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1

This invention pertains to telephone systems
and more particularly to systems in which rec-
ords are automatically made of the details of
telephone calls for which the subscribers are
to be charged.

Objects of the invention are to record the calls
on a form of record suitable for the production
of subscribers’ bills by known types of automatic
billing machines; to record information per-
taining 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 ; to avoid
the recording of unnecessary informstion in re-
spect to local connections; to utilize one recorder
for recording a number of simultaneous calls;
and to ensure the elimination of false charges.

In its present embodiment, the invention is
employed in connection with a telephone system
using equipment of the cross bar type. The in-
vention is particularly adapted to systems of this
kind as commonly used in the larger cities. How-
ever, it is applicable to any telephone system
having suitable characteristics.

Features of the invention are the use of a con-
tinuous recording medium to record a large num-
ber of calls; the interspersion on the record of
entries pertaining to various calls ; the recording
of an initial entry for each call comprising a plu-

rality of lines of the record; the use of dis- ¢

tinguishing characters in the record o indicate
the number of lines in an entry; the identifica-
tion of each Iine of an entry by a distinguishing
character: the inclusion in the initial entry of
a character indicating the rate of charge to be
made for the call, if completed; the recording
of answering and disconnection times by periods
rather than as clock time: the reriodic recording
of time indications for determining clock time;
the automatic substitution of an emergency re-
corder in case of failure of a regular recorder;
the identification of each length of the record;
the automatic recording of permanent signals;
the recording of special information for servica
observing, administrative, and maintenance pur-
poses; and the automatic recording of indiea-
tions of failure in the functioning of the record-
ing apparatus.

These and other features of the invention will
be more readily apparent from the fellowing
description, the appended claims, and the draw-
ings, in which:

Fig. 1 shows the circuits of subscribers’ stations
and .primary line links;

]
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Figs. 2 to 5, inclusive, and Figs. 7 to 10, in-
clusive, show the circuits of a line-link controller;

Fig. 6 shows the circuits of secondary line links;

In Fig. 11, a district link frame, an office link
frame, a terminating office, a called station, the
emergency recorder, the maintenance recorder,
and the trouble indicator are indicated by ree-
tangles;

Fig. 12 shows the circuits of a district junctor,
sometimes more generally designated a “trans-
mission circuit”;

Pig. 13 shows the circuits of primary sender
links;

Figs. 14, 18, 19, 23, 24, 28 and 29 show sender-
link controller circuits which have as a function
that of allotting senders to junctors incident to
initiation of calls;

Tig. 15 shows district timing circuits;

Figs. 16 and 22 show the circuits of a district
identifier;

Fig. 17 shows the circuits of secondary sender
links;

TFigs. 20, 21, 25, 26, 27, 31 and 32 show the cir-
cuits of a recorder connector;

Figs. 30, 34 to 37, inclusive, 41 to 44, inclusive,
48 to 51, inclusive, and 55 to 58, inclusive show
the circuits of a sender;

Figs. 33, 40, 47, and 54 show the circuits of a
transverter connector;

Figs. 38, 29, 45, 46, 52, 53, 59, 50, 66 and 47 show
the circuits of a recorder;

Pigs. 61, 62, 63, 68, 69, 70, 75, 76, 77, 81, 82, 83, 86,
87, 88, 93 and 94 show the circuils of a recorder
controller which hereinafter in the specification
will be referred to as the transverter, an instru-
mentality such as hereinafter defined and of
which an exemplary embodiment is diselosed in
the aforesaid figures;

Figs. 64, 65 and 71 show the circuits of an
originating marker connector;

FFigs. 72 rand 78 show diagrammatically the
circuits of an originating marker;

Figs. 73, 74, 79, 80, 84, 85, §9, 90, 91, 92 and 95
to 120, inclusive show a master timing circuit;

Fig. 121 shows how Figs. 1 . . . 120 should be
placed in relation to one another to completely
disclose the invention;

Figs. 122 to 134, inclusive, illustrate records
made in accordance with the invention; and

Fig. 135 is a block diagram showing the rela-
tions to one another of the various circuits shown
in detail in Figs. 1 ... 120.

In order tc facilitate the tracing of circuit
operations, each relay or other-item of apparatus
appearing in Figs. 1 . . . 120 is designated by a
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functional designation, consisting primarily of
letters, which is preceded by the number of the
figure in which said item appears. Thus, a relay
or other item mentioned in the text may readily
be found in the drawings by reference to the
figure number included in the designation of said
item. For example, the relay designated 58HC
will be found in Fig. 58.

For a complete and clear understanding of the
invention, we will first describe the general or-
ganization of the circuits and their particular
functions. Then we will describe the kinds of
records made in accordance with the invention,
not only of subscribers’ calls, but also other rec-
ords which are made in connection with the ad-
ministration and maintenance of the equipment.
Finally, the detailed operations of the circuits
in producing each type of record will be described.

For the purposes of this specification a “trans-
verter”’—otherwise referred to as a recorder-
controller, or as a means having one or more of
the functions of the transverter specified—is an
organization of parts constituting a unit of
equipment, which in the general case, stores data
to be recorded, controls a recorder, converis or
translates coded information code-wise, arranges,
transposes and/or adds to the information to be
recorded. :

- GENERAL DESCRIPTION OF THE SYSTEM

The principal circuits employed in the present
embodiment of the invention and their relations
to one another are indicated in the block dia-
gram, Fig. 135. The originating circuits com-
prising the line links, line-link controller, dis-
trict junctor, sender links, sender-link controller,
sender, originating marker connector, originat-
ing marker, and district and office links, are, in
general, similar to the corresponding circuits dis-
closed in the patent to W. W. Carpenter No.
2,235,803 of March 18, 1941:; In the present in-
vention, however, the line-link controller is
adapted, in addition to its usual functions, to
identify a calling subscriber’s line by determin-
ing the position of said line on the primary line-
link switches, said position indicating not only
the identity of said line but also its class of
service. The originating marker is also modi-
fied to the extent that it is adapted to determine
from the indicated class of service of a calling line
and the office code dialed at the calling station,
whether or not a record of the call is reguired and,
if a record is required, the rate at which charges
for the call should be computed. Other modi-
fications are made in the originating circuits to
adapt them to the purposes of recording, as here-
inafter described.

Since the terminating office equipment per-
forms no peculiar function in respect to the pres-
ent invention, it is not herein disclosed in detail.
Reference may be had, however, to the patent
to W. W. Carpenter No. 2,089,921 of August 10,

1937, for a description of the construction and

operation of suitable terminating equipment.
The transverter, indicated in Fig. 135 and
shown in detail in Figs. 61-63, 68-70, 75-T1,
81-83, 86-88, 93 and 94 is a novel element
adapted to receive from the sender, when con-
nected thereto by the transverter connector, in-

formation to be recorded and to transpose said’

information into terms suitable for recording.
Most of the information required to be recorded
is registered in the sender but not all of it is
in a form suitable for recording nor in the code
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used for recording. The transverter serves to
transform this information into a form and a
code suitable for recording. However, the in-
formation is recorded in a code representing

"digits and these digits are recorded in lines across

the recorder tape. The significance of each re-
corded digit depends upon its position in the
line and it is necessary to arrange the digits in
their proper sequence in the lines. This func-
tion is also performed by the transverter. Fur-
thermore, it is not practicable to record all the
information required in every entry in one line
of the record. Some entries, therefore, consist
of more than one line. The transverter also
serves to place each recorded digit, not only in
its proper location in a line, but also in the
proper line. The lines of the record are uni-
formly spaced and it is not apparent from the

accounting data recorded which lines constitute

one entry and which lines constitute another
entry nor the type of data that a line contains.
The transverter performs the additional func-
tion of causing the recorder to add to each line
a, digit or digits which distinguish and identify
the line and indicate the association of the line
with other lines.

Each completed call is represented on the rec~
ord by three separate entries and these entries
are interspersed with similar entries of other
calls. Some means of identifying the three en-
tries of a call is necessary. In the present in-
vention this is accomplished by recording in each
entry the number of the district junctor through
which the call to which the entry relates was
made. The district identifier is a circuit which
serves to identify the district junctor through
which a call is made, said identification heing a
part of the information to be recorded.

The recorders employed in the present em-
bodiment of the invention are of the type dis-
closed in the copending application of W. W.
Carpenter, Serial No. 558,401, filed April 14, 1945,
in which records are made by successive lines of
impressions in a paper tape. One such recorder
is provided for the common use of a group of
district junctors, which, in the present embodi-
ment of the invention, is the group of one hun-
dred district junctors constituting the equip-
ment of one district frame. On this “regular”
recorder, records of calls made over said dis-
trict junctors are made. - An emergency recorder,
of similar construction, is provided to be used
in case of failure of a “regular” recorder. The
maintenance recorder is provided for records in
connection with maintenance of the equipment
and is similar to the other recorders.

Each recorder is provided with individual
means for recording time intervals. These
means are all controlled and regulated by a mas-
ter timing circuit, which is also used to control
the recorders for recording indications of the
current month, day, and hour and other informa-
tion of a general character. The circuits of the
master timing circuit are provided, to a large
extent, in duplicate, one set normally controlling
even-numbered recorders and the other set nor-
mally controlling odd-numbered recorders.

Trouble records are made on the “regular” re-
corders and also on the “maintenance” recorder.
The actions of the recorders in recording trouble
indications is initiated, but not controlled, by a
trouble indicator of the type disclossed in the pat-~
ent to W. W. Carpenter No. 1,594,003 of July 27,
1926. Reference may be had to the above-men-
tioned patent for an understanding of the con~




2,688,608.

5

struction and operation of the trouble indica-
tor.

In order that the detailed descriptions which.

follow may be more easily understood; we will now

summarize the general functions of the: various.
circuits shown in Pig. 135, in connection with the:
recording of telephone calls and associated data.

When a call is originated: at a subscriber’s. sta-
tion, the line-liink controller, in addition. to its
usual funeticns, identifies the calling line by the
position of said line on the line-link: frame, reg-
istering the number of the column. of switches,
the number of the switch, and the number of the
vertical of said switch on which. said line is lo-
cated. When the line is connected to a district
junctor and a sender connected to said junctor
in the usual manner, the identification of the
calling line is transmitted by the line-link con-
troller to said sender via the sender-link con-
troller and registered flierein. The sender also
registers the called office and number dialed by
the calling subscriber and receives from the line-
link controller an indication of the class of service
of the calling Iine-and the number of the district
frame threugh which the subscriber’s connection
is established. The marker, which is associated
with said sender by the marker connector, de-
termines, from indications. transmitted to it by
said sender, whether or not a record is to be
made of the ¢all and, if a record is to be made,
the type of record to be made and the method by

which the charge for the call is to be computed,

and transmits this information to: the sender,
wherein it is regzistered.

If no record of the call is to be made, the call
is completed in the usual manner and no use is
made of the recording equipment. If a record
is to be made, however, the transverter connector
connects a transverter to the sender and the de-
tails of the information registered in the sender,
or so much of said information as is required for

the record, is transmitted to the transverter and:

registered therein. The recorder connecior then
conhects o the transverter the appropriate re-
corder indicated by the registered number of the

district frame through which the subscriber’s:

connection is established, or the emergency re-
corder, If the regular recorder is not available.
The transverter controls said recorder to record
the details of the call which have been registered
in:the transverter. The recorded information in-
cludes the number of the distriet junctor through
which the subscriber’s connection is established
and this information is obtained and furnished
to-the recorder by the district identifier, When
the information has been recorded, the recorder
is disconnected frem the transverter and the
transverter is disconnected from the sender. The

transverter is then free to serve other calls and’

the recorder is free to record other calls made
through district junctors on the same distriet
frame.

When the subscriber’s connection has been ex-
tended. to the called line in the usual manner
and the called party answers, the same recorder
is connected to the district identifier and records
the number of the district junctor over which the
connection is made as determined by said identi-

fier, and an indication of the current time-period..

When said record has been made, the recorder is
disconnected and is free to serve other calls.
When the parties hang up their receivers at the
termination of the conversation, the same re-
corder is again connected to the district identifier
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and again records the number of the district junc-
tor and an indication of the current time-~-period.

Thus. three entries, each of which may consist
of one or more lines of characters, are made on
the tape of a recorder for each completed call for
which a charge is to be made. These entries may
be and usually will be interspersed with the en-
tries of other calls but, since each entry contains
the number of the district junctor through which
the subscriber’s connection was established, the
three entries of a call may be recognized as the
three consecutive entries having the same dis-
trict junctor number. Of course, no charge will
be made for an uncompleted call. In the auto-
matic accounting system by which the subscrib-
er’s pills are later produced, the record tapes are
run backward through a sensing device. If an
initial entry of a call is encountered by said sens-
ing device without first encountering a. “discon-
nect” entry and an “answer” entry having the
same district junctor number, it is evident that
the call is question was not completed and charges
for said call are omitted.

At the beginning of each hour, each recorder
automatically records on its tape the current time.
From these hourly records, in conjunction with
the time-periods recorded in the answer and dis-
connect entries, the elapsed conversation time of
each completed call is readily computed and the
time at which said call was made determined.

At a convenient time each day, the master
timing circuit causes each recorder to be con-
nected to it in turn and to record on its tape the
current hour, day, and month and. other informa-
tion identifying the record. Said record con-
tains a space in which the tape may be cut with-
out multilating significant characters, leaving
each severed end of the tape with a record of
the period in which the entries which it carries
were made. A similar record is made in a similar
manner when a recorder is taken out of service,
or is put back into service, or encounters g splice
or break in the tape.

Certain calls made for an administrative pur-

- pose are recorded on the maintenance recorder as

well as one of the regular recorders. When such
a call is made, the transverter automatically
causes the connection to it of the maintenance
recorder as well as a regular recorder:

RECORDS

In the present embodiment of the invention, as
previously stated, records are made on recorders
of the type disclosed in the W. W Carpenter Pat-
ent No. 2,583,086, issued January 22, 1952. These
recorders employ 2 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 corresponding to a
digit. The series of digits, thus recorded, repre-
sents, in acecordance with a simple code, the re-
quired details of the calls, and, by means of suit-
able sensing devices, may be transferred from.the
record tapes to automatic billing machines for
production of subscribers’ bills,

Each. recorder has twenty-eight punches ar-
ranged in a row across the tape, each punch con-
trolled by a magnet. One of the first three
runches is operated to punch.a single hole or de-

" pression in the tape, which, by its position, repre~

sents the digit “1,” “2,7 or “3” aceording to the
punch operated. This serves. the purpose of an
“entry” digit, indicating the type. ef information
recorded on the remainder of the line at the head
of: which it appears, The remaining punches
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are operated in combinations of two out of
each group of five, each combination of two
holes thus punched corresponding to a digit in
accordance with the following code:

Punches Operated
in Group of Five

Digit
Punches

1st and 2nd.
1st and 4th.
2nd and 4th,
4th and 5th.
2nd and 5th,
3rd and 4th.
1st and 3rd.
_| 2nd and 3rd.
3rd and 5th.
1st and 5th.

Thus, six digits may be recorded on 2 line. After
a line is punched, the paper tape is moved to a
position for punching a new line with the same
punches. Reference may be had to the above-
mentioned application for a more complete de-
scription of the eonstruction and operation of the
recorders.

The details of a call may be recorded on as
many lines as required, the kind of information
recorded on each line being identified by the
“entry” digit or digits at the head of the line.
Although, in the system disclosed herein, each
line of the record commences with an entry digit
for comvenience in distinguishing the entries,
said digits may not be required in every case and
where not regived, may be omitted,

Whether or not a charge is to be made for a
particular call and, if a charge is to be made,
the rate at which the charge is to be computed, is
determined by the class of service of the calling
line and the code of the called office. For ex-
ample, a call from 2 flat rate line to an office in the
local area regquires no charge, but on a call from
the same line to an office in the toll area, & charge
is made at the published rate for such a call
1f no charge is to be made, no record of the
call is normally made. Of course, if desired for
other purposes, records of no-charge calls may
also be made in the same manner as for charge
calls. If a charge is to be made, the kind of
record made depends upen the manner in which
the call is to be billed.

Tn addition to records of subscriber’s calls for
billing purposes, records are made on the same

tapes for identifying the tapes, and in connec-

tion with the maintenance and administration
of the equipment. Examples illustrating the
types of records made are shown in Tigs. 122 . . .
134 and are described below. In these figures,
the positions at which holes or depressions may
be punched in the tape are indicated by circles.
Punched holes or depressions are indicated by
hlackensd circles. Ahove each group of holes is
shown the digit indicated by the holes punched
in said group and the significance of said digit.
In order o include this information in the figures
and. for clarity, the holes are shown arranged in
straight rows across the tape and well spaced
apart. They may, however, be arranged in any
convenient configuration and may be placed
close together since, on the actual tapes, only
the punched holes, and not the remainder of
the information shown, appear.
Initial entries of subscribers’ calls

Tor a toll call where the money charge for the

call is to be separately computed, an initial entry

of four lines is made when the call is originated,
which includes, in addition to the number and
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station designation (if any) of the called station
and an identification of the calling station, the
number of the district junctor through which the
subscriber’s connection is established, and an
“index” digit, indicating that the charge for
the call is to be separately computed. Such an
entry is illustrated inlinesNo.1 . . . 40f Fig. 122,

Fach of the first three lines of this entry
commences at the left with a single hole whose
position corresponds to the digit “1,” which is the
“entry” digit for the first and intermediate
lines of the initial entry of a call. The last line
commences with a hole whose position corre=-
sponds to the digit “3” and this is the “entry”
digit for the last line of an initial entry. The
four lines are, therefore, associated by their
“entry” digits. The remaining digits of the first
line are the directory number and station designa-
tion of the called station. No information is re-
corded by the second digit of the second line.
However, in order to check the functioning of the
punches of the recorder, six digits are recorded
on each line and where no information is to be
recorded, as in this case, the digit “0” is punched.

