewith through the No. 6 contacts of relay TE, the
winding of relay TS, to battery. Reiay CA onerates, ad-
vances operating ground to the winding of relay OAl
which operates and locks over its No. 9 contacts to
ground on the No. 7 contacts of relay CUA over lead
309, and completes the circuit of relay GETK the path of
which extends from ground on the No. 1 contacts of re-
lay OA, lead 316, No. 1 back contacts of relay RR, lead
317, No. 11 contacts of relay ON4, lead 318, winding of
relay OETK, resistor OETKI to ground, and in parallel
from resistor OETX1 over lead 319, No. 10 contacts of
relay OM4, lead 328, resistor CETK2, to battery. Relay
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OETK operates in this circuit tc cpen its back contacts
for a purpose that will be explained chortly. Upon the
operation of relay OA1X, a circuit is completed for relays
DNA and RR. The circuit path extends frem battery
through the winding of relay DNA, No. 6 normal con-
tacts of rélay DNE, Ne. 5 normal contacts of relay DNC,
lead 310, No. 5 normal contacts of relays DINTH, DNH,
DNT, No. 6 normal centacts of relay DNU, lead 31z,
No. 9 back contacts of relay TVS, lead 312, Mc. 1 back
contacts of relay PRI, lead 313, No. 5§ normally made
contacts of relay ROP, lead 314, winding of relay RR to
battery, and in parallel over lead 314 through pzralleled
No. 2 back contacts of relays DN7-DNG, lead 315, No. 6
contacts of relay OA1, to ground. Relay DNA operates
to extend the digital registering leads from the No. 2
front contacts of relays DNO-DDN7 to the relays DAO-
DAT7 cf the A digit calling register, while relay RR cper-
ates to open the operating circuit cof relay OETK. The
latter relay, however, will not release, holding over lead
317 to the parallel resistance path established through the
No. 1 and No. 2 back contacts of relays DM3I-DNT to
ground on the No. 6 contacts of relay OAi. This puath
will remain effective so long as no more than two of the
relays DNO-DN7 are operated at a time. If three or
more of said relays are operated, the curreat flowing
through relay OETK wiil be insufficient to hold it, and
on releasing will close its contacts to indicate a false
digital registration, as will be explained.

Relays A and TS in the position also operate in the path
previously described. The operation of relay A closes
the circuit of lamp SENDSR over the No. 6 contacts of
relay RR .in the position, lighting said lamp to signal the
connection of the sender to the position. The operation
of relay TS connects the winding S of transformer TN at
its No. 1 and No. 2 front contacts to the line windings of
transformer A, closes the tome supply circuit over its
No. 3 contacts, No. 2 back contacis of relays TN3 and
TN1 to the winding P of transformer TN, and com-
pletes an obvicus circuit for relay TN1 which, in operat-
ing, operates relay TN2, the latter operating relay TIN3.
The successive operation of relay TS and of slow operate
relays TINL, TN2 and TN3 provides the operator with a
double order tone as a signal for her to challenge the
called subscriber and obtain the calling line number. Re-
lay TN3 completes an obvious circuit for relay TE which
locks over its No. 3 contacts to ground on the No. 2
contacts of relay H, closes an interrupter ground to lamp
SENDSR from ground through interrupter FL, No. 5
contacts of relay TE, No. 3 contacts of relay H, back con-
tacts of relay A, No. 6 contacts of relay KRR to the lamp
SENDSR, causing this lamp to flash in the event that the
sender opens lead TS and releases relay A. Relay TS is
released by the operation of relay TE, thereby to extend
the tip and ring leads T and R of the connection to the
operator’s telephone set over its No. 2 and No. 4 con-
tacts and No. 1 and No. 2 back contacts of relay TS. Re-
lay TS, by its release, further releases relays TN, TN2
and TN3.

The operator, on receiving the two spurts of tone, asks
the calling subscriber for his number, which she pro-
ceeds to key on the key-set at her position, and shown
in Fig. 51. The depression of the keys in setting up the
number connects ground in the 2-out-of-5 code to
leads @, 1, 2, 4 and 7 as follows:

Leads
grounded

Key operated

NrroNHS =2 o
TN B ED bt
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The connection of ground to these leads causes certain
combinations of relays in the sender to operate and lock,
thereby registering the calling number.  Since it has
been assumed that the number is Bigelow 9-8276 the
operator depresses the involved keys in the indicated
order.

The depression of key 2 grounds leads 0 'and 2 in
cable C10, which completes the circuits of relays DNO
and DN2 in the sender over the established position and
sender switch crosspoints. Relay DNO, on operating,
completes a circuit for relay DAO from ground on lead
314 as previously traced thereto, No. 2 front contacts
of relay DNG, lead 321, No. 4 contacts of relay DNA,
winding of relay DAO, to battery. Relay DAO operates
and locks over its No. 1 contacts, lead 322, No. 8 con-
tacts of relay ROM, lead 323, No. 3 contacts of relay

ON4 to aforetraced ground on lead 314. Relay DN2,

on operating, completes the circuit of relay DA2 from
ground on lead 314, No. 2 front contacts of relay DN2,
lead 324, No. 6 contacts of relay DNA, winding of relay
DA2, to battery. Relay DA2 operates and locks over
its No. 1 contacts to aforetraced ground on lead 322.
Relays DAG and DA2 by their operation register the
numeral 2 for the A digit of the calling office code.

Upon the operation of relay RAQ or DA2, or any of
the relays DAO-DA7 depending upon the value of the
registered A digit, a circuit path is completed for relay
DNB extending from battery through the winding of
said relay, No. 1 contacts of relay DNA, lead 325, No. 2
contacts of relay DA, lead 326, No. 2 contacts of relay
TRY, No. 5 contacts of normally made contacts of relay
ROP, lead 314, and thence to ground as previously traced
thereto. Relay DNB operates, locks over its No. 6 front
contacts to ground on lead 310 as previously traced
thereto, and completes the circuit of relay ODD ex-
tending from battery through the winding of said relay,
No. ‘1 contacts of relay EV, No. 3 contacts of relay
DNB to ground on the No. 2 normal contacts of relay
DNA. Relay ODD, in combination with relay DNB,
extends the digital registering leads from the contacts
of relays DNO-DN7 to relays DBO-DB7 of the B digit
register.

It will be observed that relay DNA is provided with
a locking path through its No. 3 contacts, lead 336, No.
9 contacts of relay ROP, lead 337 and paralleled No. 1
front contacts of relays DNO-DN7 to ground on lead
314. Consequently when the operator depresses the key
for the first digit and two of the relays DNO-DN7 are
selectively operated in response thereto, the above path
is closed to hold relay DNA locked. However, when
the appropriate combination of relays DAO-DA7 is op-
erated to register the digit, relay DNB is operated, which
opens the operating circuit of relay DNA. This relay,
however, will not release so long as the operator main-
tains the key operated, thereby keeping the .two relays
of the group of relay DNO-DN7 operated and thereby
maintaining the above-described holding circuit of relay
DNA. So long as relay DNA remains energized, there-
fore, relay ODD cannot operate, in the absence of which
the registering leads from relays DNO-DN7 cannot be
switched to relays DB9-DB7. When the operator does
release the key, the two relays in the group of relays
DNO-DN7 will release, thereby to release relay DNA
and to operate relay ODD, subsequent to which the reg-
istering leads are extended to relays DBO-DB7. By
means of this arrangement, repeated for all the other
relays DNB-DNU of the steering circuit, registration is
prevented of the one digit into a plurality of succeeding
registers in the event that the operator should keep them
operated beyond the period required to register the digit
in the register for that digit. ‘

When the operator depresses key 4 for the B digit and
thereby grounds leads @ and 4, circuits are completed
for relays DNO and DN4 in the manner previously de-
scribed for relays DNO and DN2, relays DN0 and DN4
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then completing circuits for relays DB0 and DB4; the
circuit of relay DBO extending from ground on lead 321
as previously traced thereto, No. 4 contacts’ of relay
ODD, No. 7 contacts of relay DNB, lead 327, winding
of relay DBY, to battery; the circuit -of relay DB4 ex-
tending from ground on lead 314 through the No. 2
front contacts of relay DN4, lead 328, No. 7 contacts
of relay ODD, No. 10 contacts of relay DNB, lead 329,
winding of relay DB4, to battery. Relays DBO and DB4
operate, lock over their respective No. 1 contacts to
ground on lead 322, thereby to register the numeral 4
for the value of the B digit. The operation of relays
DB and DB4 advances ground from lead 326 over the
No. 2 contacts of one of the two operated relays DAO
and DA2, and then over their No. 2 contacts complete
the circuit of relay DNC through the No.- 2 contacts
of relay DNB, No. 3 contacts of relay ODD, No. 4
contacts of relay DNB, winding of relay DNC, to bat-
tery. Relay DNC operates, locks ‘over its-No. 5 front
contacts and corresponding but normal contacts on relays
DNTH-DNU to aforetraced ground on lead 314, and
releases relay DNB if, in the meanwhile, the operator
has released the key for the B digit and thereby causes
the opening of the other locking circuit for said relay
through its No. 5 contacts and No. 2 contacts of relay
ODD to previously traced ground on lead 336. With
relay DNB released, relay ODD releases and completes
the circuit of relay EV from battery through its winding,
No. 1 contacts of relay ODD, No. 2 contacts of relay
DNC to ground on the No. 2 normal contacts of relay
DNA. Relays DNC and EV extend the digital register-
ing leads to relays DCO-DC7 for the registration of the
C digit of the calling office code. - Gonsequently when
the operator depresses the digit key 9 and thereby .causes
the operation of relays DN2 and DN7, circuits are com-
pleted over the contacts of relays EV and DNC for
relays DC2 and DC7; the circuit of relay DC2 extend-
ing from ground on lead 314 through the No. 2 front
contacts of relay DN2, lead 324, No. 6 contacts of relay
EV, No. 8 contacts of relay DNC, winding of relay DC2,
to battery; the circuit of relay DC7 extending from
ground on lead 314, No. 2 front contacts of relay DN7,
lead 330, No. 8 contacts of relay EV, No. 10 contacts’
of relay DNC, lead 331, through the winding of relay
DC7, to battery. Relays DC2 and DC7 operate, lock
over their respective No. 1 contacts to ground on lead
322, thereby to register the numeral 9 for the C digit
of the calling office code, and over their No. 2 contacts
complete the circuit of relay DNTH from ground on
lead 326, selectively through the No. 2 contacts of relays
DAG-DC7, lead 332, No. 3 contacts of relay DNC,
No. 2 contacts of relay EV, No. 1 contacts of relay
DNC, lead 333, winding of relay DNTH, to battery.
This relay operates, locks over its No. 5 front contacts
to ground previously traced on lead 311, opens the cir-
cuit of relay DNC, which releases when its locking cir-
cuit through its No. 4 contacts, No. 3 contacts of relay
EV to ground on lead 336 is opened as a result of the
operator releasing the digit key for the third digit. With
relay DNC released, relay EV releases to complete the
circuit of relay ODD from battery through the winding
of relay ODD, No. 1 contacts of relay EV, lead 334,
No. 2 contacts of relay DNTH, lead 335, to ground on
the No. 2 normal contacts of relay DNA. Relay ODD,
in combination with relay DNTH, advances the digital
register leads to the thousands digit register - relays
DTHS-DTH7, which are then selectively  operated in
the manner described for the relays of the previous two
digital registers, to register the thousands digit; relays
DTHI and DTH7 being operated to register the given
numeral 8 for the value of the thousands digit of the
calling line number.

Also in the manner previously described, each of the
remaining three digits 276 are successively registered;

relays DHO and DH2 being opearted to register the .
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givén: hundreds digit 2, relays DT0 and DT7 being op-
erated to registér the given tens digit 7, and relays DU2
and DU4 being operated to register the given units digit
6. After the registration of each of these digits, the steer-
ing relay DN- for the next digit is operated, coupled
with the rélease of the steering relay for the previous
digit as described.

When the units digit 6 is registered by the operation
of relays DU2 and DU4, ground on lead 326, advanced
- serially over the No. 2 contacts of the operated relays in
the registers for the preceding digits, is further advanced
over the No. 2 contacts of said relays DU2 and DU4,
lead 338, No. 4 contacts of relay DNU, lead 339, No. 2
contacts of relay EV, lead 340, No. 1 contacts of relay

DNU, winding of relay DNX, to battery. Relay DNX :-

operates and locks over its No. 3 contacts, lead 312, and
thence as traced to ground on lead 314.

Relay DNX prepares the sender to cope with one of
two errors which the operator might make in keying
the seven digits of the wanted number,
which said relay prepares the sender is the erroneous
keying of an eighth digit. In this event, and with relay
DNX operated, ground on any one of the four register-
ing leads 0, 1, 2 and 4, advanced through the contacts
of relay ODD to the Nos. 4, 5, 6 or 7 contacts of relay
DNX, completes the circuit of relay OEXD over lead
341, which relay operates and locks over its upper wind-
ing and No. 5 contacts to previously traced ground
on lead 312. Ground on lead SONG from the No. 7
contacts of relay ON4 now completes the circuit of
relay OEW over the No. 3 front contacts of relay
OEXD, lead 345, No. 2 normally made contacts of relay
OEW, winding of relay OEW, through resistance to
battery, said ground maintaining relay OEZ short cir-
cnited.

While the above operations are taking place, how-
ever, and due to the fact that the required seven digits
have been registered in the serider, steps are taken im-
mediately thereafter to connect the sender with the trans-
verter, thereby to transfer the registration to the trans-
verter and for other purposes. The connection is initi-
ated’ by the operation of relay TVS, the path ‘of which
is controlled by the relays of the digital registers to
insure that at least one relay in each register has been
operated, and by the operated condition of relay DRL
as an indication that the marker has completed its func-
tions. The circuit path of said relay TVS may be traced
from battery through the winding of said relay, lead
342, No. 1 contacts of relays TR4 and RO, No. 6 con-
tacts of relay DRL, lead 350, No. 3 contacts of relay
OD, lead 351, through the No. 2 contacts of an operated
relay in each of the seven digital registers DU0-DU7—
DA0-DA?7, lead 326, No. 2 contacts of relay TR0, No.
5 normally made contacts of relay ROP, lead 314, No. 2
back contacts of any normal relay DNO-DN7, lead 315,
to ground on the No. 6 contacts of relay OAl. Relay
TVS operates, locks-to operating ground over its No. 4
contacts, No. 1 back contacts of relay TVR, lead 350
to ground aforetraced thereto, and applies battery on
lead STV in cable C2 extending to the transverter con-
nector over the No. 1 back contacts of relay LR2, lead
130, No. 3 contacts of relay TVS, and No. 6 contacts
of relay TVR. As will be shown, battery on lead STV
causes' a transverter to be connected to the sender, which
then transmits to the transverter the digits of the called
number for its use in causing the recorder to record
the initial entry for the call.

The operation of the transverter will be described in due
course. At this point (in connection with operator key-
ing errors) it is sufficient to note when the transverter has
completed its functions and is ready to release, it ap-
plies ground to lead TVR in cable C2, which completes
an obvious circuit over the lower winding of relay TVR,
operating this relay; which then locks over-its'No, 7 con-
tacts to-ground on the No. 5'contacts of relay TVS. Re-
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lay TVR operates, releases relay TVS and completes a
circuit for relay ROP, which circuit extends from battery
through its lower winding, lead 346, No. 3 front contacts
of relay OEW, lead 347, No. 1 front contacts of relay
DNX, lead 354, No. 7 contacts of relay.OEXD, lead 355,
No. 9 front contacts of relay TVR, lead 356, No. 10
contacts .of relay LR2, lead 357, No. 6 back contacts of
relay RO1, lead 358, No. 9 contacts of relay DRL, to
ground. Relay ROP operates and locks over the No. 1
back contacts of relay PD, lead 349, No. 7 contacts of
relay ROM, lead 314, and by way of either the No. 2
back contacts of any normal relay DNO-DN7, lead 315,
to ground on the No. 6 contacts of relay GAl, or
ground on the No. 6 contacts of relay TVS. It should be
noted, however, that while relay ROP, in operating, opens
the locking circuit of relay OEXD through the latter’s up-
per winding, said relay will hold over its lower winding
and No. 6 contacts, to ground heretofore traced on lead
356, the object being to prevent the operation of the posi-
tion-release relay PRI from the transverter over lead PR
and the No. 9 contacts of relay OEXD, as it normally
will when the transverter has completed its function.
Since relay PRI controls the release of the sender from
the position, and since the sender may not be so released
at this time owing to the operator having keyed an eighth
digit that will require her to key the number over again,
the ground on lead PR from the transverter is opened by
keeping relay OEXD operated.

Relay ROP, when operated, opens the locking circuit
of relays DNX and OEXD at its No. 5 normal contacts
(via lead 313). In releasing, relay OEXD removes the
short circuit from the uppér winding of relay OEZ, caus-
ing it to operate and then hold over its lower winding
and No. 3 contacts to ground on lead SONG. The oper-
ated condition of relays OEW and OEZ records in the
sender the fact that there has been one keying error made.
Relay ROP also opens lead TS thereby to release relay
A in the position and relay OA in the sender, and com-
pletes the circuit of relay OETK over lead 318, No. 11
contacts of relay ON4, lead 317, No. 3 contacts of relay
ROP, to ground on lead SONG. By operating, relay
OETK is prepared to detect another type of keying error
(or what may appear as a keying error) after the operator
has discharged the locked-in registration and rekeys the
number, as will presently appéar.

The release of relay A in the position circuit connects
the interrupter FL to the lamp SENDSR, as previously
described, causing said lamp to flash as an indication to
the operator that the sender has detected an error which
requires her to rekey the number. To do this the operator
depresses the register reset key KRR which completes
an obvious circuit for relay RR. Said relay operates,
extinguishes lamp SENDSR, and connects ground to the
five register leads 0-7 which results in the opera-
tion of the five relays DN0-DN?7, the release of relay RR,
the  release of all register relays locked to lead 314 by
way of lead 322, and the release of relay ROP (its other
locking circuit having been opened at the contacts of
relay TVS when the latter released on the operation of
relay TVR), relay ROP reestablishing the circuit of relays
A and OA. When the operator releases the reset key
KRR, relay RR and relays DNO-DN7 of the sender re-
lease, the latter relays reestablishing the parallel resistance
path for relay OETK through the No. 1 back contacts
of said relays DNO0-DN7, causing said relay OETK to

" reoperate - in- preparation for detecting a second errcr.
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The operator then rekeys the number, preferably after
checking the same with the subscriber.

‘The second type of error that the operator might make
is to simultaneously depress two keys in registering one
of seven digits. This will result, of course, in the ground-
ing of three or more of the five digital leads 0~7 and the
operation of three or more of the relays DNG-DN7.
Since relay OETK is adjusted to release if three or more
of said- relays DNO-DN7 operate, the simultaneous de-
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pression of two keys and the consequent operation of
three or more of said relays will cause relay OETK to
release. :

Now assume that the operator. has made no previous
error, including the keying of an eighth digit. In this
event, and further assuming that the error. now to be
made is to double-key an intermediate digit, relays DNX
and OEXD will be normal. The release of relay OETK
consequent to the operation of three or more relays DNO-
DN7 by the double-key operation then results in the op-
eration of relay OEW from ground on the Mo. 1 con-
tacts of relay OA, lead 316, No. 1 front contacts of relay
RR, contacts of relay OETK, lead 344, No. 1 contacts
of relay CW, lead 345, and thence as traced through the
winding of relay OEW, causing the operation of the latter
relay and the short-circuiting of relay OEZ. When the
operator releases the two keys and thereby releases the
three or more of the relays DNO-DN7 which have
operated, relay OETK reoperates and removes the short
circuit around relay OFEZ, causing it to operate. As in
the case of the erroneous keying of an eighth digit the
operation of relays OEW and OEZ records the fact that
the sender has detected a first keying error. On the
operation of relay OEW, relay ROP is operated releasing
relay A in the position to give the operator a reorder
signal as has previcusly been described.

If the error made by the operator is a second error,
and remembering that as a consequence of the first error
relays OEW and OEZ are operated, the release of relay
OETK on the release of keys shunts relay OEW with pre-
viously traced ground on lead 345, No. 2 front contacts
of relay OEZ to the winding of relay OEW. In this case,
the release of the keys will have no effect on relay OEZ
inasmuch as said relay is held locked on its lower wind-
ing and No. 3 contacts to ground on lead SONG.

In the case of a second error (whether it be an
eighth digit or the double-keying of a regular digit)
the operator is given no recorder signal, inasmuch as
the circuit of relay ROP is opened at the No. 5 back
contacts of relay OEZ. When the sender has received
the full complement of digits, relay TVS is operated as
described for comnecting the sender to the transverter.
In this case of a second error ,however, ground on lead
STT within cable C2 from lead SONG, No. 3 back con-
tacts of - relay OEXD, No. 5 front contacts of relay
OEZ, No. 1 contacts of relay OEW, advises the
transverter that the sender has detected a trouble
condition. As will be shown, the transverter, in response
to ground on lead STI and other conditions that will be
described, will cause the trouble indicator to make a rec-
ord of the call, earmarking the record with a notation of
a trouble in the sender. It should also be remarked at
this point that if the error noted by the sender is the
first error (relays OEW and OEZ both operated) regard-
less of whether the error is an eighth digit or the double-
keying of a regular digit, the sender is nevertheless con-
nected to the transverter without ground on lead STI,
and the transverter proceeds to make the initia]l entry
for the call and normally dismiss. However, due to the
fact that in the case of a first error the operator is
given a recorder signal and the calling number is rekeyed,
then, if there is no second error, the transverter will pro-
ceed to make a second initial entry for the same call.
As is well known in telephone systems adapted for the
recording of three entries for a call, and since ‘the con-
nection was not extended to its destination as a result of
the keying involving the first error, the first initial entry
will not be accompanied by an “answer” entry and a “dis-
connect” eatry. The second initial entry, however, will
be sc accompanied. The result is that when the record
is processed by the accounting center devices, the failure
to first obtain a disconnect entry and an answer entry
before obtaining the “first” initial entry will cause said
initial entry to be discarded. ,

When relay TVS operates, thereby indicating ‘that the
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seven digits of the calling line number have been regis-
tered in the sender, battery, previously traced to the No. 3
contacts ‘of said relay, is applied over the- No. 6 nor-
mally made contacts of relay TVR to lead STV in cable
C2, and also from the No. 3 contacts of relay TVS direct-
1y to lead CBS. As will be shown, battery on both of
these leads initiates operations by which the sender is
caused to be connected to the transverter over the Trans-
verter Connector.

Befors taking -up these operations, however, it may
be. stated in advance that the major functions of the
transverter are to register, translate and convert the
information received from the sender to a form or pat-
tern satisfactory for recording, and to transmit to the
recorder in the correct order and sequence all pertinent
information necessary for establishing a proper message
unit charge initial entry for each call completed to a
local or foreign area office through (and within operating
limits of) the tandem AMA office facilities. The trans-
verter  also requires the services of, connects to, and
functions with a Billing Indexer circuit which determines
the charge rates where necessary and the character of the
initial entry. )

The Transverter Connector is shown in abbreviated
form in Fig. 66. FEssentially it is similar to the type of
connector shown in Patent No. 2,668,658 to which refer-
ence is made for a complete description thereof. Basi-
cally, however, and for the purposes of this description,
the Transverter Connector comprises a number of chan-
nels each individual to a group of senders and all common
to all transverters. When a sender is ready to be con-
nected to a transverter, it seizes its own channel;, other
senders in said channel being made to await their turn
in a predetermined order .of preference, the preferred
sender (assuming it to be the one under description)
proceeding to obtain a free transverter. Since the de-
tailed structure of the Transverter Connector, the manner
by which the preference of the senders in a channel and
the manner by which all transverters are preferentially
made available to all sender channels are immaterial to
the present invention, Fig. 66 shows just that portion
of the Transverter Connector which involves the extension
over one channel of the conductors in cable C2 from the
sender under description to the conductors in cable C3
extending to a selected transverter.

Briefly, then, when battery is' applied to conductor
STV, as previously described, a circuit is completed for
relay SS in series with relay CA1. Relay SS operates
and cleses a controlled path through the winding of the
sender-connector relay SA which operates from battery
on lead CBS. On operating, this relay extends battery
on lead STV over its No. 2 contacts and through the
back contacts of relay CB to operate relay TS. Among
other functions that will be described later, relay TS
extends the winding ‘of relay TA over its No. 2 front
contacts to lead M in cable C3 of the available trans-
verter. It will be noted also at this time that relay SA,
on operating, applies ground over its No. 5 contacts to
the lead CKG, which completes the circuit of relay CKG
in ’Ehe transverter over said conductor (designated as lead
3 in the transverter), No. 1 normally made contacts
of relay TBC2, winding of relay CKG, to battery. This
relay, upon operating, short-circuits condenser C1 by
ground over its No. 9 contacts, No. 10 back contacts
of relay CK6 and conductor 49, which ground also com-
pletes the circuit over the upper winding of polarized
relay CTM to battery on normal contacts of jack J1.
The latter relay, however, operates -over this circuit in
the direction that causes its armature to engage its
back stop. Relay CKG further completes the circuit of
relays CO1, CO2, and COA. The circuit of relays CO1
and CO2 is completed from ground on the No. 7 con-
tacts of relay CKG, lead 1, to the winding of relay CO1
to battery, and over lead 1’, to the winding of relay
CO2 to battery.  The circuit of relay COA may be




2,848,543

55

traced from ground on the No. 8 contacts of relay CKG,

lead 2, winding of relay COA, to battery. Upon op-
erating, relays CO1, CO2 and COA remove all stand-
ing tests on leads in cable C7 extending to the Perforator,
and on other leads that are not automatically checked.
Relay CKG further closes the path of the down-check
test to insure that all register relays are normal. If said
relays are normal, a series circuit is completed between
relay NOK and relay CK1. On the other hand, if any

relay in any register is operated, said circuit will not be |

completed, in which event further operations are blocked
and the- transverter will time out, as will be described.
Assuming, however, that all register relays are normal,
then upon the operation of relay CKG a circuit path is
completed from battery through the lower winding of
relay NOK (Fig. 97), lead TDC1, the No. 1 contacts of
the six relays RNO-RN13 of the recorder identification
register, lead TDC2, No. 7 back contacts of relay INS,
lead TDC3, No. 1 or No. 2 back contacts of the seven
relays ST00-STS of the called number stations digit
register, lead TDC4, No. 2 back contacts of relay INS,
lead TDC5, No. 1 or No. 2 back contacts of the seven
relays U00-U5 of the called number units register, lead
TDC6, No. 1 or No. 2 back contacts of the seven relays
T00-T5 of the called number tens digit register, lead
TDC7, No. 1 or No. 2 back contacts of the seven re-
lays HO0-HS of the called number hundreds digit register,
lead TDCS8, No. 1 or No. 2 back contacts of the seven
relays THOO-THS of the called number thousands digit
register, lead TDC9, No. 5 back contacts of relay SU,
No. 4 back contacts of relay UT, No. 5 back contacts of
relay OT, lead TDC10, No. 4 contacts of relay S0, No. 5
contacts of relay NSO, lead TDC11, No. 7 contacts of
relay TR2, No. 2 back coritacts of relay TR1, lead TDC12,
No. 1 back contacts of relay LAC, lead TDC13, No. 1
or No. 2 back contacts of the seven relays NC00-NC5
of the national area code C digit register, No. 1 or No. 2
back contacts of the four relays NBOO-NBS of the na-
tional code B digit register, lead TDC14, No. 1 or No. 2
back contacts of the seven relays NAOO-NAS of the
national area code A digit register, lead TDC15, No. 2
back contacts of relay LAC, No. 1 back contacts of
relay NAC, lead TDC16, No. 6 or 8 back contacts of the
seven relays CS00-CS5 of the class-of-service register,
lead TDC17, No. 1 or No. 2 back contacts of the seven
relays DC00-DCS5 of the calling number C digit con-
version register, lead TDC18, No. 1 or No. 2 back con-
tacts of the seven relays DB00-DBS of the calling number
B-digit conversion register, lead TDC19, No. 1 or No. 2
back contacts of the seven réelays DAGO-DAS of the call-
ing number A digit conversion register, lead TDC20,
No. 2 or No. 3 back contacts of the seven relays C00-C5
of the called number- C digit register, lead TDC21, No. 2
or No. 3 back contacts of the seven relays B00-BS of the
called number B digit register, lead TDC22, No. 2 or
No. 3 back contacts of the seven relays A00-AS5 of the
called number A digit register, lead TDC23, No. 6 con-
tacts of relays CKG, lower winding of relays CK1 to
ground. Relays NOK and CK1 both operate over the
above path, relay NOK locking over its No. 2 contacts,
No. 1 contacts of relay CK3, No. 6 contacts of CK1
to ground. With relays CK1 and NOK operated, a path
is closed for relay CK6 extending from battery through
its winding, No. 5 contacts of relay CKG, lead 8, No. 37
contacts of relay COA, No. 4 contacts of relay CO1,
lead 7, No. 1 contacts of relay CO2, lead 6, No. 1
contacts of relay CK1, No. 1 contacts of relay NOK,
lead 4, No. 2 contacts of relay TR, lead 3 joined to lead
CKG in cable 3, No. 5 contacts of relay SA, to ground.
Relay CK6 operates in this circuit. Over its No. 1
front contacts and lead M, it applies ground to com-
plete the circuit of relay TA in the connector, the path
of said latter relay extending over the No. 2 front con-
tacts of relay TS, windings of relay TA, to battery. The
latter relay operates.to complete the connection between
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the calling sender and the transverter through their re-
spective cables C2 and C3. The Transverter Connector
relays also operate certain other relays (not shown)
which make all sender channels busy to the transverter
thus taken into use.

When relay CK6 operates it establishes a circuit for
relay ICB, said circuit extending from ground on the
No. 9 contacts of relay CKG, lead 51, No. 10 front
contacts of relay CK6, lead 570, resistor ICB1, winding of
relay ICB, to battery. There is a tap off the lead between
the resistor CIB1 and winding ICB through the winding of
relay ICK, which extends to the register relays of the
identity indexer over lead 571, No. 1 contacts of relay
TOK, lead ICK extending over cable C7 to the recorder
connector. After relay CK6 has operated, a check is
also made for the normal condition of the relays in cer-
tain registers which subsequently will be selectively op-
erated by the billing indexer circuit when the latter circuit
becomes connected to the transverter. Relay CKé6 will
also check certain other relays. These registers are the
message billing index register and the office index regis-
ter (Fig. 108). Assuming that the relays of the above
registers are all normal, a circuit is completed from
ground on the No. 6 contacts of relay CK6, lead 25,
upper winding of relay CKS8, No. 2 contacts of relay
CKS5, lead 27, No. 1 contacts of relay CK4, lead 28, No. 5
back contacts of relays MI7, MI4, MI2, No. 4 back con-
tacts of relay MI1, No. 3 contacts of relay MI0, lead 29,
No. 2 contacts of relay INK, lead 30, No. 6 back con-
tacts of relays OF7, OF4, OF2, No. 5 back contacts of
relay OF1, No. 4 back contacts of relay OF0, No. 4 back
contacts of relay 2L, No. 4 back contacts of relay
MUD, No. 3 back contacts of relay TS, lead 0031, wind-
ing of relay CK2 to battery. Both relays CK8 and CK2
operate in series, relay CK8 locking over its lower winding
through its No. 8 contacts, lead 25 to ground on No. 6
contacts of relay CK6. The operation of relays CK8
and CK2 indicates the normal condition of the relays
in the two registers. As a consequence of the operation
of relay CKS8, a circuit path is completed for relay
IOK1, said path extending from battery through the
winding of said relay, lead 39, No. 2 contacts of relay
TM6, No. 1 contacts of relay TM3, lead 40, No. 7
contacts of relay IOK, lead 42, No. 3 back contacts of
relay CKS5, No. 3 contacts of relay CKS, to ground. Re-
lay IOK1 operates and completes an obvious circuit for
relay IOK2, which operates.

It should be stated at this time that relays TAl and
TA2 in the tranverter are normally operated, relay TA1
over.a circuit from battery through its winding, lead TA1
in cable C3 to the transverter connector, No. 1 normally
made contacts of relay TS, to ground; relay TA2 over
a -circuit from ground through its winding, lead TA2 in
cable C3 to the transverter connector, No. 2 back con-
tacts of relay TS, lead M, back through cable C3, No. 1

- back contacts of relay CK6, through resistance to bat-
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tery. Consequently, when relay TS operates, as de-
scribed, relays TA1 and TA2 release, CK6 is operated,
relay TA2 releases.
ground is applied over their respective contacts to lead
400 (joined to lead TM extending to ground on the No. 5
contacts of relay TA) thereby to complete the circuit of
relay TMS2 over the No. 3 contacts of relay EXT,
lead 401, No. 1 back contacts of relay W, No. 2 back
contacts of relay Z, No. 6 back contacts of relay TM1,
No. 2 back contacts of relays TMS3 and TMS], lead 402,
No. 20 contacts of relay CK7, lead 403, windings of
relay TMS2, to battery. As will be shown below in the
section on Timing, the operation of relay TMS2 starts
the transverter timing, which provides an alarm if relays
and other units of equipment therein are held for a

period longer than their normal usage in the operation of

the transverter.
Relay CK6 also operates relay CK7 if the timing re-
lays TM1 and TMS1 are normal, and locks directly to

When either of these relays release,
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telay CK1.. The circuit of relay CK7 may be traced
from ground on the No. 7 contacts of relay CKS, lead 19,
No. 1 contacts of relays TME1 and TM1, lead 11, wind-
ings of relay CK7, to battery. On operating, the latter
relay locks over its No. 10 contacts, lead 405, No. 4
contacts of relay CK1, to ground, and provides ground
controls for certain transverter functions, including
timing.

With the transverter connected to the sender over
cables C2 and C3, certain registrations in the registers of
the sender are transferred to corresponding registers of
the transverter as follows:

The called number is transmitted from the sender to
- the .transverter by grounding appropriate leads A-, B-,
C-, D-~, E~, F~, G-, and H- in biquinary combinations
of 2-out-of-7 relays in each digital register to register
the involved digits. Since the registers are alike, the
operation indicated below for the relays of the called
number thousands (D) digit register (Fig. 68) for each
of the ten decimal values of the thousands digit will
serve as an example of similar operations in each of the
called number registers, of which eight are provided:

Called number thousand

(D) digit register
Digit
Leads Relays
grounded operated
Do, -D00 | THo, THO0

D1, -D00

The relays of the called number registers, when op-
erated, lock over their respective locking contacts to off-
normal ground on the contacts of operated relay CK7;
relays AGG—AS5 of the A digit register over lead TONG11
to ground on the No. 1 contacts of said relay: relays
B00-B5 of the B digit register over lead TONG7 to
ground on the No. 12 contacts; relays C08-C5 of the
C digit register over lead TONGS to ground on the No.
2 contacts; relays THO0-THS of the thousands (D) digit
register over lead TONGI1 to ground on the No. 16 con-
tacts; relays H08-HS of the hundreds (E) digit register
over lead TONG4 to ground on the No. 13 contacts;
relays TO0-T5 of the tens (F) digit register, and relays
U08-US5 of the units (G) digit register over lead TONG2
to ground on the No. 15 contacts, and relays ST00-STS5
of the stations (H) digit register over lead TONG3 to
ground on the No. 14 contacts.