The third digit of the second line records the
“pumbering area” of the called station, or, if the
directory number of the called station may have
five digits, an indication of this condition. The
last three digits of the second line are the cffice
code of the called office.

On the third line is recorded the identification
of the ecalling line, which is identified by its
position on the primary line-link frames of the
telephone office. The second, third and {ourth
digits are the number of the column in the line-
link frame, the fifth digit is the number of the
line-link switch, and the sixth digit, the number
of the vertical file of the line-link switch in which
the ealling line is located.

The second digit “3” on the last line is an addi-
tional entry digit'indicating that this particular
record is the initial entry of a detailed record of
a subscriber’s call. ' The third digit of the last
iine is o ‘“message index” digit, in this case digit
«g » indicating that the charges for the call are
to be separately computed. Said index digit is
used for convenience but may be omitted without
affecting the validity of the record. The fourth
digit of the last line indicates that the calling
station is a ring-party station. For a tip-party
station, this digit would be “2.” The last two
digits of the last line ave the number of the dis-
triet junctor through which the subscriber’s con-
nection is established. The record, therefore,
contains all the information necessary ifor com-
puting the charge for the call, except the length
of conversation time.

When the class of service of the calling line
and the office code of the called ofiice indicate
that the call is to ke billed in message units,
which is the usual practice for local calls, it is
not necessary to record the called office code or
the number of the called station. A two-line
entry such as is illustrated in lines No. 5 and
No. 6 of Fig. 122, is, therefore, made. This cor-
responds to the last two lines of the four-line
entry. 'The second entry digit of the last line
is, however, “1” indicating that the call is to be
billed by message units. The index digit also
differs from that in the four-line eniry and indi-
cates the rate in message units at which the call
is to be billed. This digit may be any one of the
digits “1” to “8,” each digit representing a differ-
ent rate of billing and the digit appearing in &
particular entry being that associated with the
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appropriate rate for the particular call. The
index digit is required cnly where more than one
rate of charge is possible and may be omitted
when all local calls are charged at the same rate.

Answer and disconnect entries

The above entries are made when the calls to
which they pertain are originated. Of course, nno
charge should be made for a call where the con-
nection is not completed or the ecalled party does
not answer. If and when the called party an-
swers on a particular call, a record is made of
the time of answer on the part of the tape which,
at the moment, is in a position to receive a record
and, therefore, not necessarily adjacent to the
initial record of the call. An answer record is
illustrated in line No. 7 of ®ig. 122. If the con-
nection is terminated by the calling party, a simi-
lar record, illustrated in line No. 8 of Fig. 122 is
made.

Each of these is a single-line entry, the entry
digit “2” indicating iis character. The next
three digits are the number of the six-second
period of the hour in which the answer or dis-
connect took place. The last two digits are the
number of the district junctor through which the
connection was established.

Although the three entries pertaining to a com-
pleted subscriber’s call may not be adjacent on
the tape, they may be associated by the number
of the distriet junetor through which the connec-
tion was made, which, it will be observed, is the
last item recorded in each entry. In processing
the tape to produce the subscriber’s bills, it is
run through the sensing apparatus in a direc-
tion opposite to that in which the entries were
recorded. The first item encountered in each
entry is then the district junctor number. When
an entry with the entry digit “2” is encountered,
the nex{ entry with that entry digit and the
same district junctor number, and the next ini-
tial entry with the same district junctor number
must be the other entries of the particular call
since the particular district junctor could not
have been used at that time for another call.
From the answer and disconnect entries, in con-
junction with the hour entries described below,
the elapsed connection time is readily computed.

If an initial entry is encountered withcut pre-

viously encountering associated disconnect and :

answer entries, it is evident that the particular
call represented by said initial entry was not com-
pleted.

When disconnection is the result of the called
party hanging up his receiver and the calling
party failing to do so, an appreciable time elapses
before disconnection actually takes place. Dur-
ing this time, conversation cannot be continued,
the called party having hung up. The discon-
nection time should, therefore, be subtracted
from the time obtained from the answer and dis-
connect entries when computing the charge to
the subscriber for the call. Under these circum-
stances, the disconnect entry appears as illus-
trated in line Wo. 9 of Fig. 122. All three holes
used for the eniry digit are punched, indicating
a delayed or timed-out disconnect.

Hour entries

At the start of each hour a single-line entry
indicating the current hour is made as illustrated
in line No. 10 of Fig. 122. The first four digits
“3810” are entry digits indicating an hour entry.
The last two digits are the number of the hour
of the day.
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End-of-tape eniries
Once a day an entry is made on each recorder
tape prior to cutiing the tape and removing the
completed portion from the recorder. 'This en-

try, which is illustrated in Fig. 122, comprises
approximately forty-one lines, the first five lines

and the last five lines bzing duplicatz entries.
Each of these latter linss carries identifying en-
try digits: “3830” for the first line, “23821" for
the second line, “3811” for the third line, “3800”
for the fourth line, and “3840” for the fifth line.
The last two digits of these lineg give informa-
tion for identifying the tape, comprising the
number of the month, the number of the day of
the ronth, and the numbsr of the hour of the
day on which the record is made, and the numbers
of the district frame and the marker group with
which the particular recorder is associated.

Between the two duplicate entries described
above, the number “180303” is punched approxi-
mately thirty times. This number has no ac-
counting significance, the repeated punching of
it simply serving to feed the tape through the
recorder to provide a space through which the
tape may be cut without danger of mutilating
significant entries. At the end of this repetition,
the number “3860600” is recorded. 'This is an
indication to the sensing devices used in pre-
paring subscriber’s bills that the record next
encountered is but a pattern and may be disre-
garded. When the tape is cut through the splice
pattern, each severed end carries the identify-
ing entry of the first or last five lines of the
record described above.

When a regular recorder is taken out of serv-
iee, the emergency recorder is substituted and
a record similar to that described above is made
on each of the tapes of the two recorders. The
records are repeated when the regular recorder
is restored to service again. In these cases, how-
ever, the long space for cutting the tape is not
required and the number “180303” is repeated in
each record only about ten times. However, the
records on the regular recorder each contain an
additional line which indicates the condition of
the timing devices of the recorder at the times
when the records were made. If this line con-
sists of the digits “385500” as shown in Fig. 124,
the timing devices of the recorder were in syn-
chironism with those of the master timing circuit
at the time the record was made. If the line con-
sists of the digits “385700” as shown in Fig. 125,
the timing devices of the recorder were not in
synchronism with those of the master timing
circuit. This is an indication that corrections
must be made to the times indicated on the reg-
ular recorder in computing the elapsed time of
calls whose records are partly on the tape of
the regular recorder and partly on the tape of
the emergency recorder.

Splice and no-paper entries

When the end of a length of recorder taps is
reached, a new length of tape may be spliced
on, but the splice is thicker than the tape and
may interfere with the proper recording of en-
tries at the position of the splice. Furthermore,
the splice may pull apart after the tape is re-
moved from the recorder. When a splice in a
tape is encountered by a recorder, therefore, a
record similar to the end-of-tape record is made.
The repetition of the digits “180303” for thirty
lines serves, in this case, to feed the tape through
the recorder so that no information records are
made on the spliced portion.
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1f at the time a splice is encountered, the
timing devices of the recorder are not in synchro-
nism with those of the master timing circuit, an
additional line of the digits “385600” as shown
in Fig. 123, is recorded.

A break in the tape has the same effect as a
splice, resulting in an end-of-tape record. How-
ever, only the first portion is recorded as there
is no paper for recording the latter part and
the recorder will not proceed without paper.

Service observing records

For observing the calls of a group of lines, a
key is operated at the line-link frame. This will
result in four-line records being made for all
calls, whether toll or local, made by lines on said
line-link frame. The entry digits of the last
line of each initial entry are “35” as shown in
Fig. 126, to distinguish such records from those
of calls recorded in the usual manner. When
g line is connected for individual service observ-
ing, ‘a four-line record is made of all calls made
by that line, and the initial entries of said
calls are distinguished by the entry digits “34”
in the last line as shown in Fig. 127.

Verification records

Service-order verification calls, which are
made by maintenance personnel to verify the
connections of the lines of new subscribers, are
recorded on both the regular recorder and the
maintenance recorder. The entries are similar
to the normal four-line entry previously de-
seribed but are distinguished by identifying en-
try digits. Fig. 128 shows the last line of such
an entry on the maintenance recorder. The en-
try digits “399” indicate a verification call. The
district junctor number, while recorded in the
regular recorder in the usual manner, is not re-
corded on the maintenance recorder, the digits
“00” being substituted.

Trouble entries

As will be apparent from the detailed deserip-
tion of the operation of the circuits, a number
of checks on the operation of the circuits and
equipment are provided. Troubles detected are
indicated by the trouble indicator and single-
line entries are made on the recorder in connec-
tion with the records in which trouble is en-
countered, said entries indicating not only that
trouble was encountered, but also the type of
trouble. Examples of trouble entries are shown
in Figs. 129 and 130.

Test call records

Calls made for test purposes and certain types
of tests are recorded either on the regular re-
corders or on the maintenance recorder, as de-
sired, the recorders and the trouble indicator
being used in addition to the test equipment to
indicate the correctness of the operation of the
circuits and equipment, The test records are
distinguished from other records by a line hav-
ing the characteristic digits “388000” as shown
in Fig. 131.

Recorder-test records

Provision is made in the master timing circuit
for automatically testing the recorders when de-
sired. The results of the tests are recorded on
the tape of the recorder tested in a record of
eighty-four lines shown in Figs. 132, 133 and
134. The punches of the recorder are tested in
various combinations and with various circuit
conditions. The above-mentioned figures show
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the record produced if no failures are emcouri-
tered. Tt will be noted that in some cases, in
lines No. 42 to 72, the number of punches oper-
ated is abnormal, to test the operation of the
checking circuits. Failures in the tests are indi-
cated in some cases by the lack of uniformity
of the pattern punched in the tape and, in other
cases, by the automatic operation of the trouble
indicator as described later.

FOUR-LINE INITIAL ENTRY OF DETAILED-
BILLED CALL

To iNustrate the operation of the invention, we
will first describe a call from subscriber’s station
iS indicated in Fig. 1, to the called station (1S
whose directory designation is assumed to be
DAX 1234, for which call a detailed record is re-
guired for billing purposes. It will further be
assumed that station IS is a tip-party station of
5 two-party line having class of service No. 4.

Call originated

When a call is originated by the removal of the
receiver at subscriber’s station (S, relay ILJ09
operates over & circuit extending from battery
through the winding of said relay, No. 2 contacts
of hold magnet IHB899, switchhook contacts of
station IS, and No. 1 contacts of hold magnet
{H868 to ground. Relay 2HAD then operates
over a circuit extending from battery through the
winding of said relay, No. 10 contacis of relay
2GTA, conductor 58 within bracket 5f, No. 11 and
No. 7 contacts of relay 6HS, conductor 52, and
contacts of relay $L0086 to ground and locks up
t0 the same ground through its own No. 2 con-
tacts. Relay 2HBO also cperates over a circuit
extending from battery through the winding of
said relay, No. 10 contacts of relay 2GTB, con-
ductor 53 within bracket 8, No. 10 and No. 7
contacts of relay 6H0, conductor 52, and contacts
of relay ILB6Y to ground. Circuifs are thereby
closed from battery through No. 1 contacts of
relay TTA2, conductor 55, winding of relay ZCA,
No. 1 contacts of relay 2CB, No. 1 contacts of relay
9L.B, conductor 56, No. 10 contacts of relay 2FB,
conductor 57, No. 3 contacts of relay 2HAQ, con-
ductor 59 within bracket €0, No. 1 contfacts of
relay £MB, conductor &, No. 4 normal contacts
of relay TTA{, No. 5 normal contacts of relay
1TA2 and upper contacts of key TK to ground and
from pattery through No. i contacts of relay
1TB2, conductor 62, winding of relay 2CB, No. 1
contacts of relay 2CA, No. 2 contacts of relay
4MB, conductor 61, No. 4 normal contacts of relay
TTB{, No. 5 normal contacts of relay TTB2, and
lower contacts of key TK to ground. Relay 2CB
is a slow-to-operate relay so that relay 2CA nor-
mally operates first over the circuit traced above,
opening the ecircuit of and preventing the opera-
tion of relay 2CB. Operation of relay 2CA results
in the employment of the “home” line-link con-
troller circuit of the line-link frame on which the
line of station 1S is located. If relay 2CA fails
to operate hefore relay 2CB operates, the circuit
of relay 2CA is thereby opened. Operation of
relay 2CB results in the employment of the line-
link controller circuit of an adjacent or “mate”
Jine-link frame, which ensures service in case of
failure of the “home” line-link controller circuit.

Assuming that relay 2CA operates, relay 2FA
operates over a circuit extending from battery
through No. 1 contacts of relay TTA2, conductor
55, winding of relay 2FA, conductor 69, No. 3 con-
tacts of relay 2FB, conductor 78, No. 5 contacts
of relay 2CA, No. 6 back contacts of relay 2LA,
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conductor 56, No. 10 contacts of relay 2FB, con-
ductor §7, No. 3 contacts of relay 2HAS, conduc~
tor 58 within bracket 62, No. 1 contacts of relay
AMB, conductor &1, No. 4 normal contacts of
relay TTA!, No. 5 normal contacts of relay TTA2,
and upper contacts of key 1K to ground. Relay
8AC operates over a circuit extending from bat-
tery through No. § contacts of relay TTA2, con-
ductor T, winding of relay 8AC, conductor 72,
No. 6 contacts of relay 2FA, conductor 13 within
bracket 68 and No. 2 contacts of relay 9RL to
ground and locks up through No. 5 contacts of
relay 2FA, conductor 14, and its own MNo. 68 con-
tacts fo ground. Relay 3HC also operates over
a circuit extending from battery through No. 4
contacts of relay 1TA2, conductor 19, winding of
relay SHC, conductor 80, No. 3 contacts of relay
2FA, conductor 81 within bracket 60, and No. i
contacts of relay SRL to ground. Relays $A0

and 3HC connected the line-link controller cir-

cuit to the equipment of the line-link frame on
which the line of station IS is located.

Relay &SR operates over a circuit extending
frem battery through the winding of said relay,
No. 1 back contacts of relay 4PA and No. 6 con-
tacts of relay 4LS in parallel, No. 3 contacts of
relay 4DS, conductor 82 within bracket 83, and
No. 8 contacts of relay 3HC to ground. Relay
2GTA also operates over a circuit extending from
battery throush the winding of said relay, con-
duetor 84, and No. 69 contacts of relay 8AC %o
ground and locks up through its own No. 11 con-
tacts and No. 8 contacts of relay 2CA to ground.
A cireuit is thereby completed from hattery

through the winding of relay 86HGH, conductor §5 o

within brazket 51, No. § front contacts of relay
2HAB8, conductor 88, No. 6 contacts of relay 3HC,
conductor 81, No. 7 contacts of relay 2LA, and
No. 12 confacts of relay 2GTA to ground, operat-
ing relay Z2HG?.
horizontal line group No. 0 in which the line of
station {S is located. The No.1 ... No. 10 con-
tacts of relay 2GTA open the operating circuits
of relays 2HA8S .. . 2HAS %o prevent operation

of any other of said relays by other calling lines 5

during the establishment of the present conneec-
tion.
Identification of calling line

Relays 4V0 . . . 4VE now operate over circuits .
extending from hatiery through the windings of
said relays, No. 1 . . . No.7 contacts of relay 4VE,
conductors 88 . .. 81 within bracket 83, No.
42 . . . No. 35 contacts of relay 3HC, conductors
€8 . .. 164, Mo, B5 . . . No. 53 contacts of relay
6GHS, No. 1 ... Mo. 7 contacts of relay 8HS,
conductor §2, and contacts of relay {1880 to
ground. A circuit is thereby closed from battery

tnrough the winding of relay $TT, No. 10 contacts
cf relay 8RL, conductor 108, and No. 2 contacts of
velays &VE . . . £V8 to ground, operating relay
YTT. Relay VT then operates over @ circuit
extending from battery through the winding of
said relay, conductor §€9, No. 4 contacts of relay
4vy . . . 4V3 in series, conductor {9, INo. 2 con-
tacts of relay 87TT, conductor {11 within bracket
&3, Ne. 7 contacts of relay 58HC, conductor {12,
No. 52 contacts of relay 6GHY, No. 7 contacts of
relay §HE, conductor 52, and contacts of relay
11383 to ground. Relay 6HB cperates over a cir-
cuit extending from battery through the lower
winding of said relay, conductor if3 within
bracket 51, No. 1 front contacts of relay 2HAJ,
conductor ii4, Neo. 2 centacts of relay 3HC, con-
ductor 115 within bracket 83, No. 2 contacts of
relay VT, conductor {16 within bracket 117, and
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No. 66 contacts of relay 8AC to ground. The
opening of No. 1 contacts of relay 9VT permits
relay 4S5 to operate in series with relay 2HAD
over a circuit extending from battery through
the winding of relay 2HA0, No. 2 and No. 4
contacts of said relay, No. 1 contacts of relay
2LA, conductor 148, No. 1 contacts of relay 3HC,
conductor 119 within bracket 83, and winding of
relay 48 to ground.

The opening of No. 1 ... No. 7 contacts of
relay 6HO upon the operation of said relay, as
described above, separates conductors 98 . . .
104 which were joined through said contacts, leav-
ing ground on only those of said conductors which

» are associated, through No. 53 . . . No. 59 con-

tacts of relay 6HGO, with columns of lines in
which there are operated line relays. For ex-
ample, ground is maintained on conductor 98 from
contacts of line relay {1.000 over conductor 52 and
No. 59 contacts of relay 6HGO. In consequence,
those of relays 4V0@ . . . 4V6 which do not obtain
ground from conductors 98 . . . {04 are released,
relay 4V0, in the present example, remaining op-
erated. Relay 4VS then operates in series with
relay 9VT over a circuit extending from battery
through the winding of relay 9VT, conductor 109,
winding of relay 4VS, conductor 120, No. 2 con-
tacts of relay 9VT, conductor {16 within bracket
11T and No. 66 contacts of relay 8AC to ground. A

A eireuit is thereby completed from battery through

Said relay is associated with 4
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the winding of relay 4VE, No. 1 contacts of relay
4VS, No. 5 front contacts of relay §V6, conductor
88 within bracket 83, No. 42 contacts of relay $HC,
conductor 98, No. 59 contacts of relay §HHGH, con-
ductor 52, and contacts of line relay 11§30 to
ground, operating relay 4VE. Relay 4V0 is
locked up over the same circuit through its No. 3
contacts. The No. 1 ... No. 7 contacts of relay
4VE open the operating circuits of relays §V§
. . . 84V6 to prevent the reoperation of said relays
during the progress of the present connection.
Relays ILRO6 and {HM09 now cperate in par-
allel over a circuit extending from battery through
the windings of said relays in parallel, conductor
121, No. 41 contacts of relay 6HG0, conductor 122,
No. 35 contacts of relay 3EC, conductor {23 with-
in bracket 83, No. 1 front contacts of relay 4V0,
contacts of relay 48, and No. 10 contacts of relay
4VE to ground. Cperation of relay iLR09 estab-
lishes connections between the ten relays 4LTS
... 4LT9 and the ten line relays (L0CO . . .
{1,009 of ten lines in a horizontal group of a
column of lines. Those of relays 41,78 . . . 41L.T9
thus connected to operated line relays operate.
For example, relay 4LT0 operates over a circuit
extending from battery through the winding of
said relay, No. 1 contacts of relay 4LE, conductor
124 within bracket ¢{7, No. 20 contacts of relay
8AC, conductor (28, No. 1 contacts of relay {LR09,
and contacts of relay iL980 to ground. Relay 4RE
then operates over a circuit extending from bat-
tery through windings of said relays and No. 4
front contacts of relay 4L7T0 to the above-traced
ground on conductor 124. A circuit is thereby
completed from battery through the winding of
relay 4LS, No. 3 confacts of relay 4RE, and No. 3
contacts of relay 4118 to the above-traced ground
on conductor (24, opsrating relay 4LS, which locks
through its own No. 3 and No. 2 contacts, No. 8
contacts of relay 4VE, and No. 2 contacts of relay
4V0 to ground, also locking up relay 4LT9 to the
ground through No. 3 front contacts of the latter
relay and No. 2 contacts of relay 4L.S. Relay 4LE
operates over a circuit extending from battery
through the winding of said relay and No. 2 con-
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tacts of relay 4LS to the same above-traced
ground and the No. 1 . . . No. 10 contacts of said
relay open the operating circuits of relays 4L.T0
... 4LT9, releasing all of said relays which
operated except relay 4LT0. Said relay registers
the vertical file in which the line of station 1S is
located as file No. 0.

Relays (0VCO ... I0VC6 are provided for
registering the column in which the calling line is
located. Omne of said relays, in the present ex-
ample relay 10VC0, operates over a circuit ex-
tending from battery through the winding of said
relay, conductor 122, No. 35 contacts of relay 3HC,
conductor 123 within bracket 83, and No. 1 front
contacts of relay 4V0, contacts of relay 43, and
No. 10 contacts of relay 4VE, to ground, thus
registering the column in which the line of station
S is located as column No. 0.

Selection of district group

When relay 6HGG operates, as previously de-
scribed, the windings of the ten relay 970 . . .
9T9 are connected over conductors 130 . . . {39
within bracket ({7, through No. 21 . .. No. 30
contacts of relay 8AC, conductors 140 . . . 149,
and No. 30 . . . No. 21 contacts of relay 6HGD
the ten sleeve conductors 150 . . . 189, respec-
tively, of the secondary line-link switches in the
horizontal group with which relay 6HGO is associ-
ated. Such of relays 9T0 . .. 9T9 as are thus
connected to line links which are busy, operate
over the above-traced paths and the sleeve con-
ductors of said busy line links to ground (indi-
cated later) in the district junctors or incoming
junctors to which said busy line links are con-
nected.

The ten relays 9GO0 . . . 9G9 correspond to ten
-groups of district junctors which may be used to
extend the connection of calling station IS. The
left-hand windings of said relays are connected
through No. 3 . . . No. 7 contacts of relays 9VT
and No. 5 . . . No. 9 contacts of 9TT, No. 2 con~
tacts of relays 9T0 . .. 9T9 (if not operated),
No. 1 ... No. 10 contacts of relay 9GE, con-
ductors 160 . . . 169, No. 31 . . . No. 40 contacts
of relay 8AC, No. 1 . .. No. 10 back contacts of
relay 8RS, conductors (70 ... {19 within
brackets 190 and 191 to the sender link and con-
troller. As will be shown later, such of conductors
{710 . . . 1719 as are associated with groups of dis-
trict junctors having two or more idle junctors in
each, with paths available to idle senders, are
grounded in the sender link and controller circuit,
causing the operation, over the paths traced obove,

of the corresponding relays 9G0 . . . 8G9 whose
respective associated relays 9T0 . . . 9T9 are not
operated.

Should there be none of the first ten groups
with two or more distriet junctors idle with paths
available to idle senders, none of the conductors
(70 ... 118 will be grounded and one of the
relays $GO . . . 9GS will operate. However, if
there are one or more groups of a second ten
groups with at least one district junctor idle with
paths available to idle senders, conductor 192 and
such of conductors 180 . . . 189 as are associated
with said groups will be grounded in the sender
link and controller circuit, as will be shown later.
Relay 4PA then operates over a circuit extending
from battery through the winding of said relay,
No. 9 contacts of relay 4VE, No. 2 contacts of relay
4SR, conductor 209, No. 12 contacts of relay 3GE,
conductor 201 within bracket 117, No. 62 contacts
of relay 8AC, and conductor 192 within brackets
190°and 191 to ground in the sender link and con-
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troller, and locks up through its No. 2 contacts
to the same ground. The No. 1 back contacts of
relay 4PA open the circuit of and release relay
4SR. A circuit is thereby completed from battery
through the winding of relay 8RS, No. 65 contacts
of relay BAC, conductor 208 within bracket {17,
No. 1 contacts of relay 4SR, No. 1 front contacts
of relay 4PA, No. 3 contacts of relay DS, conduc-
tor 82 within bracket 83, and MNo. 8 contacts of
relay 3HC to ground operating relay 8RS. The
left-hand windings of relays $G8 . . . 8G8 are
now associated with conductors (88 ... 189
through front contacts of relay 8RS, and those
of said relays thus associated with such oi con-

ductors 182 ... 188 as are grcunded in the
sender link and controller and whose respective
associated relays T80 . . . 8T9 are not operated,

operate over the paths traced above. Relay 4SR
is a slow-to-release relay so that the selection of
one of the first ten groups of district junctors
having two junctors idle will be made, if one such
group becomes available before the release of
relay 4SR, rather than one of the second ten
groups.

Assuming, however, that there are two district
junctors idle in group No. 0 and that one of said
idle junctors is junctor No. 0, relay 9T8 is not
operated and relay §G8 is operated, as described
above. Relay 5D8 then operates over a circuit
extending from battery through resistance 4R,
No. 2 contacts of relay 4VS, conductor 289, No. 3
contacts of relay 9TT, No. 1 back contacts of
relay 9RP, No. 2 front contacts of relay 8G8, con-
ductor 210 within bracket {17, No. 50 contacts of
relay 8AC, conductor 211 within bracket 199 and
winding of relay 5D8 to ground, and locks up
through its own No. 4 contacis to the same
ground. Ground is thereby extended from No, 4
contacts of relay 9TT over conductor 212 within
bracket 83, through No. 22 contacts of relay §HC,
conductor 2i3 within bracket 214, No. 6§ contacts
of relay 5D9, and conductor 2i5 within bracket
216 to the sender link and controlier, causing
said sender link and centroller to ground conduc-
tor 218 within bracket 218, as described later.

Relay 9GO is now locked up over & circult ex-
tending from battery through the right-hand
winding and No. 4 front contacts of said relay, No,
4 back contacts of relay §RP, conductor 213, with-
in bracket 83, No. 10 contacts of relay 3HC, con-
ductor 221 within bracket 2{4, MNo. 8 contacts of
relay 5D3, and conductor 28 within bracket 218
to ground in the sender link and controller. The
cross-connections 9C may be changed to give
preference to another of the operated relays of
relays 9GO . . . 8G8 causing the selection of a
different district junctor to distribute wear on the
district junctors. Relay 8GE operates over a cir-
cuit extending from battery through the winding
of said relay and conductor 218, thence, over the
above-traced path to ground. The No. 12 con-
tacts of relay 9GE open the circuit of and release
relay 4PA (if operated) and the No.1 . . . No. 10
contacts of relay 9GE open the operating circuits
of relays 8GO0 . . . 9G9, releasing any of said re-
lays which are operated, except relay $GO. A
circuit is also completed from battery through the
winding of relay 4DS, conductor 228, and No. 11
contacts.of relay 9GE to ground, operating relay
4DS. 'The No. 3 contacts of relay 4DS open the
circuit of and release relay 8RS (if operated).
Relay SDF0 then’ operates over a circuit extend-
ing from battery through the winding of said
relay, No. 1 contacts of relay 5D0, conductor 222
within bracket 90, No. 60 contacts of relay 8AC,
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conduetor 223 within bracket {17, No. 1 front con-
tacts of relay 8G0, No. 2 back contacts of relay
9RP, conductor 224, No. 2 contacts of relay 4DS,
and No. 5 contacts of relay 4LS to ground. Relay
{0DG?{ operates over an obvious circuit through
No. 8 contacts of relay 5DF0 to ground. Relay
SDAO operates over a circuit extending from bat-
tery through the winding of said relay, No. 7 con-
tacts of relay 8DF0, conductor 225 within bracke:
214, No. 28 contacts of relay 3HC, conductor 225
within bracket 83, No. 3 front contacts of relay
9GO, and No. 3 back contacts of relay 9RP to
ground.

The contacts of relay 10DGU extend connec-
tions from relays 10VCS, 6HO, and 4L7T8 which
are used, as described later, to indicate to the
sender the column, switch, and file in which the
line of calling station 18 is located. The No. 1
. . . No. b contacts of relay 5DF0 extend connec-
tions for indicating to the sender, as described
later, the class of service of the calling station {S.

Upon the operation of relay 5DAS, as described
above, select magnets IPS008 . . . {PS063 of the
primary line-link switches operate over a circuit
extending from battery through the windings of
said magnets in parallel, No. 10 contacts of relay
6HGO, conductor 227 within bracket {38, No. 1
contacts of relay 5DAS, conductor 228 within
bracket 214, No. 26 contacts of relay $HC, con-
ductor 228 within bracket 83, and No. 3 contacts
of relay 82L to ground. The select magnets §SS9
... 63889 of secondary line-link switches also
operate over a circuit extending from battery
through the windings of said magnets in parallel,
No. 20 contacts of relay 6HGY, conductor 221, and
the above-traced path to ground. Operation of
said select magnets prepares the line-link
switches for connection of the line of calling sta-
tion {8 to the sender, said connection being es-
tablished under the control of the sender link
and controller as described below.

Selection of district juncior
When ground is applied by the line link and

controller to conductor 215 within bracket 216,

as previously deseribed, relay I18GPU of the sender
link and controller, operates over a circuit extend-
ing from battery through No. 11 back contacts
of relay 290N, contacts of relay 287TL, conductor

230, No. 6 contacts of relays 18D8 . . . {809, No. ?

2 normal contacts of relays 19GP§ . . . 18GPI,
and winding of relay (9GP0, to ground on con-
ductor 215, and locks up from battery through its
No. 2 front contects ang winding to the same
ground.
tery through the winding of relay 4G, conductor
232, and No. 4 Tront contacts of relay (8GPR to
ground, opevating relay {4G. Relay {4GR then
operates over sn ohbvious cireuit through No. 2
contacts of relay 14G to ground. The contacts of
relay 14GR extend the conductors within bracket
234 from relay {0DGO of the line link and con-
troller for the transmission to the sender of iden-
tification of the calling line, as described Iater,
Relay 29RS operates over a circuit extending
from battery through No. 1 contacts of relay
18GPQ, conductor 238, No. 1 back contacts of
relay 2808, and winding of relay 28RS to ground,
completing a circuit from battery through No. 2
normal contacts of relay 19TM, winding of relay
I8DE, conductor 38, and contacts of relay 28RS
to ground over which relay I8DE operates.
Relay 290N also operates over a circuit extend~
ing from battery through the winding of said re-
lay, conductor 238 and No. 1 contacts of relay 4G

A cirenit is thereby completeg from bat-
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to ground. A circuit for operating relay (90ONI
is thereby completed from battery through the
winding of saig relay, conductor 241 and No. 14
contacts of relay 290N to sround. Relay {SONI
locks up through its own No. 4 contacts, conductor
243, and No. 12 contacts of relay 220 io ground.
Relay {4DP operates over a circuit extending from
battery through the right-hand winding of said
relay, conductor 244, and No. 14 contacts of relay
{8ONI to ground. The No. 1 contacts of relay
{4DP disconnect ground from conductor 192
within bracket {94 to the line link and controller,
as an indication that there is no longer an idle
district junctor in the associated group.

By the operation of relay 4G, as described
above, a circuit is completed from battery through
the winding of relay 14CGA, No. 15 and No. 29 con-
tacts of relay 14G, conductor 246 within bracket
181, and No. 2 contacts of relay 5DAS to ground,
operating relay {4BA which, in turn, operates re-
lay 14DA over an obvious circuit. Relay {4G is
now locked up through No. 1 contacts of relay
i4DA to ground.

Bach district junctor, to which the sender link
and controller has access, if not in use, extends
battery over a conductor to said sender link and
controller. For example, if district junctor No. 0,
the circuit of which is shown in Fig. 12, is not in
use, battery is extended through resistance I12RI,
Ne. 10 contacts of relay 12TA, No. 9 contacts of
relay 12TC, No. 2 contacts of relay {21, and No. 4
contacts of relay {281 to conductor 247. Upon the
operation of relay 14BA, relay 518 operates over
& circuit extending from said battery on conduc-
tor 247, through No. 2 contacts of relay {4BA, con-
ductor 257, No. 10 contacts of relay 19DE, winding
of relay {3D0, conductor 252, and No. 1 contacts
of relay 233N to ground and locks up over a cir-
cuit extending from battery through its own No.
4 contacts and winding to the same ground. Oth-
ers of the relays {9D08 . . . 19D$ associated with
idle district junctors similarly operate and lock
up. Relay 29DS then operates over a circuit ex-
tending from battery through No. 4 contacts of
said operated relays of relays 1809 . . . 19DS, No.
2 contacts of relay 190N1, conductor 280, winding
of relay 28DS, conductor 264, No. 14 contacts of
relay (4G, and No. 1 normal contacts of relay
{4BB to ground. Circuits are thereby completed
from hbattery through resistance 14R1, winding
of relay 14CA, No, 42 contacts of relay {8G, con-
ductor 262, and No. 5 contacts of relay 29DS to
sround and from battery through resistance {4R2,
winding of relay 14CB, No. 56 contacts of relay
14G, conductor 263 and No. 4 contacts of relay
29D8 to ground, operating relavs {4CA and ECB.
The No. 1 contacts of relay 28D5 open the circuit
of and release relay 29RS which is slow to release.
Relay 14DP is locked up over a circuit extending
from battery through the left-hand winding of
said relay, No. 2 contacts of relay {{4RA, No. 2
contacts of relay 14RA, No. 2 contacts of relay
{8RB, its own Ne, 11, 12, 13 and 14 contacts, and
No. 42 and No. 58 contacts of relay (4G to ground
on conductors 262 ang 283. Relay |9TM operates
if two or more of the relays 1800 . . . iSD8 are
operated but does not operate if only one of the
relays 19D8 . . . {919 is operated. For example,
if relays 19D% ang i$D4 ave operated, relay (9TM
operates over a circuit extending from hattery
thirough No. 4 and No. 5 contacts of relay 19D4,
No. 3 contacts of relay 19D%, No. 1 contacts of re-
lay 180N{, and winding of relay iSTM 4o ground.
1f relay 19D only is operated, no operating circuit
for relay 19TM is ciosed. If relay 189TM operates,
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it locks up from battery through its own No. 2
contacts, No. 1 contacts of relay 180N{, and its
own winding to ground. The No. 1 normal con-
tacts of relay 18TM open the circuit of and re-
lease relay {9DE. If relay 19TM does not operate,
relay I9DE releases when relay 29RS releases.
Relay 19TM is provided to operate a traffic regis-
ter each time the last idle district junctor of a
group is used to establish a connection.