Where the tandem office sender is equipped with
registers to receive from the originating office not only
the 3-digit office code and the five digits (including the

--stations digit) which make up the numerical portion of
the called number, but also 3-digit national area codes,
the A, B and C digits of such latter codes are registered
in the national area code A, B and C digit registers of
the transverter. In such codes, the B digit is limited to
the value of 0 and 1, and the A digit to any value
from 2-9. It should be noted that the sender constitut-
ing part of the present invention is not arranged to re-
ceive national area codes, though as will be explained,
the transverter is arranged to accept and function with
either type of sender. Where the sender is not arranged
to register national area codes it is provided with a
permanently grounded lead LAC which, upon the con-
nection of the sender to the transverter, causes the op-
eration of relay LAC.

Now it will be remembered that the called number
which is being used to illustrate the operation of the
invention is Republic 7-1359, that this number was
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dialed by the calling subscriber info a sender in the
office of origin, and that said number was transmitted
therefrom. over the tandem trunk to the sender at the
tandem office, resulting in the operation of the called
office code and called numerical registers of the latter
sender. Consequently when said sender is connected to
the transverter as previously described, and because said
sender is not arranged to receive national area codes
from any office of origin, relay LAC is operated, and
the leads A—, B—, C-, D—, E-, F-, and G- are extended
from the code and numerical registers of the sender to
the called code and numerical registers of the transverter.
Remembering that the registration of the called office
code 737 in the sender resulted in grounding leads AS
and A2 by the operation of its relays CA5 and CA2, of
leads BOO and B3 by the operation of relays CBO and
CB3, and leads C8 and C2 by the operation of its re-
lays CCS and CC2, then when the sender becomes con-
nected to the transverter and relay LAC has operated,
ground on the above-designated pairs of leads in the
A—, B-, and C groups of leads, extended through the
A, B and C groups of contacts on relay LAC, results in
the operation, respectively, of relays A5 and A2 of the
called number A digit register to register the A digit
7; of relays B0 and B3 of the called number B. digit
register to register the B digit 3; and of relays C5 and
C2 of the called number C digit register to register the
C digit 7. Relays A5 and A2 lock to ground on the
No. 1 contacts of relay CK7 over lead TONGI11, re-
lays B3 and B0® lock to ground on the No. 12 con-

‘tacts of relay CK7 over lead TONG?7, while relays C5

and C2 lock to ground on the No. 2 contacts of relay
CK7 over lead TONGS.

In the same manner, the grounding in the sender of
leads D09 and D1 for the thousands digit 1, leads E00
and E3 for the hundreds digit 3, leads F5 and F0 for the
tens digit 5, leads G5 and G4 for the units digit 9, and
leads HO0 and HO for the stations digit 0 (the called
number having no station’s digit) for the called number
1359 results in the operation, over contact groups D-H
of relay LAC, of relays TH00 and TH1 of the called
number thousands (D) digit to register the thousands
digit 1, of relays H00 and H3 of the called number hun-
dreds (E) digit to register the hundreds digit 3; of relays
TO and T5 of the called number tens (F) digit register
to register the tens digit 5, of relays U4 and US of the
called number units (G) digit register to register the
units digit 9, and of relays ST00 and STO of the called
number stations (H) register to register the stations
digit 0. On operating, relays TH00 and TH1 lock over
lead TONG1 to ground on the No. 16 contacts of relay
CK7; relays HO® and H3 lock over lead TONG4 to
ground on the No. 13 contacts of said relays; relays TS,
T0, U5 and U4 lock over lead TONG2 to ground on
the No. 15 contacts of said relay, while relays ST00 and
STO lock over lead TONG3 to ground on the No. 14
contacts of said relay.

If the transverter becomes connected to a sender (not
shown) which is adapted to receive not only a local
area code and the numericals of the called subscriber’s
number but also a national area code, said sender will
ground its lead NAC which, resulting in the operation of
relay NAC, enables the transverter to receive and regis-
ter a total of eleven (11) digits instead of eight (8)
digits. The three A, B, and C digits of the national area
code will be registered over contact groups A, B and C
of relay NAC in the national area code A, B and C
digit registers, respectively, the three A, B and C digits
of the local code within the dialed national area being
then registered over contact groups D, E and F in the
previously described local area A, B and C digit registers,
respectively, while the five numericals are registered over
contact groups G, H, J, K and L in the previously de-
scribed numerical D, E, F, G and H digit registers, re-
spectively. The relays NAOO-NAS5 of the national area
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code A digit register, on their selective operation in the
biquinary code, lock over lead TONG14 to ground on
the No. 9 contacts of relay CK7; relays NB00O-NB5 of
the national area code B digit register lock over lead
TONG15 to ground on the No. 7 contacts of relay CK7,
while relays NC00-NC5 of the national area code C
digit register, on their selective biquinary operation, lock
over lead TONG16 to ground on the No. 6 contacts of
relay CK7.

With reference to foreign area codes, it should be noted
that the A digit is limited to. the eight values 2-9; the
B digit to the two values 0 and 1, while the C digit may
have any value 0-9. The maximum number of foreign
area codes is thus 160. Theoretically, each of these
codes represents a “long distance,” or “toll,” call for
which the subscriber placing the call is furnished with
a detailed statement which includes the called exchange
number and the total charge in monetary units. For
all such toll calls, and for a reason that will later appear,
it is necessary to ground lead TS, in consequence of
which the initial entry that will be made for each such
call will be either a five-line entry or a four-line entry
depending on whether the automatic message accounting
devices serving the exchanges constituting the area that
includes the exchange of the calling subscriber, are
adapted to process record tapes with five-line initial en-
tries or record tapes with four-line initial entries. If
said devices are adapted to process record tapes with
five-line initial entries, the third line of the entry will
contain a record of the called national area code. If
said devices are adapted to process record tapes having
four-line initial entries, the three digits of the national
area codes are “compressed” by. the transverter into a
single digit, which digit is recorded in the third line. of
such four-line entry. But whether the national area code
is or is not compressed, lead TS is to be grounded if a
toll statement is to be made for the call. ’

In the present embodiment of the invention the trans-
verter is adapted to compress only a maximum of ten
(10) national area codes of the theoretical maximum
of 160 such codes. And to meet certain conditions in
a maximum of three areas represented by three com-
pressed codes, the transverter is further adapted to cause
calls completed in each of said latter areas to be billed
to the calling subscriber in terms of message units rather
than monetary units; that is, such calls will be “bulk-
billed.” For each of the three national areas in the
compressed group, calls to which are to be so billed, a
lead RO, R1 and R2 is provided in the transverter and
grounded for a call completed to such area. ’

Figs. 78 and 86 show the equipment by which all
foreign area codes which are not compressed ground lead
TS, and by which each of the ten foreign area codes
which is compressed converts the code into a single digit,
grounds lead TS if a toll statement is required, and
grounds lead RO, R1 or R2 if the calls thereto are to
be bulk-billed. ‘

Essentially the above equipment comprises eight relays
NAA2-NAA9 each having ten (10) pairs of contacts.
These relays are arranged for selective operation in re-
sponse to the biquinary operation of the relays NAQO-
NAS5 for the national area A digit; two relays NABO
and NABI each having ten (10) pairs of contacts, which
are arranged for selective operation in response to the
biquinary operation of the relays NB00-NBS5 for the
national area B digit 0 or 1; ten relays T4A0-T4A9 for
use in expressing the single digit of a compressed code
in the two-out-of-five code, and a relay TSAT  for
grounding lead TS.

Each pair of contacts on each of the eight relays
NAA2-NAAY represents two foreign area codes of which
the first, or A, digit may be any value 2-8, the second, or
B, digit is either 0 or 1, and the third, or C, digit is 0-9.
Thus the contact pair (0) on relay NAA2 represents the
two codes 200 .and 210; the second contact pair (1)
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represents the two codes 201 and 211, while with the
ninth contact pair' (9) represents the two codes 209 and
219. In the same manner with the remaining seven re-
lays; the contact pairs 0—9 of relay NAA3, for example,
being for. the twenty codes 300-319 while the contact
pairs 0-9 of relay NAA9 being for the twenty codes
900-919.

The C digit of the national area code received from the
sender will operate two. of relays NC00-NCS in accord-
ance with the previously mentioned biquinary code.
Ground wil! be transmitted in series through contacts of
the two selected relays which will be transmitted to ap-
propriate contacts of relays NAA2-NAA9 in parallel.
The operation of any relay NAA2-NAAY in accordance
with the value of the A digit will effect the extension of
the ground to the stationary contact on said rélay.

The stationary cortacts on the relays NAA2-NAA9
are wired to groups of terminals 2B-9B. Those No. 3
of said terminals which severally represent double codes
neither of which is to be compressed, are cross-connected
directly to terminal TSAT extending to the winding of
relay TSAT, the stationary contact of ‘which is wired to
terminal TS and grounded on the operation of relay
T5AT. For example, the stationary contact of the (2)
contact pair on relay NAA3 is individual to the two na-
tional area codes 302 and 312. If neither of these codes
is to be compressed as here assumed, then said contact
is wired to terminal TSAT as shown. Consequently when
relays NAGO and NA3 of the national area code A digit
register operate in response to the code digit “3,” a circuit
is completed for relay NAA3 extending from battery
through the winding of said relay, No. 7 contacts of relay
NA3, No. 7 contacts of relay NA0O, to ground. Relay
NAA3 operates, and ground from the No. 8 contacts
of relay NCOO0 is transmitted through the No. 4 contacts
of relay NC2, the No. 2 contacts of relay NAA3, to the
winding of relay T5AT. Relay T5AT operates and
transmits ground through its No. 3 contacts to conduc-
tor TS.

As previously stated, the invention is adapted to com-
press each of ten (10) foreign area codes into a single
digit 0-9. For this purpose the ten stationary contacts
on the relays NAA2-NAA9 which represent the twenty
paired codes including the ten to be compressed, are
cross-connected to the “B” terminals, which extend in
multiple to corresponding armatures on the two relays
NABO and NAB1. While the twenty paired codes may,
of ccurse, be dispersed among contacts on the different
relays NAA2-NAAY, it will be assumed for convenience
of illustration that the ten codes to be compressed all
have “2” as their A digit. Consequently, the ten station-
ary contacts of relay NAA2 representing the twenty codes
200, 210 (contact 0); 201, 211 (contact 1); 202, 212
(contact 2); 203, 213 (contact 3); 204, 214 (contact 4);
205, 215 (contact 5); 206, 216 (contact 6); 207, 217
(contact 7); 208, 218 (contact 8); and 209, 219 (con-
tact 9) are cross-connected as shown on Fig. 78 to the

“B” terminal extending to the armatures of relays NABO -

and NABI.

Now let it be further assumed that of the above twenty
codes the tem codes 210, 201, 203, 214, 205, 206 207,
217, 218 and 219 are to be compressed into the single
digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, respectively. The station-
ary contacts on relays NABO and NABI1 representing
these codes (in accordance with the B digit 0 or 1 of the
code for which relays NABO and NABI1 are respectively
operated) are then severally cross-connected to the ten
terminals T4A0-T4A9, and therefore to the wind-
ings of the ten relays T4A0-T4A9 in -accordance
with the value of the compressed digit. Each of the lat-
ter relays has its lower two stationary contacts connected
to two of the five terminals PO0-P7 in accordance with
the 2-ocut-of-5 code for the digit represented by each
relay. Relay T4A0, for example, representing the digit
0, has its No. 3 and No. 4 contacts connected to termi-
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nals P4 and P7 in accordance with the 2-out-of-5 code ex-
pression of this digit, and relay T4A9, representing the
digit 9, has its No. 3 and No. 4 contacts connected to
terminals P2 and P7 for the 2-out-of-5 expression of this
digit. The ten codes of the twenty represented by the
contacts on relay NAA2 wired to terminals B that are not
to be compressed into single digits are cross-connected
through the relay NABO or NABI to terminal T5AT.

Mention has been made of the fact that of the ten ( 10) -

national area codes which are compressed, three may
be arranged to have calls completed to areas represented
by the codes charged for on a bulk-billing basis. For
each of these three areas, the No. 4 contact on each of
the three appropriate relays in the group T4A0-T4A9
which represents the compressed digit of a bulk-billed
area is cross-connected to one of the three terminals RO,
R1 or R2 according to assigcnment. The corresponding
contact on each of the remaining seven relays in the
group of relays T4A0-T4A9 which represent areas for
which the codes are compressed and for which toll state-
ments are to be furnished for calls completed thereto are,
of course, connected to lead TS.

Thus if we assume for illustration that calls completed
to the foreign areas respectively represented by the codes
203 (compressed digit 2), 206 (compressed digit 5) and
219 (compressed digit 9) are to be charged for on a bulk-
billing basis, the No. 2 contacts of relay T4A2 (not
shown) would be connected to terminal RO; the No. 2
contacts of relay T4AS (not shown) would be connected
to terminal R1, and the No. 2 contacts of relay T4A9
would be connected to terminal R2.

As previously stated, the operation of a relay
NAA2-NAAY in response to the A digit of a foreign
area code will cause ground from the two operated re-
lays of the foreign area C digit register to be extended
to a pair of contacts on the operated NAA relay. If
the dialed national area code requires no compression,
as, for example, code 312, said ground is applied over a
jumper, as said before, to terminal T5AT to cause the
operation of relay TSAT and the grounding by the latter
relay of conductor TS. On the other hand, if the dialed
code is compressed into a single digit, as, for example,
code 210 which is compressed to the digit 0, relay NAB1
is operated in response to the operation of relays NBOO
and NB1 for the B digit 1, the circuit path of said relay
NAB1 extending from ground on the No. 5 contacts of
relay NB00, No. 5 contacts of relay NB1, lead 415, wind-
ing of relay NABI, to battery. Since the No. 1 contacts
of the latter relay are connected to terminal T4A9, the
ground on the No. 0 contacts of relay NAA2 will com-
plete the circuit of relay T4A0 over the No. 1 contacts
of relay NAB1. Relay T4A0, upon operating, grounds
conductor TS over its No. 2 contacts, and, over its Nos.
3 and 4 contacts, applies ground to terminals P4 and
P7, respectively, to express the code of the compressed
digit 0; ground on said terminal P4 tracing over the No.
3 contacts of relay T4A0, lead 417, to ground on the
Ne. 3 front contacts of relay NB09; ground on said
terminal P7 tracing over the No. 4 contacts of relay
T4A9, lead 416, to ground on the No. 3 front contacts
of relay NBI.

If the national area represented by a compressed digit
is one for which calls completed to the area are to be
charged for on a bulk-billing basis, as, for example code
219 which is compressed to the digit S, relay T4A9,
representing such a code, will have its No. 2 contacts
wired to one of the terminals R0, R1 or R2 (specifically
termianl R2) instead of terminal TS. On the operation
of said relay T4A9, lead R2 will be grounded to indicate
the bulk-billing charge for the call, and terminals P7
and P2 will be grounded to express the code indication
of the compressed digit 9.

Having described the operation of the foreign area
code registers and related equipment for the compression
of certain of the foreign area codes into single digits, for
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the registration of foreign area codes, and. for the ap-
propriate “electrical indications to be supplied in each
case, we will now continue with the operation of the
transverter in respect to the progress of its functions.-

The directory number of the calling subscriber is trans-
mifted from the sender to the transverter over leads DA—,
DB-, DC~, DTH~, DH-, DT- and DU- which leads
are grounded in the sender according to the 2-out-of-3
code to express each of the seven digits that constitute
the number. Leads DA-, DB—, and DC- terminate on
windings of appropriate register relays in the transverter,
and cause the operation of said relays to register the code
of the calling office. Taking leads DA— (calling office A
digit) and relays DAQO-DAQ7 operated thereover in the -
2-out-of-5 code as an example that is representative of
all other of the above-mentioned leads, said relays
DAQG-DAQ7 are operated as follows for each of the
ten digits:

Digit Leads grounded { Relays operated
0- DA4, DA7 | DAQ4,DAQT
1 aee DAO, DA1{ DAQO, DAQI
2 DAQ, DA2{ DAQO, DAQ2
B e e DAl, DA2 DAQL, DAQ2
4 DAO, DA4| DAQO, DAQ4
B e mmne Al, DA. DAQI, DAQ4
[ SR DA2, DA4 DAQ2, DAQ4
7 . DAO, DA7{ DAQO, DAQT
8 ... - DAlL, DA7 |  DAQI, DAGY
9 DA2, DAY DAQ2, DAQT

The above relays as well as relays DBQ0-DBQ7, when
operated, lock over their respective locking contacts, lead
TONGY, No. 4 contacts of relay CK7, to ground. Re-
lays DCQO0-DCQ7, when operated, lock over their respec-
tive locking contacts, lead TONG10, No. 3 contacts of
relay CK7, to ground.

It should be noted at this time that each of the three
calling number A, B and C digit registers of the trans-
verter is provided with an associated conversion register
by which the digit registered in the first-mentioned regis-
ter in the 2-out-of-5 code is changed by the associated
conversion register into a biquinary expression thereof
for use by the billing indexer circuit; the latter circuit
coming into use, as will be shown, when the transverter
has received all the information necessary to its func-
tions. The operation-in the A digit conversion register
of the relays therein corresponding to the operation of
the relays in the A digit register for each of the ten digits
is as follows, it being understood that operations are simi-
lar for the relays in the B and C digit conversion registers:

Relays operated | Relays operated
Digit in the A diglt in the A digit
register conversion
register

O el DAQ4, DAQT DAO0O, DAO
S, DAQO, DAQ1 DA0O, DAL
2 DAQO, DAQ2 DAQO, DA2
3 ---| DAQl, DA DAOQO, DA3
4_. --| DAQO, DAQ4 DAOO, DA4
5 DAQl, DAQ4 DAS, DAO
6. - DAQ2, DAQ4 DA5, DAl
7 DAQO, DAQT7 DAS5, DA2
B e DAQIL, DAQ7 DAS5, DA3
L S DAQ2, DAQY DAS, DA4

The above relays DAGO-DAO, when operated, lock
over their respective locking contacts, lead TONG11,
No. 1 contacts of relay CK7, to ground; relays DB00—~
DBS, when operated, lock over their respective locking
contacts, lead TONG7, No. 12 contacts of relay CK7, to
ground; while relays DC00-DCS, when operated, lock
over their respective locking contacts, lead TONGS, No.
2 contacts of relay CK7, to ground.

Although no storage registers are provided in the
transverter for the numerical digits of the calling sub-
scriber’s number, the same pattern of grounded leads
DTH-, DA~, DT-- and DU- is used therefor, which leads
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are. extended dlrectly to the recorder (over the- recorder-

connector) for its use.in punching the numericals of the ..
number- on the tape, and.to a line ‘obsetving _number ..
matching circuit for reason that will later appear. The
above .groups of leads, when selectively. grounded .in the
sender . according to the. 2-out-of-3-.code to-express the--
involved numericals of .the calling subscriber’s number, ..
will cause the recorder to, puich said number, on thé tape. .

5

Besides the called and calling number registers. (includ- .-

ing the conversion registers for the.latter) which are oper-
ated as above described, the sender will .cause.the opera-.
tion of .certain other. registers _in.the transverter; which-
will determine other actions: of the transverter. Typ1_cal
of these registers_ is the class-of-service. register (Fig.- 74),
the relays CS00-CS5 which are, selectively opérated on a
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15

biquinary basis from the 'sender, to._register the class.of --

service. - When so operated, these relays translate .the
class-of-service indication from the biquinary pattern to
a ground on one of ten léads connected from their upper
contacts to the ten terminals CSA. These terminals are
then *selectively ~ cross-connected to terminals TARO,

TAR1, TARZ and TATS for terminating areas are 0, 1

and 2, réspectively; to indicate to the billing indexer that --
calls completed to such areas are to be either bulk-billed -
or toll-billed, and to terminal TATS.if the area for which

. 64 e
RN13 and RN7 No 5 contacts of relay RNO lead 22,
lower -‘winding .of relay RST00, lead 21, winding of mar-
ginal relay. XRN,.to battery. In this circuit, relay RST00 -
operates -but relay.XRN..does not. - However, if two or
more..relays .RSTO00-RST19 operate for any cause, then
the current flowing.through relay XRN is increased and
said relay will-operate, thereby to stop further progress of-
the transverter and operate an alarm. - Relay RST@00 locks

-over. battery through.its upper winding -and No: 7 con-

tacts, lead. 31, winding of relay STK, to- ground on the

No. 8. front. contacts of relay -CK1, operating said relay -
STK, which checks.that the locking. contacts of the oper- -
ated .relay- RST—.. (in.this case-relay RSTO0) are closed. -

-Relay .STK. completes - the . circuit.- of - relay- CK3- from- -

ground on the locking contacts .of said relay- STK, wind-
ing of relay CK3, to battery.. Said relay CK3 operates,
locks over its No..5 contacts to.ground on the No. 8 con-
tacts of relay CK1... Among other functions, completes

~the circuit of relay. TBC1.from ground.on No. 5 contacts

20 of relay CKY7, lead..622, No. 3. contacts of relay CK3,

25

calls completed thereto are to be toll-billed only; that is, "-

calls which are to be billed in detail on the toll statements.
Contacts of the class-of-service relays CS00-CS5 are

extended to terminal CSP and thence ¢ross-connected to

the five recorder’ ledds P0-P7:in the 2-out-6f-5 ¢ode; to
cause the recorder to.récord-in the B digit of .the second
line of the-initial efifry, the.area-digit asmgnetf to the.
termmatmg area: This digit will be used. by the account—
ing center to determine’the raté which applies for the call.

Another reglster is the recorder identification- reglster
(Fig.-109), in which 'is registered ‘the number of the re-
corder being used -for this'cdll.” A maximum of" twenty
(20) recordefs-is- provided-in"the tandem office, each -
identified by ‘one'of thé numbers:00=19." The number of -

the recorder is -transmitted from the ‘sender to-fhe frans-

verter-over the leads'R0; Rl R‘2 R4 R7 and R13; Which
in the operation of- three of the 35 ¢ relays RNO-RN13:
These relays, when selectively operated ‘as’ indicated; lock -
over their respective-locKing' costacts -and ‘lead ’I‘ONG6
to ground on the -No.~19:contacts-of relay-CK7.- 'When so
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operated, these felays comiplete ‘the ‘circuit ‘of one’ rélay” "“
in the group -of twenty relays RSTOO—RSTIQ (shown m

the table below)-+---~-7 =" T

Recorder - Releads. ..|--~ Relays Relays
number grounded . | .. RNO-RN13 -RST00-RST19
) i U operated operated

= RO,yR7; RIS TRNG RN7,RN13 [~ " RSTO0 ™

R1,R7,-R13 | RN1, RN7, RN13 RSTO1

R2, R7, R13 | RN2, RN7, RN13 RST02

RO, R1, R2 | .RNO, RN1, RN2 RST03

R4, R7,-R13 | RN4, RN7, RN13 RST04

RO, R1, R4 | .RNO, RN1, RN4 RST05

RO, R2, R4 | RNO, RN2, RN4 RSTO06

R1, R2, R4 | .RN1, RN2, RN4 RSTO7

RO, R1, R7.{ .RNO, RN1, RN7 RST08

RO, R2, R7 | .RNO, RN2, RN7 RST09

R1, R2, R7 | ‘RN1, RN2, RN7 RST10

RO, R4, R7 | RNO, RN4, RN7 RSTI11

R1, R4, R7 |- RN1; RN4, RN7 RSTI2

R2, R4, R7 | RN2,RN4, RN7 RSTI13

RO,'R1, R13 | RN0, RN1, RN1I3 RST14

RO, R2, R13.|. RNO, RN2 RN13 RET15

| RIi, R2' R13 | RN1, RN2, RN13 RST16

‘R0, R4, R13" 'RNO RN’4 RN137| " RST17

..R1, R4, R13 .RNl R'\M RN13.{ ... -.. RSTI8

R2 R4, R13 | RN, RN4, RN13,|.. . RST19

It has been assur_ned,that,'jreeord‘er,oll has been :tékeﬁ:
into use for the call being described to illustrate the oper- .

ation of the invention. Relays-RN0, RN7 and RN13 are.

therefore operated.and locked.. Consequently a-circuit is..
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then  completed for .relay RSTO00Q, which extends from .
ground on.the No. .11 contacts of relay. CK8, lead 24, No.--. -

8 contacts of relay INS, lead 23, No. 2 contacts of relays

75

winding of relay TBC1, to battery. . Relay TBC1 operates
and operates relay TBC2 .over an-obvious. circuit, and re-
lay TBC3 .over its No...1 contacts -and -lead 623. The
'operatidn. of relays TBC1, TBC2 and TBC3.cancels cer- - -
tain standing tests which are.removed after the recorder
is seized, .as will be explained. .It is-to be noted that relay
CK3 locks independently._of the No. 2. contacts. of relay
STK, and releases relay NOK which was being held locked -
-over the No.. 1 contacts. of relay CK3.  Relay NOK, cn
releasing, short-circuits relay. STK. which then.releases. -
In this connection it should be noted that the trouble in-
dicator tap I on the locking winding.on each of the relays
RST00-RST19) is. connected to. the.ground side of. the ..
+winding of said relays.. . Therefore when.relay NOX is .
released, direct ground s applied from the. No. 8 front .
contacts of relay CK1, No. 3 contacts of relay NOK, Jead. -
31, No. 7. contacts of relay RST00, to.tap. I,.which is
connected to the trouble indicator circuit to identify the ..
recorder when trouble.is encountered. - This-locking cir- . .
cuit arrangement. also prevents the premature. release of
the recorder in.the event that thé operating path. of relay ..
RST- through its primary winding is opened- as.a result .
of any transient trouble condition. . . ‘
. Most of the other registers mvolve one or two relays the ..

latter being _operated, on-a l-out-of-2 basxs, as.will appear, .-

and include by.way of example the service observingrelay -. ..
S0 and the no service observing relay NSO; the first trial. ..
relay. TR1 and. the second ‘trial relay TR2; and.the over -
-10,000 pumber relay (OT) -or under, 10,000 number. relay.

(UT). .Similarly-designated leads from.the sender termi- .
nate. on_the indicated relays.. -All information -is- trans- -

mitted  from_the sender except that-the first. and second....

trial signals which result in the operation of relays TR1.
and TR2 originate in the transverter. connector. .. In the
case of relays UT.and. OT, it should -be observed that if . -
relay UT operates (indicating that the digits of the called

- numericals. constitute -2 four .digit number). a circuit-is

completed for relay, UTA, the path of which may be traced
from battery through the winding of said relay, lead 547;
No. 2 back contacts of relay OT, lead 523, to ground on -
the No. 8 contacts of relay. CK3....As. W111 be explained, -
the UTA relay when.operated serves to switch the. called
number registering . leads to the appropriate magnets.of.
the recorder,. which magnets will then operate to.record
the numer1cals in .the correct -digital spaces. of the. AMA
tape.. On.the other.hand, if-relay.-OT is operated (indi-
cating that the digits of the calléd numericals constitute a.
five digit number,.an. arrangement prevailing-in . certain -
manual offices) then a circuit is completed. for relay OTA,
the path of which may be traced from:battery through-the .
winding of said relay, lead 524, No. 2.front. contacts of -
relay OT, lead-522, and thence-as traced .to. ground on
relay. CK3.... As will. be explained, -the -OTA relay when-
operated, serves. to switch the called.number- registering
leads to the appropriate magnets of the recorder, which
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magnets will then operate to record the numericals in the
correct digital spaces of the AMA tape. It will be as-
sumed that since the call being being established involves
a four digit called number, relay UTA is operated.

The rate class leads RC0, RC1 and RC2 are grounded
on a l-out-of-3 pattern. Since these leads are not used
in the transverter but are extended to the billing indexer
at the proper time, no register relays are provided. Taps,
however, are made to the leads for the use of the trouble
indicator to record the rate class information in the event
of trouble.

As will be recalled, the office of origin for the particular
call being used to illustrate the operation of the inven-
tion is assumed io have the designation Bigelow 9, the
dial code of which is 249, and that the numerical portion
of the calling subscriber’s number is 8276. It was further
assumed that the called subscriber’s directory number is
Republic 7-1359, and that from cperations previously de-
tailed in respect to the sender, the call to be established to

the station of said latter subscriber involves the use of a -

trunk from tandem to Republic 9 having the designation
€0, the use of a recorder number designated 00, and that
the class-of-service indication for the call is 1. There-
fore when the sender becomes connected to the transverter,
the ABC digits 249 of the calling office code are registered
in the calling number A, B and C digit registers. The first,
or A, digit 2 is registered in the A digit register by the op-
eration and locking therein in the 2-out-of-5 code of relays
DAQY and DAQ2 over leads DA and DA2, respectively;
the second, or B, digit 4 is registered in the B digit reg-
ister by the operation and locking therein the 2-out-of-5
code of relays DBQO and DBQ4 over leads DB0 and DB4,
respectively; and the third, or C, digit 9 is registered in the
C digit register by the operation and locking therein in the
2-out-of-5 code of relays DCQ2 and DCQ7 over conduc-
tors DC2 and DC7 from the sender. As will also be re-
called, the four numerical digits of the calling number are
not stored in the transverter but transmitted directly to
the recorder, as will be shown. Remembering that the
culling office code digits are to be changed into respec-

tive biquinary representations thereof by the correspond--

ing conversion registers for the use of the billing indexer
circuit, then upon the operation of relay DAQQ a circuit
is completed for relay DA8O of the A digit conversion reg-
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ister, said circuit tracing from battery through the wind- .

ing of said DA®S relay, No. 2 contacts of relay DAQZ to

ground on the No. 2 contacts of relay DAQ®8. Another

circuit is also closed for relay DA2 in said latter register,
said circuit tracing from battery through the winding of
said relay, No. 6 contacts of relay DAQS, to ground on
the No. 7 contacts of relay DAQ7. In the same manner
and over easily traceable circuits, relays DBQ® and DBQ4
in the calling number B digit register pull-up relays DB89
and DB4 in the B digit conversion register, while relays
DBCQ2 and DCQ7 in the calling number C digit register
pull-up relays BC4 and DCS3 in the C digit conversion reg-
ister. As previously indicated, all of the above relays in
the conversion registers lock to off-normal grounds on the
contacts of relay CK7.

The three A, B and C digits 737 of the called office
code are similarly registered in the called number A, B
and C registers. The first, or A, digit 7 is registered in the
A digit register by the operation and locking therein in the
biquinary code of relays A2 and AS over leads A2 and AS,
respectively; the second, or B, digit 3 is registered in the
B digit register by the operation and locking therein in the
biquinary code of relays B9¢ and B3 over leads B0® and
B3, respectively; while the third, or C, digit 7 is registered
in the C digit register by the operation and locking therein
in biquinary code of relays C2 and CS over leads C2 and
CS§, respectively. As previously indicated all of the above
relays lock to off-normal grounds on the contacts of relay
CK7. )

In contrast with the numerical digits of the calling sub-
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‘scriber’s number, those of the called subscriber’s number

are stored in the transverter in appropriate digital registers
therefor; the thousands digit 1 in the thousands, or D, digit
register by the operation of relays THO00 and THI; the
hundreds digit 3 in the hundreds, or E, digit register by
the operation of relays H80 and H3 therein; the tens digit
5-in the tens, or F, digit register by the operation of relays
TO0 and TS therein; the units digit 9 in the units, or G, digit
register by the operation of relays U4 and U3 therein; and
the stations digit 0 in the stations, or H, digit register by
the operation of relays ST8¢ and ST@ therein. All of
these relays, on operating, lock over their respective lock-
ing contacts, leads TONGI1, TONG2, TONG3 and
TONG4 to ground on the contacts of relay CK7 as pre-
viously described. ‘These relays, over their lower con-
tacts and by appropriate wiring connections to leads ex-
tending to the perforator, convert the biquinary code of
the registered digit into its equivalent 2-out-of-5 code ex-
pression for the use of the recorder, as will be explained.

The class-of-service register is also operated from the
sender in the biguinary code to register the class-of-
service digit. Since this digit is assumed to have the
value 1 (terminating area 1), relays CS80 and CS1 are
operated by ground on leads CS00 and CS1, respectively.
These relays lock over their respective No. 2 and No. 3
contacts and over lead TONGS3 to ground on the No. 14
contacts of relay CK7.

When all of the above relays have been selectively
operated as indicated to register and convert the calling
office code, to register and convert the called office
code and numericals, and to register the class of service,
a check is made for the operation of said relays as well
as for -the non-operation of certain other relays which
must be normal if the functioning of the transverter is
to proceed. This check is in the form of a circuit path
completed for the operation of relay OCK, Fig. 92.
This path extends from battery through the winding of
said relay OCK, lead 12, No. 1 front contacts of relay
LAC, lead TDC13, then as previously traced through
contacts on the normal relays NC60-NC5, NB0O, NBS,
WB1, NB$, lead TDC14, through previously traced con-
tacts on the normal relays NAOO-NAS, lead TDCI15,
No., 2 contacts of relay LAC, lead TDC24, lead TDC4,
No. 9 back contacts of relays CS4, CS3 and CS2, No. 8
front contacts of relay CS1, No. 8 back contacts of
relay CSO, No. 6 back contacts of CS5, No. 5 front
contacts of relay CS00, lead 13, No. 2 front contacts
of relay DC4, No. 2 back contacts of relays DC3, DC2
and DCI, No. 1 back contacts of relay DCO, No. 1
front contacts of relay DCS, No. 1 back contacts of
relay DCO008, lead 14, No. 2 front contacts of relay
DB4, No. 2 contacts of relays DB3, DB2 and DB1, No.
1 back contacts of relay DB®, No. 2 back contacts of
relay DBS, No. 1 front contacts of relay DB00, lead 15,
No. 1 back contacts of relays DA4 and DA3, No. 2
front contacts of relay DA2, No. 2 back contacts of
relay DA 1, No. 1 back contacts of relay DAQ, No. 2
back contacts of relay DAS5, No. 1 front contacts of
relay DA0O, lead 16, No. 5 back contacts of relay TTF,
lead 17, No. 2 back contacts of relays C4 and C3, No. 3
front contacts of relay C2, No. 3 back contacts of relay
C1, No. 2 back contacts of relay C0, MNo. 3 front con-
tacts of relay C5, No. 3 back contacts of relay C09,
lead 18, No. 2 back contacts of relay B4, No. 3 front
contacts of relay B3, No. 3 back contacts of relays B2
and B1, No. 2 back contacts of relays B® and BS5, No. 3
front contacts of relay B8O, lead 19, No. 2 back con-
tacts of relays A4 and A3, No. 3 front contacts of relay
A2, No. 3 back contacts of relay Al, No. 2 back contacts
of relay A€, No. 3 front contacts of relay A5, No. 3
back contacts of relay A60, lead 20, No. 2 contacts of
relay CK6 to ground. Relay OCK operates and locks
over its' No. 3 contacts, lead 29’, to ground on the No,
2 contacts of relay CKB&, i o
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If the call is a national area call, then the check is
made with relay ONCK (Fig. 93) instead of relay OCK.
For such a call relay NAC will be operated, and the
national area code A, B and C digit registers will be
set for the three digits of the area code. For example,
if the national area code is 219, and the calling and
called office codes remain the same as above, then a
circuit will be completed for relay ONCK from battery
through its winding, lead 420, No. 2 contacts of relay
NAC, lead 421, No. 1 front contacts of relay NC4,
No. 1 back contacts of relays NC3, NC2, NCi, NC?,
No. 1 front contacts of relay NC5, No. 1 back contacis
of relay NCO00, No. 1 front contacts of relay NB1, No.
1 back contacts of relay NBO, No. 2 back contacts of
relay NB5, No. 1 front contacts of relay NB§@, lead
423, No. 2 back contacts of relays NA4, NA3, No. 1
front contacts of relay NA2, No. 1 back contacts of
relays NA1, NAQ, No. 2 back contacts of relay NAS,
No. 1 front contacts of relay INA68, lead 424, No. 3

contacts of relay NAC, lead TDC24, and thence as &

previously traced to ground on the No. 2 front contacts
of relay CK 6. Relay ONCK, on operating, locks over
its No. 2 contacts, lead 29’, to ground on the No. 2 con-
tacts of relay CKG6.