Selection of sender group

When relay 4G operates, as previously de-
scribed, circuits are closed from battery through
the right-hand windings of relay (9SG0 . . .
19SGY, No. 3 . . . No. 12 contacts of relay 1988,
conductors 218 . . . 219, No. 6 contacts of relays
{8GBD . . . 18GBY, conductors 280 . . . 288, No.
43 . . . No. 52 contacts of relay {4G, conductors
290 . . . 298, No. 1 contacts of hold magnets
fTHMS . . .
tors 388 and 30, and No. 1 and No. 2 back con-
tacts of relay 23R 1, conductors 382 and 303, No. 1
contacts of relays 288GE0 and 28SGEI, No. 7 con-
tacts of relays 288GB0 and 28SGBI, to No. 3 con-
tacts of relays 28SBOO . . . 283BI9 associated
with a group of twenty senders. Busy senders ap-
ply ground, as described later, to the windings of
corresponding relays 28SB00 . . . 285Bi9, oper-
ating said relays. If two or more of the relays
28SB0C¢ . . . 28SB08% are unoperated, indicating
that there are two or more idle senders in the first
subgroup of ten senders, ground at No. 4 normal
contacts of an unoperateg one of said relays is
extended to conductor 300. Each of the relays
1953G9 . . . 19SG4 then operates if the associated
hold magnet is unoperated. For example, relay
19SG0 operates, if hold magnet | THMS is not op-
erated, over a circuit extending from battery
through the right-hand winding of said relay, No.
3 contacts of relay 19SS, conductor 270, No. 6 con-
tacts of relay {8GBS, conductor 280, No. 43 con-
tacts of relay 4G, conductor 290, No. 1 contacts
of hold magnet {THMO, conductor 300, No. 1 con-
tacts of relay 23RI, conductor 302, No. 1 contacts
of relay 28SGED, No. 7 contacts of relay 28SGB?O,
No. 3 contacts of an unoperated relay of the relays

28SB00 . . . 28SB09Y, and No. 4 normal contacts
of another unoperated relay of the relays
28SB09 . . . 28SB69. If two or more of the relays
28SBI0 . . . 28SBI9 are unoperated, ground at

No. 4 normal contacts of one of said unoperated
relays is extended to conductor 308 and each of
relays [8SGH .. . 188GH, if its associated hold

magnet is unoperated. However, if there are no ;

idle senders in a subgroup, the associated relay of
the relays I18GB2 . . . |18GBY operates and opens
the operating circuit of the corresponding relay
of the relays 19SG8 . . . 198G9. For example, if
there are no idle senders in subgroup No. 0 and
therefore all of the relays 28SB060 . . . 285SB03
are operated, relay 28SGBY operates over a circuit
extending from battery through the winding of
said relay and No. 2 contacts of relays 28SB00 . . .
28SB08 to ground. A circuit is then completed
extending from battery through No. 1 contacts of
relay 28SGBY conductor 284, and winding of relay
{8GB9 operating the latter relay, whose contacts
open the operating circuit of relay 198G40.

If none of the relays 18SG0 . . . 19SGY have
operated before relay 29DS operates, as described
above, which would be the case if there were not
two senders idle in any of the sender subgroups

No. 0 . .. No. 9, relay 23RI operates over a cir-

cuit extending from battery through No. 1 con-

1THEMY of ten sender links, conduc-.
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tacts of relay (9GP0, conductor 235, No. 1 front
contacts of relay 29DS, conductor 305, and winding

.of relay 23R 1 to ground. The right-hand windings

of relays {98Go . . . 19SG9 are then connected to
No. 6 contacts of relays 286SGE0 and 28SGES, and
such of relays 198G0 . . . 198G9 whose associated
relay of the relays 18GB0 . .. 18GBS is not oper-
ated and whose associated hold magnet is not op-
erated, then operate. For example, if relay
{8GB0 and hold magnet [THMUE are not operated,
relay 19SGO operates over a circuit extending
from battery through the right-hand winding of
said relay, No. 3 contacts of relay 1885, conductor
216, No. 6 contacts of relay 18GBS, conductor 280,
No. 43 contacts of relay 184G, conductor 299, No. 1
contacts of hold magnet 1THMJ, conductor 300,
No. 1 front contacts of relay 23R, conductor 308,
and No. 6 contacts of relay 28SGED to ground.
The fact that relay 18GB0 is not operated indi-
cates that there is one idle sender in sender sub-
group No. 0. If cne or more of relays {85G0 . . .
198G9 operate before relay 28DS operates, relay
19SS will operate, as described below, opening the
operating circuits of relays 19SG6 ... i19SG3
and operation of relay 23RI{ will be ineffective.

Such of relays 19SG0 . . . 19SG9 as are oper-
ated by either of the methods described above
correspond to subgroups of senders in which there
is at least one idle sender and an idle link avail-
able for connection of said sender to the selected
distriet junctor. Assuming that relay {8SG0 is
one of the relays operated, a circuit is completed
from battery through resistance 18R, INo. 3 front
contacts of relay 19GPO, cross-connection (8C,
No. 1 front contact of relay 19SGO, conductor
310, and winding of relay 23LL0 to ground, oper-
ating relay 23LL®, which locks up to ground
through its No. 3 front contact. Relay (9SG0
is thereby locked up over a circuit extending from
battery through the left-hand winding and No. 2
contacts of said relay, conductor 311, and No. 1
contacts of relay 23LL0 to ground. The locking
up of relay 19SGH results, as described below, in
the selection of a sender in subgroup No. 0.
Cross-connection i9C may be changed to give
preference to a sender in ancther subgroup rep-
resented by anotheér operated relay of the relays
19SG0 . . . [9SG9 to distribute wear on the
senders.

Relay 19SS then operates over a circuit extend-
ing from battery through the winding of said
relay, conductor 312, and No. 2 and No. 1 contacts
of relay 23L1.0 to ground. The No. 3 ... No. 12
contacts of relay 19SS open the operating cir-
cuits of relays 19SG0 . .. {95G9 and release all
of said relays except relay (9SG8. Operation of
relay 19SS completes a circuit extending from
battery through the winding of relay 180C, No. 2
contacts of relay 19SS, No. 4 contacts of relays
19SG9 . . . 198G, No. 5 front contacts of relay
19SG0, conductor 313, No. 2 contacts of relay
24RIL, conductor 238, and No. 1 contacts of relay
14G to ground, operating relay {8OC which, in
turn, operates relay 23C0 over a circuit extending
from battery through the winding of said relay,
conductor 314, No, 3 contacts of relay {90C, and
No. 3 contaets of relay 198G to ground. Select
magnet 13PS0 then operates over a circuit ex-
tending from battery through the winding of
said magnet, conductor 315, No. 4 contacts of
relay 4G, conductor 314 to the above-traced
ground, Relay 23CR0 also operates over an obvi-
ous circuit through No. 23 contacts of relay 23C0
to ground.
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Selection of sender

One of the relays 28500 . . . 28S09 operates, the
particular relay depending upon the operated
relays of relays 28SB00 . . . 28SB09 and cross-con-
nection 28C, For example, with cross-connection
28C as shown and relay 28SB00 not operated,
relay 28560 operates over a circuit extending from
battery through No. 3 normal contacts of relays
28509 . . | 8891, winding of relay 28500, No. 1
back contacts of relay 28SB00, No. 1 contacts of
relay 29P8, cross-connection 28C, conductor 316,
and No. 20 contacts of relay 23C0 to ground and
locks up from hattery through its own No. 3 con-
tacts, completing through its No. 2 contacts to
the same ground an cbvious circuit for operating
relay 28P0. The No. 1 ... No. 10 contacts of re-
lay 2878 open the operating circuits of relays
28500 . . | 28S09. Relay 28SGED also cperates

over an obvious circuit tarough No. 1 contacts of ¢

relay 28800 and its contacts open the operating
circuits of relays 19SGO . .. 19SGS to prevent re-
operation of any of said relays during the progress
of the nresent connectior:.

The locking up of relay 28500 causes the selec- «

tion of gender Mo. 0 as described below. Cross-
connection 28C may be changed to give prefer-
ence to another sender of the subgroup to distrip-
ute wear on the senders.

Connection of the sender to the calling line

Selecting magnet (7380 of the secondary
sender-link switch operates over a circuit extend-
ing from battery through the winding of said
magnet, conductor 311, No. 10 contacts of relay
28C0, conductor 318, No. 4 contacts of relay 28500,
and No. 12 contacts of relay 28P0 to ground.
Relay 20SC4 operates aver a circuit extending
from battery through the winding of said relay,
conducter 218, No. 4 front contacts of relay 28500,
and No. 21 contacts of relay 28P90 to ground and
relay 88SC2 operates over a circuit extending
from battery threcugh the winding of said relay,
conductor 323, No. 3 contacts of magnet 44F,
conductor 319, No. 4 contacts of relay 28800, and
No. 12 contacts of relay 28P0 to eground. These
relays operated to connect the selected sender to
the sender-link controller. A circuit is also com-~
pleted from battery through the winding of relay

240, conductor 232, No. 11 contacis of relay :

18DE, conductor 333, No. 2 contacts of relay 28DS,
conductor £84, INo. 3 normal contacts of relay
2431, con v 335, No. 2 contacts of relay 180C,
conductor &35, contacts of select magnet {1834,

IHo. 11 contacts of relay 28P0, con-
44, Wo. 11 contacts of relay 23C0, con-
241, No. 3 contacts of relay {14G, con-
ductor 242, contacts of select magnet 3PS, con~
ductor ¥43, and Wo. 1 contacts of relay (4DA to
sround, operating relay 2489H. Relay 24GH then
operates over a circuit extending from battery
through the winding of said relay, conductor
344, Mo. 12 contacts of relay {9DE, conductor
245, No. 6 contacts of relay 240H, No. 1 back con-
tacts of relay 24RL, conductor 241, and No. 14
contacts of relay 250N to ground and locks up
through its No. 2 contacts to the above-traced
ground.

Hold magnet 13HM33 of the primary sender-
link switch operates over a circuit extending from
battery through the winding of said magnet, con-
ducter 348, No. 2 contacts of relay (4DA, con-
ductor 347, No. 1 front contacts of relay | D0,
conductor 349, No. 1 contacts of relay 240H, cross-

ductor

137, Mo. 12 contacts of relay 23C9, con- 3:
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connection 24C, and No. 1 contacts of relay 24GHE
to ground, closing the cross-point i3PL of the
brimary sender-link switch. Cross-connection
24C may be changed to select the proper hold
magnet in accordance with the preference in
the selection of the district junctor provided by
cross-connection 19C. Hold magnet (THMO of
the secondary sender-link switch also operates
over a circuit extending from battery through
the winding of said magnet, conductor 250 within
bracket 35( and No. 7 contacts of cross-point
{3PL of the primary sender-link switch to the
above-traced ground on conductor 3456, closing
cross-point (7SI: of the secondary sender-link
switch. Relay 1281 of district junctor circuit
No. 0 operates over 2 circuit extending from bat-
tery through the winding of said relay, conductor
352 within bracket 353, and No. 2 contacts of
hold magnet 13HM00 to ground. The No. 4
contacts of relay 128! open the circuit, pre-
viously traced, which supplied battery to con-
ductor 247, thereby making district junctor No. 0
test busy to other sender-link and controller
circuits.

Upon the operation of relay 24GH, as described
above, hold magnet 6DH08 of the secondary line-
link switch operates over a circuit extending from
battery through the winding of said magnet,
conductor 354 within bracket 355, No. 3 contacts
of relay 8DAR, conductor 355 within bracket 191,
No. 21 contacts of relay (4G, conductor 351, No.
2 front contacts of relay i8D9, conductor 358,
cross-connection 24C, and No. 1 contacts of relay
24GH to ground, closing the cross-point 68 of
the secondary line-link switch. Cross-connection
24C may be changed to agree with the arrange-
ment of cross-connection {2C. Relay 9T0 then
operates over a circuit extending from battery
through the winding of said relay, conductor 130
within bracket (11, No. 21 contacts of relay 8AC,
conductor 140, No. 20 contacts of relay 6HGG, No.
3 contacts of cross-point §S of the secondary
line-link, and contacts of hold magnet 6DHOD to
the previously-traced ground on conductor 354,
closing a circuit extending from battery through
the winding of hold magnet (E820 of the primary
line-link switch, No. 1 contacts of relay 1H3IMO0,
conductor 358, No. 21, contacts of relay 3HC,
conductor 360 within bracket 83, No. 6 front con-
tacts of relay 41,70, No. 1 front contacts of relay
4DS, conductor 361, No. 5 front contacts of relay
§G6, No. 1 contacts of relay gT0, conductor 362
within bracket 83, No. 11 contacts of relay 3HC,
conductor 333 within bracket 214, No. 7 contacts
of relay D3, conductor 384 within bracket 21§
and No. 4 back contacts of relay 24RL to ground,
over which hold magnet i¥865 operates, closing
the cross-point IP of the primary line-link switch.
The line of station (S is theveby connected
through cross-point (P of the primary line-link
switch and cross-point §S of the secondary line-
link switch to district juncior No. ¢ and district
junctor No. 0 is connected by cross-point {3PL of
the primary sender-link switch and cross-point
ITSL of the seccndary sender-link switch to
sender No. 0 of subgroup No. 0.

Operation of hold magnet {H080 opens the
circuit of and releases relay (L0060 which, in turn,
opens the eircuit of and releases relay 4RE.

Relay 24SL operates over a circuit extending
from battery through No. 11 front contacts of
relay 299N, conductor 356, winding of relay 24SL,
conductor 3867, No. 13 contacts of relay 23C0,
conductor 368 within bracket 365, No. 37 contacts
of relay 30SC4, conductor 371 within bracket
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372, No. 7 contacts of cross-point 1TSL, conductor
350 within bracket 351, No. 7 contacts of cross-
point 13PL, conductor 346, No. 2 contacis of
relay {4DA, conductor 347, No. 1 front contacts
of relay {9D3%, conductor 348, No. i contacts of
relay 240H, and No. 1 contacts of relay 24GH to
ground. )

The No. 3 contacts of relay 24SL open the
" circuit of and release relay 248H. Release of
relay 240H opens the operating circuits of hold
magnets {3FEMB6 and {(THMD but said magnets
are held operated over a circuit extending from
nattery through the winding of magnet {3EMO0
and No. 7 contacts of cross-point {3PL: of the
primary sender-link switeh to conductor 350
within bracket 351, and from bhattery through
the winding of magnet {THMS to conductor 350,
thenece through No. 7 contacts of cross-point
{18L of the secondary sender-link switch, con-
ductor 311 within bracket 372, No. 37 contacts
of relay 308C4, conductor 369 within bracket 363,
No. 13 contacts of relay 23C86, conductor 367,
left-hand winding of relay 23DC, conductor 373,
and No. 1 contacts of relay 24SL to ground. Re-
lay 29DC will normally operate over this circuit
but if the sender-link switches have connected
the line of station 1S to an already established
connection, the holding ground of the hold mag-
nets of said other connection short-circuits the
left-hand winding of relay 29DC and said relay
will not operate, assisted by the current flowing
in the right-hand winding of said relay over the
previously-traced path through the winding of
relay 248L, conductor 366, right-hand winding
of relay 28DC, conductor 373 and No. 1 contacts
of relay 24SL: to ground.

Assuming that no double connection is en-
countered, relay 28DC operates over the circuit
traced above, clesing a circuit from battery
through No. 1 contacts of relay 18P0, conductor
235, resistance 24R, No. § contacts of relay 24SL,
winding of relay 24DR, conductor 375 and front
contacts of relay 29DC to ground, operating re-
lay 24DR which locks up through its No. 2 con-
tacts to ground.

Registration bf calling-line identification

When relays 588C2 and $8SC8 operate, as pre-
viously deseribed; connections are established be~

tween the windings of relays 3§VFA ... 88 VFE, *

EO0SWA ... 308WE, 36CVA ... 30CVE, 30CTA ...
38CTE and 38CHA ... 38CHE to register in the
sender the location. of the calling line by oper-
ating said relays in combinations of two out of
each group of fve relays, each combination of
two operated relays representing a digit in ac-
cordance with the same code, previously de-
scribed, used for the similarly arranged magnets
of the recorder Relays 30VFA ... $0VFE regis-
ter the number of the vertical file, relays
30SWA . . . 3BSWE register the number of the
primary line-link switch, and relays 36CUA . ..
39CUE, 36CTA ... 30CTE and 30CHA ... 30CHE
register the units digit, the tens digit, and the
hundreds digit, respectively, of the column in
which the calling line is located. For example,
the line of station IS is located in vertical file
No. 0 of switch No. 0 in column No. 000. Relays
30VFA, 30VEB, 30SWA, 30SWB, 20CUA, 30CUB,
30CTA, 30CTB, 30CHA and 30CHB consequently
operate, relay 30VFA, for example, operating
over a circuit extending from battery through
the winding of said relay, No. 3 contacts of relay
303C4, conductor 368 within brackets 365, No.

1 contacts of relay 23CRO, conductor 377 within-
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bracket 378, No. 1 contacts of relay 14GR, con-
ductor 379 within bracket 234, No. 1 contacts of
relay (0DGO, conductor 380 within bracket 214,
No. 47 contacts of relay 3HC, conductor 38
within bracket 83, cross-connection 4C, and No.
2 front contacts of relay 4LT0 to gsround. Re-
lay 28SWA operates over a circuit extending
from battery through the winding of said relay,
No. 8 contacts of relay ‘38SC#4, conductor 382
within bracket 365, No. 6 contacts of relay 23CRO,
conductor 383 within bracket 378, No. 6 con-
tacts of relay {4GR, conductor 384 within bracket
234, No. 6 contacts of relay 10DG0, conductor
585, cross-connection §C, and No. 8 contacts of
relay 6HO0 to ground. Relay 30CUA operates
over a circuit extending from battery through
the winding of said relay, MNo. 13 contacts of
relay 30SC4, conductor 386 within bracket 3685,
No. 11 contacts of relay 23CRE, conductor 387
within bracket 378, No. 11 contacts of relay
{4GR, conductor 388 within bracket 234, No. 11
contacts of relay (0DGO, conductor 389, cross-
connection (0C, and No. 1 confacts of relay
{8VCO to ground. Relay 39CTA operates over a
cireuit extending from battery through the wind-
ing of said relay, No. 18 contacts of relay 30SC4,
conductor 398 within bracket 265, No. 16 contacts
of relay 23CRSY, conductor 391 within bracket
378, No. 15 contacts of relay {4GR, conductor
862 within bracket 234, No. 16 contacts of relay
18DG8, conductor 393, cross-connection §0C, and
No. 3 contacts of relay {8VCH to ground. Re-
lay 30CHA operates over a circuit extending
from battery through the winding of said relay,
No. 23 contacts of relay 30SC4, conductor 394
within bracket 365, No. 24 contacts of relay
23CR0, conductor 395 within bracket 378, No. 21
contacts of relay 14GR, conductor 396 within
bracket 234, No. 21 contacts of relay {8DGO, con~
ductor 3987, cross-connection 16C and No. 5 con-
tacts of relay $0VCE to ground. Cross-connec~
tions 4C, §C and {0C may be changed to trans-
late the indication given by the operation of ten
of relays 3OVFA . .. 3QVEFE, 30SWA ... 36SWE,
36CUA . . . 30CUE, 20CTA . . . 30CTE, and
30CHA . . . 30CHE info any desired series of
digits to identify the calling line.

Relays 86CS0 . . . 36CS5 register the class of
service of the calling line. Subscribers’ lines
having the same class of service are placed in
the same relative positions in each vertical file
of ten lines. The position of a line in the
vertical file, which, as previously described, is
registered by the operation and locking-up of
one of the relays 4LT8 . . . 4L7T9, is, therefore,
indicative of the class of service of said line.
In the present example, relay 4L7T0 is locked
up. Relay 26CS¢, for example, may then op-
erate over a circuit extéending from battery
through the winding of said relay, conductor 400,
No. 32 contacts of relay 38SC4, conductor 401
within bracket 363, MNo. 24 contacts of relay
2300, conductor 402, TJo. 28 contacts of relay
{4G, conductor 463 within bracket 91, cross-
connection 5C, No. 5 contacts of relay 5DFQ,
conductor 404 within bracket 188, cross-connec-
tion 8C, No. 1¢ contacts of relay 8AC, conductor
405 within bracket {t1, No. 1 front contacts of
relay 41.T6, No. 8 contacts of relay 4VE, and No.
2 contacts of relay 4vV8 to ground. However,
cross-connections §C and 8C may be arranged to
cause the operation in a similar manner of any
desired one of the relays 36CS0 ... 36CS5. The
relay thus operated, in the present example, re-~

. lay 36CS3, locks up over a circuit extending
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from battery through the winding and No. 5
contacts of said relay, conductor 406, No. 33
contacts of relay 38SC#4, conductor 497 within
bracket 865, and No. 17 contacts of relay 30SC4
to ground.

The number of the district frame, on which
the district junctor used in the connection is lo-
cated, is also registered in the sender by the
closure of one of the cross-points of switch 43F.
In the present example, the district junctor is
located on frame No. 0. Select magnet 43S0
operates over a circuit extending from battery
through the winding of said magnet, conductor
408, No. 1 contacts of relay 30SC2, conductor 409,
within bracket 365, and No. 18 contacts of relay
23C0 to ground, closing a circuit extending from
battery through the winding of relay 44SMf, No.
1 contacts of relay 44SM3, conductor 410, and
contacts of select magnet 43S0 to the above-
traced ground on conductor 408, operating relay
44SMI. Relay 3TON4 then operates over a cir-
cuit extending from battery through the winding
of said relay, conductor 411 and No. 1 contacts
of relay 44SMI to the previously-traced ground
on conductor 406, operating relay 44SM2 over
a circuit extending from battery through the
left-hand winding of said relay, No. 4 contacts of
relay 44SMI, conductor 412, and No. 12 contacts
of relay 3TN4 to ground, which, in turn, operates

relay 44SM3 over a circuit extending from bat-

tery through the winding of said relay, No. 1
contacts of relay 44SM2, conductor 413, and No. 1
contacts of relay 36CS3 to the previously-traced
ground on conductor 406. The No. 1 contacts of
relay 44SM3 open the circuit of and release relay
445MI. Relay 44RA2 then operates over a cir-
cuit extending from battery through resistance
44R, winding and No. 1 normal contacts of said
relay, No. 3 contacts of relay 44SM3, conductor
414, and No. 11 contacts of relay 3TON4 to ground.

By the operation of relay 44SM3, a circuit is
completed from battery through the winding of
hold magnet 44F of switch 43F, No. 1 contacts
of relay 48AV{, conductor 415, No. 1 back con-
tacts of relay §ICL, conductor 415, No. 2 back
contacts of relay 44RAS, No. 4 contacts of relay
44RA3, right-hand winding of relay 44SM2, No.
2 contacts of relay 44SM3, conductor 414, and No.
11 contacts of relay 3TON4 to ground, holding

relay 44SM2 operated and operating hold mag- °

net 44F to close the No. 0 cross-point of switch
43F, thereby registering the number of the dis-
trict frame. The No. 3 contacts of hold magnet
44F open the circuit of and release relay 30SC2,
which, in turn, opens the circuit of and releases
select magnet 43S0. Hold magnet §4F locks up
over a circuit extending from battery through
the winding of said magnet, No. 1 contacts of
relay 44AVi, No. 1 contacts of said magnet, con~
ductor 4117, and No. 10 contacts of relay 370N4
to ground. The right-hand winding of relay
44SM2 is short-circuited by the above-traced
grounds on conductors 414 and 417, releasing said
relay which opens the circuit of and releases re-
iay 44SM3.

Relay 44RAI operates over a circuit extending
from battery through the winding of said relay,
No. 3 and No. 1 contacts of relay 44RA, No. 2
contacts of magnet 44F, conductor 418, and No. 9
contacts of relay 3TON4 to ground,

Battery through resistance 44R2, winding of
relay 44RA3, and No. 2 and No. 1 front contacts
of relay 44RA2 to the previously-traced ground
on conductor 414 operates relay 44RA3, complet-
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ing ‘a circuit from battery through resistance
44R3, winding and No. 1 normal contacts of
relay 44RA4, and No. 2 contacts of relay 44RA2
to ground on conductor 414, over which relay
44R A4 operates and locks up through its No. 1
front contacts tc the previously-traced ground
on conductor 412.

Party-~line test

Two-party lines are placed in the same rela-
tive location in each horizontal group of ten lines
and cross-connections 5C and 8C are so made
that on calls from lines in these locations, relays
35CS0, 36CSH, and 38CS2 are not operated while
on calls from lines in other locations, cne of the
relays 35CS0, 36CSI, or 36CS2 is operated. Jf
one of the relays 36CS0, 36CS1, or 86CS2 is op-
erated, indicating a call from an individual line,
relay 3TON3 operates over a circuit extending
from battery through the left-hand winding of
said relay, conductor 419, No. 8 contacts of the
operated one of relays 35CS0, 36CS|{, and 38052,
conductor 466, No. 33 contacts of relay 38SC4,
cenductor 407 within bracket 365, and No. 17
contacts of relay 23C0 to ground. If one of the
relays 38CS0, 38CSi, or 36CS2 is not cperated
but cne of the relays 36CS3, 38CS4, or 38CS5 is
operated, indicating a call from a two-party line,
as in the present example, a circuit is completed
from battery through the winding of relay 3NTP,
conductor 420, No. 7 contacts of the operated
one of the relays 36CS3, 36CS4, or 28C8E, con-
ductor 421, and No. 2 back contacts of relay
3TON3, thence over two paraliel paths, one
through No. 1 back contacts of relay 37T0N3, No. 4
contacts of relay 31AV4, No. 7 contacts of relay
3TONI, conductors 422 within brackets 423, No. 1
contacts of cross-point 171SL: of the secondary
sender-link switch, conductor 424 within bracket
351, No. 1 contacts of cross-point 13PL of the
primary sender-link switch, conductor 425 within
bracket 353, No. 1 contacts of cross-point §S of
the secondary line-link switch, conductor 426, No.
1 contacts of cross-point IP of the primary line-
link switch, and conductor 427 to station {S, and
the other through No. 2 back contocts of relay
31AV4E, No. 8 contacts of relay 3TONS, conductor
444 within bracket 423, No. 2 contacts of cross-
point {T1SL of the secondary sender-link switeh,
conductor 428 within bracket 351, No. 2 contacis
of cross-point 13PL of the primary sender-link
switch, conductor 429 within bracket 253, No. 2
contacts of cross-point €S of the secondary line-
link switch, conductor 430, No. 2 contacis of

55 cross-point IP of the primary line-link switeh,

and conductor 431 to station 1S. Tip-party sta-
tions of two-party lines have their line conduc-
tors connected to ground through the ringer
when the receiver is off the hook. A4s station
1S is a tip-party station, relay 31TP operates
over the above-traced path to ground through
the ringer of said station. Relay 37TFT is caused
to make its right-hand contact by current fowing
from battery through the upper winding of said
relay, No. 9 back contacts of relay 370NI1, con-
ductor 432, and No. 6 contacts of relay 36CS3,
to the previously-traced ground on conductor
466. When relay 3TON| operates, as described
later, current flows from battery through the
lower winding of relay 31TPT, No. 9 front con-
tacts of relay 3TONI{, conductor 432, and No. 3
contacts of relay 36CS3 to ground on conductor
406 tending to move the armature of relay 37TPT
to its left-hand contact. However, condenser
31C3 charges from battery through the upper



2,688,658

27

winding of relay 31TTPT, and resistance 3TR and
over conductor 432 to the same ground on con-
ductor 468. The charging current holds the ar-
mature of relay 3TTPT for a time on its right-
hand contact but as condenser 37C3 charges, the
charging current diminishes and the armature of
relay 3TTPT is moved to its left-hand contact by
current in the upper winding of said relay. Re-
lay 37ON3 then operates over a circuit extending
from battery through the right-hand winding of
said relay, the left-hand contacts of reiay 37TPT,
and No. 6 contacts of relay 36CS3 to the above-
traced ground on conductor 406, and locks up
through its right-hand winding, No. 2 contacts of
relay 37STL, and its own No. 3 contacts to the
ahove-traced ground on conductors 432. Groung
is thereby connected from conductor 432 through
No. 3 contacts of relay 370N3, No. 1 contacts of
relay 37STL and resistance 31R, to the upper
winding of relay 3TTPT, restoring the armature
of said relay to its right-hand contact and dis-
charging condenser 37C3 through resistanhce 37R.
The previously-traced circuit of relay 37TP is
opened by the operation of relay 3TONS, the oper-
ations of relay S$TTPT allowing time for relay
31TP to operate, if the calling station is a tip-
party station. :

Upon the operation of relay 44RA4, as previ-
ously described, relay 3TONI operates over & eir-
cuit extending from battery through the winding
of said relay, conductor 434, No. 2 contacts of
relay 44RA4, conductor 435, contacts of relay
30CK, No. 34 contacts of relay 36SC4, conductor

43¢ within bracket 355, No. 16 contacts of relay
23C0, conductor 437 within bracket 216, No. 3
contacts of relay 5D8, conductor 43% within
bracket 180, No. 63 contacts of relay 8AC, con-
ductor 439 within bracket 117, No. 4 contacts of
relay 4RE, and No. 11 contacts of relay 4LE to
ground. Relay 31TPI operates over a circuit ex-
tending from battery through the winding of said
relay, No. 8 contacts of relay 37STL, contacts of
relay 31TP, and No. 6 contacts of relay 37TON{ to
the. above-traced ground on conductor 434, and
locks up through its own No. 2 contacts and No.
3 contacts of relay 3TONI( to ground, thus regis-
tering station 1S as a tip-party station.

If, through some fault of the circuits, two of
the relays 36CS8 . . . 36CS8 or two of the select
magnets 43S0 . . . 4389 are operated, the latter
resulting in two cross-points of switch 43F being
closed when hold magnet #4F operates, ground
will be connected to conductor 449, operating re-
lay 30CK. For example, if relays 36CS8 and
35CS3 are operated, relay 30CK operates over a
circuit extending from battery through the right-
hand winding of said relay, conductor 449, No. 4
contacts of relay 36CS0, and No. 4 contacts of
relay 38CS3 to ground. IXf the No. 0 and No. 1
cross-points of switch 43F are closed, relay 35CK
operates over a circuit extending from battery
through the winding of said relay, conductor 4490,
No. 1 contacts of the No. 0 cross-point and No. 1
contacts of the No. 1 cross-point of switch 43F
to ground. Relay 30CK, if operated, opens the
circuit of and prevents operation of relay 370NI
so that subsequent operations described below are
prevented.

Release of line-link controller and sender-link
controller

Polarized relay 37L operates over a circuit ex-
tending from battery through the lower winding
of said relay, lower left-hand winding of coil
31C, No. 1 front contacts of relay 3TON3, No. 2
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back contacts of relay 31AV4, No. 8 contacts of
relay 3TONI, conductor 444 within bracket 423,
No. 2 contacts of cross-point 1TSL of the second-
ary sender-link switch, conductor 428 within
bracket 351, No. 2 contacts of cross-point 13PL
of the primary sender-link switch, conductor 429
within bracket 853, No. 2 contacts of cross-point
8S of the secondary line-link switch, conductor
430, No. 2 eontacts of cross-point (P of the pri-
mary line-link switch, conductor 431, switchhook
and dial contacts of station 18, conductor 427,
No. 1 contacts of eross-point 1P of the primary
line-link switch, conductor 426, No. 1 contacts
of cross-point 68 of the secondary line-link
switch, conductor 425 within bracket 353, No. 1
contacts of cross-points {3PL of the primary
sender-link switch, conductor 424 within bracket
351, No. 1 contacts of cross-points {13L of the
secondary sender-link switch, conductor 422
within bracket 423, No. 7 contacts of relay 3TONI,
No. 4 contacts of relay 37AV4, No. 2 front con-
tacts of relay 3TONS, and upper left-hand wind-
ing of coil 37C to ground, closing its right-hand
contacts. The current from battery through the
upper winding of relay 376 and No. 8§ contacts
of relay 37TON4 to ground provides a bias for relay
3TL tending to hold its armature normally on the
left-hand contacts. By the operation of relay
37L a circuit is completed from battery through
the winding of relay 3TSR in parallel with resist-
ance 3TR{, conductor 445, winding of relay 5111,
conductor 446, right-hand contacts of relay 37L,
conductor 446, and No. 8 contacts of relay 3TON4
to ground, over which relays 31SR and 5iL{ op-
erate. Relay 30SRI operates over a eircuit ex-
tending from battery through the winding of said
relay, conductor 448, and No. 1 contacts of relay
31SR to ground, completing a circuit from bat-
tery through the winding of relay 5112, front
contacts of relay 51LlI, conductor 449, and No. €
contacts of relay 30SRIi to ground, over which
relay 51L2 operates. Relay 3TON2 operates over
a circuit extending from hattery through the
winding of said relay, conductor 4%7, No. 3 front
contacts of relay 30SRI, conductor 418, No. 4
contacts of relay 28SB90, conductor 476, No. 36
contacts of relay 30SCH4, conductor 480 within
bracket 365, No. 14 contacts of relay 23C®, con-
ductor 481, No. 1 back contacts of relay 24FS and
No. 2 contacts of relay 24DR to ground, and locks
up through its own No. 2 contacts to the previ-
ously-traced ground on conductor 371. By the
operation of relay 3TON2, a circuit is completed
from battery through the winding and No. 6 con-
tacts of relay 3TON{, No. 1 contacts of relay
3TAVA to the above-traced ground on conductor
3T1, which locks up relay 3TONi. The same
ground on conductor 371 is also extended through
No. 3 contacts of relay 37TON2, conductor 484,
No. 35 contacts of relay 30SC4, conductor 485
within bracket 365, No. 15 contacts of relay 23C0,
conductor 486, and No. 1 front contacts of relay
24DR, to the winding of relay 24AB, causing the
operation of the latter relay which locks up over
a circuit extending from battery through the
winding of said relay, No. 5 front contacts of
relay 24SL, its own No. 4 contacts, conductor
238, and No. 1 contacts of relay {4G to ground,
operating relay 24RL over an obvious circuit
through the left-hand winding of said relay and
No. 3 contacts of relay 24AB. Relay 24RIL locks
up through its left-hand winding, its own No. 3
contacts and No. 2 contacts of relay 24DR to
ground. The No. 2 contacts of relay 24RL: open
the circuits of and release relays 190C and 24GH.
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The No. 3 contacts of relay 190C open the circuit
of and release relay 23C0 whose No. 24 contacts
open the circuit of and release select magnet
11SS0.

By the release of relay 24GH, a circuit is com-
pleted extending from battery through the wind-
ing of relay 9RL, conductor 489, No. 1 back con-
tacts of relay 4RE, No. 1 contacts of relay. 4LS,
conductor 430 within bracket 83, No. 9 contacts
of relay 3HC, conductor 491 within bracket 214,
No. 5 contacts of relay §D?, conductor 494 within
bracket 216, No. 4 contacts of relay 24GH, No.
4 front contacts of relay 24RL, and resistance
24R1 to ground. Relay 9RL will not operate
over this path through resistance 24RI but, if
the connection to the district junctor is com-
Dblete, there is an additional path from resistance
24R( over conductor 364 within bracket 216, No.
7 contacts of relay 5D0, conductor 363, within
bracket 214, No. 11 contacts of relay 3HC, con-
ductor 362 within bracket 83, No. 1 contacts of
relay 9T0, No. 5 front contacts of relay 9GO0,
conductor 361, No. 1 front contacts of relay 4DS,
No. 6 front contacts of relay 4LT0, conductor
360 within bracket 83, No. 21 contacts of relay
SHC, conductor 359, No. 1 contacts of relay
IHMO0, No. 3 contacts of cross-point IP of the
primary line-link switch, econductor (50, No. 3
contacts of cross-point 68 of the secondary line-
ink switch, conductor 495, resistance 12RI, No.
1 contacts of relay 12I, conductor 496 within
bracket 353, and No. 1 contacts of hold magnet
{ZHMBD over which relay 9RL operates and locks
up through its No. 8 contacts and No. 4 contacts
of relay 9TT to ground, through its No. 7 con-
taets, No. 5 back contacts of relay SRP, and No.
2 back contacts of relay 9PR to ground, through,
its No. 8 contacts, conductor 476, and No. 4 con-
tacts of relay 4VS to ground, and through its
No. 5 contacts, conductor 497, and No. 11 con-
tacts of relay 4LE to ground. The No. 10 con-
tacts of relay 9RL open the circuit of and release
relay 9TT, whose No. 3 contacts open the cir-
cuit of and release relay 5D0. The No. 1 and
No. 2 contacts of relay 9RL open the circuits,
respectively, of relays 3HC and 8AC, releasing
said relays, disconnecting the line-link controller
from the line-link equipment. The No. 3 con-
tacts of relay 9RL remove ground from conductor
229, releasing primary select magnets iPS0¢

. IPS0039 and secondary select magnet 6SS00.