With relay OCK or ONCK operated, a circuit is com-
pleted for the indexer start relay INS (Fig. 103). The
path of this relay extends from battery through its
winding, conductor 34, No. 10 contacts of relay CK3,
No. 1 contacts of relay CK2, No. 9 contacts of relay
CKS8, lead 36, No. 8 contacts of relay NSK, No. 5 con-
tacts of relay SK, lead 37, No. 2 contacts of relay XRE,
No. 1 contacts of relay IOK, lead 38, No. 3 back con-
tacts of relay ONCK, lead 38’, (if the call is local, this
relay will be normal) No. 5 contacts of relay OCK to
ground. Relay INS operates and locks over its No. 4
contacts, lead 38’ to ground on either the No. 5 front
contacts of relay OCK or the No. 3 {ront contacts of
relayONCK. If the call is a national area call, then
relay ONCK wiil be operated and relay CCK will be
normal, in which event the circuit of relay INS will be
completed as traced to the No. 2 contacts of relay 10K,
No. 5 back contacts of relay OCK, lead 38’, No. 3
front contacts of relay ONCK, to ground.

The operation of relay INS, among other functions
to be described later, initiates operations by which a
billing indexer circuit is connected to the transverter.
Befort describing the operations by which this connection
is effected, it should be stated that the billing indexer,
the fundamentals of which are schematically indicated
in Fig. 136 and the details of which are shown in Figs.
110-119, is a fast-acting common control type of cir-
cuit having for its primary function the determination
for the use of the transverter of (1) the office index,

or digit assigned to the calling office and used on the ,
initial entry as an identification thereof, (2) the mes-

sage billing index, or digit identifying the rate to be
applied for the call; and (3) the character of the initial
entry for the call; that is, whether the initial entry is
a two-line entry (MU) thus indicating that the call is
to be bulk-billed in terms of message units, or a four-
line entry (MUD-—message unit detail) indicating a
bulk-billed call, but furnishing complete details thereof
for the use of the operating company, or a toll eatry
(TL) indicating either a four-line or five-line entry for
a call for which a toll statement is to be furnished.
These three items of data are derived by the billing
indexer from information supplied by the transverter
and, in part also, by the sender; and when determined,
are passed to the transverter, which subsequently trans-
mits them to the recorder for its use in producing the
initial entry for the call on the AMA tape.

The secondary function of the billing indexer is to re-
solve certain conflicts in calling office codes which may
occur if the calling subscriber, in passing. the cailing
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number to the operator, should give a vacant code or,
in some cases, a wrong office code.

Three billing indexers may be provided by way of ex-
ample to handle all the automatic accounting calls which
are routed through the tandem office but, of course,
more or less may be provided as the volume of traffic
requires. Fach transverter has access to all three billing
indexers and, although arranged to prefer a particular
one in the manner conventionally employed with com-
mon control units utilized in crossbar telephone sys-
tems, it may of course be served by each of the other
two, if idle, in the determined order of preference.

Fig. 105 indicates the general circuit arrangement by
which the connection between a celling transverter and
an idle billing indexer is effected. FEssentially it is simi-
lar to the sender-transverter connector previously de-
scribed. The circuit is so arranged that each billing
indexer has a preference relay IP- representing it in
each transverter. These relays are arranged in a chain
which enables a transverter to prefer a particuler billing
indexer as a first choice. If the preferred indexer is busy,
its associated indexer busy IB relay is operated, which
advances the preference lead to relay IP— of the billing
indexer second in preference, and so on for all three
indexers.

It will be assumed, however, that the billing indexer
shown in Figs. 110-119 is the first one preferred by
the transverter whose operation is here being described,
and that upon the operation of relay INS (assuming that
all other billing indexers are normal) a circuit is com-
pleted for relay IPO of the preferred billing indexer. The
path of this relay extends from battery through an un-
designated resistance at the No. 5 contacts of relay INS,
lead 44, No. 2 contacts of relay IOK1, lead 0245, No. 1
back contacts of relay IB® (which is normal since the
indexer is assumed to be idle), winding of relay IP§, to
ground. This relay operates, and (1) Jocks to ground
over its No. 1 front contacts; (2) opens at its No. 1 back
contacts operating ground for relays IPO of the same
indexer in other transverter channels; (3) completes over
its No. 2 front contacts the circuit of the billing indexer
connector relays ICOA, and ICOA1, the path of which
extends from battery through the windings of said relays,
lead 46, No. 2 front comtacts of relay IP§, serially
through the No. 2 back contacts of all relays IP0 for the
same billing indexer in the other transverter channels,
No. 2 back contacts of relay IPG in the last transverter
channel; to ground, and (4) releases the billing indexer
relays IA1 and IA2, which are normally operated, lead
IA1 being opened at the Mo. 1 contacts and; lead IA2
being opened at the No. 2 back contacts of operated re-
lay IP0. Relays IA1 and IA2 release to supply ground
and battery, respectively, to the lower windings of relays
X01-XRG to condition them for operation in thc event
that crosses appear on certain leads of the indexer, as will
be later described. Relay IA1, on releasing, also com-
pletes the circuit of relay ON from battery through the
winding of said relay ON, lead 79, No. 8 contacts of
relay IAl, to ground. Relay ON operates to perform
certain functions to be discussed later in regard to timing
of the indexer, and in regard to information to be trans-
mitted to the tranmsverter. At this point, however, it will
be noted that with relay ON operated, ground cn the
No. 6 back contacts of relay IOK in the transverter,
applied over lead 88, No. 21 contacts of relay ICOA1,
lead IOK, and the No. 2 contacts of relay ON, com-
pletes the circuit through the lower winding of the polar
timing relay TR to battery on the No. 3 contacts of relay
ON; and short-circuits the condenser-resistance retwork
C connected to the No. 2 contacts of relay ON. The
current through the lower winding of relay TR is in the
opposite direction to operation, causing its armature to
make with the stationary contact. Hence the ground
on the contacts of said relay TR is applied over the No. 1
.contacts of relay ON, lead IOK1, No. 20 contacts of relay

E— — _ __ -
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ICOAI, lead 89, No. 7 back contacts of relay IOK, to
hold relay I0K1 for an interval after relay IOK releases,
and for a purpose to be noted hereinafter.

Relay ICOA, on operating, grounds lead 47 over its
No. 2 contacts, thus to apply a shunt to the upper wind-
ing of relay IBO and prevent its operation when, after
the indexer becomes connected to the transverter, ground
is applied by said indexer to conductors IB6-IB2 to cause
the operation of relays IB0-IB2 in the several frans-
verter channels except the channel for the indexer 0 for
which relay IBO must remain pormal to maintain relay
IP® operated. Ground is applied to contacts No. 57 of
relay ICOA which will short-circuit capacitor C1 by way

of lead 48, No. 2 contacts of relay CK2 and lead 49,

to prevent the operation of relay CTM, thereby to cancel
alarm timing, while over its No. 1 contacts, relay ICOA
grounds conductor BIB in cable 4 extending to the wind-
ing of relay BIB of the billing indexer. The latter relay
then operates to apply ground to conductors IB8-IBZ,
severally completing circuits through the upper windings
of relays IB0-IB2, operating relays IB1 and IB2 to make
the seized indexer busy in two of the chananels, but failing
to operate relay IB® in the first channel, the upper wind-
ing of the latter relay being shunted by ground on lead
47 as before described. Over its No. 58 contacts, relay
ICOA1 applies ground to lead 52, which completes the
circuit of the indexer connected check relay INK, said
circuit extending from ground on lead 52, No. 4 locking
contacts of relay IOK2, lead 53, No. 2 contacts of relay
RK, right winding of relay INK, to battery. Relay INK
operates over its right winding and then locks over its
left winding and No. 3 contacts to ground on conductor
TONGI12 from the No. 2 contacts of relay CK8. The
operation of relay INK indicates that the billing indexer
is connected, checks that the locking contacts of relay
I0K2 are closed, and opens the circuit of relay CK2
which releases. At this point it should be stated that all
information which the recorder is to punch on the AMA
tape is transmitted to it by the transverter in the 2-out-
of-5 code. To this end, the numerical digits of the called
number, which are received and registered in the trans-
verter in the biquinary code are converted through the
contacts of the involved register relays in the 2-out-of-5
code, provided, of course, that said relays are operated in
the appropriate biquinary combinations. It is therefore
necessary that the registers be checked to insure that
their respective relays are so operated. Accordingly,
when relay INK operates, and remembering that the
called numericals are 1359 (no stations), a path is com-
pleted for relay NSK from battery through its winding,
lead 543, No. 7 front contacts of relay INS, lead TDC3,
No. 1 back contacts of relays ST8®, ST5, ST®, No. 2
back contacts of relays ST, ST2, ST3 and ST4, lead
TDC4, No. 2 front contacts of relay INS, lead 454, lead
454’ (Fig. 92), No. 4 contacts of relay INK, lead 455,
No. 2 front contacts of relay U4, No. 2 back contacts
of relays U3, U2, Ul, No. 1 back contacts of relay U9,
No. 2 front contacts of relay US, No. 2 back contacts
of relay U0, lead 456, No. 1 back contacts of relays
T4, T3, T2, T1, No. 1 front contacts of relay T, No. 3
contacts of relay TS, No. 2 back contacts of relay T68,
lead 457 No. 1 contacts of relay H4, No. 2 front contacts
. of relay H3, No. 2 back contacts of relays H2, Hi, Hg,
No. 1 back contacts of relay H5, No. 2 front contacts
of relay HO00, lead 458, No. 1 back contacts of relays
TH4, TH3, TH2, No. 2 front contacts of relay THI,
No. 1 back contacts of relays THO, THS, No. 2 front
contacts of relay THOG, lead 459, No. 4 back contacts
of relay SU, No. 3 front contacts of relay UT, No. 4
back contacts of relay OT, lead 460, No. 1 contacts of re-
lay STK, No. 7 contacts of relay CK1, to ground. Relay
NSK operates and registers the fact that the four numeri-
cals of the called number are properly registered in the
biquinary code.

Had the called number contained a stations digit, then
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the sender would have transmitted therefor either the
digit 0, 1, 5, 6, 7 or 9, in which event the check will be
made by relay SK. Assuming for example that the digit
0 had been transmitted as the stations digit, relay ST00
and ST0 would have operated. Accordingly a circuit
would then have been completed for relay SK from bat-
tery through the winding of said relay, lead 461, No. 1
back contacts of relays ST4, ST3, ST2 and ST, No. 1
front contacts of relay ST@, No. 2 back contacts of relay
STS5, No. 2 front contacts of relay ST00, lead 454, lead
454/, and thence as traced to ground for relay SK. The
operation of relay NSK or SK checks that the involved
called numericals are registered in the biquinary code.

Relays ICOA and ICOAL, by the closure of their other
contacts, close the registering leads between the trans-
verter and the indexer for all input and output informa-
tion transmitted to and from the latter circuit.

The data use by the billing indexer to determine the
office index, the message billing index, and the character
of the initial entry, are (1) the originating office code,
(2) the terminating office code, (3) the recorder group
number (4) the terminating office numbering area, and
(5) the originating office rate class. Therefore with the
operation of relays ICOA and ICOA1, the registrations
in the transverter containing the data to be used by the
billing indexer to derive the office index, the billing in-
dex, and the character of the initial entry, are passed

. from the transverter to corresponding registers in the

billing indexer.

Before describing the structure of the indexer and its
mode of operation, it is desirable to recall the following
previously made assumptions:

(a) The tandem office is -provided with 20 recorder
groups, each serving trunks from a maximum of ten
originating offices;

(b) The invention is designed to operate, by way of
example, with a maximum of 200 originating offices, 10
offices to a recorder group, the ABC codes of such offices
being selected from a maximum of 800 available codes,
omitting those with the digit 0 or 1 as a first digit;

(¢) All offices to or from which connections are
completed through the tandem exchange are located in
four areas, with no area containing offices having iden-
tical codes. As shown in Fig. 139, three of these areas,
designated as area 0, area 1, area 2, are conventionally
indicated as concentrically surrounding the tandem ex-
change T. The fourth area is here defined as the “toll
zone,” and is divided into a plurality of “foreign ex-
change” areas, one or more of which are contiguous to
the outer boundary of area 2;

(d) Connections between offices in areas 0 and 1 may
be established by dialing the code of the wanted office
and the numericals of the wanted number. Such con-
nections are charged for on a bulk-billing basis;

(e) Connections to offices in area 3 from offices out-
side of said area may be established by dialing a prefixed
national area code ABX, in which the A digit has any
value from 2 to 9, the B digit the value of 0 or 1, and
the X digit any value from 0 to 9, in addition to the code
of the wanted office in such areas and the numericals of
the wanted number in such office. Such connections are
also charged for on a bulk-billing basis;

(f) Connections to offices in any area in the toll zone

from offices in any of the three above-mentioned areas

may be established by dialing the prefixed national code
ABRX individual to the area, the code of the wanted office
and the numericals of the wanted number in said toll
area. Such connections are charged for in monetary
units and detailed on the toll statement; :

(g) The initial entries for bulk-billed calls completed
to and between offices in areas 0 and 1 are either two-
line message unit (MU) entries, or four-line message
unit detail (MUD) entries, the latter being produced if
the operating company desires details of local calls for
traffic studies, subscriber complaints, or any-other reason;
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(h) The initial entries for calls completed to offices
in area 2 from offices in all other areas will be four-line
(TL) entries, with the national area code compressed
into a single digit. The same may be true for not more
than nine additional areas, since code compression is
limited to ten areas as previously described;

(i) The initial entries for calls completed to offices in
the areas comprising the toll zone from offices in-the
above-mentioned areas will be five-line toll (TL) entries.

For the determination of the office index, the message
billing index, and the initial entry for a call under the
above-enumerated conditions, and referring to Figs. 136
and 110-119, the billing indexer is provided with an
originating office code translator for 800 codes (200-
999), said translator having two terminals for each code;
the group of terminals shown in Fig. 110 and identified
as the first originating code field FOC containing the first
corresponding terminals of cach code, the second group
of terminals shown in Fig. 113 and identified as the sec-
ond originating code field SOC, centaining the second cor-
responding terminals of each code.

The indexer is further provided with two groups of
three “area” relays each, namely relays ARGA-ARZA
and ARGB-ARZB. Corresponding relays ARSA, ARSB;
AR1A, AR13B, and AR2A, ARZB are wired in multiple
and extended for cross-connection to terminals 0, I and
2, respectively, constituting the terminal field OA. The
stationary contacts of the contact pairs 6-8 provided on
each of the relays ARBA-AR2A are correspondingly
connected together and brought out to the terminals 0-9
making up the terminal field FGCC, while the armatures
severally making with said contacts are individually
brought cut to terminal groups 8-9 constituting the ter-
minal field FOCA. 1In the samme manner, the stationary
contacts of the contact pairs 0-% provided on each of
the relays AROB-ARZB are correspondingly connected
together and brought out to the terminals -9 making up
the terminaj field SOCC, while the armatures severally
making with said contacts are individually brought out
to terminal groups -9 constituting the terminal field
SOCA. To the first groups of relays AROA-AR2A at
terminals FOCC is connected from the terminal field
FOC those terminals which represent “conflicting” codes,
that is, identical codes representing different offices in
the three different bulk-billing areas 0, 1 and 2. To the
second group of relays ARSB-AR2B at terminals SOCC
is correspondingly connected from the terminal field SOC
those terminals that represent the same codes.

The billing indexer is further provided with a group of
Each of

twenty recorder-group relays. RGOO-RG19,
these relays has ten lower contact pairs 6-9, the armatures
of which are individually extended to terminal groups
0-9 in the field SOCA, and two upper contact pairs 19

and 11, the armature of contact set 11 on each relay 5

being extended to the one terminal 80—19 in the terminal
field RGA for selective cross-connections to the three
terminals §, 1 and 2 in the field OA according to the
three areas in which are Iocated the offices served by each
of the twenty recorder groups represented by each of
the relays. Upon the operation of a relay RG80-RG19
as will be described later, the invoived pair of area relays
AROA—AROB, AR1A—ARI1B, and AR2A—AR2B will
be operated from ground on the No. 11 contacts of said
operated relay RG—. The front contacts of the lower
contact sets €-9 on each of said relays RG88-RG19 are
cross-connected either direcily to terminals -9 in the
ten terminal fields COIEA-CO1E]J, or to the armatures
of relays CAZ or AS2 according to a determination that
will be later described.

To the terminals 0-9 of relays RGOO-RG19 in the
terminal field SOCA are directly connected from the
terminal field SOC the terminals that represent “non-
conflicting” codes representing offices which are served
by the recorder group indicated by the relay RG~ to an
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armature, or armatures, of which said connections are
effected. To the terminals of the recorder group relays
RGO0-RG19 in said field SOCA are also cross-connected
armatures of the area relays AROB-AR2B, to which are
extended over terminals SOCC those terminals in field

- SOC that represent conflicting codes of offices served by
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the recorder groups with which said connections are
effected.

The indexer is further provided by way of example with
three “rate class” relays RCO-RC2. As previously in-
dicated, the expression “rate class” indicates different
charges for calls to identical destinations from an orig-
inating office that provides for such different rate service.
Connections to the tandem exchange from an originating
cifice that provides the different rate class service are
eflecied over separate trunk groups, each individual to
one of the rate classes; the sender at tandem being sig-
naled by the trunk taken into use as to the class of service
for the trunk group of which the trunk is a part, as al-
ready described. Each of the relays RC6, RC1 and RC2
is provided with contact pairs 0-59 by way of example,
the corresponding stationary contacts of which are con-
nected together and brought out to terminals 0-59 con-
stituting the terminal field RCC, while the armatures of
said contact sets are extended to the individual terminals
0-59 in each of the three terminal fields, RC0, RC1 and
RC2. To the terminals 80-59 in the terminal field RCC
are extended from the fields FOC and FOCA the ter-
minals which designate the codes of offices providing the
rate class service indicated by each of said relays
RC6-RC2.

The indexer is further provided with a group of thirty-
three “originating rate treatment” relays ORT00-ORT32.
The expression “originating rate treatment” is here under-
stood to mean a grouping (usually on a geographical
basis) of subscribers who are charged alike on identical
calls to the same office or group of offices. The group-
ing of subscribers may include all or subdivisions of the
subscribers in one or more offices in which the calls
originate. The windings of said relays ORT00-ORT32
are severally extended to terminals 00-32 constituting
the terminal field ORT. Each relay is further provided,
on its upper side, with contact pairs 60-57, the corre-
sponding stationary contacts of which are multipled and
extended to the terminals 00-57 constituting the terminal
field TRT (Fig. 117), while the armatures of said con-
tacts are individually extended to the three groups of
terminals 00-57 constituting the terminal field CRT. To
the terminals ORT are connected from the field FOC
those code terminals which represent offices the rate
consideration of calls from which is not affected by
either area or the rate class; from the terminal field
FOCA terminals of codes representing offices the calls
from which are so affected by the area, and from the
field RC~ the terminals of codes representing offices
whose rate treatment is affected by the rate class.

The indexer is further provided with a group of ten
billing index relays BIO-BI9, the windings of nine of
which, namely relays BI1-BI9, are extended to terminals
0-9 constituting the terminal field MBI. To these ter-
minals are connected the armatures of the relays ORT-
in accordance with the billing index 1-9 for a call, as
said index would be determined by the operation of an
involved originating rate treatment relay ORT- only.

ThHe indexer is further provided with a called office
code translator {shown in Fig. 116), which is essentially
the same as the originating office code translator, except
that it is selectively associable with each one of three
registers severally provided for the three bulk-billing
areas 0, 1 and 2 with respect to calls completed in
offices located in such areas. Although each area is used
for both originating and terminating calls, we will refer
to one area as an “originating” area and one as a
“terminating” area for the purpose of this description.
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The register shown in Fig. 116, then, is for the termi-
nating area 0, and is operatively associable with the
translator by means of relay TAQ when operated; the
register shown in Fig. 117 is for the terminating area 1,
and is operatively associable with the translator by means
of relay TA1 when operated, while the register shown
in Fig. 118 is for terminating area 2, and is operably
associable with the tramslator by means of relay TA2
when operated.

Each of the above terminating area registers com-
prises a group of relays, 2L T—, 2HT to 9LT, SHT, with
each relay provided with fifty contacts, one for each of
the codes 200-999. The stationary springs of these
contacts are then severally cross-connected to terminals
0057 in the terminating field TRT, which terminals,
as previously explained, are connected to the station-
ary contacts of the originating rate treatment relays
ORT00-ORT32.

To provide for the satisfactory distinction between
“vacant codes” and “wrong offices”; that is, between
such codes as are not used and those which may be
given by calling subscribers in passing their numbers
to the operator, but which are not respectively associated
with recorder groups serving the offices from which the
calls are actually placed, or which do not provide one
or more of the rate classes indicated by relays RC6-RC2,
relays VC, WOA and WOB are provided. The winding
of relay VC is extended to the terminal VOC, and
to said - terminal are cross-connected from the first
originating code field FOC the terminals that represent
all vacant codes. The winding of relay WOB is ex-
tended to terminal WOC, and to said terminal is cross-
connected from the terminal fields RC- the codes of
all offices which do not provide the rate service indicated
by the relay RC- from the contact, or contacts, ¢f which
the cross-connection is made. The winding of relay
WOA is extended over lead 99 to the -9 back contacts
of all the recorder group relays RGU0-RG19, thereby
to detect codes not served by the recorder group indicated
by a non-operated recorder group relay RG—:

As already noted, the indexer is provided with twenty
recorder group relays RGO0-RG19, the operationi of
the appropriate one of which supplies the indexer with
the information as to the group of ten offices that includes
the calling office. In this sense, the operation of the
involved group relay RG- in the manner to be described
supplies the indexer with the area in which the calling
office is located. It would be desirable, of course, to
have all ten offices served by one recorder group located
in the same area. Occasionally, however, the number
of offices in one area served by a recorder group may
be less than ten, while there may be offices in the ad-
jacent area which exceed the number that can be served
by one recorder group. To provide for this situation,
the indexer has been arranged for tranmsferring the area
indication of recorder groups on an individual office
basis, so that originating offices from more than one
area may be assigned to the same recorder group when
necessary. The area transfer relays AS1, CA1 provide
facilities for transferring recorder group area indications
to area 1 for a maximum of twelve originating offices,
while relays AS2, CA2 provide facilities for transferring
recorder group area indications to area 2 for a maxi-
mum of six originating offices. As will be later ex-
plained, by suitable cross-connections between terminals
in terminal field RGO and terminal fields TA1 and TAZ,
the change of area indication may be effected.

The indexer is further provided with a group of ten
office index relays OF@-OF9, and ten initial entry com-
bination networks, each of said networks terminating in
a group of ten terminals 0-9 in a terminal field designated
COIE- followed by the last lefter in the designation of
the relay in group of ten relays CA-CJ which appertains
to the group of terminals. Each terminal RGO (Fig.
114) being used is cross-connected directly or indirectly
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with the required terminal COIE- in accordance with
the office index code assigned to that office for the initial
entry. As will be explained later, the operation of the
involved relays CA—CJ, in combination with the message
billing index determined by the operation of the ap-
propriate billing index relays BI0-BI9, will determine
the character of the initixl entry by the grounding of
the appropirate one of the three leads MU, MUD and
TL to which the armatures of relays CA-CJ are suitably
cross-connected.

The remaining equipment of the indexer not specif-
ically described above will be described during the
following description of its operation, in which the
determination of the office index is described first, the
determination of the message billing index is described

‘next, and the determination of the initial entry is described

last. Its operation with reference to wrong office,
vacant codes, and other miscellancous functions, will
follow thereafter. .

The office index, partially identifying the originating
office, is a single digit 0-9 which is to be punched on the
AMA tape by the recorder. In combination with the
recorder group number 00-19 (which is also punched
on the tape) this digit provides the accounting center
with the full identity of said office. Each of the offices
served by tandem is, of course, designated by a 3-digit
ABC code. When a subscriber in such an office calls,
it is the function of the indexer to receive the code of
the office from the transverter and translate it into the
assigned single office index digit 1-9. By a correlation
established by the indexer with the recorder group
number serving the group of ten offices which includes
the calling office, the identity of the office is established.
If the correlation exists, the “office index” is forwarded
to the transverter. If not, the transverter is so advised,
in response to which it transmits a “wrong office” signal
to the sender, which, in turn, signals the operator to
recheck the code with the subscriber.

Referring, now, to the originating office code translator
shown in Figs. 110 and 113, it will be noted that two relays
DAG9 and DAS are provided for operative response to
ground on leads DAG® and DAS, respectively, relay DA0G
operating if the first, or A, digit of the calling office code
registered in the transverter is 0—4; relay DAS operating
if the digit so registered is 5-9. In the same manner, re-
lays DBL and DBH are provided to operate from ground
on leads DB8O and DBS, respectively; relay DBL operat-
ing if the second, or B, digit of the code is 04, relay DB4
operating if the digit is 5-9. It should also be noted from
Fig. 113 that five relays DB8~-DB4 (of which only relays
DRBO and DB4 are shown) are respectively connected to
leads DB8-DB4, so that ground on these leads will cause .
the operation of the corresponding relays. Two relays
DC60 and DC5 are provided for response to ground on
leads DC88 and DCS5, respectively; relay DCO8 operating
if the third, or C, digit of the code is 0-4, relay DCS op-
erating if the digit is 5-9.

It will further be noted that relay DAS is provided
with ten pairs of make contacts 1-10, the armatures of
which are respectively connected to leads AD4-DAS, and
that the stationary contacts 1-5 are extended in parallel
to the armatures of coatacts 1-5 on relays DBH and DBL.
The armatures of contacts 6, 7, and 8 on both of the latter
relays are connected to the stationary contacts of contacts
1, 2 and 3, respectively, on relay DA®S, the cooperating
armatures on said latter relay being connected to corre-
sponding armatures on relay DAS, and to leads AD4, AD3,
and AD2, respectively. Leads DA4, DA3, DA2, DA1
and DA® are connected, respectively, to the armatures of
contacts 6-10 on relay DAS and armatures of contacts 4
to 8 on relay DA®J0, the corresponding stationary contacts
on relay DAS being respectively multipled to the arma-
tures of contacts 16-14 on relays DBH and DBL. The
stationary contacts 1, 2 and 3 on relay DAOO® are extended
in multiple to armatures 6, 7 and 8 on relays DBH and
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DBL and contacts 4, 5 and 6 on relay DAOO are extended
in multiple to armatures 15, 16 and 17 of relays DBH
and DBL. For a purpose to be given hereinafter leads
DA1 and DAS, besides going to armatures 9 and 18 on re-
lay DAS, are extended through contacts 7 and 8 cf relay
DAQO where they unite as lead 77 and extend to contact 6
on relay BS.

From the above it will be seen that relays DBH and
DBL (not counting the No. 9 contacts thereon which are
connected to lead 78 and thence to the upper winding.of
relay ROP to cause its energization on the operation of
relay DBH or DBL) are each equipped with sixteen con-
tacts 1-8 and 10-17. The stationary contacts 1-8 sev-
erally extend to the windings of sixteen relays, which are
alternatively designated 2001, 2H01-SL01, 9H0X (only
relays 2101, 2HOQ1, 9L.61 and 9HO1 being shown in Fig.
110). Each relay has fifty contacts extending to a termi-
nal in the field FOC, the whole to provide a total of 800
code terminals 200-999.

The relays 21.62, 2H02-91.92, 9H92 shown in Fig. 113
are identical with the corresponding relays 2161, 2H@1—
9181, 9101 shown in Fig. 110, their windings being simi-
larly extended to the stationary contacts 10-17 on relays
DBH and DBL, and their stationary contacts being identi-
cally extended to terminals in the field SOC to provide
the 800 terminals 200-999 which make up said latter
field.

The above two groups of relays 9102, $H02, together
with relays DA00®, DAS, DBL and DBH, provide for the
translation of the A and B digits of the calling code. For
the translation of the C digit there is provided relays DC0¢
and DCS5, which are connected, respectively, to leads DC80
and DCS, relay DCO0 operating from ground applied
to cenductor DCO8 if the C digit registered in the trans-
verter is 0-4, relay DC5 operating from ground applied
to conductor DCS5 if the digit so registered is 5-9. Each
of these relays is equipped with contacts 1-10; leads CD4,
CID3, CD2, CD1 and CD9 being connected, respectively,
to the armatures 1-5 on relays DC5 and DC@0. The
armatures 6-18 on both relays are multipled and connected
to the stationary contacts 1-5 on relay BS, the armatures
of the latter relay being, in turn, connected to leads DC4~
DCO. As will be shown, relay BS is interposed to delay
calling office translation operations until the recorder
group number serving the office has been determined.

The five relays DB0-DB4 (relays DB0 and DB4 only
being shown in Fig. 113) are respectively connected to
leads DB0-DB4. Each relay is provided with contacts 1-
20. The armatures 1-5 are multipled and respectively
connected to the stationary contacts 1-5 on relay DCS5, the
armatures 6-10 are multipled and connected to the sta-
tionary contacts 1-5 on relay DCO00, the armatures 11-15
are multipled and respectively connected to the stationary
contacts 6-10 on relay DCS5; the armatures of contacts 16—

20 are multiples together and connected to the stationary 5

contacts 6-10 on relay DC00.

It will thus be seen that the five relays DB0-DB4 pro-
vide a total of one hundred contacts. Contacts 1-1§ on

ach of these five relays are extended to the armatures
of the relays supplying the first originating ccde field
FOC. Contacts 11-28 are extended to armatures of re-
lays supplying the second originating code field SCC.
The upper ten contacts on each of the relays DB- are
wired to the first originating code field relays; the lower
ten contacts 11-20 are wired to the second originating
code field relays, making a total of fifty leads from the
relays DB- to each originating code field relays. These
fifty leads are strapped to corresponding armatures on
ciach of the sixteen relays comprising the two criginating
cods fields. The contacts for these armatures are wired
individually to terminals numbered from 200-999 as in-
dicated on the drawing. In this manner provision is made
for 800 code terminals in each terminal field FOC and
SOC. This number of code terminals is thought suf-
ficient te provide (without disturbing the structure of the
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translator) the desired flexibility for changing codes (of
which some two hundred are actually used).

We will now describe in detail the translation of the
code of the originating office Bigelow 9 (code 249) to its
assigned office index number. As previously described,
the A digit 2 of the code is registered in the A-digit con-
version register of the transverter by the operation therein
cf relays DAﬁO and DA2, which results in the gxoundm"

f leads DA0S, DA2 and AD2. The B digit 4 of the
tered in the B-digit conversicn register by the
i rzin of relays DB@® and DB4, which results
in the nroundmg of leads DB{O and DB4. The C digit 9
of the code.is registered in the C-digit conversion register
by the operation therein of relays DC3 and DC4, which
results in the grounding of leads DC35 and DC4 and the
applicalion of batiery throuah a resistancs lamp to lead
D4, Consequently when relays ICOA and COAZ op-
erate, thereby connecting the indexer with the transverter,
ground on lead DAC2 completes the circuit of relay DAGS
in the billing indexer, over the No. 19 contacts of relay
ICOA; ground on lead DBOS completes the circuit of
relay DBL over the No. 33 contacts of relay ICCA;
ground on lead DB4 completes the circuit of relay D4
over the No. 26 contacts of relay ICOA, while ground on
lead DC5 completes the circuit of le]av DCS over the
No. 6 contacts of relay ICOAL  All cf said relays cp-
erate. The operation of relay DBL (as alsc the operation
of relay DBH if the B digit were 5-9) applies baltery
over its No. 9 contacts to lead 78§ which, over the lower
springs of jack J1, completes the circuit of the upper wind-
ing of the polar timing relay ROP, to ground over an un-
designated resistance connected to the upper springs of
said jack. The current flow through szid upper winding
is in the direction to keep the armature of the relay away
from its stationary contact, as shown, during which time
the lower winding and condenser C2 are kept short-
circuited by ground on the No. 4 contacts of relay WOA,
serially through the No, 4 coniacts of relays WOB and
VC, undesignated resistance, capacitor C2 to ground, and
also through the lower contacts of jack J1 to the lower
winding of reiay ROP. Relay ROP remains in the un-
operated conditicn until relay WOA, WOB or VC op-
erates, and removes the siiort arcund its lower winding
to establish a charging circuit therethrough for condenser
C2. Relay ROP will then remain operated for the in-
erval required to charge the condenser, after which it
releases under the infiuence of its upper winding to per-
form a later described function.

Upon the operation of relays DA$8 and DBL, ground
on conductor AD2 completes the circuit of relay 2L01
over the No. 3 contacts of relay DA8®, No. 8 contacts of
relay DBL, winding of relay 21.01, lead 53, upper wind-
ing of relay X§1, to battery. Relay 2L81 operates. Now
when relays DC3S and DB#4 operate, and due to the fact
that ground is present on lead CD4, said ground is ex-
tended over the No. 1 contacts of relay DCS, No. 1 con-
tacts of relay DB4, No. 49 contacts of relay 281, to first
originating code 249 in terminal field FOC. In the same
manner, relay 20102 is operated frem ground on lead
DAZ2, No. 6 contacts of relay DA09, No. 17 contacts of
relay DBL, winding of relay 2L02, lead 54, winding of
relay X02, to battery. Battery is then extended to ter-
minal 249 in the terminal field SOC over lead DC4, No. |
contacts of relay BS (when operated), No. 6 contacts of
relay DCS5, No. 4 contacts of relay DB4, No. 49 contacts
of relay 2162, to terminal 249 in terminal field SOC.

As previously indicated, a terminal in the field FOC
which represents a code identifying an office in each of
two or three of the areas 0, 1 and 2, is cross-connected
to a terminal 0-9 in the field FOCC. preferably ((md
only for convenience), to the terminal numericzlly jde
tical with the last digit of the code. Thus the code 24
(see Fig. 139) may designate the office Bizelow 9 (as
assumed) in area 0, designate Cicero 9 in area 1, and
designate Chickering 9 in area 2. Although the officé

".e is regis
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index ‘assigned to each of the three offices may be dif-
ferent (or the same), yet for a call from each office the op-
eration of the translator results in ground being applied to
terminal 24% in the code field FOC and battery to the
corresponding terminal 249 in the code field SOC. Ter-
minal. 249 in the field $OC is cross-connected to the
corresponding terminal -9 in the field SOCC associated
with the lower group of area relays AROB—AR2B. The
separation (or distinction between) the three offices is
then achieved (in the manner to be described) by the
operation of the appropriate pair of area relays AR-A
and AR-B by the appropriate recorder group relay RG—
serving the group of ten offices which include the office
from which the call is placed.

From the terminal field SOCA the terminals therein
are severally extended to the terminals 0-9 of which-
ever recorder group relay RG- designates the recorder
group serving the office indicated by the code in the
area designated by the area relay AR-B between whose
terminals and those of relay RG- the cross-connection is
made. It has been assumed, for example, that Bigelow
9 (area 0) is served by recorder group 00. Conse-
quently terminal 9 associated with relay AROB in the
terminal field SOCA is extended to terminal 9 of re-
corder group relay RGOO. In the same manner, if
Chickering 9 (in area 2) is served by recorder group 19
as here assumed, then terminal 9 associated with relay
ARZ2B in field SOCA is cross-connected (as shown) to
terminal § of recorder group relay RG19.