Relay 9PR operates over a circuit extending
from battery through resistance 9R, winding and
No. 1 normal contacts of said relay, and No. 4
front contacts of relay 9RI: to ground and locks
up through its No. 1 front contacts to ground.
Relay 9RP operates over a circuit extending from
battery through resistance $RI, winding of said
relay, and No. 1 front contacts of relay 9PR to
ground, changing the connections to the contacts
of relays 8G0 . . . 9G9 so that a different district
junctor will be selected on the next call.

The opening of No. 4 contacts of relay $T7T
removes ground from conductor 212, releasing
relay (9GP0, the No. 1 contacts of which open
the circuit of and release relay 24DR, which, in
turn, releases relay 24AB. The No. 3 contacts
of relay 13GPO open the circuit of and release
relay 23LL9 which, in turn, releases relay 19SG#H.
Relay 5DAG is released by the opening of No. 28
contacts of relay 3HC, and the No. 2 contacts of
relay 5DAC open the circuit of and release relay
{4BA, which releases relay (4DA. The No. 1
contacts of relay i4DA open the circuit of and
release relay 14G, releasing relay 280N, which,
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in turn, releases relays 18D0 and 24SL. The No.
7 contacts of relay 24SL open the circuit of and
release relay 19SS, in turn releasing relay 130C,
which opens the circuit of and releases relay
23C0. Release of relay 24DR releases relay 24RL.
The No. 8 contacts of relay 24SI. open the cir-
cuit of and release relay 190NI{, in turn releasing
relay (4DP.

Release of relay 23C0 opens the circuit, at No.
10 contacts of said relay, of relay 30SC%, releas-
ing said relay, thus disconnecting the sender from
the sender-link controller.

The line-link controller and sender-link con-
troller are now free to serve another call. The
hold magnets 11IM00 of the primary line-link
switch and €DHO00 of the secondary line-link
switch are held operated over the sleeve con-
ductor of the established connection through No.
3 contacts of cross-point (P of the primary line-
link switch, conductor 150, No. 3 contacts of
cross-point 68 of the secondary line-link switch,
conductor 485, No. 1 contacts of relay {21, con-
ductor 486 within bracket 353, No. 7 contacts of
cross-point 13Pi of the primary sender-link
switch, conductor 350 within bracket 351, No. 7
contacts of cross-point 1TSL of the secondary
sender-link switch, conductor 371 within bracket
372, conductor 483, No. 2 and No. 3 contacts of
relay 3TON2, No. 1 contacts of relay 3TAV4, con-
tacts of relay 31TP, No. 8 back contacts of relay
31STL, No. 2 contacts of relay 3TTPI, and No. 4
contacts of 3TONI to ground.

Registration of dialing

Upon the operation of relay 37L, as descriked
above, dial tone is connected from a source of
said tone through No. 1 contacts of relay 41ALI,
conductor 489, No. 3 contacts of relay 43Ct1,
conductor 410, No. 4 contacts of relay 41T, con-
ductor 47(, condenser 37C2, right-hand winding
of coil 3TC, and No. 2 contacts of relay 31SR to
ground, and is transmitted by induection from
the right-hand winding of coil 37C to the left-
hand windings of said coil, thence, over the paths

» traced above for the operation of relay 37L, to

station I8, indicating to the calling party that
he may dial.

As will be described in detail later, the suceces-
sive digits dialed by the calling party ars reg-
istered by the closure of cross-points of switchas
43AA, 43A, 43B, 43C, 50TH, 50X, 57T, 51U and
S5TST. If the first digit dialed is “1,” or the
effect of dialing “1” is produced by opening of
the switchhook contacts at the calling station,
no digit is registered. The prefix “11” is used
for extended service. If the first two digits
dialed are both ““1,” the second digit is registered
on switch 43AA and an indication is given to
the originating marker that extended service is
required. The three digits of the office code of
the called station are registered on switches 434,
43B and 43C, respectively. If the prefix “11” is
not dialed, the first digit of the office code is also
registered on switch 43AA. 'The digits following
the office code are registered on switches S0TH,
50X, 51T, 57U and 51ST. If the called line num-
ber has four digits, said digits are registered
respectively on switches 50TH, 57U, 57T and
S5TH. If there is a station designation it is reg-
istered on switch E1ST. If the called-line num-
ber has five digits, said digits are registered re-
spectively on switches 50TH, 50H 51T, 51U and
S571ST. Relays 37L, 51Li and 5{L2 respond to
the dialing by releasing when the dial contacts
open and operating when the dial contacts close,
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Helay 48RA operates on the first break of the
dial contacts in each digit dialed, remains oper-
ated during the dialing of each digit, and re-
Jeases at the end of the dialing of each digit,
allowing relay 44RAI to operate. Relays 5113,
5114 and 51L5 serve to transmit the dial pulses
represented by releases and operations of relays
37L, 5iL1 and 51L2 to relays 36PI ... 36P8,
which count the pulses of each digit and oper-
ate the corresponding select magnets 4350 . . .
43S8 "of switches 43AA, 43A, 43B, 43C, S0TH,
50H, 51T, 57U and 51ST. The respective hold
magnets 44AA, 43A, 44B, 44C, 5ITH, §iH, 51T,
510 and 5IST of said gwitches are successively
connected for operation by contacts of relays
48R A3 and 44RAS5, which are controlled by relays
. 44SM{, 44SM?2 and 84SM3, and by contacts of
relays 51CL and 51HL.

When the calling party dials, the circuit previ-
ously-traced through the lower winding of relay
37L is opened at each break of the dial contacts
and the armature of said relay moved to its
right-hand contacts by current from battery
through the upper winding of said relay and No.
8 contacts of relay 3TON4 to ground, moving
again to its left-hand contacts when the circuit
through its lower winding is again closed by the
dial contacts. The charging of condenser 31Ct
from battery through the middle winding of relay
31L to the previously-traced ground on conductor
445 when said relay makes its left-hand contacts
and the discharge of said condenser through said
middle winding when said ground is removed by
the opening of the left-hand contacts of relay

37TL, assists the movement of the armature of 2

said relay. When relay 37L, makes its left-hand
contacts, relays 51L{ and 5112 operate as de-
seribed above and when said contacts open said
relays release. Relay 31SR is, however, slow to
release and is not released by the rapid operations
of relay 31L.
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Upon the first release of relay 5iLl, which '

ocecurs at the first break of the dial contacts, relay
44RA operates over a circuit extending from bat-
tery through the winding of said relay, conductor
498, back contacts of relay 5(Li, conductor 449,
and No. 6 contacts of relay 30SRI to ground.
The No. 1 and No. 3 contacts of relay 44RA open
the circuit of and release relay 44RAI. Relay

MRA is slow to release and is not released by 5

the rapid operation of relay 5ILI during the
dialing of each digit but does release when relay
5111 remains operated at the termination of each
digit dialed, operating relay 44RAI.

When relay 37L makes its left-hand contact on
the first break of the dial contacts, relay 51L3
operates over a circuit extending from battery
through the winding of said relay, No. 1 back con-
tacts of relay 5115, conductor 508, No. 3 contacts
of relay 318TL, No. 3 contacts of relay 31SR, left-
hand contacts of relay $7L, conductor 441, and
No. 8 contacts of relay 3TON4 to ground. When
relay 371 breaks its left-hand contacts, relay 51L5
is operated by its right-hand winding in series
with the winding of relay 5{L3 through No. 1
contacts of relay 51L&, No. 2 contacts of relay
5{1.3; No. 2 contacts of relay 44RA, conductor 449,
and No. 6 contacts of relay 33SRI to ground.
When relay 37L again makes its left-hand con-
tacts relay 5il4 operates over a circuit extending
from baitery through the left-hand winding of
said relay, left-hand winding and No. 1 front con-
tacts of relay 5115, conductor 580, No. 3 contacts
of relay 31STL, No. 3 contacts of relay 31SR, left-
hand contacts of relay 311, conductor 4471, and
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No. 8 contacts of relay 310N4 to grounid. The No.
1 contacts of relay 5114 open the circuit of and
release relay 51L13. Relay 5{L5 is held operated
by the current over the above-traced path
through the left-hang winding of said relay.
When relay 37L again breaks its left-hand con-
tacts the ecircuit of relays 5114 and 5{L§ is opsned
and said relays release, the current through the
right-hand winding of relay 8114 and resistance
5IR to ground being insufficient to hold said relay
operated.

This cycle of operations of relays 5{L3, 5!L4
and B3{L5 is repeated at every two openings and
closings of the dial contacts of each digit dialed.
If the digit dialed is even, relays 3113, 3{14 and
5115 are unoperated at the termination of the
dialing of said digit. If the digit dialed is odd,
relays 5113 and 5115 are operated and relay 51L4
unoperated at the termination of the dialing of
said digit. In the latter case relays 5{L3 and
S1L5 are released by the cpening of their circuiis
upon the release of relay 24RA and operation of
relay 5112 as described above, the current through
resistances BIR and 5IR{ being insuficient to
hold said relays operated.

‘When relay 5115 first operates at the end of
the first opening of the dial contacts, as described
above, relay 36Pi operates over a circuit extending
from battery through the lower winding of said
relay, No. 1 contacts of relay 36P35, No. 1 contacts
of relay 36P3, No. 4 back contacts of relay 36P2,
No. 4 back contacts of relay 36P4, conductor 502,
No. 2 front contacts of relay §{L3, conductor 584
No. 2 contacts of relay 44RA, conductor 449 and
No. 6 contacts of relay 36SRI to ground and locks
up from batiery through its upper winding and
No. 4 contacts, conductor 563, No. 2 contacts of
relay 44RAI, conductor 584, No. 2 normal con-
tacts of relay 36P2, No. 4 normal contacts of relay
36P3, No. 1 normal contacts of relay 36P4, No.
4 normal contacts of relay 3615, conductor 595,
No. 1 contacts of relay 44RAI, conductor 449,
and No. 6 contacts of relay 30SR{ to ground.
When relay 51L5 releases at the end of the sec-
ond opening of the dial contacts, relay 3592 oper-
ates over a circuit extending from battery through
the winding of said relay, No. 5 contacts of relay
36Pf, conductor 506, No. 3 contacts of relay
44RAIL, conductor 507, No. 2 back contacts of re-
lay 51LS, conductor 501, No. 2 contacts of relay
44RA, conductor 449, and No. 6 contacts of relay
30SRI to ground and locks up through its No. 2
front contacts to the locking ground traced above
for relay 36P!. The No. 2 normal contacts of
relay 36P2 open the locking circuit of and release
relay 36P1. When relay 5115 operates again at
the end of the third opening of the dial contacts,
relay 36P3 operates over & circuit extending from
battery through the winding of said relay, No. 4
front contacts of relay 36P2 and No. 4 back con-
tacts of relay 36P4 to the above-traced ground
on conductor 502 and locks up through its No. 4
front contacts to the locking ground traced above
for relay 36Pi. The No. 4 front contacts of relay
36P3 open the locking circuit of and release relay
36P2. When relay 5115 releases at the end of
the fourth opening of the dial contacts, relay 46P4
operates over a circuit extending from battery
through the winding of said relay and No. 5 con-
tacts of relay 36P3, to the above-traced ground
on conductor 506 and locks up threough its No. 1
front contacts to the locking ground traced above
for relay 36PI. The No. 1 normal contacts of
relay 36P4 open the locking circuit of and release
relay 36P3. When relay 5{L5 operates again

]
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at the end of the fifth opening of the dial con-
tacts, relay 36P5 operates over a circuit extending
from battery through the winding of said relay
and No. 4 front contacts of relay 36P4, to the
above-traced ground on conductor 502 and locks
up through the No. 7 contacts of relay 36PI1 and
its own No. 4 front contacts to the locking ground
traced above for relay 36Pi. The No. 4 normal
contacts of relay 36P5 open the locking circuit of
and release relay 36P4. When relay 5115 re-
leases at the end of the sixth opening of the dial
contacts, relay 36P6 operates over a circuit ex-
tending from battery through the lower winding
of said relay and No. 5 contacts of relay 38P§,
to the above-traced ground on conductor 506 and
locks up over a circuit extending frocm battery
through the upper winding and No. 3 contacts
to the above-traced ground on conductor 505.

When relay 5/L5 again operates at the end of
the seventh opening of the dial contacts, relay
36P( operates over a circuit extending from bat-
tery through the lower winding of said relay, No.
1 contacts of relays 36P5 and 36P$§ in parallel,
No. 1 contacts of relay 36P3, No. 4 contacts of
relay 36P2, and No. 4 contacts of relay 36P4 to
the above-traced ground on conductor 502 and
locks up over a circuit extending from battery
through its upper winding and No. 4 contacts’
and No. 4 contacts of relay 36P6 to the above-
traced ground on conductor 504. The Nc. 7 con-
tacts of relay 36P{ open the locking cireuit of
and release relay 36P5. Subsequent releases and,
reoperations of relay 5115 operate in succession
relays 36P2, 36P3 and 36P4, each of said relays

locking up and releasing the previously operated

relay, as described above.

However, a digit dialed may be represented by
one to ten openings and closings of the dial con-
tacts. The relays remaining operated at thé ter-

mination of the dialing of a digit will, thervefore, 4

depend upon the digit dialed, as follows:

Eelays Remaining
Operated

Digit

36P1.
.| 36P2.
.| 36P3.

.| 36P4,
36P5.
--] 36P5 and 36P6.
-] 36P1 and 36P6.
-| 36P2 and 356P6,
-| 36P3 and 36P8.
36P4 and 36P6,

In the present example, the first digit dialed
is “3” corresponding to the letter “D” and reiay
36P3 remains operated. Select magnet §3353 then
operates over a circuit extending from battery
through the winding of said magnet, condusior
508, No. 3 contacts of relay 35P3, No. 6 contacts
of relay 36P$5, conductor 508, No. 6 contacts of
relay 44SMI, No. 1 contacts of relay f4ARA, Wo. 2
contacts of hold maget 44F, conductor 413, and
No. 9 contacts of relay 3TON4 to ground. This eir-
cuit is nct completed unless the distriet frams
number has been registered by the cperation of
hold magnet 44F, sc that the first digit cannot
be registered on switch 43F. Relay 44SM! then
operates over a circuit extending from battery
through the winding of said relay, No. I contacis
of relay 44M3, conductor 410, and contacts of
select magnet 4383 to the above-traced ground
on conductor 509 and locks up over a circuit ex-
tending from battery through its own winding,
No. 1 contacts of relay 44SM3, its own No. 2 con-
tacts, conductor 414, and No. 11 contacts of relay
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310ON4 to ground, also locking up select magnet
4353 over the same path. The No. 5 contacts of
relay 844SMI open the locking circuit of and re~
lease any of relays 36P( . .. 36P6 which were
locked up. Relay 44SM2 operates over a circuit
extending from hattery through the left-hand
winding of said relay, No. 4 contscte of relay
44SMi, conductor 412, and No. 12 contacts of
relay 3TON4 to ground, closing another circuit
extending from battery through the winding and
contacts of select magnet 43S3, conductor 41 0,
No. 2 contacts of relay 44SM2, conductor 4 4, and
No. 11 contacts of relay 3TON4 to ground, which
holds select magnet 43S3 operated after relay
44SMI later releases. Relay 44SM3 operates over
a circuit extending from battery through the
winding of said relay, No. 1 contacts of relay
44SM2, conductor 4i3, No. 1 ‘contacts of relay
35C83, conductor 406, and No. 3 contacts of relay
3TONI to ground. Hold magnet 46AA then oper-
ates over a circuit extending from battery through
the winding of said magnet, No. 2 contacts of hold
magnet 44B, No. 3 contacts of hold magnet 44C,
No. 3 contacts of relay 44RA3, No. 2 contacts of
relay 44AVI, No. 2 contacts of relay 44SM3, con-
ductor 412, and No. 12 contacts of relay 3TON 4
to ground, closing the No. 3 crosspoint of switch
43AA. The No. 3 contacts of hold magnet 44AA
close a circuit extending from battery through
the winding of relay 41AL{, conductor 513, and
said contaets to ground, operating relay 41ALI
which, at its No. 1 contacts opens the previously
traced dial-tone circuit, removing dial tone from
station 8.

Hold magnet 44A also operates over a circuit
extending from battery through the winding of
said magnet, conductor 510, No. 2 contacts of re-
lay 45PS, conductor 511, No. 4 back contacts of
relay BICL, conductor 512, No. 3 back contacts
of relay 44RASB, No. 4 front contacts of relay
44R A3, right-hand winding of relay 44SM2, No. 2
contacts of relay 44SM3, conductor 412, and No.
12 contacts of relay 3TON4 to ground, closing the
No. 3 cross-point of switch 43A, thus registering
the digit “3” corresponding to the letter “D”
dialed.

The No. 1 contacts of relay 44SM3 open the
cireuit of and release relay 44SM{ and the No. 6
contacts of relay 44SM|{ open the circuit of and
reiease select magnet 43S3. The circuit of the
left-hand winding of relay 44SM2 is now open
at No. 4 contacts of relay 44SM{ and the right-
hand winding of relay 44SM2 is short-cireuited
by No. 3 contacts of relay 44SM2. Relay 44SM2,
therefore, releases and its No. 1 contacts open the
cireuit of and release relay 44SM3. Relay 44RA5
then cperates over a circuit extending from bat-
tery through resistance 44R{, winding of said re-~
lay, No. 1 front contacts of relay 44RA4, conductor
412, and No. 12 contacts of relay 370N4 to
ground.