Where there is no conflict of codes; that is, where a
particular code designates but one office, the terminal in
field SOC designating the code of such office is connected
directly to that terminal in the field SOCA which is asso-
ciated with the recorder group relay RG- serving the

trunk group including that office, as, for example, code’

terminal 209, which is shown connected directly to ter-
minal § of recorder group relay RG00. It is apparent
from this illustration that the office represented by the
code 209 is served by the same recorder group 00 that
serves Bigelow 9, said two offices being two in the group
of ten offices served by said recorder group.

The two groups of area relays AROA-AR2A and
AROB-AR2B are cross-connected, at terminal field OA,
with the terminals 60-19 of terminal field RGA in ac-
cordance with the recorder groups which serve the offices
in the three different code conflicting areas. Since it has
been assumed as an example that Bigelow 9 is in area
0 and is served by recorder group 00, then terminal 00
in field RGA is cross-connected to terminal 0 in field
OA. Hence when relay RGO$ operates, as will be de-
scribed, a circuit is completed for relays AROA and
AROB from ground on the No. 11 contacts of relay
RG0®. In the same manner, since Chickering 9 is in
area 2 and is in the group of ten offices served by the
recorder group 19, terminal 19 in the field RGA is cross-
connected to terminal 2 in field OA. The operation of
relay RG19 in the manner to be described then com-
pletes over said cross-connection an obvious circuit for
relays AR2A and AR2B. Thus all three terminals in
field QA are cross-connected in a similar manner to
terminals €8-19 in field RGA in accordance with the
recorder groups serving offices having a conflict of codes
in the three areas 0, 1 and 2. )

1t will now be recalled that the recorder group indi-
cation is contained in the transverter by the operation
and locking therein of one of the twenty relays RSTO-
RST25. It has been assumed that the recorder group
having the designation 00 is the one that serves the
trunks from Bigelow 9 (among others), and that, as
previously described, relay RST08 for the recorder group
00 is operated and locked in the transverter. Accord-
ingly, when relay ICOA operates, ground on the No. 6
contacts of relay RSTO8 is applied to lead R8@, which,
over the No. 23 contacts of relay ICOA1, completes the
circuit of relay RGG9 through the winding of said relay,
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lead 55, upper winding of marginal relay XRG, to bat-
tery. - Relay RGO$ operates in this. circuit but relay
XRG does not. Among other things, relay RG00 com-
pletes the circuit of relays AROA and ARSB, which oper-
ate. Relay AROB extends the battery on terminal 249 -
over its No. 9 contacts to the No. 9 contacts of relay
RG88. Had the call originated in Chickering 9 which is
served by recorder group 19, then relay RST1¢ would
have been operated in the transverter, and a circuit would
have been completed for relay RG19 over lead RO19.
Relay RG19, upon operating, would then operate relays
AR2A and ARZ2B, the latter relay then extending battery
on terminal 249 over its No. 9 contacts to the No. 9
front contacts of relay RG19.

It should be noted at this time that any relay RG-,
when operated, grounds lead 56 to cause the cperation
of relay BS. On operating, the latter relay supplies lock-
ing battery over lead 57 for relays CAl and CA2 when
operated as described below, joins lead 77 to lead 78 over
its No. 6 contacts for a purpose to be noted hereinafter,
and closes through leads DC4-DC@ from the trans-
verter to the translator for the translation of the C digit
of the calling code. The purpose of this arrangement
is to hold up supplying battery to the involved code ter-
minal point in field SOC until the involved recorder
group relay RG-— is operated. Otherwise battery might
be applied over the back contacts of said relay RG- to
lead 99 before operation and thereby cause the false
operation of relay WOA, which should operate only
under certain other circumstances, as will be explained.

The office index digit 0-9 assigned to each of the
offices in the areas served by the tandem exchange is
determined .in relation to the ten offices served by each
recorder group, cne of the digits being assigned to each
of the offices in the group. This assignment, and the
correlation of each of the assigned digits with the re-
corder group serving each of the offices indicated by the
digits, is made by cross-connecting each of the involved
terminals in the groups of terminals 0-9 constituting the
terminal field RG¢ with appropriate terminals in the ten
groups of terminals COIEA-COIEJ. To which of the
latter terminals the connections are made depends upon
the billing index for calls from the office involved (as
will later appear), upon the assigned office index, and
upon the character of the initial entry. In respect to the
office index, however, the connection in the involved field
COIBEA-COIET is always made to the terminal numeri-
cally identical with the assigned office digit. For in-
stance, if it is assumed (as it is here assumed) that the
office index for Bigelow 9 is the digit 0, then the No. 9
terminal in terminal field RGO associated with the No. 9
front contacts of recorder group relay RGOO is cross-
connected . to terminal @ in the appropriate one of the
fields COIEA-COIES. In this case it is asstraed that the
connection -is made to terminal ¢ in field OIEA, where-
upon the battery previously traced to the No. 9 front
contacts of relay RG80, is extended to terminal 0 in field
COIEA, thereby to complete the circuit of relay OF0
and of relay CA in parallel to ground, operating both
relays. Relay CA performs a function later to be dis-
cussed, while relay OF0, indicating the digit 0 as the
office index, grounds two leads OF4 and OF7 in the
2-out-of-5 code for the expression of the digit 0. As
will be shown, ground on these two leads will cause the
office index register (Fig. 108) of the transverter to be
set for the digit 6. In the same manner, all the other ter-
minals §—9 severally connected to the front contacts of
the relays RG@0-RG19 in the terminal field RGO are
severally and selectively cross-connected to terminals
0-9 in each of the terminal groups constituting the ter-
minal field .COIEA-COIEJ in accordance with the as-
signed office index, thereby to cause the operation of the
relay OF- expressive of the assigned digit and of the
associated relay C—.

- It will be recalled that terminal 249 in the terminal field
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FOC, representing the offices Bigelow 9, Chickering 9,
and Cicero 9, is grounded on a call placed at any of said
offices, and specifically at Bigelow 9. Since terminal 249
identifies three different offices, said terminal in the field
FOC is cross-connected to terminal ¢ in field FOCC for
the group of area relays AROA-AR2A, a corresponding
cross-connection being made from terminal 249 in field
SOC to terminal 9 in field SOCC associated with the area
relays AROB-AR2B. If the code terminal in field FOC
represents a vacant code (like 909, for example) then such
terminal is cross-connected to the terminal VOC, to cause
a “wrong office” indication to be given by the indexer to
the transverter, as will be later described.

The extension of the “working” code terminals 200-999
in the terminal field FOC for the determination of the
billing index depends upon whether, among other things,
such determination is contingent upon a conflict of codes,
and upon whether the originating office provides different
rates for different classes of subscribers. These exten-
sions are determined as follows:

(1) If a code terminal in field FOC represents but one
office, and that office does not provide different rate classes
for different classes of subscribers, then said terminal is
cross-connected directly to one of the terminals 0§-32
in field ORT in accordance with the rate treatment to be
accorded to all the subscribers in that office. Terminals
§0-32 are each connected to one of thirty-three “originat-
ing rate treatment” relays CRT06-ORT32, which are pro-
vided to care for a maximum of two hundred calling of-
fices served by the tandem exchange. As is well known,
the rate for a call is a function of, among other factors,
the distance between the calling office and the called,
which requires that for any call a device identifying the
calling office and another device identifying the called
office be electrically correlated to determine. the rate.
However, it is evident that if individual devices were to
be provided for each case, and if a large number of offices
is involved, the number of devices required to determine
the rate for each call would be excessive. The amount of
equipment necessary can be considerably reduced, how-
ever, if account is taken of the fact that the traffic distance
between a certain number of calling offices and any par-
ticular called office is the same. For such originating
offices a common device identifying all such offices will
do for rate determining purposes. In the present embodi-
ment of the invention, all originating offices completing
connections through tandem are divided into thirty-three
originating rate treatment areas to each of which is as-
signed an originating rate treatment relay ORT—, and the
terminals in field FOC representing single offices which do
not provide differet rate classes are then connected there-
to, as said before, according to the rate for the calls;

(2) If a code terminal in field FOC represents but one
office, and that office does provide different rate classes
for diferent classes of subscribers, then said terminal is
cross-connected to one of the terminals -39 in the termi-
nal field RCC associated with the three rate-class relays
RCO-RC2;

(3) If a code terminal represents a plurality of offices,
each in a different area, as for instance, terminal 249 for
Bigelow 9, Chickering 9 and Cicero 9, then said terminal
is conneacted, as previously described; to one of the termi-
nals 0-9, in the field FOCC. The cross-connection be-
tween terminals in the field FOCA and the terminals in
field RCC, or between terminals in'the field FOCA and
the terminals in the field OKRT, or between the terminals
RC- and the terminals ORT, will depend on which office,
or offices, provide tate class service. For example, if

Bigelow 9 provides rate class service as assumed, and re-
membering that this office is located in area 0, then termi-
nal 9 in field FOCA associated with relay ARGA is cross-
connected to one of the terminals 8-59 (specifically, termi-
nal 0) in terminal field RCC. Terminals 0 in fields
RC8-RC2, respectively associated with corresponding
armatures on relays RCO-RC2 are cross-connected to the
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three terminals in the terminal field ORT which provide
the three different originating rate treatments to be several-
ly accorded to the three different classes. of subscribers
in Bigelow 9, the particular terminal rendered effective
being 'determined by which of the relays RCO-RC2 will
be operated. Since each rate class is associated with its
own trunk group in the originating office, and the trunk
in the group over which the connection is extended to
tandem signals the sender as to the rate class involved by
arounding one of the leads RC8-RC2 to cause the setting
of the rate class register therein as before described, relay
RCO, RC1 or RC2 in the indexer will be operated on the
cperation cf relay TCOA; relay RCO operating over a cir-
cuit completed from ground through the contacts of relay
RCHO of the rate class register in the sender, lead RCO in
cables C2 and C3, No. 41 contacts of relay ICOA, lead
RCY, winding of relay RC@ in the indexer, to battery.
Relays RCI and RC2 operate over similar circuits com-
pleted over leads RCY and RC2 over the contacts of re-
lays RC1 and RC2, respectively, in the rate-class register.

On the other hand, if one of the three (conflicting code)
offices provides no rate-class distinction, then the termi-
nal in field FOCA individual to the code of said office is
cross-connected directly to the involved terminal in the
terminal field ORT. For example, if Chickering 9 pro-
vides no class rate distinction, and remembering that this
office is located in area 2, then terminal 9 in field FOCA
associated with the No. 9 contacts of relay AR2A would
be cross-connected directly to the involved terminal in
terminal field ORT.

It is now evident that with ground on the code ter-
minal of the calling office in field FOC, the involved
originating rate treatment relay ORT- will be operated
thereby, said ground being applied directly from said
code terminal to the winding of the relay ORT- if the
terminal represents a single office with no rate class dis-
tinction, or through the imvolved contact pair on the
operated rate-class relay RC- if the terminal represents
a single office providing the rate class distincticn, or
through the involved contact pair on the operated area
relay AR-A if the terminal represents more than cne
office but with the calling office having no rate class dis-
tinction, or through the involved contacts on the operated
area relay AR—A and the involved contacts on the oper-
ated relay RC- if the calling office does provide rate class
distinction; the circuit of the relay ORT- being com-
pleted over lead 63, winding of relay XRT, to battery.
Thus if it is supposed that Bigelow 9 provides for three
rate classes (three separate and distinct trunk groups be-
tween Bigelow 9 and tandem) each of which requires a
different originating rate treatment, say the operation of
relay ORTHY for rate class § (relay RC§), relay ORTOL
{not shown) for rate class 1 (relay RC1) and the opera-
tion of relay ORT®2 (not shown) for rate class 2 (relay
RC2), then terminal & in field RCO would be cross-
connected . to terminal 08¢ in field ORT; terminal ¢ in
field RC1 would be cross-connected to terminal 41 (not
shown) in field ORT, while terminal @ in field RC2
would be cross-connected to terminal 62 (not shown) in
field ORT. A call placed at Bigelow 9 would then re-
sult in the operation of relay RCO, or relay RCI1 or
relay RC2 depending on the rate class of the subscriber as
indicated to the indexer by the sender (via the trans-
verter) by which one of the three relays RC8, RC1 and
RC2 is operated.

To complete the determination of the billing index for
the call, account must now be taken of the part played
by the called office and its location in one of the three
areas. The called office code, which is registered in the
A, B and C registers of the called number register in
the transverter is passed to the called office translator of
the indexer over the A—, B—, and C- leads, while the
determination of the area in which the called office is
located is effected by the operation of relay TAO, TAI,
or TAZ over leads TAR®, TAR1 or TAR2, respectively.
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Remembering that the code of the called office Republic 7
herein used to illustrate the operation of the invention is
737, ground on lead A5 from the No. 8 contacts of re-

lay AS in the transverter operates relay A5 of the called .

office translator over the No. 25 contacts of relay ICOA;
ground on lead BOO from the No. 8 contacts of relay
BO® operates relay BL over the No. 40 contacts of relay
ICOA; while ground on lead C5 from the No. 8 contacts
of relay CS5 operates relay C5 of the indexer over the
No. 18 contacts of relay ICOA1. At this point we note
that if the called office is located in area 1 as assumed,
the class-of-service register in the transverter would be
set for the digit 1 by the operation therein of relays CS00
and CS1 as already described. Since lead TARI is cross-
connected as shown to the No. 1 contacts of relay CS1,
then upon the operation of relay ICOA a circuit is there-
by completed for relay TA1 of the indexer, said circuit
being traced from ground on the No. 4 contacts of relay
OCK, lead 58, No. 1 contacts of relay CS00, No. 1 con-
tacts of relay CS1, lead TAR1, No. 4 contacts of relay
TCOA, winding of relay TAl, to battery. ‘Had the called
office been located in terminating area 0, the class-of-
service register of the transverter would have been set for
" the digit 0, lead TAROG would have been grounded, and
relay TAQ would have been operated. Similarly with
relay TAZ if the called office had been located in area 2.
On the other hand, if the called office is located in an
area of the toll zone (see Fig. 139) the class-of-service
register would have been set for. the digit 4, lead TATS
would have been grounded at the No. 1 contacts of relay
CS4 of said register, and relay TS would have been
operated over the No. 6 contacts of relay ICOA. How-
ever, in respect to the bulk-billing areas 0, 1 and 2, the
operation of each of the relays TAO, TAL and TA2 has
the effect of operatively joining the involved area register
to the called office translator. ‘Since it has been assumed
that the called office 737 is located in area 1, relay TA1
operates as described to connect the area register 1 to
the called office translator. .

It has been stated that relays A5, B1 and C5 have been
operated. With operation of relay TA1L, ground on lead
A2 from the No. 9 contacts of relay A2 of the A-digit
called number register of the transverter completes a
circuit for relay 7LT1 in the area register 1, said circuit
being traced from ground on lead A2, No. 3 contacts
of relay A5, No. 3 contacts of relay BL, lead 26, No. 6
contacts of relay TA1, winding of relay 7LTi, lead 60,
upper winding of marginal relay XT1, to battery, operat-
ing said relay 7LT1 but not relay XT1. Moreover,
ground on lead B3 from the No. 8 contacts of relay B3
in the B-digit called number register of the transverter
operates relay B3 (not shown) in the translator. With
the operation of said latter relay, ground on lead C2 from
No. 8 contacts of relay C2 in the C-digit called number
register is applied over the No. 3 contacts of relay C5 of
the translator, No. 3 contacts of relay B3 (not shown), to
terminal 737 associated with relay 7LT1. This terminal,
individual to the called office code 737 in area 1, is cross-
connected to the one of the fifty-eight terminals of termi-
nal field TRT in accordance with the originating rate
treatment to be accorded to the called office. If the code
represents two or three offices, one in each of the areas,
then the terminal for the code in each area register will
be cross-connected to the terminal in terminal field TRT
in accordance with the rate treatment to be accorded to
the office in that area. For example, it has been assumed
that the code 249 represents Bigelow 9 in area 0, Cicero 9
in area 1, and Chickering 9 in area 2. Accordingly, ter-
minal 249 of relay 2LT0, representing Bigelow 9 in area
0, will be cross-connected to that terminal in terminal
field TRT which provides the required originating rate
treatment for Bigelow 9; the terminal 249 connected to
the contact of relay 7LTI of area register 1, and repre-
senting the office Cicero, will be cross-connected to that
terminal in the terminal field TRT which provides the
required originating rate treatment for Cicero 9 in area 1,
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while the terminal 249 connected to the contact therefor
on relay 7LT2 of area register 2 and representing office
Chickering 9, will be cross-connected to that terminal in
the terminal field TRT which provides the required
originating rate treatment for said office in area 2. If
the code is individual to but one office, as assumed for
code 737, the connection to a terminal in terminal field
TRT is made only from the involved relay in the area
register for the area in which the office is located.

It will be assumed that the rate treatment for the
called office 737 is indicated by the terminal 00 in the
terminal field TRT. Accordingly, terminal 737 for relay
7LT1 is cross-connected to terminal 00 of the terminal
field TRT. Since ground is present on terminal 737 as
already explained, and relay ORTO00 is operated, said
ground is applied to terminal 00 associated with relay
ORTO00 in the terminal field CRT. Thence terminal 00
is cross-connected to one of the nine terminals 1-9 in
the terminal field MBI in accordance with the desired
billing index. Assuming that said -index is 1, then
terminal 00 connected to an armature of relay ORTO00
is cross-connected to terminal 1 in the terminal field MBI.
Ground on this terminal then completes the circuit of
relay BI1 through its winding to battery on the No. 1
contacts of relay ORT00. The operation of relay BI1
registers the fact that the billing index for the call is the
digit 1. 'With relay BIL operated, leads MBI0 and MBI1
are grounded to express the digit 1 in the 2-out-of-5 code,
ground on lead MBIO being supplied over the No. 4
contacts of relay ON (as a check that said relay is oper-
ated), and the No. 2 contacts of relay BIl; ground on
lead MBI1 being supplied over the No. 3 contacts of relay
BI1. As will be shown, ground on said leads will cause
relays MIO and MI1 in the message billing index register
(Fig. 108) of the transverter to be operated.

Relay BIO (index 0) is reserved for test calls, and for
such calls certain codes are reserved. The particular
terminals on the relays 2LT0-9HT2 which designate such
test “offices” are cross-connected to the terminal MBI in
the terminal field TRT. Ground on said terminal com-
pletes the circuit of relay BI® over conductor 65, which,
on operating, grounds leads MBI4 and MBI7 to express
the index 0 and cause the billing indéx register to be
correspondingly set. , o

For calls completed to offices located in national areas
of the toll zone, no area registers are required. Although
the called office translator will operate as described, the
fact that no relay TA-is operated renders it ineffective.
On toll calls, however, relay TS is operated as previously
described, and since all toll calls required the billing index
9, relay TS grounds lead 62, which operates billing index
relay BI9 to battery on the lower contacts of whichever
one of the relays ORT00-ORT32 has been operated from
ground on the code terminal in terminal field FOC.

As previously noted, Fig. 115 shows, among other
things, the ten terminal fields COIEA-COIEJ, each con-
taining ten terminals 0-9, and that each field is associated
with one of the ten relays CA—-CJ, each having ten con-
tacts 0-9. The armatures of these contacts on each relay
are severally cross-connected to the conductors MU,
MUD or TL in accordance with a predetermined pattern
of combinations between particular billing indices and
initial entries required for the call indicated by each of
said indices. Since the selection of the billing index relay
BI1-BI9 for a call is determined by the calling office code
through its code terminal in terminal field FOC and the
called office cede through the connection of the code point
in the area register to a terminal in the field TRT, said
relay determines whether the initial entry is a two-line
message unit MU, a four-line massage unit detail MUD,
or a four-line or five-line toll entry TL. However, it is
possible that calls may be established from two or more
offices to the same called office for which the billing index
is the same, and yet the initial entries might be different
for each. - Thus the connections from a first office to office
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X, let us say, will call for the billing index 1, and MU
entries, and from said office to an office in the toll zone
for the billing index 9 and the toll entry TL; while con-
nections from a second office to office X will require the
same index but MUD initial entries, and for calls from
said second office to an office in the toll zone for the
billing index 9 and the toll entry TL. For the billing
indexer this means that the lead individual to the first
office at the front contacts of the recorder group relay
RG- is to be cross-connected to a terminal in the group
of terminal COIE~ connecting with that relay C— cne of
whose armatures is connected to the lead MU and whose
engaging contact extends to the No. 4 contacts of relay
BI1, and another armature connected with the lead TL
whose engaging contact extends to the No. 4 contacts of
relay BI9. In the same manner, the lead individual to
the second office must be cross-connected to a terminal in
a group of terminals COIE- connecting with another
relay C- one of whose armatures is connected to lead
MUD and whose engaging contact extends to the No. 4
contacts of relay BI1, and another armature connected
with the lead TL whose engaging contact extends to the
No. 4 contacts of relay BI9.

The ten networks COIEA—-COIEJ each having one of
the relays CA-CJ as a component thereof, provide for
ten possible combinations of billing indices and initial
entry leads, and the office leads from the front contacts
of the recorder group relays RG00-RG19 are then sev-
erally cross-connected to the networks in accordance with
the combination of billing index and initial entry that
meets the requirements of each particular office.

In the specific illustration of the call to be completed

to Republic 7 (code 737) it has been assumed that the
office index for such office is to be 0 (requiring the opera-
tion of relay OFQ), that the billing index therefor is 1,
and that the initial entry therefor is to be a 2-line entry
MU. Assuming that relay CA of the network COIEA is
individual to the combination including the billing index
0 and lead MU, and also billing index 9 and lead TL
(since all toll calls require both of the latter), terminal 9
in the terminal field RGO associated with recorder group
relay RGO0 is cross-connected to terminal 0 of the termi-
nal network COIEA. Hence the battery previously traced
to the No. 9 front contacts of relay RG00 is utilized to
complete a parallel circuit to the windings of relays OF0
and CA. Relay OF0 operates as previously described,
while relay CA operates to apply ground from the No. 4
contacts of relay BI1 to conductor MU, which is utilized
in the manner to be described to transmit to the trans-
verter the fact that the call requires a 2-line (MU) initial
entry.
If the call from Bigelow 9 had been for some office in
the toll zone, billing index relay BI9 would have been
operated and ground would then have been applied to lead
TL from the No. 4 contacts of relay BI9 and the No. 9
contacts of relay CA. If the operating company desired
a detailed record of all bulk-billed calls established from
Bigelow 9, then the lead individual to said cffice at the
front contacts of relay RG00 would have been connected
to a terminal of that network CO1E~ which is reserved
for the combination of billing indices 1 and 9 (among
others) and initial entry leads MUD and lead TL. In
the latter cases ground would be applied to lead MUD
over the No. 4 contacts of relay BI1 and the appropriate
contacts of relay C— individual to the network, for bulk-
billed calls, and to lead TL over the No. 4 contacts of
relay BI9 and the appropriate contacts of said relay C-
individual to the network for toll calls.

Before describing the registration in the transverter
of the billing index, office index, and initial entry deter-
mined for the connection by the billing indexer, we will
discuss certain safeguards in the indexer which are pro-
vided to detect a calling office code other than the one of
the office at which the call is placed.

The first of these safeguards is based on one of the
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assumptions made, which is that no area contains offices
with identical codes. If, therefore, the billing indexer
registers the same area for both the calling and called
office codes, it is necessary to determine if the codes are
identical. In the event, therefore, that the area registra-
tion is the same, the indexer signals the transverter to
make a “match check” and determine whether the calling
and called office ccdes are identical. If they are, the
transverter gives the operator a “recorder” signal, thus
advising her again tc ask the calling subscriber for his
aumber. If they are not, the transverter proceeds with ifs
operations. If the area registrations are unlike, the in-
dexer signals the transverter to skip the “match check”
and proceed with its operations.

It has been assumed that the calling office is Bigelow 9
having the code 249, that said office is located in area 0
(see Fig. 139), and that said office is served by recorder
group 00, thus resulting in the operation of relay RGG0
and the area relays ARDA, AROB. It has been further
assumed that the called office code is 737, and that said
cede designates an office in area 1, as evidenced by the
operation of relay TAl. In these circumstances, when
any one of the relays C- operates, a circuit is completed
from ground on the No. 10 contacts of said relay, lead 66,
No. 5 contacts of relays CA1 and CA2, No. 10 contacts
of relay ARSA, lead 67, No. 18 contacts of relay TAl,
lead 68 joined to lead SMK in cable C4, No. 59 contacts
of relay ICOAI, lead 69, winding of relay SMK, to bat-
tery. The latter relay operates, locks over its No. 1
contacts, resistor SMKR, lead 70, to ground on the No. 9
contacts of relay CK3, and furnishes the transverter with
a positive signal to skip the “match check’ since the calling
and called areas are not the same.

Suppose, however, that the area of the calling office
were to be the same as that of the called office. In this
case a code check by the transverter will be necessary.
If the one area involved is area 0, relay ARJA and TAO
will be operated; if the area is area 1, relays AR1 and TAX
will be operated, and if the area is area 2, then relays
AR2A and TAZ will be operated. For area 0 ground
is applied to lead MMX from lead 67 as traced thereto,
No. 17 contacts of relay TAO, to lead MMXK; for area 1
the path traces from lead 66, No. 10 contacts of relay
AR1IA, lead 43, No. 19 contacts of relay TA1L, and to lead
33 joined to lead MMK; for area 2 the path traces from
lead 66, No. 10 contacts of relay AR2A, lead 89, No. 17
contacts of relay TA2, to lead 33 joined to lead MMK.
Ground on lead MMK is used to check the identity of
the two codes as registered in the transverter. if the
two codes have identical registrations, relay MK will
operate in the transverter. Thus if the two codes are
249, said ground on lead MMK will complete the circuit
of relay MK over the No. 7 contacts of relay ICOA, lead
71, No. 3 front contacts of relay DA00, Ne. 6 front con-
tacts of relay A00, No. 3 and No. 4 normally made con-
tacts of relays DAS and AS5, respectively, No. 2 and No. 4
.nprmally made contacts of relays DAO and A9, respec-
tively, No. 3 and No. 5 normally made contacts of relays
DA1 and Al, respectively, No. 3 and No. 5 front con-
tacts of relays DA2 and A2, respectively, No. 3 and No. 5
front contacts of relays DA2 and A2, respectively, No. 3
and No. 5 normally made contacts of relays DA3, A3,
DA4 and A4, respectively and correspondingly, lead 72,
No. 3 and No. 6 front contacts of relays DBOG and B0O,
respectively, No. 3 and No. 4 normally made contacts of
relays DB3 and BS, respectively, No. 2 and No. 4 normally
made contacts of relays DBO and B9, respectively, No. 3
and No. 5 normally made contacts of relays DB, B1,
DB2, B2, DB3 and B3, respectively and correspondingly,
No. 3 and No. 7 front contacts of relays DB4 and B4,
respectively, lead 73, No. 3 and No. 4 contacts of relays
DC00 and C00, respectively, No. 3 and No. 6 front con-
tacts of relays DC5 and CS5, respectively, No. 2 and No. 4
normally made contacts of relays DCO and CO0, respec-
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tively, No. 3 and No. 5 normally made contacts of relays
DCl1, C1, DC2, C2, DC3, and C3, respectively and corre-
spondingly, No. 3 and No. 7 front contacts of relays DC4
and Cd4, respectively, lead 74, winding of relay MK, to
battery. The latter relay, operating over the identical
setting of the two code registers, locks over its No. 2 con-
tacts to previocusly traced ground on lead 70, and indicates
by its operation that the calling subscriber has erroneously
given the code of the called office for that of the calling
office when passing his number to the operator.

Relay MK, on operating, completes an obvious circuit
for the operation of relay ROP, which locks over its No. 3
contacts, lead 87, to ground on the No. 9 contacts of re-
lay CK6. Among its other functions, relay ROP applies
ground on the No. 2 back contacts of relay TTF, through
the No. 1 front contacts of relay ROP, lead 75, No. 6
back contacts of relay TM®6, to lead ROP in cable C3.
Ground on said lead completes the circuit through the
upper winding of relay ROP in the sender, which relay
operates as before described to enable the sender to
transmit a recorder signal to the operator.

If, on a code check, the codes do not match, then a
path is completed to relay NM over lead MMX and
the first two corresponding relays in a calling and called
digital register, both of which would be operated if the
codes are the same, but only one of which would be if
they are not. - Thus supposing that relay DA®0 is op-
erated and relay A08 is not, then ground on lead MMK
will be applied to lead 71, the No. 3 front contacts of
relay DAG0, No. 6 normally made contacts of relay A00,
lead 35, winding of relay NM, to battery. The latter
relay operates, locks over its No. 1 contacts to previously
traced ground on lead 70, and closes a contact in the
operate path of relay IOK, as will be explained later.

The second safeguard is against the calling subscriber
giving the code of an office which is not in the group
of ten offices served by the recorder group that includes
the office from which the call is placed. It has been
assumed as an example that the call herein being used
to illustrate the operation of the invention was actually
placed from Bigelow 9, served by recorder group 00

and resulting in the operation of relay RGO0, as de-

scribed.. Suppose, however, that the subscriber gives as
the code of the calling office the code of some office
served, let us say, by recorder group 19 for which relay
RGI12 will not have operated since the call has not, in
fact, been placed from any office served by said group.
The given code, however, will not render electrically
effective the code terminal 249 in the terminal field SOC,
but the terminal of the code erroneously given and repre-
senting an office served by recorder group 19. Since
relay RG19 is normal, battery at the terminal of the
erroneously given code in field SOC will complete a
circuit over the involved one of the 0-9 back contacts of
relay RG19, lead 99, winding of relay WOA, to ground,
operating said latter relay. Now it will be recalled that
the circuit through the upper winding polar timing relay
ROP was closed by the operation of relay DBL, and that
ground through the No. 4 back contacts of relay WOA,
WOB and VC maintained both condenser C2 and the
lower winding of relay ROP short-circuited, keeping the
contacts of said relay opened. However, upon the op-
eration of relay WOA, the short is removed from both
condenser C2 and the lower winding of relay ROP,
enabling the condenser to be charged through said lower
winding. The capacity of condenser C2 and the resist-
ance of the resistor in series therewith are so chosen that
a predetermined time elapses before the condenser is
charged, after which relay ROP operates over its upper
winding. Ground on the No. 8 contacts of relay WOA
then completes the circuit of relay ROP1 over the con-
tacts of relay ROP. Relay ROP1 operates and applies
ground over its No. 1 front contacts, No. 1 contacts of
relay XIN to lead ROP in cable C4. Ground on said
lead, over the No. 51 contacts of relay ICOAIL, lead 9,
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No. 1 back contacts of relay MK (which is normal if the
area of the given calling office is different from the area
of the dialed called office) winding of relay ROP, to bat-
tery. The latter relay operates as before described to
transmit a reorder tone signal to the sender.

The third safeguard pertains to identically-coded offices
in two areas and none in the third. Referring to Fig. 139,
it may be assumed that Chickering 9 (249) is in area 2
and Cicero 9 (249) in area 1, but that there is no office
in area 0 having the code 249 (that is, Bigelow 9 does not
exist). If in this case it is supposed that terminal 249
in field FOC is cross-connected to terminal 0 in field
FOCC, that terminal 249 in field SOC is cross-connected
to terminal 0 in field SOCC, then terminal 9 in the field
FOCA associated with relay OROA will be cross-con-
nected to the wrong office terminal WOC, terminals 9
in FOCA respectively associated with relays AR1A and
AR2A will be cross-connected to the originating treat-
ment relays ORT- directly or through the contacts of
the rate class relays RC— as previously described. With
this arrangement, should a subscriber place a call from
any office in area 0 and give the operator Chickering 9 or
Cicero 9 as the code of the office of origin, the operation
of relay ARCGA by the appropriate recorder group relay
RG- for the recorder group serving the actunal calling
office in area 0 will cause the ground on terminal 249 in
the field FOC to be applied over the No. 0 contacts of
relay AROA, terminal WOC, winding of relay WOB, to
battery, operating said latter relay, and causing the op-
eration of relay ROP in the manner previously described
with relay WOA. Ground on the No. 8 contacts of said
relay WOB will then complete the circuit of relay ROP1,
which operates to supply ground on lead ROP, thereby
to operate relay ROP of the transverter with the effects
previously described.

Similar cross-connections are also made between the
terminal fields RC- and terminal WOC for offices which
do not provide rates indicated by the relay RC- from
which the cross-connections were made. Thus, for ex-
ample, if a subscriber is calling from an office which pro-
vides the rate indicated by the rate class relay RCO, and
gives the operator the code of an office which does not
provide this rate class, the terminal in the field RCO for
the given office (for example, terminal 59), being cross-
connected to terminal WOC, will cause the operation of
relay WOB on the operation of the rate class relay RCO.
Relay WOB then signals the transverter for a reorder as
previously described.

The third precaution pertains to vacant codes. As
previously noted, all terminals in the field FOC designat-
ing such codes are wired to the terminal VOC, over
which the circuit of relay VC is completed when a vacant
code terminal in field FOC becomes grounded. Over
its No. 9 contacts, relay VC completes the circuit of relay
ROP1 to provide the transverter with the reorder signal.

Returning, now, to the normal use of the indexer and
its operation for the particular call to be established
to Republic 7-1359, it has determined that the billing
index therefor is 1 (relay BI1), the office index is 0
(relay OF0), and the initial entry is a 2-line entry MU.
This information is passed to the transverter, the billing
and office indices being transmitted in the 2-out-of-5 code,
while the initial entry is transmitted by the grounding
of lead MU. :

The five MBI leads 0—1—2—4—7 are connected to
the contacts of relay BI0-BI9 according to the 2-out-of-5
code expression of the digit -indicated by the relay con-
ductors 0 and 1 of the relay MBI, for example, being con-
nected to the No. 3 and No. 2 contacts, respectively, of
relay BI1. Consequently when this relay operates, leads
MBIO and MBI1 are grounded as previously described,
lead MBIO completing the circuit of relay MIO of the
transverter’s message billing index register over the No.
43 contacts of relay ICOA1, winding of relay MIO, to
battery, operating said relay, which locks over its No. 2
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contacts, an undesignated resistance, lead 89, No. 12
contacts of relay CKS8, to ground; ground on lead MBI1
completes the circuit of relay MI1 over the No. 44 con-
tacts of relay ICOA1, winding of relay MI1, to battery,
which relay similarly operates and then locks over its
No. 2 contacts to aforetraced ground on lead 80. Relays
MIO and MIL1 in the transverter register the digit 1 as
the billing index for the call. The other relays MI2-M17,
in selective combination with relays MI® and MIL, reg-
ister each of the other billing index digits if transmitted
from the indexer.

The five leads OF0-OF7 are similarly wired to the
contacts of relays OF0-OF9 in the billing indexer ac-
cording to the 2-out-of-5 code for the digit represented
by each relay. As already described, lead OF7 and OF4
are grounded by operated relay OF9 for the cffice index
0. Accordingly, lead OF7 completes a circuit over the
No. 56 contacts of relay ICOA1, winding of relay OF7, to
battery. Lead OF4 completes a circuit over the No. 55
contacts of relay ICOA1, winding of relay OF4, to bat-
tery. Both relays operate, locking over their respective
No. 3 contacts, an undesignated resistance, lead 81, No.
10 contacts of relay CK8, to ground. By their opera-
tion, relays OF7 and OF4 of the transverter office index
register record therein that the office index is 0.

Ground on lead MU completes a circuit over the No. 1
contacts of relays WOA, WOB and VC, lead 2L, to
cable C4, No. 48 contacts of relay ISOA1, to lead 2L,
to the winding of relay 2L, to battery. Relay 2L oper-
ates, locks over its No. 1 contacts to aforetraced
ground on lead 81, and registers in the transverter that
the initial entry for the call is a 2-line entry. Had the
call required a 4-line entry (MUD) for a local connec-
tion, then lead MUD would have been grounded, and a
circuit would have been completed over the No. 2 con-
tacts of relays WOA, WOB and VC, lead MUD, No. 49
contacts of relay ICOA1, winding of relay MUD, to
battery. On operating, relay MUD would lock over its
No. 1 contacts to aforetraced ground on lead 81 and
register in the transverter that the initial entry is a mes-
sage unit detail (MUD) entry. Had the call been a toll
call requiring a toll initial entry TL (either a 4-line “com-
pressed” entry on a S-line entry) then lead TL would
have been grounded, completing a circuit over the No. 3

contacts of relays WOA, WOB and WOC, leads TS, No.

50 contacts of relay ICOAI1, winding of relay TS, to
battery. On operating, relay TS would lock over its No.
1 contacts to aforetraced ground on lead 81 and register
a toll initial entry in the transverter.

When the transverter has received the office index, the
billing index and the character of the initial entry by
the operation of the involved ones of the above-indicated
relays, a circuit is completed for its relay IOK, said
circuit tracing from battery through the winding of said
relay, No. 2 contacts of relay I0K2, lead 82, No. 1 con-
tacts of relay CKS5, lead 83, No. 1 contacts of relay XRE,
lead 84, No. 3 contacts of relay MK, No. 2 back con-
tacts of NM, No. 2 front contacts of relay SMK, lead
85, No. 5 contacts of relay OF7, No. 6 front contacts
of relay OF4, No. 6 back contacts of relay OF2, No. 5
back contacts of relay OF1, No. 4 back contacts of relay
OF0, No. 5 front contacts of relay 21, No. 5 back con-
tacts of relay MUD, No. 2 back contacts of relay TS,
No. 3 back contacts of relays MI7, MI4 and MI2, No. 3
front contacts of relays MI! and MIQ, lead 29, No. 2
front contacts of relay INK, lead 86, No. 1 back con-
tacts of relay P6, leads 87, No. 9 contacts of relay CK6,
to ground. At this point it should be noted that if the
transverter has made a code match test and found the
codes to be unlike, relay NM will operate as previously
described. Since relays MK and SMK are normal, the
path of relay IOK is thereby completed over the No. 3
contacts of relay MK, No. 2 front contacts of relay NM,
No. 2 back contacts of relay SMK, lead 85, and thence
as above traced to the winding of relay YOK. Relay
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JOK operates, locks over its No. 3 contacts and an un-
designated resistance to aforetraced ground on conductor
87 via lead 86, and performs certain functions that will
shortly be described. It should be noted at this time,
however, that so long as relay IOK is normal, ground on
its No. 6 back contacts is applied to lead 88, No. 21 con-
tacts of relay ICOA1, to lead IOK, which extends to the
Wo. 2 contacts of operated relay ON, thereby completing
the circuit through the lower winding of polar timing
relay TR, to battery on the No. 3 contacts of rclay ON.

At this time it should alse be stated that when relay
C0% or C5 of the indexer operates, a circuit is completed
through the upper winding of relay TR over lead 90 and
the No. 3 contacts of relay ON. While the current flow-
ing through the upper winding is in the direction to
operate the relay, the current flowing through its lower
winding opposes it, so that the relay remains unoperated.
This condition, however, prevails only so long as ground
is maintained on lead IOK as above described. When,
however, relay IOK operates as an indication that the
transverter has received the billing index, the office index
and the initial entry, ground is removed from lead 10K,
in consequence of which the condenser C begins to charge
through the lower winding of relay TR. The capacity

5 of condenser C and the value of the resistance in series

therewith are computed to delay the operation of relay
TR for a pericd sufficient to allow slowest of the relays
OF0-0F7, MI®-MIi7, 2L, MUD, and TS in the trans-
verter to operate, if it is to operate, or if it will operate
due to a trouble condition. During the time that relay
TR is normal and relay IOK released, relay IOK1 is
held by ground over the contacts of relay TR, No. 1 con-
tacts of relay ON, lead IOK1, No. 20 contacts of relay
ICOA1, lead 89 joining with lead 46, and thence as

» previously traced to the winding of relay IOK1. Ii, in this

interval, an additional relay OF8-OF7, or an additional
relay MII1-MI7, or either relay MUD or relay TS addi-
tionally operates, relay XRE will operate in the transverter
to block further progress of the call and establish a con-
nection. to the trouble indicator. For example, it has
been assumed that relays OF7 and OF4 have been op-
erated for the billing index 0. Suppose, however, that
after their operation and that of relay IOK, relay OF2
should operate. In this case, the ground on lead 86
previously traced to lead 29 and thence to the No. 5
front contacts of relay 2L (on the assumption that the
billing indexer register relays MI0—MI7 have been cor-
rectly set for the digit 1, that reiays TS and MUD are
normal and that relay 2L is operated), thence over the
No. 4 back contacts of relay OF0, No. 5 back contacts
of relay OF1, No. 6 front contacts of relay OF2 (falsely
operated), No. 5 front contacts of relay OF4, No. 4
front contacts of relay OF7, lead 93, No. 4 contacts of
relay CK3, lead 94, winding of relay XRE, to battery.
Relay XRE operates, locks over its No. 6 contacts to
off-normal ground on lead TONG12, and holds relays
I0K1 on a previously traced path over leads 39 and 40, -
No. 3 contacts of relay XRE, conductor 42 and thence
as previously traced to ground on the No. 10 contacts of
relay CK8. Since relay IOK1 is held, the connection
of the billing indexer to the tfransverter is held. As
has been shown, the operation of relay XRE connects
the transverter to the trouble indicator, and after the
latter has operated to record the condition of the trans-
verter, releases relay XRE.

In the event, however, that after relay IOK has op-
erated and no additional relay operates in the billing
index, office index and initial entry registers of the
transverter, relay TR operates and relay IOKI is re-
leased by the removal of ground on lead JOK1 from the
contacts of relay TR of the indexer. The release of
relay IOK1 opens the circuit of relay IP¢ which, in
turn, releases relays ICOA and ICOA1 and disconnects
the indexer from the transverter. The indexer, however,
is held busy by its relay BIB holding to ground from
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various parts of the circuit as shown. When released,
relays IB— in the transverter channels are released to
make the indexer available for use to other transverters.

It has been previously stated that relays CA1—AS2
are included in the indexer to switch the area indications
of offices so that, if necessary or desirable, offices in
one area may be assigned for service with a recorder
group serving a group of offices located in another area,
and given the area indication of said other area. For
this purpose a group of relays CA—AS is provided of
each such other area (Fig. 114 showing only the group
of relays CA1—AS1 for area '1 and another group of
relays CA2—AS2 for area 2) and the front contact
representing each “foreign” office on the recorder group
relay RG- serving the office group which is to include
such foreign office, is wired to an armature on relay
AS- designating the area to which said office is assigned.
Thus, for example, suppose some office located in area
1, say Albany 0 (see Fig. 139) is to be grouped with
the offices (less than ten) located in area 2 which are
served by recorder group 19. In this case the code
terminal 250 in field SOC is cross-connected to the No.
0 armature of relay RG19, while the front contact mak-
ing with such armature is extended to the No. 0 armature
of relay AS2, the front contact of which is then con-
nected to a terminal COIEA9 in accordance with the
office index and determined billing index for Albany 0.
When relay RG19 operates, the battery on the code termi-
nal 256 in field SOC is extended over the No. 0 front
contacts of relay RG19, No. 0 back contacts of relay
AS2, to the winding of relay CA2, which op-
erates, locks over its No. 2 contacts, lead 57, No. 7
contacts of relay BS through resistance to battery, and
locally operates relay AS2. The latter relay then trans-
fers the code terminal battery to the terminal COIEA9
to operate the involved relays OF9 and CA-, while
relay CA2 supplies ground over its No. 4 contacts to
lead 67, No. 18 contacts of relay TAIl, lead 68 (which
operated since Albany 0 is actually located in area 1)
lead SMK in cable C4, and thence as traced to relay
SMK of the transverter, advising the latter circuit to
skip the code-match circuit. This is necessary since it
may well be that the foreign office so included in area 2
may have an identical code with that of some office
is said latter area. A code match check would reveal
the identity and cause the operator falsely to be given a
reorder signal. Hence the code match check is not made.
Relay AS2 provides for the addition of six offices to area
2, while relay AS1 provides for the addition of twelve.

Provision is also made for protection against a trouble
condition arising at the cross-connection terminals FOC
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and FOCA, which may lead to the false operation of -

either relay VC or WOB while the indexer is processing
a regularly assigned call. When, during this processing,
the appropriate billing indexer relay BI1-BI8 operates,
and either relay VC or WOB has operated because of a
trouble condition, ground on the No. 1 contacts of the
operated relay BI- completes a circuit for relay XIN
over the No. 5 contacts of relay WOB or No. 6 contacts
of relay VC whichever is operated. Relay XIN operates,
locks over its No. 2 contacts to aforetraced ground on
lead 96, opens lead ROP to the transverter, completes over
its No. 4 contacts and lead 91 the circuit of relay XAL,
which operates to remove ground on the stationary con-
tacts of the seven polarized relays XO1-XRG, supplied
over lead 92, No. 6 contacts of relay VC, No. 5 contacts
of or WOB, to ground on the No.. 1 contacts of operated
relay BI-, or over No. 5 contacts of relay BC, and the
No. 10 contacts of the operated relay C—. Over its No.
3 contacts, relay XIN applies ground to lead IOK which,
as previously described, results in holding the transverter
until the trouble indicator has made its record.

The reason for delaying the operation of the polar re-
lay ROP is now evident. Should a trouble occur which
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causes WOA, or WOB, or VC to operate while the indexer
is otherwise normally operating to determine the three
items of information, it is desirable to transmit a trouble
signal and not a reorder signal. Since relay XIN con-
trols the former signal and relay ROP1 controls
the latter, it is necessary to hold up the operation
of relay ROP1 by delaying the operation of the polar
relay ROP for an interval sufficient to permit relay XIN
to operate and transmit the trouble signal before relay
ROPI1 can operate.

Provision is further made to guard. against the sub-
scriber dialing a prohibited code, a test code for ex-
ample, that results in the operation of the billing indexer
relay BIO and giving the operator a wrong calling office
code. In this case, the failure of the proper recorder
group relay RG- to operate will cause the operation of
relay WOA over lead 99, and since relay BI0 will have
been operated, ground on the No. 2 contacts of relay
BIO, passing through the No. 6 contacts of relay WOA,
completes the circuit of relay XIN, with results previously
described.

It may be, also, that the subscriber dials a “bulk billing”
called office code from an office which is geared to estab-
lish only toll calls through tandem, and gives the operator
the code of the latter office. In this case, relay TS op-
erates for the class-of-service register in the transverter.
Since the calling code given by the subscriber may be
that of an office served by a recorder group other than the
one which serves the office from which the call is placed,
the failure to operate the recorder group relay RG- cor-
responding to the actual office will cause relay WOA to
operate with results already described.- ’

It will be shown in the further description of the trans-
verter that, should it fail because of trouble condition or
for any other cause, it will be dismissed and another
transverter called in for a second attempt. The cause
of the failure, however, may have been in the indexer,
which, therefore, should be kept from being connected to
the “second trial” transverter. When the transverter was
originally seized, the operation of relay TA in the con-
nector closed a circuit from ground on the No. 2 back con-
tacts of relay TR1 of said connector, No. 4 contacts of
relay TA, lead TR1 in cable C3, winding of relay TR1,
to battery. The latter relay operates, locks over its No.
1 contacts and No. 17 contacts of relay CK?7, to ground.
Now when a trouble condition develops in the transverter,
say on a failure to down-check which will result in the
operation of relay TM2, as will be shown, the latter re-
lay completes a circuit for relay DL from ground on its
No. 2 contacts and lead 404. Relya DL, on operating,
completes an obvious circuit for relay TR, which op-
erates to apply battery through a resistance over its No.
9 contacts, the No. § normally made contacts of relay
TIB, lead T1S to the trouble indicator circuit (conven-
tionally indicated in Fig. 84 as a box). When the trouble
indicator is seized, it applies ground to lead TIB which
operates relay TIB, the latter then locking over its other
winding to resistance battery on the No. 9 contacts of
relay TR. By connections not shown, the trouble indi-
cator operates to record the circuit conditions of the trans-
verter, during which time ground on the No. 6 contacts
of relay DL is applied over the No. 4 contacts of relay
TIB, No. 4 contacts of relay TR1, lead 96, No. 60 con-
tacts of relay ICOAL, lead FTT, in cable C4 normally
made No. 2 contacts of relay T2AB, winding of said lat-
ter relay, to battery. Relay T2AB operates, locks over
its No. 2 front contacts to ground on the polar timing
relay STB, grounds leads IBO-IBX extending to all trans-
verter channels to keep the indexer busy, and, over its
No. 1 contacts, closes the circuit through the upper
winding of polar relay STB, which would operate but
for the neutralizing effect of the charging current for
condenser C1 through its lower winding. It should be
noted that this condenser is first discharged by ground
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on lead FTT. When, however, the transverter in trouble
releases the indexer and lead FTT is opened, the charg-
ing circuit for the condenser is established through the
lower winding of relay STB, keeping it in its normally
unoperated position until the condenser is charged. The
constants of the condenser and undesignated resistance
in series with it are computed to keep relay STB normal
for the period required for the second transverter called
in on the connection to obtain another indexer. When
condenser Cl1 is fully charged, relay STB operates to re-
lease relay T2AB, which releases to open the circuit
through the upper winding of relay STB and to remove
ground from the leads IBO-IBX, thus returning the in-
dexer to normal.

Mention has previously been made of the seven relays,
XO01-XRG. These relays are cross-test relays, each in
series with the plurality of relays indicated by the subscript
designation. If one of said relays operates (the circuit
thereof being serially completed through the upper wind-
ing of the involved X-relay) the cross-test relay does
not operate. However, if two relays should operate, then
the involved cross-test relay (for example, relay XO1)
operates on double the current. Ground on lead 90 is
advanced over the contacts of relay XO1, No. 1 contacts
of relay XAL, No. 9 contacts of relay IA1 and No. 8
contacts of relay IA2, lead XIN, in Cable C4, No. 22 con-
tacts of relay ICOA1L, lead 97, lower winding of relay
XIN, to battery. As will be shown, the operation of re-
lay XIN will cause the transverter and the connected in-
dexer tc be connected to the trouble indicator.

In the same manner, leads ROP and XPR are continu-
ously connected over the No. 1 back contacts of relays
ROP1 and XIN with relay ROP in the transverter.
However, lead XPR extends over the No. 44 contacts
of relay ICOA, lead 98, lower winding of relay XPR
to battery. Hence if a false ground should ever appear
on lead XPR when the indexer is connected to the trans-
verter, relay XPR will operate therein. It will be shown
later that the operation of relay XPR will cause the
transverter to be connected with the trouble indicator.

Continuing, now, with those operations of the trans-
verter which foilow the release of the indexer, relay IOK
completes a path for grounding lead PR to the sender,
and therein operating relay PR1. The path of this cir-
cuit traces from ground on the No. 2 back contacts of
relay ROP, lead 450, No. 2 contacts of relay 10K, lead
451 joined to lead PR in cable C3, through the trans-
verter connector and similar lead in cable C2, contacts

No. 9 in relay OEXD, upper winding of relay PRI, to ;

battery. Relay PR1 operates, locks over its lower wind-
ing and No. 5 contacts to off-normal ground on lead
SONG to the No. 2 contacts of relay ON4. Relay PR1
also opens leads H and S linking relay PA of the sender
with relays H and S of the position, and thus causes all
three relays to release. Relay H releases relay TE. At
its No. 7 contacts, relay PR1 opens leads TS thereby to
cause relay A in the position to release. When relay S
releases, battery is supplied through resistance PDD, No.
2 contacts of relay PD, No. 2 contacts of relay P9, No.
1 contacts of relay S, lead 204, to the position link and
controlier circuit, thereby to make the position available
to service on the next call.

With all registrations in the transverter checked, in-
cluding those resulting from the operation of the billing
indexer, a start is made to seize a recorder in the recorder
group indicated by the recorder identification register;
that is, recorder group number 00. The only part of the
registration, the checking of which has not been de-
scribed, are the pairs of relays SK and NSK, S0 and
NSO and TR1 and TR2. Accordingly, when one of each
of said relays is operated and locked as before described,
a circuit is closed for relay CK4, which may be traced
from battery -through its winding, lead 41, No. 2 back
contacts of relay NSK, No. 4 front contacts of relay SK,
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lead 95, No. 4 front contacts of relay NSO (if the call
is not observed, relay NSO operates from the sender and
locks to off-normal ground on lead TONGS; if the call
is observed, relay SO is operated instead, locking over
its No. 2 contacts to said off-normal ground), No. 3
back contacts of relay SO, lead 462, No. 3 contacts of
relay TR1, No. 6 back contacts of relay TR2, lead 463,
No. 8 contacts of relay CK6, to ground. Relay CK4
operates and locks to said ground over its No. 5§ back
contacts.

When relays OF~ (particularly relays OF7 and OF4)
of the office index register are operated, battery is applied
to the start lead RSTO in cable C7 extending to the
recorder connector. This path traces from the No. §
front contacts of relay RST00 individual to recorder
group 090, lead 464, No. 2 contacts of relay TM3, lead
465, No. 4 contacts of relay EXT, lead 466, No. 1 con-
tacts of relay OF7 or OF4, lead 467, No. 4 back con-
tacts of relay TTF, No. 6 contacts of relay ROP, No. 4
contacts of relay MK, lead 468, contacts of relay XRN,
lead 469, No. 7 contacts of relay CK4, lead 470, No. 3
contacts of relay TM6, lead 471, No. 5 contacts of relay
RL, lead 472, No. 8 contacts of relay RTR, resistor ST,
to battery. This path is completed to ground through
a relay in the recorder connector which operates when
the recorder is available. Fig. 4 conventionally indi-

‘cates the recorder, which is the same as the one shown

and described in copending application Serial No.
759,402, filed July 7, 1947, while the recorder con-
nector by which the leads in cable 7 are extended to
the selected recorder is also conventionally indicated, it
being substantially similar to the transverter connector
herein shown and described.

When the recorder and transverter have become con-
nected together via the recorder connector, the recorder
applies ground to lead RK, thereby completing an obvi-
ous circuit for relay RK, which operates to complete an
obvious circuit for relay RKA over its No. 5 front con-
tacts and lead 479, to perform certain functions that
will be described in due course. If the recorder is busy,
it applies ground to lead BY which completes the circuit
of relay CBG over the No. 4 front contacts of relay
RSTO, lead 474, No. 3 contacts of relay CK4, lead 475,
No. 5 front contacts of relay INK, lead 476, winding of
relay CBG, to battery. As will be explained later this
relay operates to cancel the transverter “condenser” tim-
ing under this condition, and releases when the recorder
is free to restart timing. However, this relay is also
operated when the recorder is seized, but since relay RK
is also operated in this case, relay RK renders relay CBG
ineffective to cancel condenser timing.

In this connection it should also be noted that the
recorder is also provided with lead EXT, which it grounds
to operate relay EXT whenever timc for transverter
operations are to be extended, the path of said relay
being through the No. 1 front contacts of relay RST9,
lead 477, No. 6 contacts of relay I0X2, No. 4 contacts
of relay IOK, lead 478, winding of relay EXT, to bat-
tery. Since the start lead RSTO to the recorder extends
through a set of normal contacts on relay EXT, it follows
that if relay EXT is operated, the transverter will not
obtain the recorder. It is possible, however, for lead
EXT to be grounded and result in the operation of
relay EXT after the recorder has been attached to the
transverter, in which event lead RST0 would be opened
and the recorder released in the midst of operations. To
prevent this occurrence, if the recorder has already been
seized, as evidenced by the operation of relays RK and
RKA, the path of lead RSTO is bridged at the No. 3
contacts of relay TM6 and lead 470 by way of lead 470,
No. 4 contacts of relay RKA, lead 489 joined to lead 463
extending to the No. 2 contacts of relay TM3, and thence
as traced to lead RSTO, thus by-passing the contacts of
relay EXT as well as those on relays OF)-OF7 and CK4.
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Under such conditions the recorder continues with its
operation and timing is not extended.

As previously stated, relay 2L is operated from the
indexer and locked if the initial entry for the call is a
2-line entry, as it is assumed to be for the call the estab-
lishment of which is herein being described to illustrate
the operation of the invention. Over its No. 6 contacts
and lead 480, relay 2L completes an obvious circuit for
relay 2LA. Now when the recorder has become attached
to the transverter and is ready for perforating opera-
tions, it grounds lead P, whereupon a circuit is com-
pleted for relay P2 and P2K in parallel, said circuit trac-
ing from ground on said lead P, No. 6 contacts of relay
RTR, lead 481, No. 4 contacts of relay IOK1, lead 482,
No. 3 contacts of relay RKA, lead 483, No. 7 contacts of
relay CKS, lead 484, No. 3 back contacts of relay TE,
lead 485, No. 1 contacts of relay CTM2, lead 486, No.
4 back contacts of relay LOBA, lead 487, No. 1 front
contacts of relay 2L A, lead 488, No. 1 back contacts of
relay PZA, right winding of relay P2 to battery, and
winding of relay P2K to battery.

If the call is a message unit detail MUD and thus
requires a 4-line initial entry, or if the call is a toll call
and thus requires either a 4-line or 5-line initial entry,
relay 2LA will be normal and relay MUD or TS, respec-
tively, will be operated. In either of the two latter cases
a path is completed to relays P4 and P4K instead of
relays P2 and P2K, the path of said relays P4 and P4K
being over the No. 1 back contacts of relay 2LA, lead

489, No. 1 back contacts of relay P4A, right winding.

of relay P4, to battery, and winding of relay P4K, to
battery. Relay X2P is provided to check against the
possible false operation of relays P2—P2K and relays
P4—P4K at the same time. Should this happen, relays
P2K and P4K complete the circuit of relay X2P from
ground on the No. 5 contacts of relay P4K, No., 4
back contacts of relay P3K, No. 4 front contacts of relay
P2K, lead 490, winding of relay X2P, to battery. As will
be shown, the operation of this relay arrests further oper-
ations and calls in the trouble indicator.

If the call is a toll call, as evidenced by the fact that
relay TS is operated, such a call may require either a
4-line initial entry or a 5-line initial entry. This deter-
mination is made by the transverter itself from the set-
ting of the national area registers which, if the call re-
quires a 5-line initial entry, will cause the operation of
relay SL. It will be recalled that this determination is
made by the operation of relay TSAT, which completes
the circuit of relay 5L, previously traced. It will be
shown that for a call requiring a S-line initial entry,
relay 5L arranges the progress relays P— and P—A to be
operated in the order P4, P3, P5, P2 .and P1.

When either relay P2 or P4 operates, it completes a
circuit for relay CKS from ground on the No. 3 contacts
of either relay, lead 492, winding of relay. CKS5, to bat-
tery. The operation of this relay (which relay is also
operated over the same lead by relays LP, P4A, P3A,
P2A, P1A, P5A, TE1A, TE1, X2P, P3, P1, P5, PSK,
P2K, P3K and P4K) completes a locking circuit for the
operated relay P2 or P4 over their respective No. 2
contacts, lead 491, No. 4 contacts of relay CKS, to
ground on the No. 4 contacts of relay CKS. Relay
CKS5, on operating, opens the operating path of relay
IOK1 to prevent reseizure of the billing indexer if an
over registration is detected in the transverter by relay
XRE after the recorder is connected. Relay CK5 holds
to relays P1, P2, P3, LP and TE1 relays in order to pre-
vent the start of a new call in the transverter before
relays P— are released. )

If the call being set up requires a 2-line initial entry
(MU call), relays P2 and P2K are operated as above
described. A circuit is then completed for the cut-in
relay C2A from battery through the winding of said
relay, lead 493, No. 1 contacts of relay PCE, lead 494,
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No. 3 contacts of relay P2K, No. 2 contacts of relay
P2, to aforetraced ground on lead 491. Said relay oper-
ates and locks over lead 495, No. 26 contacts of relay
C2A, lead 496, No. 5 normal contacts of relay TE, to
aforetraced ground on lead 491. Over its: No. 32 con-
tacts and lead 526, it completes the circuit of relay LP;
which operates and then locks over its No. 3 contacts,
lead 527, to ground on the No. 4 contacts of relay P2;
over its No. 28 contacts it grounds lead PT to the
recorder thereby to advise said recorder that cut-in relay
C2A has been operated, while over its No. 29 contacts
and lead 497 it completes the circuit of relay CTMI,
the path of said circuit further tracing over the No. 3
contacts of relay CTM3. Relay CTM1, on operating;
grounds lead 49 to discharge the capacitor C1 which
remains short-circuited so long as relay CTM1 remains
operated. This relay, however, on coming up, com-
pletes the circuit of relay CTM2 from ground on lead
497, No. 2 contacts of relay CTM1, No. 1 normally
made contacts of relay SP, winding of relay CTM2, to
battery. The latter relay operates, locks over its No. 7
contacts to operating ground, and completes an obvious
circuit for relay CTM3, which releases relay CTMI1 to
re-establish the charging circuit of capacitor C1.  If
by the time the capacitor is fully charged the discharge
thereof is not initiated by the reoperation of relay CTM1
to indicate that the recorder is taking longer than the pre-
determined time to punch a line of the initial entry,
relay CTM operates as previously described and com-
pletes the circuit of relay DL from ground on the No.
5 contacts of relay CK1, lead 499, contacts of relay CTM,
lead 498, No. 8 contacts of relay ORE, lead 404, winding
of relay DL, to battery. Relay DL then operates. As
will be shown, relay DL initiates operations to connect
the transverter with the trouble indicator. If, however,
the line is punched in the alloited time interval, cut-in
relay - C2A for the second line will release, removing
ground from lead 497 to cause the release of relay CTM2.
As will be shown, relays CTM1, CTM2 and CTMS3 are
operated for every line to measure-the time interval
within which the line is to be punched by the recorder:

Fig. 140 illustrates the three types of entries which.
are produced under the control of the apparatus of this
invention for the three types of calls. Fig. 140A shows
a 2-line initial entry for a call to be charged for on a
message unit basis; Fig. 140B shows a 4-line initial entry
for a detailed message unit call (bulk billed) or a toll
call; while Fig. 140C shows a 5-line initial entry for
a toll call involving an “uncompressed” national area
code.

Because the AMA record is read backwards by the
automatic - accounting equipment, the apparatus of the
invention is arranged to punch the lines of the entries
in the reverse order. In respect to Figs. 140A, 140B
and 140C, this means that in reading the lines of the
entries from top to bottom the first line is the last line
of the entry while the last line is the first. In describing
the operation of the invention with respect to the punch-
ing of the lines of the entries, therefore, it should be
understoood that reference to the numerical indication
of the lines will be that of the order of their punching.

Referring to the 2-line initial entry for a message unit
call (bulk-billed call) which is illustrated in Fig. 140A,
it will be seen that the second line comprises the entry
index in the A digit, the office index in the B digit, and
the calling number in the C, D, E and F digits. The
entry index is always zero for any line of any entry ex-
cept the first. The office index may have any value from
0-9. The thousands, hundreds, tens and units digits of
the calling number are recorded in the C, D, E and F
digits, respectively. The first line of the entry comprises
the entry index in the A and B digits. The message bill-
ing index in the C digit and the call indentity index in the
E and F digits. The A digit is 2 for the first line of any
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entry, while the B digit may be 1, 3, 4, 5 or 6 in accord-
ance with the following interpretation:

B digit Significance

2-line entry.

_| 4-line entry (non-observed).

4-line entry (observed).

| 5-line entry (non-observed).
_| 5-line entry (observed).

The message billing index will be 1-8. The D digit
will always be zero, and the call identity index will give
the number of the tandem trunk over which the call is
extended.

Referring to the 4-line initial entry for detailed mes-
sage unit (bulk-billed) or toll calls, the fourth line will
be comprised of the entry index in the A digit and the
called number in the B, C, D, E and F digits. The third
line will comprise the entry index in the A digit, the area
code number in the B digit, the called number structure
in the C digit, and the called office code in the D, E
and F digits. The B digit will be the code number of the
terminating area. The C digit will have the value of 1,
if the numericals of the called number make up a num-
ber less than 10,000, and the value of 2 if more than
10,000.

The second line is comprised of the entry index in the
A digit, the office index in the B digit and the calling
number in the C, D, E and F digits.

The first line will be the same as the first line of the
2-line entry, except that the B digit will now be a 3, repre-
senting a 4-line entry, and the C digit will always be 9 for a
toll call or any digit from 1 to 8 for a bulk-billed call.

Referring to Fig. 140C, this entry consists of 5 lines,
and is produced for a toll call for which the national
area code must be recorded in full as part of the initial
entry in order that it may likewise appear in full on the
subscriber’s bill for the call. The fifth, fourth, second
and first lines of the entry are, respectively, the same as
the fourth, third, second and first lines of the 4-line
entry. The third line, however, is added, and consists
of the A, B and C digits of the national area code, re-
corded, respectively, in the D, E and F positions of the
line; all other entry digits of the line being 0.

Proceeding, now, with the operation of the inven-
tion, and assuming that the 2-line initial entry for the
call being described is to be punched, when relay C2A
operates, the punch leads A~ to F— connecting with the
twenty-eight punch magnets of the recorder are joined to
the transverter for the selective energization of said mag-
nets in the 2-out-of-5 code to punch all the digits of the
second line.

It will be recalled that the numericals of the calling
subscriber are 8276, and that the office index is 0. Since
the entry index (A digit) is 0, relay C2A, at its No. 31
contacts, grounds lead AJ to energize the magnet A¢ of
the recorder, thereby to punch a hole in the first, or 0
position, of the A—digit space.

The office index is punched in the B-digit space of the
line. For the example given this digit is 0, as will be
recalled, and is expressed by the operated condition of
relays OF4 and OF7 in the office index register. Con-
sequently when relay C2A operates, ground on the No.
2 contacts of relay OF4 is applied to lead OF4 which,
over the No. 4 contacts of relay C2A, is extended to the
punch lead B4 of the recorder. Similarly, ground on
the No. 2 contacts of relay OF7 is applied to lead OF7
which, over the No. 5 contacts of relay C2A, extended
to punch lead B7 of the recorder. Magnets B4 and B7
of the recorder, respectively connected to said leads,
operate and punch holes in spaces 4 and 7 of the B-digit
space, thereby to record the digit 0 as the office index.

As will be recalled, the calling numericals are not
registered in the transverter, but the groups of leads (see
Fig. 98) DTHO0-DTH7 (thousands); DH-DH7 (hun-
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dreds); DT0-DT7 (tens) and DUO-DU7 (units) extended
from the sender are selectively grounded therein in the
2-out-of-5 code to express the number 8276. According-
Iy on the operation of relay C2A, and since leads DTH1
and DTH7 are grounded for the thousands digit 8, leads
DHO and DH2 are grounded for the hundreds digit 2,
leads DTO and DT7 are grounded for the tens digit 7,
and leads DU2 and DU4 are grounded for the units
digit 6, punch leads C1 and C7 are grounded over the
No. 7 and No. 10 contacts, respectively; leads D0 and D2
are grounded over the No. 11 and No. 13 contacts,
respectively; leads E7 and E0 are grounded over the No.
16 and No. 20 contacts, respectively, while leads F2 and
F6 are grounded over the No. 23 and No. 24 contacts,
respectively. Punch magnets C1, C7, D0, D2, E7, E0
and F2 and F4 are operated to punch the calling number
8276.

As already stated, when relay C2A operates, it applies
ground over its No. 28 contacts to lead PT, thereby to sig-
nal the recorder that the cut-in relay C2A has operated.
After certain responsive operations in the recorder, the
latter removes ground from lead P, thereby to release re-
lay P2K. When the recorder has punched the line of per-
forations, it applies ground to lead P1, whereupon a cir-
cuit is completed for relay P2A, which circuit extends
from ground on said lead P1, No. 6 contacts of relay
CKS8, lead 500, No. 2 contacts of relay CTM3, lead 501,
No. 1 contacts of relay PSK, lead 502, No. 1 contacts of
relays P4K, P3K, P2K, P1K, No. 1 back contacts of relay
TEL, No. 1 back contacts of relay P1, No. 1 front contacts
of relay P2, lead 503, No. 27 contacts of relay C2A, lead
504, right winding of relay P2A, to battery. Relay P2A
operates, locks over its left winding, No. 3 contacts, lead
505, to ground on the No. 3 contacts of relay CK6, and
completes the circuit of relay PCE from battery through
its winding, lead 506, No. 5 contacts of relay CTM2,
lead 507’, No. 5 contacts of relay P1, No. 2 and No. 3
contacts of relay P2A, to aforetraced ground on lead
505. Relay PCE operates and opens the locking circuit
of relay C2A, which releases to disconnect the registering
leads from the perforator magnets and to release relay
CTM2 which, in turn, releases relays CTM3 and PCE.