When the second digit is dialed, the operation
of relays 37L, 5L, 5112, 5/L3, 5114, 5115, 36P|
... 36P6, 44RA, 44RAI, 44SM{, 44SM2 and 44sM3
is similar to that described above for the dialing
of the first digit, but relay 36P2 remaining op-
erated at the end of the dialing of said digit, se-
lect magnet 43S2 operates over a circuit extend~
ing from battery through the winding of said
magnet, conductor 5{2 and No. 3 contacts of
relay 26P2 and No. 6 contacts of relay 36PS, to
the above-traced ground on conductor 508. When
relay 44SM3 operates, hold magnet 44B operates
over a circuit extending from battery, through
the winding of said magnet, conductor 56, No.
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2 back contacts of relay 5/CL, conductor §i7,
No. 2 front contacts of relay 44RAS5, No. 4 back
contacts of relay 44RA3, right-hand winding of
relay 44SM2, No. 2 contacts of relay 44SM3, con-
ductor 412, and No. 12 contacts of relay 3TON4
to ground and locks up through its No. 1 con-
taets, No. 2 contacts of hold magnet 44A, con-
ductor 418, and No. 9 contacts of relay 3T0N4 to
ground, registering the second digit on switch
43B as “2” corresponding to the letter “A” dialed.
Relay 44RA2 then operates over a circuit extend-
ing from battery through resistance 44R, wind-
ing and No. 1 normal contacts of said relay, No.
3 contacts of relay 44SM3, conductor 414, and
No. 11 contacts of relay 3TON4 to ground and
Jocks up through its No. 1 froent contacts to the
same ground. When relay 44SM3 releases, re-
lay 44RA3 operates over a circuit extending from
battery through resistance 44R2, winding of said
relay, and No. 2 contacts of relay 44RA2 to the
same ground on conductor 418.

On the dialing of the third digit, the opera-
tions of relays 371L, 51%1, 5112, 5112, 51L4, §{LS5,
36P( ... 36P6, 44RA, 44RAI, 445MI, 445M2, and
44SM3 are similar to those described for the dial-
ing of the first digit. However, relays 36P3 and
36P6 remaining operated at the end of the dial-
ing of said digit, select magnet 43S9 operates
over a circuit extending from battery through
the winding of said magnet, conductor 513, No. 2
contacts of relay 36P3, and No. 5 contacts of re-
lay 36P§ to the above-traced ground on conductor
508. When relay 44SM3 operates, the winding
of relay 44RA2 is short-circuited by No. 3 con-
tacts of relay 44SM3 and the winding of relay
44RA4 is short-circuited by No. 2 contacts of
relay 44SM3, releasing relays 44RA2 and 44RA4.
Hold magnet 44C then operates over a circuit
extending from battery through the winding of
said magnet, conductor 525, No. 1 back contacts
of relay 51HL, conductor 526, No. 3 front contacts
of relay 44RA5, No. 4 front contacts of relay
44RA3, right-hand winding of relay 44SM2, No.
2 contacts of relay 44SM3, conductor 412, and
No. 12 contacts of relay 3TON4 to ground and
locks. up through its No. 1 contacts, No. 2 con-
tacts of hold magnet 84A, conductor 418, and
No. 9 contacts of relay 3TONA to ground, closing
the No. 9 eross-point of switch 43C, thereby reg-
istering the third digit as “9,” corresponding to
the letter “X” dialed. When relay #4SM3 re-
Jeases, the circuit of relay 44RA3 is opened by
No. 3 contacts of relay 44SMa3, releasing relays
4AR A3 and 44RAS.

Connection of sender to originating marker

When the third digit dialed has been registered
by the operation of hold magnet 44C, relay 5ICL
operates over s circuit extending from battery
through the winding of said relay, conductor
530, No. 2 contacts of hold magnet 44C, conduc-
tor 531, and No. 7 contacts of relay 3TON4 to
ground, closing a circuit extending from battery
through the winding of relay 58DST, conductor
527, No. 4 normal contacts of relay 49TR3, No. 2
normal contacts of relay 49TRI, conductor 528,
No. 3 contacts of relay 5ICL, conductor 447, and
No. 8 contacts of relay 3TON4 to ground, over
which relay 58DST operates and locks up over a
circuit extending from conductor 528, through its
own No. 5 contacts, conductor 447, and No. 8 con-
tacts of relay 3TON4 to ground. A cireuit is
thereby closed from battery through No. 1 con-
tacts of relay 58DST, conductor 536, No. 4 con-
tacts of relay 51LR, conductor 531, No. 5 normal
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contacts of relay 58DRL, conductor 538, winding
of relay 64SS, conductor 539, and winding of
relay TICAIl to ground, over which relays 64SS
and TICAI operate. Relay TICAI starts a tim-
ing device described later. Relay 85SA then op-
erates over a circuit extending from the above-
traced bhattery on conductor 531, through the
winding of relay §5SA, conductor 54!, and No. 1
contacts of relays 64SS . .. 84SSX to ground,
thereby operating relay 64SB over a circuit ex-
tending from the above-traced battery on con-
ductor 537, through the winding of relay 84SB,
conductor 543, and No 1 contacts of relay 65SA
to ground. The above-traced battery on con-
ductor 538 through No. 2 contacts of relay 85SA,
conductor 529, No. 4 contacts of relay TIGT, No. 1
contacts of relay T{CB, and winding of relay
1iDS to ground operates relay TiDS. Relay
65DMA then operates over a circuit extending
from battery through the winding of said relay,
conductor 532, and No. 1 contacts of relays
7iDS . . . 1I{DSX to ground, operating relay
64DMB over an obvious circuit. Relays 65SA,
64SB, 65DMA, and §8DMB connect the originat-
ing marker to the sender.

Communication with marker

The originating marker contains four register
circuits indicated, but not shown in detail, in
Fig. 72, and the information of the class of service
of the calling station, district frame number, and
office code of the called line, registered in the
sender, as previously described, is transmitted
from the sender to the originating marker and
registered in said register circuits. In accord-
ance with said registration one of a number of
route relays in the originating marker is oper-
ated, the relay operated determining the con-
nections to be made through the outgoing equip-
ment of the central office in which the calling
station is located to establish a connection from
calling station i8S to the terminating office in
which the called station is located. The origi-
nating marker used in the present embodiment

. of the invention is similar to the originating

marker disclosed in the patent to W. W. Car-
penter No. 2,235,803, of March 18, 1941, except
for the provision for automatic message account-

-ing described below. For a more complete under-
. standing of the construction of the originating

marker and its operation in performing its func-
tions other than those described herein, reference
may be had to the above-mentioned patent.

The class of service of the calling station is in-
dicated to the originating marker by the ground-
ing of none, one, two or three of conductors 545,
546 and 547 by the operation of the class of service

relays 36CS0 .. . 36CS5 of the sender, as fol-
lows:

Class of

Conductors Grounded Service

Number

B R X ]

In the present example, relay 36CS3 is operated,
as previously described, registering class of serv-
jce No. 4. Ground through No. 4 contacts of said
relay over conductor 551 within bracket 5483,
thence through No. 31 contacts of relay 65SA and
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No. 31 contacts of relay 65DMA is thereby con-
nected to conductor 54T within bracket 550, re-
sulting in & registration of class of service No. 4
in register 72D of the marker.

The number of the district frame registered
in the sender hy closure of a cross~point of switeh
43F is indicoted to the originating marker by the
grounding ef none, one, two or three of con-
ductors 555, £5%, 557 and 558, as follows:

District
Frame
Number

Conductors Grounded

- O

555 and 558
556.and 558_ .o ..

555, 856 and 558_ . .. ..
557 and 558 .

D00 ~I P Tt

In the present example, the district frame num-
ber, registered by closure of the No. 0 cross-point
of switch 43F, is “0.” No ground at switch 43F
is connected to any of conductors 555 . . . 538,
resulting in a registration of distriet frame No. ¢
in register 72D of the marker.

The office code of the called line registered in :

the sender by closure of cross-points of switches
43A, 43B and 43C is similarly indicated to the
marker by the grounding at said closed cross-
points of combinations of conductors 561 . . . 564

for the first digit, conductors 565 . . . 568, for ¢

the second digit, and conductors 569 . . . 512 for
the third digit.

In the present example, the No. 3 Ccross-point
of switch 434 is closed by the dialing of letter
“D” corresponding o digit “3,” the No. 2 cross-
peint of switch 43B is closed by the dialing of
letter “A,”. corresponding to the digit “9” and
the No. 9 cross-point of switch 43C is closed by
the dialing of letter “X” corresponding to digit
“9.” Ground is then connected through No. 1
contacts of the No. 3 cross-point of switch 43A,
conductor 588 within bracket 569, No. 17 con-
tacts of relay 85SA, and No. 17 contacts of relay
65DMA to conductor 561 within bracket 550, and

through No. 2 contacts of the No. 3 cross-point

of switch 484, conductor 58! within bracket £60,
No. 18 contacts of relay 65SA and No. 18 con-
tacts of relay 65DMA to conductor 562 within
bracket 558, resulting in a registration in reg-

ister T2A of the marker of digit “3” correspond-

ing to the letter “D” dialed. Ground is -also
connected through No. 2 contacts of the No. 2
cross-point of switch 43B, conductor 582 with-
in bracket 560, No. 22 contacts of relay 6554, and
No. 22 contacts of relay 65DMA to conductor
566 within bracket 559, resulting in a registra-
tion in register 72B of the marker of gdigit “2”
corresponding to the letter “A” dialed. Ground
is also connected through No. 3 contacts of the
No. 9 cross-point of switch 43C, conductor 523
within bracket 560, No. 27 contacts of relay
65SA, and No. 22 contacts of relay §5DMA to
conducter 5§71 within bracket 550, and through
No. 4 contacts of the No. 9 cross-point of switch
A2C, conductor 592 within hracket 538, No. 23
contacts of relay 65SA, and No. 28 contacts of
relay B5DMA to conductor 572 within bracket
550, resulting in a registration in register 72C
of the marker of digit “9” corresponding to
the letter “X” dialed.
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Check of transmitting conductors

Before the registration in the marker of the
class-of-service indication, district frame num-
ber, and office code dialed, as described above,
those of conductors 545 . .. 547, 555 . . . 558,
561 . .. 564, 565 ... 568, and 569 . . . 572 not
grounded, are connected to conductor 585, 586,
587 or 592 in order to check their continuity
to guard against incorrect registrations in the
marker. For  example, conductor 545 within
bracket 550 is connected through No. 29 con-
tacts of relay 65DMA, No. 29 contacts of relay
65SA, conductor 588 within bracket 549, No. 2
contacts of relay 36CS3, conductor 440 within
bracket 560, No. 16 contacts of relay 85SA, and
No. 16 contacts of relay 65DMA to conductor
587 within bracket 550. Conductor 555 within
bracket 850 is connected through No. 10 con-
tacts of relay 65DMA, No. 10 contacts of relay
65SA, conductor 589 within bracket 560, No. 1
contacts of the No. 0 cross-point of switch 43F,
conductor 440 within bracket 5608, No. 16 con-
tacts of relay 65SA, and No. 16 contacts of relay
65DMA to conductor 58T within bracket 550.
Conductor 565 within bracket 550 is connected
through No. 21 contacts of relay 65DMA, No. 21
contacts of relay 65SA, conductor 519 within
bracket 560, No. 1 contacts of the No. 2 cross-
point of switch 43B, conductor %718 within
bracket 569, No. 15 contacts of relay 65SA, and
No. 15 contacts of relay 6§5DMA to conductor
585 within bracket 550. Conductor 569 within
bracket 5§59 is connected through No. 25 con-
tacts of relay 65DMA, No. 25 contacts of relay
65SA, conductor 517 within bracket 560, No. 1
contacts of the No. 9 cross-point of switch 43C,
conductor 578 within bracket 569, No. 15 contacts
of relay 85SA and No. 5 contacts of relay 65DMA
to conductor 585 within bracket 550. The
marker then grounds (in a manner not shown)
conductors 585, 586, 587, and 592 causing all
register relays (not shown) in the marker to
operate either to said grounds on conductors 585,
586, 587, and 592 or to grounds at contacts of
relays 36CS0 ... 26CS5 and closed cross-
points of switches 43F, 43A, 43R and 43C. If all
of said register relays operate, the continuity
of all transmitting conductors between the
sender and the marker is assured, and the
marker (in a manner not shown) removes
ground from conductors 585, 586, 587, and 592
and registers the result of the conductors re-
maining grounded.

Route relay

In accordance with the registrations of the
class of service of the calling station and the
office code dialed, the marker selects for operation
one of a plurality of route relays, such as relays
T2R, one or more of which is provided for
each office code which may be dialed at a calling
station. The selection of the route relay is
determined by the combination of the office code
and the class of service registered in the marker,
as mentioned above.

The route relay, when opserated as deseribed
later, indicates to the marker the route of the
connection to be established between the dis-
trict junctor to which the calling station is con-
nected, through the switches of the originating
office, to a trunk to the terminating office, and to
the sender, the compensating resistances to be
introduced to compensate for the resistance of
the trunk used, and the type of connection to.
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be made in the terminating office, by operat-
ing suitable combinations of relays 48Bil ...
48B5, 48GH .. . 48G5, 66CRI, 48CR2, 56CR3
. .. 5BCR5, 56CLI, 49CI2, B56CL4, 56CL5 and
56TW of the sender.

In the present example, the office code dialed
and registered in the marker, as described above,
indicates to the marker that no party desig-
nation will be dialed by the calling party, causing
the marker to ground (in a manner not shown)
conductor 590.  Relay 49SDI then operates over
5 circuit extending from battery through the
winding of said relay, conductor 591 within
bracket 587, No. 15 contacts of relay 64SB, and
No. 15 contacts of reley 64DMB to ground on
conductor 590.

Message indices

. In the present embodiment of the invention,
the marker also indicates to the sender on each
call whebther or not a record of said call shall be
made and if a record is to be made, the type of
record required and the method to be used in
computing the charge to the subseriber. If no
record is to be made of a call, the indication is
given by the operation of relay T8NC as described
later. If o record is to be made, the indication
of the type of record and the method of com-
puting the charges is given by the operation of
one of the message-index relays T8ZA . . . T8Z1,
each of said relays representing a particular
method of computing the charges for a call.
Whether or not a record of a call should be made
and, if a record should be made, the type of
record and the message index, is determined by
the particular route relay selected on said call
which, as stated above, is determined by the
class-of-service indication and the office code
dialed. For example, if the class-of-service indi-
cation is that of a flat-rate station and the oifice
code is that of an office in the local area, then
no charge is made for the call and no record of
the call need be made. 'These conditions will be
indicated by the particular route relay selected.
However, if on a subsequent call from the same
station, the office code dialed is that of an oillce
in a toll area, then a different route relay is se-
lected and said route relay indicates that a rec-
ord of the eall should be made for detailed bill-
ing of the charge. In other words, each route
relay represents not only a particular route for
the estaklishment of the desired connection bub
a particular set of recording and billing require-
ments.

The particular one of the message index relays -

T8ZA . . . 18ZI or T6NC which operates on 2
particular call depends upon cross-connections
hetween the windings of sald relays and the
windings of the route relays. Said cross-con-
nections are so made that each route relay is
agsociated with the appropriate one of relays
18ZA . . . 18ZI or T8NC for the conditions rep-
resented by said route relay. For example, if
route relay 2R is the route relay selected for a
flat-rate class-of-service indication and the office
code of an office in the lccal area, then the wind-
ing of relay 18NC is cross-connécted to the wind-
ing of relay 12R. When relay T2R is selected
by the marker, said relay and relay 18NC op-
erate in series over a cireuit extending from bat-
-tery through the winding of relay 78NC, conduc-
tor 804 within bracket 600, said cross-connec-
tion and the winding of relay 2R to ground (not
shown) in the marker circuit. If, on the other
hand, the call is one for which a charge should
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be made on a detailed basis, indicated by the
last index of the message indices represented by
relays T18%A . . . 1821, as assumed in the pres-
ent example, then the winding of relay 1871 is
cross-connected to the winding of the route relay
(similar to relay 12R) which is provided in the
marker for this call. When this route relay is
selected by the marker, said relay and relay 18Z1
operate in series over a circuit extending from
hattery through the winding of relay 7821, con-
ductor $62 within bracket €08, said cross-con-
nection, and the winding of the selected route
relay to ground (not shown) in the marker cir-
cuit. :

YWhen one of the relays 78ZA . . . T8ZI oper-
ates, the corresponding relay of the relays T8ZAl
... I8ZIi is thereby operated over an obvious
circuit and grounds twe of the conductors 6095

. 6085 to indicate to the sender, by operating
two of relays 34ZA . . . 38ZF, the message index
to he recorded, as follows:

Message

Conductors Grounded | " 4o

Relay Operated

605 and 608.._ -
_| 606 and 608.__
_.| 608 and 609.

_{ 606 and 609__-
_| 607 and 608_
_| 605 and 607_
606 and 607
607 and 609 -
605 and 609__ .- ----

© 00T D Ut LI

Tor example, when relay 78ZI operates, as de-
scriped above, relay T8ZIi operates over an ob-
vious circuit. Conductors 605 and §89 are there-
by grounded, operating relay 34ZA and aiso relay
187GE over a circuit extending from battery
through the winding of relay 34ZA, conductor
$1{ within bracket 616, No. 4 contacts of relay
§45B, No. 4 contacts of relay 64DMB, conductor
§05 within bracket 612, No. 1 front contacts of
relay 187Af1, and winding of relay T3ZGB to
eround. Relays 34ZE and T8ZGA operate over
s circuif extending from battery through the

‘winding of relay 34ZE, conductor 613 within

bracket 619, Mo. 8 contacts of relay 645SB, No. 8
contacts of relay $4DMB, conductor §89 within
bracket 612, No. 1 back contacts of relay 18ZCl,
No. 2 back contacts of relay 182D}, No. 2 back
contacts of relay 18ZH{, No. 2 front contacts of
velay 18%Ii, and winding of relay 78ZGA to
ground. Relays 34ZA and 342E lock up through
their No. 3 contacts, No. 4 contacts of relay
234ARI, conductor 614, No. 7 contacts of relay
38SRi, conductor 815, No. 6 contacts of relay
5SDST, and No. 3 contacts of relay 58DRL to
ground.