When the recorder is ready to perforate the first line,
it becomes necessary to connect the identity indexer to
it to perforate the trunk number in the E~ and F- digit
spaces of the line. In this connection it will be recalled
that when the transverter was seized, and particularly
after relay CK6 was operated, the winding of relay ICK
was connected in parallel with resistor ICB1 to lead ICK
extending to the recorder, and resulting in the operation
of relay ICB. Now when the recorder becomes connected
to the transverter, a marginal potential is applied to lead
ICK, as determined by the ohmic resistance of the wind-
ings of relays ICB and ICK and resistor ICB1, and over
said lead ICK through the numerical registers of the call
identity indexer. If said registers are normal, a circuit is
completed from said marginal potential on lead ICK,
through the recorder connector and recorder, the numeri-
cal registers of the call identity indexer, lead DJ from the
indexer, No. 2 back contacts of relay TC of the trunk,
lead IC (entering cable C2 at the transverter connector),
through said connector, lead IC in cable C3 extending to
the transverter lead 601, No. 8 front contacts of relay
CK4, lead 571, No. 6 contacts of relay RK, lead 572,
normally made No. 4 contacts of relay IC, to resistance
to battery. Relay ICK operates, in turn operating relay
IC over an obvious path, said latter relay locking over
its No. 2 contacts, lead 573, to ground on the No. 6 con-
tacts of relay CK3 to ground and removing battery from
lead IC, causing relay ICK to release if the lead and its
connecting path is free of false battery, ground or other
detectable crosses. Relay ICK released, operates relay
TOK over ground on its back contacts, No. 3 contacts of
relay IC, lead 574, winding of relay TOK to battery. On
operating, relay TOK locks over its No. 2 contacts, lead
575, No. 3 contacts of relay CKS5, to ground on the No. 3
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contacts ‘of relay CK8, and disconnects lead RD1 to the
recorder, releasing a relay RD therein to provide operat-
ing battery for the windings of the call identity indexer
ten register relays, relay TOK applying ground to the
. other side of the windings of said relays, said ground be-
ing traced from the No. 8 back contacts of relay TM3, No.
1 contacts of relay TM6, lead 576, No. 3 front contacts
of relay TOK, No. 7 contacts of relay RK, lead 571, No.
8 front contacts of relay CK4, lead 601, then lead IC,
and thence as traced to the call identity indexer and to
the tens relays therein. One of said relays then selectively
operates in accordance with the tens digit designation of
the tandem trunk, and operates an auxiliary relay which
furnishes operating circuits for the selective operation of
one of the units register relays in accordance with the
units designation of said trunk; also, of course, under con-
tro] of lead IC. Said units relay when operated, grounds
lead IR via the recorder circuit to operate relay IR in the
transverter.  Relay ClA then operates in consequence
and, over its No. 17 contacts, advances operating ground
over lead 513, No. 1 contacts of relay XTU, lead DTN,
to the winding of a cut-in relay DTN in the recorder,
which operates to extend the tens and units registering
leads from the tens and units registering relays of the call
identity indexer, respectively, to magnets E and F of the
recorder, said leads being selectively grounded in the
2-out-of-5 code in accordance with the designation of the
trunk. Since the trunk number has been assumed to be 00
for the particular connection being described, said leads
are selectively grounded to operate (at the proper time)
magnets E4, E7 and F4, F7 to punch the digits 00 in

the E and F positions of the line, respectively. Over its-

its No. 16 contacts, relay C1A grounds lead PT1 to start
perforation timing in the recorder. For the first line,
however, ground is applied to lead PT1 instead of lead
PT for the purpose of checking that relay DTN in the

recorder has operated, said ground being passed through .

a set of make contacts on said relay to insure that it has
operated and that the trunk identity will therefore be re-
corded. Relay DTN then applies ground to the extension
of lead PT in the recorder to start timing the perforation
of the line. Over its No. 15 contacts, relay C1A grounds
lead A2 to complete the circuit of punch magnet A2,
which operates to punch a hole in position 2 of the A-digit
position; over its No. 12 contacts it applies previously
traced ground on lead 496 to lead 514 and thence over
lead 510, the No. 3 contacts of relay P1K, lead 511, No. 2
contacts of relay IR, lead 512, to the left winding of relay

P1, and thence to ground on lead 491; over its No. 10 and
No. 11 contacts it applies ground to leads D4 and D7 ex-
tending to the correspondingly designated punch magnets
of the recorder to operate said magnets and punch the
digit 0 in the D-digit position of the first line (this digit
has no significance); over its No. 1-4 contacts it closes
punch leads B~ to certain leads in the transverter which
are selectively grounded according to the value of the B
digit that indicates the character of the initial entry, as
previously described. If the initial entry is a 2-line entry,
as evidenced by the operation of relays 2L and 2LA, the
B digit of the first line will be 1, requiring leads B0 and
B1 to be grounded. Lead B0 is extended through the No.
1 contacts of relay CIA, to the 1B lead 0, which goes
to the No. 2 front contacts of relay 2L A, lead 515, No. 3
back contacts of relay LOBA, to ground. Punch lead
B1 is closed to ground over the No. 2 contacts of relay
C1A, 1B lead 1, No. 3 front contacts of relay 2LA, lead
516, No. 1 back contacts of relay LOBA, to ground.

"~ If the entry is a 4-line entry for a message unit de-
tailed (non-observed) call, as evidenced by the operated
condition of relays MUD and NS@, or a 4-line entry toll
call (non-observed), as evidenced by the operating relays
TS and NSO, the B digit will be 3. Consequently register
leads B1 and B2 will be grounded, lead B1 will extend
through No. 2 contacts of relay C1A, 1B lead 1, No. 2
back contacts of relay 2LA, lead 515, No. 3 back contacts
of relay LOBA, to ground; lead B2 will extend through
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the No. 3 contacts of relay C1A, 1B lead 2, No. 2 back
contacts of relay 5L, No. 3 back contacts of re-
lay 2LA, lead 516, No 1 back contacts of relay
LOBA, to ground If either of such calls is “observed,”

- the B digit is 4. For an observed call, relay SO is operated

from the sender over lead SO, and locked to off-normal
ground on lead TONGS. For this condition, a circuit is
then completed for relay LOB extending from battery
through the winding of said relay, lead 517, No. 1 front
contacts of relay S0, No. 1 contacts of relay NSO, lead
518, to ground on the No. 2 contacts of relay ICB. Re-
lay LLOB operates, locks over its No. 3 contacts through
resistance, lead 518, to ground on the No. 2 contacts of -
relay ICB, and completes the circuit of relay LOBA from
battery through the winding of said relay, No. 4 contacts
of relay LOB, lead 519, No. 4 contacts of relay RK, to
ground on lead TONGS. Relay LOBA operates and
locks to said ground over its No. 2 contacts. ILead B0
is then grounded over the No. 1 back contacts of relay
5L, lead 520, No. 3 front contacts of relay LOBA, to
ground. Lead B4 is grounded from the No. 1 front con-
tacts of relay LOBA.

. If the entry is a 5-line entry for a non-observed toll call
the B digit will be 5. Since relay LOBA is normal, lead
B1 is grounded over the No. 2 back contacts of relay 2LA,
lead 515, to ground on the No. 3 back contacts of relay
LOBA. Lead B4 is grounded over theé No. 2 front con-
tacts of relay 5L, No. 3 back contacts of relay 21LA, lead
516, to ground on the No. 1 back contacts of relay LOBA.
If the 5-line entry is an “observed” call, the B digit will be
6. Since relay LOBA operated as before described, lead
B2 is grounded over the No. 1 front contacts of relay 5L,
lead 528, to ground on the No. 3 front contacts of relay
LOBA. 1ead B4 will be grounded over the No. 1 front
contacts of relay LOBA.

Relay C1A also closes the five punch leads C0—C7 to
the billing index register. Since for the call being de-
scribed this index has been assumed to be the digit 1
(relays MIO and MIC operated), lead CO is grounded
over the No. 1 contacts of relay MI0 and the No. 5
contacts of relay CIA: lead C1 is grounded over the No, 1
contacts of relay MI1, and the No. 6 contacts of relay
CIA. The punch magnets C0 and C1 of the recorder
operate to punch the digit 1 in the C-digit position of the
first line of the initial entry.

Before continuing with the operation of the - trans-
verter following the punching of the first line of a 2-line
initial entry, we will describe the operation of the trans-
verter in connection with the punching of a 4-line entry
and a 5-line entry.

If the call requires a 4-line message unit detail entry, -
relay MUD is operated as already explained. Conse-
quently when the recorder is connected to the transverter
and relays P4 and P4K are operated, a circuit is completed
for relay C4A from battery through the winding of said
relay, lead 521, No. 2 contacts of relay PCE, lead 522,
No. 3 contacts of relay P4K, No. 2 contacts of relay P4,
to aforetraced ground on lead 491. Relay C4A operates,
locks over its No. 26 contacts to aforetraced ground on
lead 496 and, among other functions identical to those
performed by relays C2A and CIA, closes the punch
leads A~, B-, C—, D—, E—~ and F- between the recorder
and the called numerical leads connecting with the called
number registers.

As will be observed from Fig. 140B, the fourth line of
the entry consists of the A-digit entry index 0 and the
numericals of the called number, including the stations
digit, if any, or the digit O if none; the thousands digit
being punched in the B-digit space, the hundreds digit in
the C-digit space, the tens digit in the D-digit space, the
units digit in the E-digit space, and the stations digit in
the F-digit space. Consequently when relay C4A operates,
and remembering that the called number for the connec-
tion being established is 1359, lead A0 is grounded. over
the No. 31 contacts of said relay for the punching of the
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A digit 0. For the punching of the B digit 1, lead B0
is grounded over the No. 4 contacts of relay TH1, No. 4
contacts of relay TH09, lead THO, No. 25 contacts of re-
lay UTA, No. 1 contacts of relay C4A, to lead BO; lead
B1 is grounded over the No. 6 contacts of relays THO00
and TH1, lead TH1, No. 24 contacts of relay UTA,
No. 2 contacts of relay C4A, to lead Bl. For
the punching of the C digit 3, lead Ci is grounded
over the No. 4 contacts of relay H3, lead Hi, No.
19 contacts of relay UTA, No. 7 contacts of relay
C4A, to lead C1; lead C2 is grounded cver the No. 6
contacts of relays H00 and H3, lead H2, No. 18 contacts
of relay UTA, No. 8 contacts of relay C4A, to lead C2.
For the punching of the D digit 5, lead D1 is grounded
over the No. 7 contacts of relay T5, No. 4 contacts of
relay T0, lead T1, No. 14 contacts of relay UTA, No. 12
contacts of relay C4A, to lead DI; lead D4 is grounded
over the No. 3 contacts of relay T¢@, lead T4, No. 12
contacts of relay UTA, No. 14 contacts of relay C4A,
to lead D4. For the punching of the E digit 9, lead E2 is
grounded over the No. 4 contacts of relays U4 and US,
No. 8 contacts of relay UTA, No. 18 contacts of relay
C4A, to lead E2; lead E7 is grounded over the No. 6
contacts of relay U5, No. 5 contacts of relay U4, lead
U7, No. 6 contacts of relay UTA, No. 20 contacts of re-
lay C4A, to lead E7. For the punching of the F (stations)
digit 0, lead F4 is grounded over the No.3 contacts of
relay STO, lead ST4, No. 2 contacts of relay UTA, No.
24 contacts of relay C4A, to lead F4; lead F7 is grounded
over the No. 6 contacts of relay ST09, No. 5 contacts of
relay STO, lead ST7, No. 1 contacts of relay UTA, No.
25 contacts of relay C4A to lead F7.

Had the called number been over 10,000, relay OTA
would have been operated instead of relay UTA, as al-
ready described. Relay OTA shifts the stations digit leads
from the F-digit recording leads to the B-digit recording
leads, the thousands digit registering leads from the B-
digit recording leads to the C-digit recording leads, etc.;
so that, as the number is read on the record, the ten
thousands digit will appear in the B-digit position, the
thousands digit in the C-digit position, the hundreds digit
in the D-digit position, the tens digit in the E-digit posi-
tion, and the units digit in the F-digit position.

When the recorder is signaled by ground on lead PT
that the cut-in relay C4A has been operated and, as a
result, the recorder removes ground from lead P, relay
P4K releases; and when ground is applied by the re-
corder to lead P1 as a signal that the perforator magnets
have correctly operated to punch the fourth line, a circuit
is completed for relay P4A, said circuit tracing from bat-
tery through its right winding, lead 528, No. 27 contacts
of relay C4A, lead 529, No. 1 contacts of relay P4, No. 1
back contacts of relay P3, lead 53@, No. 4 back contacts
of relay P35, lead 531, No. 1 back contacts of relays P2,
P1, TE1, P1K, P2X, P3K, P4K, lead 502, and thence as
previously traced to lead PX. Relay P4A operates, locks
over its left winding and No. 3 contacts to previously
traced ground on lead 565, and operates relay PCE over
a previously traced path to lead 597, No. 5 contacts
of relay P3, No. 2 and No. 3 contacts of relay P4A, to
ground on lead 505. With the operation of relay PCE,
the circuit of relay C4A is opened, thereby releasing said
relay and disconnecting the perforating leads from the
recorder.

When the recorder is ready to receive the next (or
third) line of perforations, ground is again applied to
lead P, in consequence of which a circuit is completed
for relays P3 and P3K from battery through the windings
of said relays, No. 1 back contacts of relay P3A, No. 1
front contacts of relay P4A, lead 489, and thence as pre-
viously traced to ground on lead P. Relays P3 and P3K
operate, the former locking over its left winding and No. 3
contacts to previcusly traced ground on lead 491. A
circuit is thereupon closed for the cut-in relay C3A for
the third line of perforations, said circuit extending from
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battery through the winding of said relay, lead 540, No. 1
contacts .of relay PCO, lead 541, No. 3 contacts of relay
P3K, No. 3 contacts of relay P3, to aforetraced ground
on lead 491. Relay C3A operates, locks over lead 542,
No. 14 contacts of said relay, lead 496, and thence as
traced to ground on lead 491, grounds lead PT over its
No. 4 contacts to the recorder as a signal that the cut-
in relay C3A has been operated, applies ground over its
No. 3 contacts to lead 497’, thereby to complete the
previously described circuit of the timing relay CTMI,
which cperates to initiate the timing cycle for the perfora-
tion of the line, and connects the perforating leads A-,
B-, C-, D-, E- and F- to various registers and leads
of the transverter.

By reference tc Fig. 140B, it will be observed that the
third line of a 4-line initial entry is made up of the A
entry digit 0; the B area code digit which identifies the
area in which the called office is located and has the
value for the called office Republic 7 (see Fig. 139); the
C called number structure digit, which is 1 if the called
number is under 10,000, and 2 if it is over 10,000; and
the called office code digits A, B and C which are re-
corded, respectively, in the D—, E~ and F- digit positions
of the line, and which, for the call being described will
be 737.

Consequently when relay C3A operates, ground is ap-
plied over its No. 2 contacts to lead A0 to operate record-
ing magnet AG. For the B digit, it will be remembered
that the class-of-service relays CS60 and CS1 were op-
erated to register the terminating area digit 1. Hence
when relay C3A operates, ground on the No. 3 nor-
mal contacts of relay NB1 is applied over the No. 2 nor-
mally made contacts of relay NBO, lead 543, No. 3 con-
tacts of relay CS080, No. 7 contacts of relay CS1 (cross-
connected to lead PO), No. 5 contacts of relay C3A, to
lead B¢.. Ground is also applied over the No. 3 normally
made contacts of relay NB0O, lead 544, No. 4 contacts of
relays CS00 and CS1 (the latter contacts being cross-
connected to lead P1), No. 6 contacts of relay C3A, to
lead Bi. The energization of punch magnets B0 and
B1 will result in the punching of the digit 1 in the B digit
spaces of the third line.

It should be stated in passing that a 4-line initial entry
for a message unit detail call (MUD) and a 4-line initial
entry for a tcll call are identical, except that the B digit
of the third line of the latter entry will be the digit which
identifies the national area in which the called office is
located, and which digit may have any value 3-9. It
will be recalled that for a toll call the national area code
registers come into play, and that a relay T4A0-T4A9
expressing the digit of the code will be operated by the
registers, the latter relay then selectively grounding the
B leads in accordance with the value of the digit. Thus
if the called area code is represented by operated relay
T4A9 and the digit for said code is 9, terminals A9 and
B9 will be cross-connected to terminals P7 and P2, re-
spectively. Therefore, on the operation of relay C3A,
ground previcusly traced to lead 417 is applied over the
No. 3 contacts of relay T4A9, lead P2, No. 7 contacts
of relay C3A, to lead B2; ground previously traced to
lead 416 is applied over the No. 4 contacts of relay T4A9,
lead P7, No. 9 contacts of relay C3A, to lead B7. Punch
magnets B2 and B7 will then operate to punch the B
digit 9.

For the punching of the. called number structure digit
1 or 2, ground is applied over the No. 10 contacts of
relay C3A to lead CO for the energization of punch mag-
net C9. If the number is under 10,000 (as assumed for
the call being described) ground is applied over the No. 1
back contacts of relays OT and SU, lead 545, No. 11
contacts of relay C3A, to lead C1. The operation of
magnets C8 and Ci cause the digit 1 to be punched in
the C-digit spaces of the third line. If the number is
over 10,000, relay OT will be cperated. Hence a ground
is applied over the Mo. 1 front contacts of relay OT, No.

F]
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1 contacts. of relay. NSK, lead 546, No. 12 contacts of
relay C3A, to lead C2. The operation of punch magnets
CO6 and C2 causes the digit 2 to be punched in the C-
digit spaces of the third line,

For the punching of the three digits of the called office
code in the D-, E—, and F- digit spaces of the line,
punch leads D—, E—~, and F- are connected by relay C3A
to the called number: A—, B— and.C— digit registers. The

A digit 7, registered- by the.operation' of relays. A2 and

AS, results in the grounding.of leads- D0 and. D7; lead
D0 being grounded over.the No. 8 contacts of relay AZ,
No. 25 contacts:of relay C3A,; to lead DO0; lead D7 being
grounded over the No. 1 contacts of relay AS, No. 4
contacts of relay A2, No. 29 contacts:of:relay: C3A, to
lead D7. The B: digit 3, registered by the operation of
relays BOO and B3, results in-the grounding of punch
leads E1 and E2; lead E1 being grounded over the No. 8
contacts of relay. B3, No. 21 contacts: of relay C3A; to
lead E1; lead E2-being grounded over the No.:1 contacis
of relays B00 and B3, No. 22 contacts of relay C3A, to
lead E2. The C digit 7, registered by the operation of
relays C2 and CS5, results in the grounding of leads F9
and F7; lead F@ being grounded over the No. 8 contacts
of relay C2, No. 15 contacts of relay C3A, to lead F0;
lead F7 being grounded over the No. 1 contacts of relay
C5, No. 4 contacts of relay C2, No. 19 contacts of relay
C3A, to lead F7. The six indicated punch magnets oper-
ate and punch the digit 737 in the D-, E- and F- digit
spaces, respectively, of the third line of the entry.
When ground is removed from lead P in the recorder
on signal from the transverter over lead PT that the cut-
in relay C3A was operated, relay P3K releases; and when
ground is applied to lead P1 by the recorder as an indi-

cation that the perforation of the line has.been checked,

relay P3A is operated over a circuit extending from
battery through its right winding, lead 548, No. 13 con-
tacts of relay C3A, lead 549, No. 1 front contact of relay
P3, lead 530, and thence as previously traced to ground
on lead P1. Relay P3A operates, locks over its left wind-
ing and No. 3 contacts to previously traced ground on
lead 505, and completes the circuit of relay PC0 from
battery through its winding, lead 550, No. 4 contacts
of relay CTM2, lead 551, No. 2 back contacts of relay
T5AT, lead 552, No. 5 contacts of relay P2, lead 553,
No. 1 back contacts of relay T5AT, lead 554, No. 2
contacts of relay P3A, to aforetraced ground on lead
505. Relay .PC@ operates and opens.the circuit of the
cut-in relay C3A which, on releasing, severs the comn-
nection between the perforator magnets and the trans-
verter, and releases relay CTM2, PCO0 and CTM3.
When ground is next applied to lead P by the recorder
for the second line of perforation, relays P2 and P2K
are operated as before described for a 2-line entry, oper-
ations then proceeding as previously described for the
punching of the two lines of a 2-line initial entry.

Fig. 140C illustrates a 5-line initial entry for a national
area call. It will be noted from this figure that the
first, second, fourth and fifth lines (counting from the
bottom up) are the same as those of a 4-line initial entry.
Between the second and fourth lines, however, is inserted
a third line, in the D-, E—, and F- digit positions of
which are recorded the three digits of the national area
code, all other digit positions being filled with zercs.
Assuming, then, that a call is being established to some
office in a national area of which the code is 209, the
operation of the transverter in recording the fifth line
under control of relays P4 and P4K and the fourth line
under control of relays P3 and P3K is the same as already
described for the fourth and third lines of a 4-line initial
entry. When, however, ground is applied to lead P by
the recorder for the perforation of the next (or third)
line, and due to the fact that relay 2LA is normal, a
circuit is completed for relays P5 and P5K from battery
respectively through the windings of said relays, lead
555, No. 1 contacts of relay P5A, lead 556, No. 3 front
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contacts of relay SL, lead 557, No. 1 front contacis of
relays P3A and P4A, and thence to aforetraced ground
on lead 489 from lead P. Relays P5 and P5K operate,

relay P5 locking over its left winding and No. 2 contacts
to aforetraced ground on lead 491, and completes the
circuit of cut-in relay C5A from battery through its wind-
ing, lead 558, No. 4 contacts of relay PCS, No. 3 con-
tacts of relay PSK, No. 2 contacts of relay PS5, to afore-
traced ground.on lead. 4%91. Relay C5A operates, locks

over.lead 559 and No. 24 contacts to aforetraced ground

on lead 496, and connects:the perforator leads with the
transverter. Over its No. 2 contacts it grounds lead PT
to signal the.recorder that the cut-in relay C5A has been
operated; over its:No.:5 contacts it grounds lead A0 for
the punching of the A digit 0; over its No. 3 contacts it

grounds lead 497’ to initiate timing by operating relay

CTM1; over its No: 6 and No. 7 contacts it grounds

leads ‘B4 and :B7, respectively, for the punching of the

B.digit 0; and over.its No.-8 and No. 9 contacts it grounds

leads  C4. -and -C7, respectively; for the punching of the

C digit 0. The D digit (that is, the A digit of the code)

is obtained from the setting of the A national area code

A-digit register (Fig. 77). Since: this digit has been

assumed to be 2 (relays NA®O and NAZ operated), lead

C0 is grounded over the No. 8 contacts of relay NA2

and the No. 10 contacts of relay C5A; while lead C2 is

grounded over the No. 6 contacts of relays NA2 and

NA00, and the No. 12 contacts of relay C5A. The E

digit (that is, the B digit of the code) is obtained from

the national area code B-digit register. Since this digit

is 0, leads E4 and E7 are grounded by the No. 5 and

No. 6 contacts, respectively, of:relay NBO and the No.

17 and No. 18 contacts, respectively, of relay CSA. The

F digit (that is, the C digit of the code) is obtained from

the. setting of the mational area code C-digit register.

Since this digit has been assumed to be 9 (relays NC4

and NCS5 operated) lead F2 is grounded over the No. 8

contacts of relay NC4, No. 7 contacts of relay NC5, No.

21 contacts of relay C5A to lead F2; lead F7 is grounded

over the No. 5 contacts of relay NCS, No. 6 contacts of

relay NC4, No. 23 contacts of relay C5A; to lead F7.

The magnets indicated by identically designated perforat-

inz leads operate to punch the “third” line of the entry -
with the national area code “209,” recorded in the D-,

E— and F- digit positions of the line.

When ground is removed on lead P on signal over
lead PT that the cut-in relay C5A has been operated,
relay P5K is released; and when ground is again ap-
plied to lead P1 as an indication that the perforation of
the line has been checked, a circuit is completed for relay
P5A from battery through its right winding, lead 560,
No. 1 contacts .of relay C5A, lead 561, No. 4 front con-
tacts of relay C5, lead 531, and thence as traced to ground
on lsad P1. Relay P5A operates, locks over its left wind-
ing and No. 2 contacts to previously traced ground on
lead 505, and completes the circuit of relay PC5 from
battery through its winding, lead 562, No. 9 contacts of
relay CTM2, lead 563, No. 2 front contacts of relay
T5AT, lead 552, No. 5 contacts of relay P2, lead 553, No.
3 and No. 2 contacts of relay P5A, to aforetraced ground
on lead 505. Relay PCS5 operates and releases relay C5A,
which disconnects the perforator leads from the trans-
verter. The succeeding lines of the entry, perforated un-
der the control relays P2—P2A and P1—P1A, then takes
place in the manner described.

When the perforation of the first line has been com-
pleted, ground is removed from lead P and connected to
lead P1, whereupon a circuit is completed for relay P1A
from battery over its right winding, lead 580, No. 13
contacts of relay ClA, lead 850, No. 1 back contacts
of relay BLL, lead 851, No. 1 front contacts of relay -
P1, No. 1 back contacts of relay TE1, No. 1 back con-
tacts of relays P1K, P2K, P3K, P4K, and thence as
previously traced to ground onlead 502. Relay P1A op-
erates, locks over its left winding and No. 3 contacts: to
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ground on lead 505, operates relay PCO from battery
through its winding, lead 550, No. 4 contacts of relay
CTM2, lead 551, No. 2 contacts of relay P1A, to ground
on lead 505, and operates relay P1B from battery through
its winding, lead 581, No. 5 contacts of relay P1A, No. 3
contacts of relay P1 to aforetraced ground on lead 491.
Relay PCO, in operating, releases relay ClA. Relay
P1B, when operated, extends ground on lead DS via
the No. 1 back contacts of relay TE, lead 582, No. 2
contacts of relay LP, No. 2 contacts of relay BLL, No. 2
contacts of relay P1B, to lead DS, thereby to operate a
relay in the recorder which completes the circuit of the
talking charge relay TC in the trunk over or through
ground on the contacts of said relay, lead TC (see Fig.
4), normally made No. 4 contacts of relay I, normally
made No. 5 contacts of relay TC, No. 4 contacts of relay
T, No. 6 contacts of relay F (which release when the
trunk is extended to the outgoing trunk), winding of relay
TC, to battery. This relay operates, locks to ground on
its No. 5 contacts to indicate a charge for the call if
answered, and releases relay DK in the recorder there-
by to cause relay RD in said recorder to operate. The
Iatter relay releases the tens and units relays of the call
identity indexer, the units relay releasing a units auxiliary
relay which removes battery from lead IR to release relay
IR in the transverter.

When 1elay C1A is released, the recorder magnets
and relays are restored to normal and the tape is ad-
vanced to the next line. The recorder then removes
ground from lead P1 and applies it to lead P, thereby to
complete the circuit of relay P6 from battery through its
right winding, lead 583, No. 1 front contacts of relays P1A
and P2A, lead 488, No. 1 front contacts of relay 2LA,
and thence as aforetraced to ground on lead P.  If the
call requires a 5-line entry, then said path will trace at
lead 488 over the No. 1 front contacts of relay P5SA,
lead 556, No. 3 front contacts of relay 5L, lead 557,
No. 1 front contacts of relays P3A and P4A, lead 489,
and thence as previously traced to ground on lead P. If
the call requires a 4-line entry, then the path extends
over lead 488, No. 3 back contacts of relay SL, lead 557,
No. 1 front contacts of relay P3A, No. 1 front contacts
of relay P4A, and thence as traced over lead 489 to
ground on lead P. Relay P6 operates, locks over its
left winding, No. 1 front contacts, lead 87 to ground on
the No. 9 contacts of relay CK6, and opens the circuit
of relay IOK at its No. 1 back contacts, causing the re-
lease of the latter relay. With relay IR released and
relay P6 operated, a path is completed for the transverter

release relay RL, said path tracing from battery through g

the winding of said relay, lead 584, No. 2 contacts of
relay XRL, lead 585, No. 3 back contacts of relay ORE,
No. 2 front contacts of relay TIB, lead 586, No. 2
contacts of relay P6, No. 4 back contacts of relay IR,

No. 6 contacts of relay XDK, back contacts of relay DK *

to ground. At its No. 5 contacts, it opens battery to the
start lead STO of the recorder, thereby to restore both
the recorder and recorder connector to normal; over its
No. 2 contacts it applies ground to lead 587, No. 1 con-
tacts of relay RTR, No. 3 contacts of relay TR, to lead
TVR extending through cables C3 and C2 to the lower
winding of relay TVR in the sender, thereby to cause
said relay’s operation, locking over its No. 7 contacts
to ground on the No. 5 contacts of relay TVS, and open-
ing lead STV to the transverter connector, which releases
relay SS therein, followed by the release of relay SA
and relays TS and TA and the disconnection of the trans-
verter from the sender. The release of relay SA re-
moves ground from lead CKG, thereby to release relay
CK6, in turn releasing relays OCK, CK4, CK1, CKS8
and the perforation progress relays P1-P6. Relay CK1
released, releases relays CK3, CK7 and SK or NSK.
When all register relays release, the transverter is ready
to process the next call, relays CK1 and NOK being op-
erated over the down-check paths as already described.
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It should be noted that relay CK?7 is held operated by
relays IOK, ROP, RL, etc. to prevent reseizure of the
transverter until all of these relays are released.

Before continuing with the sequence of operation fol-
lowing the release of the transverter, we will describe
briefly certain safeguards provided therein for alarms
which are operated in the event of trouble conditions de-
tected before and after the transverter is taken into use,
in the event that the transverter takes longer than a pre-
determined time to perform its over-all functions, in the
event that specific functions take longer than pre-allotted
intervals therefor, and in the event that certain other func-
tions take more than a predetermined, though smaller
time. These will be known, respectively, as Standing
Tests, Long Timing, Intermediate Timing, and Conden-
ser Timing. We will also describe the use of the trans-
verter with the line-observing and number-matching cir-
cuit shown in Figs. 120-132, by which a certain number
of subscriber’s lines, listed for service observing, are
checked on calls established therefrom, and a detailed
record (4-line initial entry) is produced for each such
call.

Standing tests

Certain leads in the transverter are constantly guarded
for false ground or shorts, and when they become so
grounded or shorted, the trouble indicator is attached
to the transverter to make a trouble record. The leads in
the transverster which are so guarded are given below,
together with operations which follow a trouble condi-
tion thereon.

(@) The punch and control leads F7-P1 extending to
the recorder (by way of the recorder connector) are nor-
mally bunched together, connected through individual
resistors at the back contacts of relay COA and lead
587 through the winding of relay XP1, and thence to a
potentiometer that provides approximately 20 volts, by
way of example. Relay XP1 operates on a closure to
battery or ground on any of the leads. Therefore it
detects either a falsely grounded lead or a cross on a
recorder cut-in relay to . battery through a perforator
magnet. Relay XP1 operates relay X from ground on its
No. 3 contacts, lead 588, No. 1 back contacts of relay
X1, upper winding of relay X, to battery. Relay X op-
erates and completes a circuit path for relay XP, which
extends from battery through its winding, No. 1 con-
tacts of relay XP1, lead 401, No. 4 contacts of relay X,
lead 589, to ground on the No. 7 contacts of relay TR.
Relay X also locks to said ground through its No. 3 and
No. 4 contacts, and operates relay XL from ground on
its No. 3 contacts, No. 4 normally made contacts of relay
XL, No. 1 contacts of relay TBC3, the winding of relay
XL, to battery. Relay XL then locks over the No. 1
contacts of relay TBC3, its No. 4 front and No. 1 front
contacts, lead 591, to ground on the No. 5 contacts of
relay COl1, the later relay having operated at the same
time as relay COA, as before described. Relay X also
operates relay TBC2 from ground on its No. 2 contacts,
lead 590, winding of relay TBC2, to battery, and the lat-
ter relay, when operated, operates relay CKG which, in
turn, operates relay COA as before described to indi-
vidualize the perforator and control leads, and to release
relay XP1.

Relay XL, on operating, completes the circuit of relay
DI. from battery through its winding, lead 404, No. 8
contacts of relay ORE, lead 498, No. 5 contacts of relay
X, No. 3 contacts of relay XL, to ground. Relay DL
operates to initiate other operations previously described
(including the operation and locking relay T1B) by
which the transverter is connected to the trouble indica-
tor, which operates to take a trouble record, the main
part of which in this instance will be an indication of the
recorder perforator or control lead having the false
ground thereon. = Relay DL operates relay TR which re-
leases relay X, in turn, releasing relays XP1 and slow-
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release relay TBC2, which releasés relay CKG, relay
COA and CO1. Relay CO1 released, opens the locking
circuit of slow-release relay XL. The release of relay
COA again bunches the perforator leads, and if the
trouble still remains, relay XP1 will reoperate before
relay XL releases, relay XP1 holding relay XL. The lat-
ter relay prevents the reoperation of relay X; relay XL or
XP1 then grounding lead CB to operate relays CB, thus
making the transverter test busy to all connectors.

() In general, a standing test is also applied to the
register leads which are not normally “down” checked
when the transverter is moved off-normal. The register
leads DTH~, DH~, DT, DU-, are grouped together at
the contacts of relay CO2, the leads RC8, RCI and RC2
are grouped together on the contacts of relay CO1, and
both groups are connected by way of lead 594 to the
lower winding of relay XCL. If one of these leads is
falsely grounded, relay XCL operates, locks over its
upper winding, No. 1 contacts, lead 401 to lead TM, or
over lead 460 to ground on relay TAl or TA2, if op-
erated. Relay XCL operates relays X and XL, thereby
causing the circuit to function as above described to
provide a trouble indicator record. Relay CKG operates
relays CO1 and CO2 to individualize the involved. leads
in order that the transverter trouble indicator may indi-
cate the particular Jead in trouble.

If the trouble remains after the trouble record has
been made, relay CKG releases as previously described,
releasing relay CO1 and CO2 and, in turn, reoperating
relay XCL. Relay CO1 also opens the locking path of
relay X1, but this locking circuit is re-established by
relay XCL and these relays remain operated as long as
the treuble continues; relay XCL, X or XL grounding lead
CB to make the transverter busy at all connectors, as
previously described. As will be explained later, relays
X, XL and XCL also start long timing as a further safe-
guard.

(¢) If lead IC in cable C3 (Fig. 97) from the trans-
verter connector is falsely grounded, relay XIC is op-
erated over its lower winding, as it does if relay TOK is

operated and the transverter is otherwise normal; the lat--

ter circuit path being from ground on the No. 8 back
contacts of relay. TM3, No. 1 contacts of relay TMS,
lead 576, No. 3 front contacts of relay TOK, lead 600,
No. 7 back contacts of relay RK, lead 601 joined to
lead IC, and thence as traced to the lower winding of
relay XIC. The latter relay operates, locks to lead 401,
and functions like relay XCL etc., to summon the trouble
indicator.

Relay XIC1 which has a predetermined potential con-
nected to its winding, checks that relays RK and TOK
release between calls. If relay RK fails to release, then
the battery supply for lead IC at the No. 4 contacts of
relay IC is extended over lead 572, No. 6 contacts of
relay RK, lead 571, No. 8 back contacts of relay CK4,
lead 604, winding of relay XIC1, to the potential supplied
by the potentiometer connected to said winding., If
relay TOK fails to release, then ground previously traced
to lead 576 will extend over the No. 3 front contacts. of
relay TOK, No. 7 front contacts of relay RK, lead 571,
No. 8 back contacts of relay CK4, thence as traced to
the winding of relay XICL. Under either condition,
relay XIC1 operates and closes an obvious circuit for
relay XIC which operates to summon the trouble indica-
tor.

(d) If relay ICK should operate because of a false
ground on lead ICK, said relay will operate, in turn
operating relays IC and ICB in the manner described.
Due to the fact that relay CKG is normal, a circuit is
completed for relay XICK either by relay IC or relay ICB,
whichever is operated, the path tracing from battery
through the lower winding of relay XICK, lead 605, No.
3 contacts of relay CKG, lead 696, to ground on the
No. 1 contacts of either relay IC or ICB. Relay XICK
_operates, locks to ground on lead 401 and operates like
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other relays in the group of cross test relays to stimmof
the trouble indicator.

(e) Relay XRST guards the chain circuit for operating
the recorder preference relays in the associated recorder
connector circuit, Tf relay TST is normal (as it should
be when the transverter is normal) and a relay RST¢9~
RST19 has failed to release, or the chain contacts have
failed to open the path to the preference relays, relay
XRST operates over lead 607, contacts of relay TST,
lead 464, No. 5 back or front contacts of relay RST—,
to the grounded conductor. Relay XRST operates and
grounds lead 498, connecting with lead 404 at the No. 8
back contacts of relay ORE, and to the winding of relay
DL, which operates to summon the trouble indicator as
before described. Relay TST is slow to release in order
to allow the start circuit paths of this transverter to be
cleared before the standing test is reapplied after a call
has been completed. In periods of heavy traffic relay
TST may not release between calls.

(f) If the recorder busy lead RB is falsely grounded
or crossed to ground in the transverter up to and includ-
ing the chain contacts of relays RST—, relay XRE oper-
ates over a path extending from battery through its lower
winding, lead 608, No. 1 back contacts of relay CKG,
lead 689, No. 2 back contacts of the involved relay RST—,
to ground on lead RB. Relay XRB operates, locks over
its upper winding and No. 1 contacts to ground on lead
401, and functions like the previously described cross-
test relays to summon the trouble indicator. It should be
noted that relay XRB also checks that relay RTR (re-
corder trouble release) does not remain operated indefi-
nitely. If relay RTR is operated when the transverter is
otherwise normal, the circuit of relay XRB is completed
as traced to lead 699 (Fig. 98), thence over lead 609,
No. 2 back contacts of relay CK4, lead 619, No. 3 con-
tacts of relay RTR, to ground.

(g) While the transverter is normal, position release
lead PR and recorder operator lead ROP are covered con-
tinuously by relay XPR until required for signaling pur-
poses. A false ground on either lead PR or ROP oper-
ates relay XPR as already described. It should be noted
that the guard of relay XPR is extended over lead 58 and .
the No. 44 contacts of relay ICOA to the billing indexer
in order to provide a continuous guard on relay ROP of
said billing indexer. '

() Leads TVR, TRL and ROM are guarded by relay
XRL except when these leads are in use. If lead ROM
becomes falsely grounded, a circuit is completed for re-

lay XRL from said ground on lead ROM, No. 7 back

contacts of relay TM$, lead 45, No. 1 back contacts of
relay TR2, No. 5 contacts of relay RTR, No. 4 contacts
of relay TR, lead 612, No. 1 contacts of relay RL, lead
612, lower winding of relay XRL, to battery: If lead
TVR is falsely ground, the circuit of relay XRL is com-
pleted from ground on said lead TVR (Fig. 84), No. 3
contacts of relay TR, No. 1 contacts of relay RTR, lead
587, lead 613, No. 3 contacts of relay TBC3, lower wind-
ing of relay XRL, to battery. If lead TRL is falsely
grounded, the circuit of relay XRL is completed from
ground on said lead TRL (Fig. 98), No. 7 contacts of
relay RTR, No. 8 back contacts of relay TR2, lead 614,
No. 4 back contacts of relay TM3, lead 615, No. 5 con-
tacts of relay TBL, lead 616, No. 6 normally made con-
tacts of relay TE, lead 617, No. 1 back contacts of relay
LP, No. 1 back contacts of relay XDK, lead 618, No. 5
back contacts of relay TR, lead 612, and thence as traced
to the lower winding of relay XRL. This relay operates,
locks over its upper winding and No. 1 contacts to.
ground on the timing lead 401, and functions to connect:
the trouble indicator. Relay XRL, at its No. 2 contacts,.
opens the operating path of relay RL, thus reducing the-
hazard of finding a grounded release lead in case a serv--
ice call enters the transverter before the circuit can be:
made busy. Without the need of tracing the various cir--
cuit paths, relay XRL also operates if relay RL or P5 is.
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prematurely operated, or if the contacts of relays TM3,
TM6, TIB or RTR are crossed.

(h) Lead CK (Fig. 81) to the recorder is continuously
guarded by relay XCK until its use is anticipated by the
operation of relay TBL. Hence a false ground on lead
CK completes the circuit of XCK over the No. 1 back
contacts of relay TBL, lead §19, lower winding of relay
XCK, to battery. The latter relay operates, locks over: its
upper winding and No. 1 contacts to ground on timing
lead 401, and functions to connect the trouble indicator
to the transverter.

(i) It will be recalled that relay X2P operates in the
event that two progress relays P— are operated for one
line of recording, and that said relay X2P, when operated,
compietes the circuit of relay DL to summon the trouble
indicator. Relay X2P also provides for holding relay
CKS to assure that relay X2P is released befcre the start
of another call.

The operation of two relays P—A is detected only
when two of the relays PC6, PCE and PCS5 are operated
at the same time. Relay X2P is again operated through
chain contacts on these relays, relay DL being then oper-
ated to provide a transverter trouble indicator record.

(j) If two tens relays are simultaneously operated in
the call identity indexer (not shown, but indicated) while
recording is in progress, relay XT is operated over the
lead XT (Fig. 93). Relay XT operates relay XTU,
which locks over its No. 2 contacts, lead 589, to ground
on the No. 7 contacts of relay TR. Relay XTU grounds
lead 498 to operate relay DL, thus to provide a trans-
verter trouble indicator record.

Before recording has started, relay XTU is connected
to the units lead UK of the call identity indexer to check
for a false ground thereon. When the perforation of
the first line has started, relay LP operates as described,
and, over its No. 6 front contacts and lead 621, transfers
lead UK from relay XTU to relay UMG. If two or more
units relays are operated in the call identity indexer, re-
lay UMG operates, operating relay XTU to summon the
trouble indicator.

(k) Leads DTK and DTKA (Fig. 81) from the re-
corder are used to check the winding and contacts of
relay TC in the trunk for premature operation, or for
false grounds on the associated leads. When the trunk
is seized and relay T therein is operated in the manner
described, relay TC operates if ground is applied to lead
TC from the recorder. Consequently a false ground on
lead TC will result in a false operation of relay TC
and a false charge for the call if not detected in advance.

In the recorder, lead TC is joined through contacts of a *

relay to lead DTK, in consequence of which a false
ground on lead TC will complete a circuit over the No.
1 back contacts of relay IR and the No. 4 contacts of
relay PIB to the left winding of relay DK. Similarly,
a device in the recorder responds to a falsely operated
relay TC in the trunk, in consequence of which said de-
vice applies a ground over lead DTKA to the right wind-
ing of relay DK. In either case, relay DK operates,
locks over its right winding and normally made No. 3
contacts of relay XDK to ground on its own front con-
tacts and operates XDK, which locks to off-normal
ground on lead TONG12 and grounds lead 498 to oper-
ate relay DL, which summons the trouble indicator.

There are certain trouble conditions detected by the
sender for which trouble records are made by the trans-
verter trouble indicator. However, since certain of these
troubles involve the period taken by the transverter to
process a service call, the timing of the transverter will
be described first.

Long timing

The over-all operation of the transverter must take
place within a predetermined “long timing” period, while
certain of its specific operations must be performed. with-
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in certain smaller timing intervals.
described first.

Relays TMS and TM6 and the associated interrupter
DB are furnished to give an alarm, release any engaged
recorder circuit, and provide a trouble release signal if
some trouble occurs that would prevent a shorter time-
out, or in case lead DB is permanently grounded.

When the transverter is seized by the operation of relay
TA of the transverter connector lead DB is grounded,
operating relay CBR which makes the transverter busy
at all other transverter connectors. Said lead DB con-
nects to, among other places, the swinging contact of
interrupter DB. Hence when the swinger of said inter-
rupter engages with its left stationary contact, an obvious
circuit is completed for relay TMS5, which operates and
locks over its No. 1 contacts to operating ground. When
the swinger engages the right contact after the operation
and locking of relay TMS, a circuit is completed from
ground on lead DB, right contacts of interrupter DB, No.
2 contacts of relay TMS5, winding of relay TM6, to bat-
tery, operating the latter relay, which locks to operating
ground over its No. 4 contacts, opens the recorder start
lead ST- (at lead 470), grounds leads ROM and ROP
to the sender (the latter lead being grounded as a second
means of releasing the sender in case lead ROM is in
trouble), and releases relay IOK1 to release the billing
indexer. By way of example, the rotation of interrupter
DB may be at a speed such that the operation of relay
TM6 takes place in 14 to 29 seconds after the grounding
of lead DB, Relay TM4 then operates from the No. 5
contacts of relay TM6, locks over lead 630 to ground on
the alarm release key AR, and lights the lamp TA. The
transverter then remains out of service until key AR is
cperated and relay TM4 released.

Relay ROM in the sender, like relay ROP therein, oper-
ates over its lower winding and locks over its upper
winding and No. 4 contacts, to ground on the No. 7
contacts of relay DRL. With the operation of relay
ROP, relay TVS releases to remove ground on lead
STV, thereby to release the transverter connector and the
transverter. It will be noted that with the operation of
relay ROM a circuit is closed for relay TR0 from bat-
tery through its winding, No. 3 contacts of relay ROM,
to ground on the No. 7 contacts of relay DRI.. ROM
relay locks over its upper winding and No. 4 contacts to
said ground. Since the locking circuit of relay TVS ex-
tends over the back contacts of relay TR, it follows
that even if relay ROP fails to operate, the operation
of relay TRO releases relay TVS to cause the release of
the transverter from the sender.

Long timing will be

Intermediate timing

There are a number of interrupter intervals covered
within the over-all time-out of relay TM6 which will
cause the release of the transverter, and the seizure of
another transverter (and another billing indexer) by the
sender for a “second trial” in an effort to complete the
record for the call. This is controlled by the duration
of ground on lead TM (Fig. 83), which is grounded by
relay TA of the transverter connector when operated to
attach the transverter, said lead TM being lead 401 be-
yond the: No. 3 contacts of relay EXT.

Accordingly, when ground is applied to lead TM,
relay TMS2 is operated from ground on lead 401, No. 1
back contacts of relay W, No. 2 back contacts of relay
Z, No. 6 contacts of relay TM1, No. 2 contacts of relay
TMS3, No. 2 contacts of relay TMS1, lead 482, No. 20
back contacts of relay CK7, lead 403, winding of relay
TMS2, to battery. Relay TMS2 operates, locks cver its
No. 3 contacts to ground, on lead 401. Greund on
armature 4 of relay TMS3 is applied to the contacts of
interrupter TM. Relays W and Z now operate in the
usual and well-known W-Z relay sequence, relay W
operating on the first closure of the. interrupter, relay Z

)
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operating on the first open period of said interrupter
(both relays operated), relay W releasing on the second
closure, and relay Z releasing on the second opening.
While relay W is released and relay Z is operated, relay
TM1 is operated over battery through its winding, No. 4
back contacts of relay TM2, No. 2 front contacts of relay
Z; No. 1 back contacts of relay W, to ground on lead
401, locking over its No. 3 contacts and No. 4 contacts
of relay TMS2 to ground on lead 401. On the closure
of the interrupter TM after relay Z releases, relay TM2
operates over battery through its winding, No. 5 contacts
of relay TM1, No. 1 contacts of relay Z, No. 1 front
contacts of relay W, to ground on lead 401, locking over
its No. 3 contacts to ground on the No. 2 contacts of
relay - TM1, and operating relay DL from ground over
its No. 2 contacts in an obvious circuit, thereby sum-
moning the trouble indicator. That is to say, if after the
transverter is seized, relay CK7 is not operated in an
interval of 2.45-3.75 seconds (measured by the opera-
tion of relay W-Z), it is assumed that the transverter 'is
not in a functioning order. If timing continues after
relay TMS2 is operated, relay TM3 is operated by the
cyclic operation of relays W and Z, grounds the trouble
release lead TRL to the sender at its No. 4 contacts,

opens the recorder start lead ST—, and operates relay -

TM4 to give an alarm. Relay TM3 also releases relays
JOK1 and IOK2 if operated, thereby to provide for the
immediate release of the billing indexer, should the latter
still be connected to the transverter.

If timing continues after relays CKé and CK7 are op-
erated, relay TMS2 releases (or is prevented from op-
erating), releasing relay TMS3. With relay CK7 op-
erated, relay TMS1 operates over a circuit extending from
battery through its winding, lead 640, No. 11 contacts of
relay CK7, No. 1 contacts of relay RKA, lead 641, No. 1
contacts. of relays TMS2 and TMS3, and thence as traced
to ground on lead 4901, locks over its No. 3 contacts t¢
said ground, and operates relay TMS3. Relays W-and Z
are now operated for one cycle to result in the operation
of relay TM1. If by the time the latter relay has op-
erated check relay OCK or ONCK has not cperated, a
circuit is closed for relay DL from battery through its
winding, lead 404, No. 8 contacts of relay ORE, lead 642,
No. 4 contacts of relay TM1, lead 643, No. 1 contacts of
relay OCK, lead 644, No. 4 contacts of relay ONCK,
lead 645, lead 505, to ground on the No. 3 contacts of
relay CK6.

If timing continues until the recorder is seized, as
evidenced by the operation of relays RK and RKA, the
latter relay releases relay TMS1, in furn releasing relays
W, Z and TMS3. A circuit is then completed for relay
TMS2 from battery through its winding, lead 403, No. 2
contacts of relay RKA, No. 20 contacts of relay CK7, lead
402, and thence as traced to ground on lead 401. Relay
TMS2, on operating, then operates relay DL as before de-
scribed to connect the trouble indicator.

When the recorder is engaged, one of the relays P-

" should operate, as already described. The operated re-
lay P— then operates a cut-in relay CO-, which, in turn,

operates relays CTM1 and CTM2, also as already de-

scribed. If relay TMS2 is operated, a circuit is completed
for relay TML1 or TMLZ depending upon which of the
combination of relays W and Z is operated at the time. If
relay W is operated, the circuit is completed for relay
TML1 from battery through its winding, No. 3 contacts
of relay W, No. 3 back contacts of relay Z, No. 2 contacts
of relay TMS2, lead 646, No. 6 contacts of relay CK4, lead
647, No. 4 contacts of relay RL, lead 648, No. 8 contacts
of relay CTM2, lead 649, to ground on the No. 7 contacts
of relay CK3. If relay Z is operated, the circuit is com-
pleted for relay TML2 over the No. 4 contacts of relay W,
No. 3 front contacts of relay Z, No. 2 contacts of relay
TMS2, lead 646, and thence as traced to ground on relay
CK3. Either relay when operated locks to operating
ground, and when the timing has advanced until both
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relays are operated, a circuit is completed for relay DL
from ground serially through the No. 2 contacts of relay
TML2, No. 1 contacts of relay TML1, lead 642, and
thence as traced to the winding of relay DL. The opera-
tion of the latter relay operates to summon the trouble
indicator and give a second trial.

Condenser timing

There are a number of “short” timing intervals (.200-
.280 second) which are measured by the operation of polar
relay CTM and the charging of capacitor C1. As will be
recalled, capacitor C1 is normally charged, and is dis-
charged when the operation of any one of a number of
relays indicates the completion of a particular function
within the time allowed ot operate relay CTM. If the
function is not completed, relay CTM operates, in turn op-
erating relay DL for a trouble indicator record and a
second trial. 'When relay CKG operates, it grounds lead
49 to discharge the capacitor. As will be also recalled, on
the operation of relay CK7, a circuit is closed to the pri-
mary (lower) winding of relay CTM, which does not
operate, but begins to operate when relay INS operates to
open the discharge path of capacitor C1, which is in series
with the secondary (upper) winding of relay CTM, said
relay then operating when the capacitor is charged, by way
of example, in the predetermined interval of .200-.280
second. Hence relay CTM starts the “condenser timing”
cycle from the instant that relay INS operates. . If the
function to be performed in the interval is actually per-
formed, ground is reapplied to capacitor C1 to prevent
relay CTM from operating. If the function is not. per-
formed, then relay CTM operates and ground on lead 499
from the No. 5 contacts of relay CK1 closes the circuit
of relay DL to produce a trouble record and give a second
trial.

No attempt will be made to describe all the functions,
each of which, on being performed, causes the cancellation
of condenser timing. The examples described below,
however, are typical of those not included in this de-
scription but shown on the drawing.

(a) The billing indexer, if not busy, should be con=
nected to the transverter within the condenser timing in-
terval.. If it is, relay ICOA1 operates, grounding lead
48 which joints lead 49 at the No. 2 contacts of relay
CK2 to ground the capacitor C1. The release of relay
CK2 then restarts the timing cycle to time the operation
of the indexer. .

(b) If all the billing indexers are busy, relay CBG is
operated from ground serially through the No. 3 contacts
of all relays IB—, lead 648, No. 6 contacts of relay INS;
lead 649, No. 5 back contacts of relay INK; lead 476,
winding of relay CBG, to battery. The latter relay, on
operating, applies ground to capacitor C1 from the No. 1
back contacts of relay INK, lead 649, No. 1 contacts of
relay CBG, to lead 49, thereby to cancel timing. How-
ever, if a billing indexer meanwhile becomes idle, relay
CBG releases, and when said indexer is seized, relay INK
operates as already described, transferring the winding of
relay CBG over leads 475 and 474 to lead BY of the
recorder, fo determine the idle or busy condition of a
recorder in the given recorder group, said relay thus per-
forming the dual function of determining the busy condi-
tion of all billing indexes and the busy condition of all
recorders. Timing for the available indexer then takes
place as before.

(c) When the indexer is seized, one of the signals there-
for is the release of relay CK2, as already pointed out,
and this begins the condenser timing cycle for the indexer
functions, which are completed when its output is trans-
ferred to the transverter and relay IOK operates in conse-
quence thereof. The latter relay releases relay IOKI,
which applies ground over its No. 3 back contacts, No. 1
front contacts of relay 1I0K2, lead 649, No. 7 contacts
of relay CKS, to lead 49. Obviously if the functions are
not completed. within the timing cycle, relay IOK will
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not operate, relay IOK1 will not release, and timing lead
49 is not grounded.

(d) Relay IOK1, in releasing, also releases relay JIOK2,
thus starting a fresh timing cycle for recorder seizure.
When the recorder is seized, relay RK is operated (as
will be recalled), resulting in the operation of relays
RKA, P4 or P2, C4A or C2A, LP and CTM1 in se-
quence, each of which grounds lead 49 to cancel timing.

If all the recorders are busy, relay CBG is operated over
lead BY. When a recorder becomes available, relay CBG
releases to start timing, and when it is seized relay RK
operates, thereby making ineffective the contact on relay
CBG which grounds lead 49. Relay CK4 also controls
the recorder busy lead BY in order to provide a timing
cycle should relay CK4 fail to operate.

(e) When the recorder is ready to perforate a line,
relay P4 or P2 operates as already described, in turn oper-
ating relay C4A or C2A, respectively, which in turn oper-
ates relay CTML1 to cancel timing. Relay CTM1 operates
relay CTM2, which locks independently of relay CTM1
and operates relay CTM3, all as previously described.
Relay CTM3 closes lead P1 in part and releases relay
CTM1 to start a new timing cycle. When the perforation
of the line is completed, the involved cut-in relay C4A
or C2A releases, but timing continues until relay C3A
or C1A operates to perforate the next line, and to re-
operate relay CTM1. Thus a timing cycle is provided
for the perforation of each line. After the last line is
perforated, however, timing is not stopped with the re-
lease of relay CIA, but continues until relay CK6 is re-
leased, which stops timing.

(f) When the recorder start relay RST— operates, and
after relay IOK1 is released, relay EXT is connected to
lead EXT of the recorder. If said recorder is engaged in
operations such as “end-of-tape” entries (which are en-
tries placed on the tape under the control of another
circuit for purposes of tape identification) or “3AM” pat-
terns, as described in the above-mentioned W. W. Car-
penter et al. patent, which cause more than normal delay
before the transverter can gain access to the recorder,
lead EXT is grounded and relay EXT is operated thereby.
Relay EXT grounds lead 49 over its No. 2 contacts to
cancel timing, and opens the timing lead 401 at its No. 3
contacts, leaving only the “long timing” circuit active.
Relay EXT also opens the recorder start lead RST- at
its No. 4 contacts unless relay RKA is operated, an ar-
rangement which prevents interference with a call in case
lead EXT is falsely grounded after perforation has started,
and prevents premature release of the recorder with an
incomplete entry. If relay RKA is not operated, the
transverter waits until relay EXT releases and then pro-
ceeds with the call.

Second trial

In all of the above conditions that result in the opera-
tions of relay DL and the production of a trouble record
by the trouble indicator, the sender is afforded an oppor-
tunity of completing the production of the initial entry
by means of another transverter and another billing in-
dexer (second trial). If operations have advanced to
recording, and the perforation of the line fails to check,
thus indicating an incomplete perforating operation, the
entry “287000” is placed on the tape immediately follow-
ing the line of the initial entry at which the failure has
occurred, the purpose of the “287000” entry being to signal
the accounting center equipment, on sensing the entry, to
ignore the initial entry (or part thereof) that follows it.
After the trouble entry is recorded, a second trial follows.

If the recorder is out-of-service, a second trial is
afforded only with bulk-billed calls, all other calls being
disposed of with a reorder (ROM signal) to the sender.
If the second transverter and billing indexer also fail in
causing the recorder to perforate a successful initial entry,
the transverter grounds the trouble release lead TRL to
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the sender for bulk-billed calls only, all other calls being
disposed of by reorder.

When the transverter is first connected to the trans-
verter connector, the operation of relay TA in the latter
circuit causes ground to be applied from the No. 2 back
contacts -of relay TR1, No. 4 contacts of relay TA, to
lead TR1, resulting in the operation of relay TR1 in the
transverter, which locks over its No. 1 contacts to ground
on the No. 17 contacts of relay CK7. Now when relay
DL operates in response to the closure of one of its cir-
cuit paths, it results in the seizure of the trouble indicator,
as already described. When the latter device has com-
pleted making the trouble record it grounds lead TIB to
operate relay TIB. If the call is being timed, relay TM2
is operated, by way of example, it applies ground to lead
TRL over its No. 1 contacts, No. 3 contacts of relay TM3,
lead 650, No. 3 contacts of relay TIB, No. 5 front con-
tacts of relay TR, lead 618 and thence as previously traced
to the trouble release lead TRL, resulting in the operation
of relay TR in the transverter connector over the No. 9
contacts of relay TA, No. 1 back contacts of relay TRI,
winding of relay TR, to battery. Relay TR operates and
removes the short-circuit to the battery connected to the
left winding of relay CB, which then operates from ground
on lead CB supplied by a set of contacts on the operated
relay CBR in the transverter. Relay CB operating, re-
leases relay TS which, in turn, releases relay TA, thereby
disconnecting the transverter. When relay TA releases,
relay TR1 operates in series with relay TR to ground on
the No. 6 contacts of relay SA, both relays remaining in
this condition until the sender releases and releases relay
SA. However, the fact that relay SA is still operated will
cause the sender to seek another transverter, since the pre-
viously described starting circuits from the sender through
the contacts of relay SA have not been disturbed. When
another transverter is connected to the sender, lead TR2
is grounded (instead of lead TR1) from the No. 2 con-
tacts of relay TRI causing the operation of relay TR2
in the (second trial) transverter, indicating to the latter
that it is used on a second trial, relay TR2 locking over
jts No. 5 contacts to ground in the No. 17 contacts of
relay CK7.

Should the second transverter also fail to produce a
record of the initial entry for the call, the trouble release
ground is switched to lead TRL if the call is a bulk-billed
call, or to lead ROM if the call is a toll call. In the
former case, and considering that relays TR2 and 2L are
operated in the second transverter, the release ground
previously traced to the No. 8 back contacts of relay TR2
from lead 614 now traces through the No. 8 front con-
tacts of said relay, No. 4 back contacts of relay RTR,
lead 651, No. 5 back contacts of relay IOK2 (if normal,
otherwise directly from the contacts of relay TR2 and op-
erated contacts of relay I0K2), lead 653, No. 4 back
contacts of relay TS, No. 3 back contacts of relay MUD,
No. 3 front contacts of relay 2L, to lead TRL. If the call
is a MUD call (bulk-billed detailed), relay 2L will be
normal and relay MUD will be operated, in which event
the trouble release ground traced to the No. 4 back con-
tacts of relay TS extends directly to lead TRL over the
No. 3 front contacts of relay MUD. 1If the call is a toll
call, relay TS will be operated, and the ground on lead
653 traced to the No. 4 front contacts of said relay
extends over lead 45, No. 7 back contacts of relay TM6,
to lead ROM, operating relay ROM in the scnder, thereby
causing the connection to go to an overflow trunk, an
operation which is irrelevant to the present invention.

As previously stated, arrangements are provided to
record a trouble entry 287000 on the tape after one or
more lines of an initial entry have been perforated by
the recorder when the latter circuit cannot complete the
entry, or the entry does not check correctly after perfora-
tion. When the recorder is ready for perforation, relay
P4 or P2 operates to result in the operation of relay C4A
or C2A, respectively, as already described. The operation
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of either of said relays operates relay -CTMI1, which
grounds capacitor C1 over lead 49 to cancel condenser
timing. Relay CTMI1 then cperates relay CTM2, locking
independently of relay CTM1 and operating relay CTM3,
which releases relay CTM1 to start a new period of
condenser timing. However, the fact that relay C4A or
C2A has operated, theréby connecting the transverter with
the perforating magnets of the recorder, will cause the
line of the entry or some part thereof to be perforated.
The line progress relay LP, therefore, is operated by re-
lays C4A and C2A. At its No. 1 contacts relay LP
transfers-the trouble release lead TRL over its front con-
tacts and to the winding -of ‘the trouble entry relay TE,

[

10

thereby to delay trouble release wuntil the ‘trouble entry -

has been recorded on.the-tape.

If the recorder fails to check that the -perforator mag-
nets are operated in the ‘proper pattern, it grounds lead
TBL, thereby operating relay. TBL. Over its No. 4 con-
tacts, relay TBL grounds lead 498 to complete the circuit
of relay DL thereby to ‘summon the trouble indicator,
relay TR .operating locally from relay DL. It also pro-
vides .a supplementary locking path for the cut-in relays
C- (relay C4A for example) over lead 496, No. 6 con-
tacts of relay CTM2, lead 657, No. 3 front contacts -of
relay TBL, No. 5 back contacts of relay TE1, lead 491,
No. 4 contacts of relay CKS5, to ground on the No. 4
contacts of relay CK:8. Relay TBL also transfers lead CK
over its No. 1 front contacts to ground on the No. 2
contacts of relay TE, and at its No. 5 contacts opens the
trouble release control lead TRL from the transverter
connector.

After the trouble indicator record is made, relay TE is
operated over lead 659, No. 1 back contacts of relay
PIB, No. 1 front contacts of relay LP, No. 1 back con-
tacts of relay XDXK, and thence as traced to any one of
the involved grounds applied to lead TRL. Relay TE
locks over its No. 4 contacts and lead 655 to trouble
release ground, opens the locking path for the cut-in
relays at its No. 5 contacts, which, however, remain op-
erated under the control relay TBL via lead 496 as pre-
viously described, transfers lead P at its No. 3 front
contacts to the No. 1 contacts of relay TELA via the
No. 1 contacts of relay. CTM3, grounds lead CX at its
No. 2 front contacts via the No. 1 front contacts of relay
TBL, operates the involved P-A (relay P2A, .for ex-
ample) over a path previously traced to the No. 1 back
contacts of relay TE1, thence over the No. 7 contacts -of
relay TE, lead 658, and thence as traced to trouble re-
lease ground. Relay TE also cperates relay PA over its
No. 8 contacts, lead 659, to ground on the No. 2 contacts
of relay CTM2, but the operation of relay PA serves no
purpose except to release the cut-in relays C- should
relay P-A fail to operate from relay TA. The ground
supplied over lead CK operates a relay CK in the re-
corder, and when the latter has operated releases relays
TBL of both the recorder and the transverter in sequence,
allowing the recorder to resume progress under the con-
trol of the transverter.

Relay P2A (as an example, on operating), locks as
before to ground on lead 565, and operates relay PCE
(PCO or PCS5 operating according to which other relay
P-A operates), in turn releasing relay C2A, the latter
releasing relays CIM2 and CTMS3 in sequence. Relay
CTM2Z releases relay-PA which releases the paper advance
magnet of the recorder. The released cut-in relay C2A
releases the perforator magnets, and the recorder then
operates to the point of grounding lead P in readiness to
perforate the trouble entry line 287000. Since relay TE
has transferred lead P ‘to the No. 1 contacts of relay
TE1A, ground thereon operates relay TE1 over the No. 1
back contacts of relay TE1A; which locks to ‘ground on
lead 565 and operates relay TEAB by ground on lead
491, No. 5 front contacts on relay TE1, No. 4 contacts
of relay TE1A, lead 660, No. 2 back contacts of relay
XDK, lead 661, winding ‘of relay TEA, to battery. By
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operating, relay TEA grounds perforator leads A2, Bl,

B7, C0, C7, D4, D7, E4, E7, F4-and F7, thereby causing
'the perforator to punch ‘the Lrouble entry “287000.” Tt

also grounds lead PT.

‘The recorder subsequently functlons as on a regular
call, and after checking the proper combinations of
grounded perforator leads, grounds lead P1, which .op-
erates relay TE1A over a path. extending from battery
through its right winding, No. 1 front contacts of relay
TE1, No. 7 contacts of relay TE, lead 658, No. 2 back
contacts of relay TBL, lead 0661, No. 5 .contacts of
relay CKS8,. to ground on lead P1. Relay TE1A locks
over its left winding. and No. 2 contacts to_ground on
lead ‘505, and releases relay TEA which removes. ground
from the indicated perforator leads and opens lead PT.
The recorder then makes the paper .advance. operation
and grounds lead P in the regular manner. Since this
lead has. been joined by reélays TE :and TE1A to the
trouble release lead TRL, the latter signals the trans-
verter connector to release the transverter in the manner
described. ‘ .

Line observing and number checking

The fransverter is arranged for operation- with the
line-observing and. number-matching circuit shown in
The purpose of the latter <cir-
cuit is to provide means for designating at any par-

-ticular time a.'predetermined:number.of subscribers’ di-

rectory numbers. with respect- to- which  detailed infor-
mation is desired on all calls o‘rigin‘a’ted from the stations
identified by said numbers. That is-ito say, one or:more
'of ‘the ‘ofiginating offices served by tandem may have no
service observation. therein. for ‘the office. as a whole, in
which event the transverter relay NSO is operated by
the sender-and the regular 2-line .or 4-line initial entry

“will be-made for the.call as required. -Cdses arise; how-

ever, in which subscribers complain. about the service,

‘which, while not serious. enough to- justify service ob-

-servation on-all calls from the office (or -offices) in which
the lines of 'said subscribers terminate, nevertheless does
require. detailed records for the calls from -each- of- the !
complaining -lines.

The dlrectory number of each of the lines under ob-
servation: is “written. up” on: a set of switches in- the

‘line-observing. and number-matching circuit, there- being

a. sét ofsuch switches in the circuit for-‘each line to be
observed: ‘'When one of said:linies is extended to tandem
for the: completion of a call therethrough -and for' the
production  of the -three entries for said’ call, the trans-
verter advances the registration of:the calling line num-
ber: (including the calling office code)- into a set -of
numerical: registers” of the line-observing and number
matching circuit. If the number registered-in-the numeri-
cal registers matches the number set up on‘one of- the
sets of switches, the transverter is signaled to 'make a
4-line initial entry for the call. If the call is a bulk-
billed call, the -effect of the signal is-to cause -the trans-
verter ‘to produce a 4-line (MUD) initial- entry for-the
call instead of the: usual bulk-billed 2-line initial: entry,
but with: the B.digit ‘of the first line -of the initial-entry
the numeral 4 instead of the numeral 3 ‘to indicate that
the call is an observed call. If the call is a toll call, the
regular 4 (or 5) line initial entry will be produced, ex-
cept, however, that the B digit of:the first line will be
the numeral 4 if a 4-line entry or the numeral 6 if a 5-
line entry to indicate in-each case that-the call is-an ob-~
served call.

Two number matching circuits should suffice for one
tandem exchange, and two such circuits are shown in
Figs. 120132, the plurality of set-up switches used by
the two circuits being shown between the two. -The
two - circuits are electrically so-arranged that each trans-
verter normally prefers one of them if free, but may
use ‘the other if it is not.
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Returning, now, to the operation of the transverter,
and referring also to Figs. 120-132, when said transverter
is connected to the sender by way of the transverter
connector, resistance battery on the No. 1 contacts of
relay LOB (Fig. 91) completes the circuit of the trans-
verter preference relay PROO of the preferred line number
and matching circuit, assuming that said circuit is avail-
able, the circuit path of said relay being traced from
said battery, lead 700, No. 2 contacts of relay NLO, lead
LST in cable C3, No. 7 contacts of relay TA, lead ST
in cable 11, No. 1 back contacts of relay CB09, winding
of relay PROQ, serially through normally made No.
3 contacts of other relays PRO—-, each individual to a
transverter, lead 701 to ground on No. 2 contacts of relay
RE. Relay PRO0 operates. Over its No. 2 contacts it
grounds lead 702 to operate relay MBG0, which completes
the circuits of all relays CB00-CBO1 and operating all
except relay CBO0 associated with the operated relay
PROO, the battery of which is short-circuited by ground
on the No. 1 front contacts of the operated relay PR0O,
said latter relay also remaining operated, since battery
to its winding over lead ST is maintained over the No. 1
back contacts of relay CB0J.

Another transverter having the same preference and
seeking a line-observing and number matching circuit will
have battery on its start lead ST transferred over the
front contacts of relay CB01 (for example), No. 1 back
contacts of relay CB11, winding of relay PR11, nor-
mally made No. 3 contacts of intermediate relay PRI1-,
lead 703, to ground on the No. 1 contacts of relay RE
of the second number matching circuit. Those trans-
verters which normally prefer the second circuit will, of
course, have their start leads ST— connected directly to
the armature of the No. 1 contacts of the involved
relay CB1-.

If the transverter seizes its non-preferred line-observing
and number-matching circuit because its preferred one is
busy at the time, provision is made to hold relay CB00
of the preferred circuit in the event that said circuit is
restored while the transverter is connected with the non-
preferred circuit. Thus suppose that when battery is ap-
plied to the start lead ST, the preferred line-observing
and matching circuit controlled by relay CB00 is busy.
Relay CB00 will then be operated, and the battery on
lead ST is transferred over its No. 1 front contacts and
No. 1 back contacts of relay CB10 to the winding of
relay PR10, resulting in the operation of all relays CB1—
except relay CB10. Since relay CBO00 is operated, its
release when the transverter is through with the line-
observing and matching circuit would disrupt battery on
lead ST to the winding of relay PR10. To prevent this
occurrence, ground supplied from the No. 2 back con-
tacts of relay LOB in the transverter that operated relay
PR10 is passed to lead 704, No. 1 contacts of relay NLO,
lead LG in cable C3, No. 8 contacts of relay TA of the
transverter connector, lead LG in cable C11, No. 5 con-
tacts of relay CB10, No. 3 contacts of relay. CBO0O,
winding of relay CBO0, resistance to battery. This pre-
vents relay CB00 from releasing, thereby maintaining
battery on lead ST to the winding of relay PR10 until
the transverter releases the non-preferred line-observing
and number-matching circuit.

With the transverter thus connected to one of the
line-observing and number-matching circuits (for ex-
ample, the one under the control of the relays PRO-
and shown in Figs. 121, 124, 127, 130 and associated
switches in Figs. 122, 125, 128 and 131), a “down
check” is made of the numerical registers of. the circuit
to insure their normal condition before receiving the
calling directory number from the transverter. This
check traces from ground on the No. 2 contacts of
relay UP (Fig. 121), lead 705, No. 1 contacts of relays
U7-U0 of the units digit register, No. 1 contacts of
relays T7-TO of the tens digit register, lead 706, No.
1 contacts of relays H7-HO of the hundreds digit regis-
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ter, No. 1 contacts of relays TH7-THO of the thousands
digit register, lead 707, No. 1 contacts of relays C7-C0
of the C-digit register, lead 708, No. 1 contacts of re-
lays B7-B0 of the B-digit register, lead 709, No. 1 con-
tacts of relays A7-A0 of the A-digit register, lead 710,
No. 5 front contacts of relay PR00, winding of relay
C108, to battery. Relay C100 operates and set up
various control paths to the transverter. The same
ground is also applied over the No. 4 contacts of relay
PRO9 to lead CO in cable C8 which extends directly
into the transverter at Fig. 85 thereof. From the cable
C8, lead CO further extends to the No. 6 contacts of
relay ROC, lead 711, winding of relay OCO, to bat-
tery, operating said relay OC0 and connecting the calling
directory number leads of the transverter over cable C9
to the windings of the relays of the number registers
in the selected line-observing and number-matching cir-
cuit. It should be noted that if the transverter becomes
connected to the alternate circuit shown on Figs. 123,
126, 129, 132 and the right half of Figs. 122, 125, 128
and 131, relay PR16 would have been operated, and the
down check ground from said latter circuit would have
been applied over the No. 4 contacts of relay PR19 to
lead C1 in cable C8, extending to the No. 7 contacts of
relay ROC of the transverter, resulting in the operation
of relay OC1 therein via lead 712, and the connection
of the calling directory number leads via cable C5 to
the windings of the numerical register relays of said
alternate line-observing and number-matching circuit.
It will be assumed, however, that the transverter has
become connected to the checking circuit shown in Figs.
121, 127, etc.,, and, therefore, that relay OCO is oper-
ated. It will further be noted that failure to complete
the down check test of whichever circuit becomes con-
nected to the transverter prevents the operation of relay
OCO0 (or OC1) and the operation of relay C108 (or
CB10). Under this condition the line-observing and
number-matching circuit will take no further action on
the call, enabling the transverter to make the regular
non-observed 2-line or 4-line or 5-line imitial entry for
the call as required.

Both matching circuits are provided in common with
a maximum of thirty sets of seven manually settable
switches A0-UKOQ (by way of example), each of which
is adjusted to have its wiper engage the terminal desig-
nating the digit of a number to be registered on the
switch set. Each directory number representing a line
which is under observation is then registered on one of
the sets of switches. The number thus registered is
then “matched” against the number that will be regis-
tered in the digital registers from the transverter, as will
be shown. If the two numbers agree, the transverter
is signaled to have an observed 4 or 5-line initial entry
made for the call. If they do not agree, the transverter
is given no signal, in which event it proceeds to have the
recorder make the initial entry normally required for the
call in accordance with the S0 or NSG signal received
from the sender.

Thus, for example, if we suppose that the line reprs-
sented by the calling number Bigelow 9-8276 is undsr
observation, one of the sets of switches A0-UK is ad-
justed to register the number. When relay OCO is opei-
ated, and remembering that relays DAQJ and DAQ2 of
the transverter’s calling number A-digit register are oper-
ated for the registration of the A-digit 2, zround con tas
No. 1 contacts of relay DAQO is applied over the No. 33
contacts of relay OCO to lead A0 in cable C9, termina:-
ing on the winding of relay A9 of the A-digit register in
the matching circuit, causing the operation of said relay
AQ. Likewise ground on relay DAQ2 applieds ground on
its No. 1 contacts over the No. 33 contacts of relay OCO
to the winding of relay A2 of the register, causing the
operation of said latter relay.

In the same manner, ground on the No. 1 coniacts

»
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of ‘relays DBQY and ' DBQ4-is respectively applied over
the No. 30:and No. .27 contacts of relay {©OCO to.cause
the ‘operation . of relays B0 znd B4 for:the registration
of ‘the B-digit 4 in the ‘B-digit register; while ground .on
the No. 1 contacts of relays DCQ2 and DCQ7 is re-
spectively-applied over the No. 23 and: No. 21 contacts
of relay OCO to cause. the :operation .of rélay. C2 and
C7 for the registration of :the 'C-digit 9 :in the C-digit
register. As previously stated, no registers are provided
in. the transverter for the numerical :digits of the calling
line . number, but the leads therefor in the transverter
are grounded in the:sender in-the 2-out-0f-5 pattern and
extended ‘to the matching circuit (as-clearly shown in
Fig. 99) over the contacts- of relay-OC9: or OC1, to re-
sult in the operation of relays TH1 and TH7 for the
thousands digit 8, in-the: operation:- of relays H2 and H®
for the hundreds- digit 2, in the operation- of relays T7
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and “TO for the tens digit 7, and in the operation of .

relays U4 and U2 for the units digit'6. If the switches
AO-UKO are correspondingly set. for the digits. of - the
number 2498276, relays A0 and-A2 will close-a ground
path from the No. 4 contacts of relay A0, No. 4 con-
tacts of relay A2, No. 2 terminal and wiper of switch
‘A9, to the contacts of relay BKO0. -If the B digit regis-
tered in the B register is 4 and the wiper of switch B0
engages terminal 4, relay BKO: operates from ground
on the No. 3 contacts of relay B0, No. 3 contacts of
relay B4, No. 4 terminal and wiper of switch B0, wind-
ing of relay BKO, to battery, causing the-operation of
relay BKO and the extension of ground on its-contacts
to the contacts of relay CK9. In the-same manner and
by easily -traceable circuits, if-the register C digit is 9
and the wiper of switch CO is resting' on terminal ‘9,
relay CKO is operated, thereby to extend the ground
on its contacts to the contacts of relay THKO, which
operates "if the registered thousands digit-matches the
setting - of “switch THS. - Relays HKO0, TK0 and UKO0
will similarly operate on circuits' completed ‘over-the in-
volved registers, thereby to extend the ground advanced
to the contacts of relay UKO to lead 713.

When the relays of the digital registers have selectively
operated as above described, an “up™ check ‘is made to
insure that'two, and only two, relays are operated in each
of the registers. Assuming that the relays operated are
those which express the number 2498276, a circuit is then
completed-from battery through the winding of relay UP,
lead 714, No. 6 front contacts of relay A0, No. 6 back
contacts of relay A1, No. 6 front-contacts of relay A2, No.
7 back contacts of relay A4 and No. 6 back contacts of
relay A7, lead 715, No. 6 front contacts of relay B¢, No. 6
back contacts of relays Bl and B2, No. 7 front contacts
of relay B4, No. 6 back contacts of relay B7, No. 6 back
contacts of rélay C0, No. 7 back contacts.of rélay C1, No.
7 front. contacts. of rélay C2, No. 6 back corntacts of relay
C4 and No. 6 front contacts of relay C7, lead 716, No. 6
back contacts of relay THS, No. 7 front contacts of relay
TH1, No. 6:back contacts of relays TH2 and TH4, No. 6
front contacts of relay TH7, No. 6 front contacts of relay
HO, No. 6 back contacts-of relay H1, No. 6 front: contacts
of relay H2, No. 7 back contacts of relay H4, No. 6 back
contacts of relay H7, lead 717, No. 6 front.contacts of re-
lay T90, No. 6 back contacts of relays T1, T2.and T4, No. 6
front contacts of relay T7, No. 6 back contacts of relay
U6, No. 7 back contacts of relay Ul, No. 7 front.contacts
of relay U2, No. 6 front contacts of relay U4,.No. 7 back
contacts of relay U7, lead 718, No. 4 front contacts of
relay CBO1 (or any other relay of this series which is-op-
erated), lead 739, to ground on the contacts of the op-
erated A, B and C registers (relay A0, for example).

The operation -of reldy UP completes-the  ground path
. on lead 713 -through its Ne: 4 contacts, lead 714, serially
through-the No. 2 back contacts of the normal relays C101,
No. 2.front contacts of relay C100,.lead L:0 in cable:C8
extending to- the transverter; lead 1.0:therein, No. 1 back
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contacts:of: relay. S0 (this relay:being'normal-if the calling
office requires no message unit detail initial entry for all
lines therein), lead 517, winding of relay LOB, to battery.
This relay operates, locks over its. No.-3 contacts.to.ground
on:the No. 2 contacts of relay ICB, opens the start battery
on lead ST to the line-matching circuit, completes'a pre-
viously described circuit for relay LOBA which -operates
and .locks to off-normal -ground, and, as previously de-
scribed, causes the recorder to perforate the numeral 4 if
a local call or the numeral 6:if a-toll call-in the B-digit of
the first line of the entry, as.an indication that the call
was observed. '

Relay LOBA, among other.functions,. switches lead P
from the recorder (previously traced to lead 486 at:the
armature of the No. 4 contacts of relay LOBA and:thence
to relay P2 for a 2-line entry)-over the front contacts of
said relay LOBA and lead 489 to the No. 1.back contacts
of relay P4A, and thence to -the windings of relays P4.and
P4K to cause the production of a 4 (or 5) line initial entry
as before described. -It'should be noted that the operation
of relay LOBA is also controlled by normal contacts of
relay RK -to prevent the operation of said relay LOBA
in the event:that the recorder becomes connected to the
transverter before relay LOBA has operated. This is to
prevent the mutilation.of any record already begun in the
event of a delayed signal from-the matching circuit and the
consequence of a late switch in the perforator progress
control circuit from relay P2 to relay P4,

In the event that the matching circuit is unable to
“match” the setting of any of its:sets of numerical switches
with the number registered in the digital registers, no
ground is furnished on lead L0, and hence the operations
above described will:not:take place. However, after an
interval of approximately 33 milliseconds, by way of ex-
ample, taken by the condenser-timed polar relay N0O (or
NO1 depending. on which matching circuit is used) “to
operate, ground on the No. 2 contacts of relay ICB, lead
518, No. 5 contacts of relay LOB, lead 720, No. 7 back
contacts. of relay XRE, lead 721, normally made No. 1
contacts of relay OBF, No. 5 back contacts of relay ORE,
lead TG in cable C8, No. 3 contacts of relay C100, lead
722, No. 3 contacts of relay UP, lead 723, contacts of relay
NO00, lead 724, No. 6 back contacts of relay C101, No. 6
front contacts of relay C1060, lead NLO in cable C8, lead
NL@in the transverter, No. 2 contacts of relay: NS0 (which
will be operated by the:sender for no message unit de-
tailed entries), lead 725, No. 2 contacts-of relay CK1, lead
726, to the winding of relay NLO; to battery thereby op-
erating said relay, which locks over its No. 3 contacts, lead
727, an undesignated resistance, lead 518, to ground on
the No. 2 contacts of relay ICB. Relay NL0, like relay
LOB, opens battery on lead ST to the matching -circuit.
The transverter now functions normally, that is, it causes
the production of the initial entry normally required for
the call, just as if the matching circuit had not intervened.
It should be observed, however, that if the matching cir-
cuit fails to provide a signal by the time the transverter
and recorder are ready to record, relays- RK and RKA
operate and prevent the operation of relay L.OBA. The
call is then recorded as a non-observed call regardless of
any later signal from the matching circuit, and completes
the circuit of relay DL from ground-on the back contacts
of relay DK, No. 6 contacts of relay XDK, No. 4 back
contacts of relay IR, No. 2 contacts of relay P6, lead 586,
No. 2 back contacts of relay TIB, No. 3 front contacts
of relay ORE, No. 1 back contacts of relay ROC, lead 404,
the winding of relay DL, to battery. In the matching cir-
cuit the removal of battery from lead ST releases relay
PRO0. The release of relay PRO0 releases relay MBO,
which, in turn, releases the associated connector busy re-
lays CBO1. When relay OCG: (or OC1) is released by
the transverter, the register relays are released, which.in
turn release the: up check relay UP and the relays -BK-,
The circuit:is thus:restored to normal,
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The release of the sender and establishment of the
connection

It will be recalled that the transverter grounds lead
ROP for the operation of relay ROP in the sender if the
calling and called office codes are identical, if the calling
code is a vacant code, or if the office index does not
appear in the recorder register of the transverter. As
previously explained, the operation of relay ROP causes
relay A in the position circuit to release, resulting in super-
visory lamp SENDSR flashing thereat as an indication
to the operator to re-key the calling number. Ncw inas-
much as forward selections to the desired office start be-
fore the transverter is engaged, a reorder to the operator,
which may involve lengthy discussions with the calling
subscriber, will cause selections to be held up until the
sender in the terminating office times out. To avoid
this timing out, whenever relay ROP is operated by the
transverter (and it is operated on bulk-billed calls) the
forward connection is broken down and the marker re-
called to seize another outward trunk. Consequently
when relay ROP in the sender is operated a circuit is
completed for relay TRO from battery through its wind-
ing, No. 4 contacts of relay ROP, lead 750, to ground on
the No. 7 contacts of relay DRL, locking over its No. 7
contacts to the same ground. In accordance with known
practice, operations are initiated by relay TR to reorder
the marker to seize another trunk extending to the same
terminating office. In this event, since the call is a bulk-
billed call, said call is completed free of charge, no
initial entry therefor having been made by the recorder
if the ROP signal comes from a second trial transverter,
as already described.

In the event that the signal transmitted by the trans-
verter is over lead ROM to result in the operation of
relay ROM in the sender, as it will be if the transverter
is nnable to produce the initial entry for a toll call, relay
ROM operates as before described, locking to ground on
lead 750 and operating relay TRO from battery through
its winding, and No. 3 contacts of relay ROM, thence
as traced to ground on lead 750, locking over its No. 4
contacts to the same ground. A circuit is now completed
for relay TR3 from battery through its winding, lead 350,
No. 2 contacts of relay ROM, No. 7 contacts of relay
TR, lead 752, No. 7 contacts of relay REV (which will
be operated from the operation of first marker on a call to
be completed to a crossbar office), lead 753, No. 1 con-
tacts of relay SO, lead 754, No. 6 contacts of relay ROM,
to ground on lead SONG. Again as in the known prac-
tice, the operation of relay ROM initiates operations by
which the marker is recalled to select an overflow trunk,
which sends back a distinctive tone to the calling sub-
scriber to redial the mumber.

The sender, according to well-known practice, pro-
ceeds to transmit the pulses of the numerical digits of
the called number to the terminating office once the
marker has selected an outgoing trunk to that office and
effected a connection between it and the tandem trunk
shown in Figs. 3 and 4. However, it holds up the trans-
mission of the pulses of the units digit until it receives a
signal from the transverter that it has completed its func-
tions. As previously indicated, this signal consists of a
ground on lead TVR and the operation and locking of
relay TVR. Once the latter relay is operated, a path is
closed for relay U which controls the transmission of the
units digit pulses, the path of said relay U being estab-
lished in part over iead 755, No. 4 contacts of relay TVR,
lead 756. When pulsing is terminated, and as the con-
sequence of a series of operations started by a signal from
the distant office that the sender has completed its func-
tions, relay AV is operated, locking over its No. 4 con-
tacts to ground on lead SONG, and locally operating relay
AV1, which starts the series of operations to release the
sender.

The first action is to complete a circuit to operate relay
D of the trunk, said circuit tracing from ground on the
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No. 1 contacts of relay A in the sender, lead 757, No. 7
contacts of relay AV3, No. 6 contacts of relay AV, lead
758, No. 1 contacts of relay LR1, lead 759, No. 8 back
contacts of relay DC, lead D through the cable C6 and the
sender link frame, No. 7 contacts of relay F, winding of
relay D to battery. Relay D operates and locally oper-
ates relay D1. The latter relay grounds lead DC to the
sender over the No. 8 back contacts of relay D2, No. 5
contacts of relay T and No. 7 contacts of relay D1 as a
signal that relays D and D1 have operated, and applies
trunk closure by connecting the two windings of relay A
through the left winding of the transformer A back to
the originating end of the trunk at the calling office. In
the sender, the grounding of lead DC effects the operation
of relay CK1 over the No. 4 back contacts of relay DC,
lead 760, No. 5 contacts of relay AV1, winding of relay
CK1, to battery, operating this relay and completing the
circuit of relay AV2 from battery through the winding of
said relay, No. 3 contacts of relay CK1, No. 4 contacts
of relay AV1, to ground on lead SONG. Relay AV2,
on operating, opens the circuit of relay TCL which was
operated from ground on lead SONG and the No. 6 back
contacts of relay AV2 when the sender was first seized,
said relay having operated relay CK2 over its No. 3 con-
tacts to ground on lead SONG, and passing said ground
over its locking contacts to lead C0 of the trunk, holding
relay T operated as previously described. On the release
of relay TCL, therefore, relay T releases, which transfers
supervision from relay A of the sender which releases, to
relay A of the trunk which operates and provides a locking
circuit for relay D. The release of the trunk relay T
opens the circuit of relay CK1, which results in a se-
quence of action that releases the sender link and restores
the sender to normal.

The release of the trunk relay T operates relay D2 from
battery through its winding, No. 2 contacts of relay T, to
ground on the No. 3 contacts of relay DI1. Progress of
the call now awaits the called subscriber answer, as in-
dicated by reverse battery on the tip and ring leads T
and R for an interval of two to five seconds or more.
This interval is timed by the interrupter OCH and the
relay 1. The polarized relay CS operates on the previ-
ously indicated reversed battery from the called office and
completes the circuit of relay T from ground through
the right contacts of relay CS, No. 3 contacts of relay
D2, winding of relay T, to battery. This relay operates
and reverses the battery and ground connection back to
the calling office as a signal that the call has been ans-
wered; battery through the winding of relay A, which,
before the operation of relay T is on the tip lead T,
is switched to the ring lead R over the No. 4 contacts
of relay D2, No. 3 contacts of relay D, No. 8 front con-
tacts of relay T, lower left winding of repeat coil TF
to the ring lead R; ground through the winding of relay
A, which, before the operation of relay T is on the ring
lead R, is switched to the tip lead T over the No. 7 con-
tacts of relay D2, No. 3 front contacts of relay T, upper
left winding of repeat coil TF, to the tip lead T.

It will be noted that interrupter CH, by the closure
of its left contacts, operates relay B1 over the lower
contacts of relay F1. With relay Bl operated after
relays A and CS have operated, a circuit is completed
for relay I from battery through resistance and its
winding, uppermost contacts of relay B1 (said contacts
being individual to the trunk), No. 4 contacts of relay
CH, contacts of relay A, right contacts of relay CS, to
ground. Relay I operates and locks over its No. 3 con-
tacts, contacts of relay A, to ground on the contacts
of relay CS, if said relay is operated, as it should be
if the  called subscriber is still on the line. Now
when interrupter OCH breaks its left contacts, relay
B1 releases, and when it makes its right contacts, relay
F1 is operated over the lower contacts of relay Bl.
With relay I operated, a circuit is closed for relay CH
from battery through resistance, winding of said latter
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relay,. No. 9 front contacts relay D2, No. 6 contacts of
relay I, uppermost. contacts. of relay. F1 (said- contacts
being - individual to. the trunk), to ground on the No. 6
contacts. of relay TC, which relay, it will be remembered,
was .operated over lead TC from the recorder when the
initial . entry - was. perforated- and locked -to -ground on
its.own. Neo. 5 front contacts, said relay indicating that
the .call should be. charged. if answered.. Relay CH
operates: and -locks over its.No. 5 contacts to ground
on:the No. 6 contacts of relay TC, and.joins-lead DJ
extending to the call identity indexer with lead CH
extending from the recorder, said path tracing from
lead DJ, No. 2 front. contacts of relay TC, No.- 5 con-
tacts of relay: I, No. 7 contacts of CH to lead CH.
When the recorder is. available,- it -grounds . lead CH,
which- is - extended. over the above path to lead DJ to
act.as a start signal for-the call identity ‘indexer, and to
cause leads.OT, TC and RC. to:be connected through
to the -recorder, thereby to cause the latter to record an
answer. enfry. which, as.shown-in line 7, Fig. 122 of
the above-mentioned. patent-to W: W. Carpenter et al.,
consists .of ‘the answer- time and the trunk numbef.

When. the answer entry ‘is' recorded, the recorder
grounds-lead RC, which shunts relay I over the No. 3
front contacts of relay. TC, No. 5 front contacts -of relay
D1 and No. 1 contacts of relay I, causing the release
of -said relay I, the opening . of lead-RC as a signal to
the ‘recorder, and the connection. between leads CH:
and DJ. !

The trunk circuit- remains as above until the calling
or called party disconnects. If the calling. party dis-
connects- first, relay A releases, in turn releasing relays
D, D1 and.-D2. Relay D1 opens the talking path to
the terminating. office- and releases relay T, which re-
stores -normal- polarity rearwardly- to the originating
office, and releases relay- TC. Relay D2, in releasing,
removes  battery. from-lead - R. (when -the. callicg sub-
scriber restores first) -to.insure that the-sender at the
originating office does not find. reverse- battery: when
testing the  trunk for . the next call. Relay D2 also
removes-ground from -lead S. to. release the.-hold magnets
that. maintained .the path. through the: trunk and office

- link frames to ‘the outgoing. trupk. Relay D2, in re-

leasing, . also recloses -at- its - No. 10 contacts- the con-
nection between lead DJ and CH, thus again to request
the services of the recorder for: the- disconnect entry.
This- entry is -handled. by -the call identity -indexer and
recorder in the:same-way as-the: answer entry, and is
identical to the latter except-that it records the time of
disconnect instead of -the-time of-answer. Such an
entry -is- shown on line- 8, Fig. 122 of.the above-men-
tioned -patent to.. W.- W:-Carpenter: et al:

On the release-of relay TC, relays-CH-and I release;
thus restoring: the trunk to normal, opening lead RC and
reclosing lead- ST to-the -link. :

While we-have illustrated our invention by -a particular
embodiment therecf; said- invention- is not: limited in
its -application  to- the: specific apparatus and particular
arrangements . therein: disclosed.. Various applications,
modifications, and -arrangements of the -invention will
readily -occur to. those -skilled in the art.

The terms: and expressions which we have employed
in reference to:the invention are used as terms of de-
scription and: not of -limitation, and we have no intention
in the use: of such-terms and  expressions of excluding
equivalents of the-features shown and described or parts
thereof -but, on' the: contrary, intend to include therein
any and all equivalents, modifications and adaptations
which may : be- employed without departing from  the
spirit of the -invention.

What is claimed is:

1. In a telephone. system adapted-for the. automatic
establishment: of telephone: connections  through a
tandem’ exchange - between  calling - and - called lines
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offices, being divided:into:a-plurality. of. areas;: éach: of
said..telephone. offices~having-an' identifying: codey, but
with- no ‘two offices 'in the:same area:having:the same
code; means in-said tandem-exchange: for automatically
recording items of record information - pertaining . to
each such connection, said: means: comprising. registers
for registering the identifying codes-of both: the: calling
office--and the called- office of a-connection, means for
recording items of record information :pertaining to said
connection, and means for rendering: said ‘recording:
means effective for a connection between: a calling office
and a called office in the-same area only in ‘the event
that. the -registered- identifying code of:ithe calling: office
is: different- from: the registered identifying code of the
called office.

2. A call data recording. telephone- system' according
to claim 1, including a calling. area ‘register. settable . to
an index identifying-the. area: of-the - calling: office, a
called area register settable to an index identifying-the
area of:the called- office;” and means responsive to an
identical setting of both -area registers. for: initiating a
comparison of the registrations in said. calling: and
called- office: code registers.

3. In a telephone systemr adapted:for the automatic
establishment of telephone connections through.a tandem
exchange-between calling lines and called lines terminat-
ing in telephone .offices connected to.said tandem ex-
change and divided into a plurality -of:local areas- and
a.pumber of toll areas, each of said offices being désig-
nated :by .a code, and each of said toll:areas being also
designated 'by a code, means in:said tandem exchange
for registering the: codes: of: the calling. and:called: offices
and the codes of the areas in which:said offices are -re-
spectively ‘located, and recording: means- in said tandem
exchange responsive to-said registrations for recording on
a-continuous medium an entry comprising a plurality of
items-occupying. two lines: if the connection' is: completed
to an: office. in one: of: said-toll- areas; and four: lines if
the iconnection is .compléted to an-office: in-one.of said toll
areas; said plurality of items-including anindex: signify-
ing: the calling' office, the digits comprising: the . called:
area if the -connection is completed: to an office:in the toll
area, and-an arbitrary symbol indicating:the number of
lines:-that. ‘constitute the entry..

4. A:telephone system according to claim 3, in which
each of said toll area codes comprises a plurality of:
digits, means for compressing- a predetermined: number
of said toll area codes into a single digit indication; and
means responsive to the-operation of said compression
means for: operating said recording means to: record: said
single. digit indication as-an-item of the entry: produced
by said recording means:for a connection:completed to
an office in the toll area, the code of which:is: compressed:
into:a single digit.

5. A telephone system according to claim 4, including
a-toll area code register, meamns: responsive to the regis-

" tration -of -a toll:area code in-said register, and means
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responsive jointly to: the:operation: of said last-mentioned:
means and:to the . normal ‘condition:. of said code com-
pression. means - for - operating, said : recording: means: to
record an-entry of five lines for the connection established
between a calling line 1ocdted-in an-office in:one ‘of said
local areas -and.a-called line located:in an office in the
toll: area.the code .of which is: registered in said:.toll area
code register. ’

6.. In a telephone- system adapted for-the: automatic:
establishment-of telephone connections througha tandem
exchange - between . calling.. and called lines in telephone:
offices, each-of said offices being identified by a code and
further identified by-a decimal index, a group of trunks
connecting each- group . of- ten: of -said: offices: with said
tandem exchange; a recording:device at said tandem ex-
change -for each: of said:groups:of:trunks, each of :said
groups. of trunks ‘having: a- numerical - designation, means:

terminating: in: local: telephone-. offices, said: telephone 75 for establishing a connection from-a calling line.in one-of-
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said telephone offices to said tandem exchange over one
of the trunks in the group of trunks interconnecting the
ten offices including the calling office and said tandem
exchange, and means responsive to the establishment of
said connection for operating the recording device com-
mon to the trunk group including the trunk taken into use
to record an entry for said connection including the deci-
mal index individual to the calling office, whereby said
decimal index and the numerical designation of said re-
cording device common to the trunk group establishes
the identity of the calling office.

7. In a telephone system adapted for the automatic
establishment of telephone connections through a tandem
exchange between calling and called lines in telephone
offices, means in said tandem exchange for recording in
a plurality of lines on a continuous record medium an
entry for each such connection, said entry comprising a
plurality of items of record information, storage registers
in said tandem exchange for registering the calling and
called line numbers involved in a connection, a recorder
controller operative in response to the registration of said
calling and called line numbers for determining the items
for the entry and the number of lines such items will
occupy in said record medium, and means responsive to
the operation of said recorder controller for operatively
connecting said recording means to said recorder con-
troller, thereby to operate said recording means under
the control of said recorder controller to record said
entry, including as part of said entry and on the first line
thereof an arbitrary symbol signifying the number of
lines constituting the entry, and another arbitrary symbol
on each of the other lines indicating that each such line
constitutes a line of the entry.

8. In a call data recording telephone system, in com-

bination with calling stations having individual designa- 2

tions, called stations having individual designations,
trunks having individual designations, a tandem exchange
to which one of said calling stations is extended over one
of said trunks, of manually settable means in said tandem
exchange for registering the designation of said calling
station, means for registering the designation of a called
station, means for identifying the trunk over which said
calling station is extended to said tandem exchange, a
recording device, a recorder controller operable in re-
sponse to the operation of all of said means for determin-
ing items of record information for a connection from
said calling line to said called line, means responsive to
the operation of said recorder controller for connecting
said recording device to said recorder controller, thereby
to operate said recording device under the control of said
recorder controller to record said items of record in-
formation, and a device operative im response to the
operation of said recording device in recording all of
said items for initiating the extension of said connection
to said called line.

9. In a call data recording telephone system, in com-
bination, a plurality of telephone offices, a tandem ex-
change, an identified trunk for extending a calling line
from one of said offices to said tandem exchange, a tan-
dem sender settable in response to dial pulses transmitted
over said trunk from said office for registering the num-
ber of a called line, a calling line register in said tandem
sender, an operator’s position circuit connectable to said
tandem sender and to said calling line in response to the
registration of said called line number in said tandem
sender, thereby to obtain from the subscriber on said
calling line the number of said line, means at said opera-
tor’s position for operating said calling line register to
register the number of said calling line, a call identity
indexer operative to determine the identity of said trunk,
a recorder controller responsive to said calling and called
line registrations in said tandem sender for determining
items of record information relating to said connection,
and a recorder responsive to the operation of said re-
corder controller and to the determination of the identity
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of said trunk by said call identity indexer for recording
said items, including the identity of said trunk.

10. In a call data recording telephone system for the
automatic recording of items of record information for
telephone connections established through a tandem ex-
change, the combination with a calling line at a local
office, means for extending said line to said tandem ex-
change, and means for recording items of record infor-
mation pertaining to the extension of said calling line
through said tandem exchange to a called line in another
local office, of a digital key set at said tandem exchange,
a register sender at said tandem exchange for controlling
the establishment of said connection and for controlling
the operation of said recording means, said sender com-
prising a called line register settable by impulses trans-
mitied from said local office for registering the identity
of said called line, a calling line register for registering
the identity of said calling line, said register comprising
keying relays selectively responsive in code combinations
to the depression of digital keys of said keyset, register
relays operably settable from said keying relays for reg-
istering the identity of said calling line, and means re-
sponsive to a faulty digital registration incident to the
simultaneous depression of two keys for one digit for
arresting further responsiveness of said calling line reg-
ister to succeeding key depressions.

11. A register sender according to claim 10, in which
said last-mentioned means comprises a detection bridge
circuit including a polarized relay connected across one
pair of terminals of said bridge, and one arm of said
bridge comprising resistors respectively connected to
normal contacts of said keying relays, said polarized relay
being maintained in an operated condition when a pre-
determined number of said resistors are shunted, and re-
leased when less than said predetermined number of said
resistors are shunted, and means effective when said
polarized relay is in a released condition for rendering
said calling line register relays unresponsive to the opera-
tion of said keying relays.

12. A register sender according to claim 11, including
means responsive to the released condition of said polar-
ized relay for registering the keying error in said sender.

13. A register sender according to claim 12, including
means responsive to the operation of said keying error
registering means and the subsequent released condition
of said polarized relay in consequence of a second keying
error for restoring said calling line register relays to the
control of said keying relays for the registration of subse-
quent digits for the same call.

14. A register sender according to claim 13, including
a signal device rendered operative by the released condi-
tion of both said polarized relay and said keying error
registering means to indicate a first keying error.

15. In a telephone system adapted for the automatic
establishment of telephone connections through a tandem
exchange between calling and called lines in local tele-
phone offices, means in said tandem exchange for auto-
matically recording items of record information for each
such connection, comprising senders divided in groups,
each of said senders including a register settable by im-
pulses transmitted from the calling office for registering
the designation of a called line, and a manually settable
register for registering the designation of a calling line,
means for connecting a sender to a calling line extended
to said tandem exchange, operators’ positions divided
in groups, means for allotting a calling sender to an op-
erator’s position, said means including other means for
registering a previous allotment to a position in a position
group, thereby to emnable a succeeding allotment to be
made in another position group, and means responsive
to the setting of the called line register by said impulses
for the designation of the called line number and to
the setting of the calling line register by the operator at
the allotted position for automatically recording items of
record information pertaining to said connection.
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16. A telephone system according to claim 15 in which
said allotting means includes other means for normally
rotating the allotment of calling senders to different posi-
tion groups in a predetermined order of preference.

17. A telephone system according to claim 16 in which
said allotting means includes still other means for select-
ing a preferred position in a preferred position group,
and means effective in the event that said preferred posi-
tion is not available for selecting the next available posi-
tion in a definite order of preference in said preferred
position group.

18. A telephone system according to claim 17 in
which said allotting means includes a circuit device op-
erative in response to the availability of but one opera-
tor’s position during an allotting operation for making
said one position accessible to a calling sender i~ a dif-
ferent sender group on each such allotment.

19. In a telephone system adapted for the automatic
recording of items of record information included in an
initial entry of two or more lines for each telephone
connection established through a tandem exchange be-
tween a calling line and a called line in any two telephone
offices of a plurality of such offices, said offices being
divided into a plurality of designated areas, each of said
offices having a code, but with no two offices in any
one area having the same code, the offices in each area
being divided in decades, with each decade connected
by a designated trunk group with said tandem exchange,
and with each office in the decade having a decimal
index; the combination in said tandem exchange of
storage devices operable to register the designations of
said calling and called lines, including the codes of the
two offices in which said lines respectively terminate,
the designations of the areas in which said two offices

are respectively located, and the designation of the trunk ¢

group over a trunk of which said calling line is extended
to said tandem exchange, a recorder controller, a re-
corder individual to each of said trunk groups, a billing
indexer responsive to the registration of said calling and
called office codes, to the registration of said area desig-
nations, and to the registration of said trunk group desig-
nation for determining the decimal index of the calling
office (office index), a decimal index indicating the charge
rate for the connection (message billing index), and an
arbitrary index indicating the character of the initial
entry, means in said recorder controller responsive to all
three determinations, and means responsive to said last-
mentioned means for establishing an operative connec-
tion between said recorder controller and the recorder in-
dividual to said designated trunk group, thereby to op-
erate said recorder under the control of said storage de-
vices and said determination responsive means in said
recorder controller to record the initial entry for the

connection, including as part of said entry the deter- ;

mined office index and the determined message billing
index.

20. A telephone system according to claim 19 in which
said billing indexer includes means responsive to the
operation of said registering means to determine said
indices only in the event that said registered calling and
called office codes are unlike for a connection established
between two offices in the same area.

21. A telephone system according to claim 20 in which
said billing indexer comprises a relay selective nmetwork
terminating into two corresponding groups of terminal
code fields, said network being responsive to the regis-
tration of said calling office code to electrically activate a
corresponding terminal in each field, means responsive to
the registration of said trunk group designation and to
the activation of one of said términals for determining
the billing index for said connection, and means re-
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sponsive to the registration of said trunk group designa-
tion and to the activation of said other terminal for de-
termining the said calling office index and said initial
entry index.

22. A telephone system according to claim 21 in which
said billing index includes a message billing index register,
two relays for each of said areas, certain of the corre-
sponding contacts on one relay for each of said areas
being commoned, each commoned set of contacts being
connected to a terminal in one of said code fields which
represents offices with identical codes in different areas,
and the contacts on each of said relays adapted to engage
said commoned contacts being extended according to a
predetermined pattern to said billing index register,
thereby partially to establish the circuit of said register
from the activated terminal in said code field.

23. A telephone system according to claim 22, includ-
ing an office index register, and in which certain corre-
sponding contacts on the other relay for each of said
areas are commoned and each commoned set of contacts
connected to a corresponding terminal in the other of
said code fields representing offices with identical codes
in different areas, and the contacts on each of said other
relays which are adapted to engage said commoned con-
tacts are extended to said trunk group designating means,
whereby the operation of the involved one of said latter
area relays by the operated trunk group designating
means extends said second activated code terminal to said
office index register.

24. A telephone system . according to claim 19, in
which said billing indexer includes means responsive to
identical registration of calling and called areas for trans-
mitting a signal to said recorder controller, means in said
recorder controller responsive to said signal for checking
the registration of said calling and called office codes,
and means responsive to an identical registration of both
codes for releasing said billing indexer.

25. A telephone system according to claim 19, in
which said billing indexer includes means responsive to
the registration of said calling office code and the desig-
nation of said trunk group designating means for trans-
mitting a signal to said recorder controller in the event
that the calling office indicated by said code is not in
the decade indicated by the operated trunk group desig-
nation means.

26. A telephone system according to claim 25 in which
said billing indexer includes means responsive to the
registration of a vacant code, or nonexisting code, as a
calling office code for transmitting the same signal to
said recorder controller.

27. A telephone system according to claim 26 in which
said billing indexer includes means responsive jointly to
the registration of the calling office code, the called office
code and the designation of said trunk group for deter-
mining said message billing index.

28. A telephone system according to claim 27 in which
said billing indexer includes other means responsive to
the registration of said calling office code, the called
office and the designation of said trunk group for de-
termining the office index and the character of the initial
entry. '

References Cited in the file of this patent

UNITED STATES PATENTS

2,253,998 Beerman et al, . __ Aug. 26, 1941
2,341,746 Tayloretal, oo Feb, 15, 1944
2,352,492 Ostling oo June 27, 1944
2,369,878 Taylor et al. —— . ___ Feb. 20, 1945
2,531,637 Miller Nov. 28, 1950
2,569,650 Balzer et al. oo __ Oct. 2, 1951
2,688,658 Carpenter oo Sept. 7, 1954