Whether the record is to be made on two lines
of the record tape (omitting the designation of
the called line) for bulk billing or on four lines
(including the designation of fthe called line or
station) for detailed bhilling, is indicated by the
marker to the sender in accordance with cross-
connechions made between the No. 1 contacts
of relays 18ZA . . . T8ZI and terminals 13A and
18B. 1If, for example, the rate of charge asso-
ciated with relay T8ZB requires only & two-line
record for bulk billing, then the No. 1 contacts
of said relay are cross-connected to terminal T8A.
In the present example, the rate of charge is
that associated with relay 16ZI and a four-line
record for detailed billing is required. The No. 1
contacts of relay T8ZI are, therefore, cross-con-
nected o terminal 18B. When relay T8ZI op-
erates, as described above, relay 18FL operates
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over an obvious circuit. Relay 18TE then op-
erates over a circuit extending from battery
through the winding of said relay, contacts of
relay T8ZGA, contacts of relay 18ZGB, front con-
tacts of relay 18FL, and back contacts of relay
18ZGC to ground. It will be observed that this
path is closed only if relays 18ZGA and 18ZGB
are both opsrated, thus checking that two mes-
sage index relays of the sender are operated, and
if relay 18FL or relay T8TL, but not both, are
operated. Operation of relay 18TK, therefore,
indicates that the proper number of relays of the
marker are operated to indicate the method of
charging for the call.

When the marker has selected the route over ;

which the subscriber’s connection will be estab-
lished, relay 51DC operates over a circuit extend-
ing from battery through the winding of said
relay, conductor 621, No. 34 contacts of relay
66SA, No. 34 contacts of relay 65DMA, and con-
ductor -620 within bracket 550, to ground in the
marker. Relay 5{DC extends said ground over
conductor 622 within bracket 423, No. 3 contacts
of cross-point {1SL of the secondary sender-link
switch, conductor 623 within bracket -36{, No. 3
contacts of cross-point {3PL of the primary
sender-link switch, conductor 624 within bracket
383 and No. 1 back contacts of relay 12R, to the
winding of relay 12F, operating the latter relay,
which locks up over its No. 3 contacts and con-
ductor 625 to ground. Relay 12TA then operates
over a circuit extending from battery through the
winding of said relay, No. 6 contacts of relay {2F,
No. 2 contacts of relay 12CH, and No. 2 contacts

of relay 12SL to ground and locks up through its -

No. 7 frent contacts, conductor 627 within bracket
383, No. 4 contacts of cross-point {3PL of the pri-
mary sender-link switch, conductor 628 within
bracket 351, No. 4 contacts of cross-point {1SL
of the secondary sender-link switch, conductor
629 within bracket 423, No. 2 contacts of relay
51DC, conductor 630, and No. 2 contacts of relay
88DRIL to ground. When the originating marker
has established a connection from the district
junctor to the outgoing trunk, it removes ground
from conductor 620, releasing relay 91DC which
opens the holding circuit, traced above, of relay
12F and releases the latter relay. Relay 12R
then operates over a circuit extending from bat-
tery through the winding of said relay, No. 9 con-
tacts of relay 2T, No. 6 contacts of relay I12TA,
No. 6 back contacts of relay 12F, No. 2 contacts

(23
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of relay (2CH, and No. 2 contacts of relay {2SL to -

ground.
Release of marker

When the marker has completed its functions,
it grounds (in a manner not shown) conductor
€35. Relay 58DRL then operates over a circuit
extending from battery through the winding of
said relay, conductor 636, No. 1 back contacts of
relay 45TR4, conductor 637 within bracket 597,
No. 12 contacts of relay 645B, No. 12 contacts of
relay 64DMB, and conductor 6§35 within bracket
612 to the aforesaid ground in the marker and
locks up through its No. 6 contacts to the pre-
viously traced ground on conductor 6i5. 'The
No. 5 contacts of relay 88DRL open the circuit of
and release relay 64SS, releasing in turn relays
65SA, 64SB, 65DMA and 64DMB, thus discon-
necting the marker from the sender.

Completion of dialing

The number of the called line dialed at station
IS is registered by the closure of one cross-point
of each of switches 50TH, 50H, 51T and 51U in a
manner similar to that described for the registra-
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tion of the digits of the office code. In accord-
ance with said registration, the sender controls
the switches of the terminating office in which the
called line is located in the well-known manner
to complete the connection from the calling line
to the called line.

When the hundreds digit is registered on switch
50K, relay 51HL gperates over & circuit asxtending
from battery through the winding of said relay,
Mo. 2 contacts of hold magnet 5iX, conductor
831, and No. 7 contacts of relay 3T0N4 to ground.

When hold magnet 51U operates to register the
last digit of the called line number, relay 1 ULI
operates over a circuit extending from battery
through the right-hand winding of said relay,
conductor 638, No. 3 contacts of hold magnet
54U, conductor 639 and No. 4 contacts of relay
STONI to ground and locks up over a circuit ex-
tending from battery through its left-hand wind-
ing and No. 3 contacts, niormal contacts of relay
41SS to the previously traced ground on con-
ductor 447. Relays 825TB and 428STB’ then op-
erate in series over a circuit extending from bat-
tery through the winding of relay 42STB, wind-
ing of relay 428TB’, No. 1 contacts of relay
425TA’, conductor 640, No. 4 contacts of relay
49BI1, conductor 641, No. 1 contacts of relay
#9CTI, conductor §39, and No. 4 contacts of relay
310N1 to ground and lock up over a circuit ex-
tending from battery through the winding of
relay 428TE, winding of relay 42STB’, No. 2 con-
tacts of relay 425TB and No. 3 back contacts of
relay 425TA to the above-traced ground on con-
ductor 839. Relay 31STL then operates over a
circuit extending from battery through the wind-
ing of said relay, conductor 842, No. 4 contacts of
relay 44RA{, conductor 643, No. 1 contacts of
relay 428TB’, conductor €39, and No. 4 contacts
of relay 370N/ to ground and locks up through its
No. 6 contacts to the same ground. The No. 3
contacts of relay 37STL open the circuit of the
right-hand contacts of relay 371, preventing the
registration of further dialing or of simulated
dialing by the accidental opening of the switch-
hook contacts at station 1S.

Conmnection of sender to transverter

In the course of the operation of the sender in
extending the subscriber’s connection to g trunk
to the office in which the calied line is located, in
the usual manner, relay 55FSt is operated and
locks up over a circuit extending from battery
through No. 4 contacts of relay 58DST, conduc-
tor ¢44, and the winding and No. 5 contacts of
relay 85FSI to ground. Relay $34AST then op-
erates over a circuit extending from battery
through the winding of said relay, conductor 659,
No. 6 contacts of relay 55FS!, conductor &5f, No.
T contacts of relay 31STI, conductor 652, No. 1
back contacts of relay $4TL, No. 2 contacts of
relays 34ZA and 34ZD, in parallel, No. 1 back
contacts of relay 34G0, No. 1 back contacts of
relay 34L0, No. 4 contacts of relay 34ARL, con-
ductor 514, No. 7 contacts of relay 30SR{, conduc-
tor 615, No. & contacis of relay 58DST, and No. 3
contacts of relay G8DRL to ground and locks up
through its No. 2 contacts and No. 4 contacts of
relay 34ARL to the above-traced ground on con-
ductor 6i4.

One of the relays 54SS0 . . . 548SX, each of
which is associated with a transverter, then op~
erates. Assuming the transverter associated with
relay 54SS0 to be idle, said relay operates over a
circult extending from battery through No. 4
contacts of relay 34AST, No. 3 contacts of relay
34ARL, conductor 653, winding of relay 54SS3,
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conductor 654, and winding of relay 4TCAl to
ground. Relay 47CAl also operates over this
circuit, starting a timing eircuit described later.

Relay 33SA then operates over a circuit ex-
tending from battery through No. 4 contacts of
relay 34AST, conductor 655, winding of relay
335A, conductor 656, No. 1 front contacts of
relay 54580, No. 1 back contacts of relays
54SSi . . . 54SSX in series, conductor 657, and
No. 1 back contacts of relay 4TTR to ground,
completing an obvious circuit over which relay
40SB operates. Relay 54TS0 operates over a
circuit extending from battery through No. 4
contacts of relay 34AST, No. 3 contacts of relay
34ARL, conductor 653, No. 38 contacts of relay
33SA, conductor 658, No. 4 contacts of relay
54TVT, conductor 639, No. 3 contacts of relay
&41GT{ and No. 4 contacts of relay 41GT in par-
allel, conductor 666, No. 1 back contacts of relay
54CB6, and winding of relay 54TS0 to ground.
Relay 16CKG in the transverter circuit then op-
erates over a circuit extending from battery
through the winding of said relay, normal con-
tacts of relay 16TBC2, conductor 661, No. 2 back
contacts of relays 54TSX . .. 54TS| in series, No.
2 front contacts of relay 54TS0, conductor 662,
and No. 42 contacts of relay 33SA to ground,
operating over obvious circuits through its No.
6, No. 7 and No. 8§ contacts, relays 18COf . . .
715C08, and through its No. 9 contacts, relays
69C0A, 63COB, and $8COC, separating the con-
ductors which were joined together through the
contacts of said relays for a purpose described
Jater. Relays T3CKS6 and TOCKS8 operate over a
circuit extending from battery through the wind-
ings of said relays in: parallel, conductor 670, No.
6 contacts of relay 58COC, conductor 671, No. 6
contacts of relays 68COB and 69COA in series,
conductor 6§72, No. 1 contacts of relays 15CO8...
15COI in series, conductor 673, No. 5 contacts of
relay 16CKG, conductor 674, No. 9 back contacts
of relay 88TR, conductor 661, No. 2 back con-
tacts of relays 54TSX . . . 54TS|I in series, No. 2
front contacts of relay 54TS0, conductor 662,
and No. 43 contacts of relay 335A to ground. Op-
eration of relays 70CK6 and TO0CKS checks that
all of the relays 69COA, 69COB, 68COC, and

15CO1 . . . 75CO8 are operated, that one of the .

relays 54TSO . . . 54TSX and relay 33SA are op-
erated, and that relay 88TR is not operated.

Relay 33TA now operates over a circuit ex-
tending from battery through the winding of
said relay, conductor 615, No. 1 front contacts of
relay 54TSO, No. 1 back contacts of relays
B4TS! ... 54TSX in series, conductor 616, and
No. 1 front contacts of relay TOCK6 to ground,
operating relay 40TB over an obvious circuit.
Relays 335A, 33TA, 40SB and 40TB connect the
transverter to the sender.

Relays 93CBR and 93CBT operate over & cir-
cuit extending from battery in the trouble indi-
cator over conductor 678 within bracket 671,
windings of said relays in parallel, conductor 619
within bracket 680, and No. 45 contacts of relay
33TA to ground. Relay 54CBC then operates
over a circuit extending from battery through
resistance 54R, left-hand winding of said relay,
conductor §81, and No. 1 contacts of relay 93CBR
to ground and locks up over a circuit extending
from battery through its right-hand winding and
No. 2 front contacts, No. 2 back contacts of re-
lays 54CBt¢ . .. 54CBX in parallel, conductor 682,
and No. 43 contacts of relay 33SA to ground,
making the selected transverter test busy to the
transverter connector. Other contacts of relay
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93CBR similarly operate other relays similar fo
relay 54CBC in other transverter connectors,
making the selected transverter test busy to said
connectors. The purpose of relay 93CBT is de-
seribed later. The transverter may also be made
busy by operating key 93K thereby operating
relay 93RB which operates relay 93CBR over an
obvious circuit.

Load control of transverters

When relay 40TB operates to- connect the
transverter to the sender, as described above,
relay 41GT operates over a circuit extending
from battery in the trouble indicator, conductor
684 within bracket 685, No. 1 contacts of relay
41CAS, right-hand winding of relay 41GT, con-
ductor 686, and No. 55 contacts of relay 40TB
to ground. When relay 93CBT later releases at
the completion of the functions of the trans-
verter, relay 41GTI operates over a circuit ex-
tending from battery through the winding of
said relay, No. 2 contacts of relay 41GT, No. 2
contacts of relay 47CA5, No. 3 contacts of relay
47T, conductor 681, contacts of relay 93CBT,
and conductor 638 within bracket §77 to ground
in the trouble indicator. When relay 40TB then
releases to disconnect the transverter from the
sender, the operating circuit of relay 41GT is
thereby opened and said relay normally releases,
releasing relay 41GTi. But if another trans-
verter connector (not shown) is waiting to con-
nect a transverter to a sender, the relay in said
connector corresponding to relay 40SB is oper-
ated. Relay 4TGT is thereby locked up over a
circuit extending from battery in the trouble
indicator, conductor 684 within bracket 685, No.
1 contacts of relay 4TCAS, left-hand winding of
relay 47GT, No. 2 contacts of relay 41GTI, No. 1
front contacts of relay 41GT, and conductor 689
to said other connector, thence over a circuit in
said other connector corresponding to No. 1 back
contacts of relay 41GT, No. 1 contacts of relay
47GTI, conductor 6§90, and No. 55 contacts of
relay 40SB to ground, holding relay 4TGT1 op~
erated. The No. 3 contacts of relay 41GTI and
the No. 4 contacts of relay 4TGT open the circuit
of and prevent the operation of any of the relays
B4TS0 . . . 54TS?2, thereby preventing the con-
nection of a transverter to a sender by the pres-
ent transverter connector. When other waiting
transverter connectors have connected trans-
verters to senders, the relay in each of said con-
nectors corresponding to relay 41GT is thereby
operated and ground is no longer present on con-
ductor §89. Relay 41GT is thereby released, re-
leasing relay 41G'TI. The present transverter is
then free to be connected to a sender. This ar-~
rangement equalizes the use of the transverters.

Check of transmitting circuits

When relay T6CKS operates, as described above,
relays T0CKI, T8CK2 and T8CK3 operate, relay
TBCK I operating over a circuit extending from
battery through the winding of said relay, No. 3
normal contacts of relay T16CK4, and No. 3 con-
tacts of relay 70CKS$ to ground; relay 710CK2 over
a circuit extending from battery through the
winding of said relay, No. 4 normal contacts of re-
lay T8CKD5, and INo. 5 contacts of relay TOCKGE
to ground; and relay T0CK3 over a circuit extend-
ing from battery through the winding of said
relay, No. 3 normal contacts of relay TOCKS, and
No. 4 contacts of relay 16CK6 to ground. Then
when relay 33TA operates, as described above,
all of the register relays of the transverter cir-
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cuit comprising relays 8{Af...81A5, 8IB{...
8185, 82C1 ... 82C5, 83Fi ...83F5, 812A...812E,
§6TP, 88LA, 85EA, 8TTL, 81GO and 8710, operate
either to ground supplied by the sender circuit
or to ground supplied through the registering ap-
paratus of the sender by relay T0CK6 of the
transverter circuit.

For example, if the first digit of the office code
registered in the sender is “3,” the No. 3 cross-
point of switch 43A is closed as previously de-
scribed. Relays 81Al and 81A2 then operate,
relay 8{Al operating over a circuit extending
from battery through the winding of said relay,
conductor 781 within bracket 700, No. 23 con-
tacts of relay 33TA, No. 23 contacts of relay
338A, conductor 580 w1th1n bracket 68 and No.
1 contacts of the No. 3 cross-point of switch 43A
to ground, and relay 81A2 operating over a cir-
cuit extending from battery through the winding
of said relay, conductor 102 within bracket 708,
No. 22 contacts of relay 33TA, No. 22 contacts of
relay 33SA, conductor 581 within bracket 560,
and No. 2 contacts of the No. 3 cross-point of
switch 43A to ground. Relays 8i1A4 and 8IA5
operate also, relay 81A4 operating over a circuit
extending from battery through the winding of
said relay, conductor 103 within bracket 700, No.
21 contacts of relay 33TA, No. 21 contacts of re-
lay 33SA, conductor 704, within bracket 560, No.
3 contacts of the No. 3 cross-point of switch 43A,
conductor 188 within bracket 569, No. 26 con-
tacts of relay 33SA, No. 26 contacts of relay
88TA, conductor 707 within bracket 706, No. 3
nermal contacts of relay T0CK4, and No. 3 con-

tacts of relay T0CKS to ground, and relay 81A5 ¢

operating over a circuit extending from battery
through the winding of said relay, conductor 798
within bracket 1700, No. 20 contacts of relay 33TA,
No. 20 contacts of relay 33SA, conductor 799
within bracket 580 and No. 4 contacts of the No.
3 cross-point of switch 43A to the above-traced
ground on conductor 105. Relays 81BI...8iB5
and 82Al ...82C5 operate in a similar manner
to ground supplied through the closed cross-
points of switches 43B and 43C either at said
switches or over conductor 578, within bracket
560, No. 25 contacts of relay 33SA, No. 25 con-
‘tacts of relay 23TA, conductor 710 within brack-
et 706, No. 4 normal contacts of relay 78CKS5,

and No. 5 contacts of relay 16CK6 to ground. !

Relays 83F1 ...83F5 operate in a similar man-
ner through closed cross-point of switch 43F
either to ground at said switeh or to ground sup-
plied over conductor 440 within bracket 589, No.
24 contacts of relay 33SA, No. 24 contacts of re-
lay 33TA, conductor T16 within bracket 706, No.
3 normal contacts of relay T6CK5 and No. 4 con-
tacts of relay T16CKS$ to ground.

Since, in the present example, relay 31TPI{ is
operated, registering the calling station as a tip
party, relay 86TP operates over a circuit ex-
tending from battery through the winding of
said relay, conductor 112 within bracket 680,
No. 40 contacts of relay 33TA, No. 40 contacts of
relay 33SA, conductor 713 and No. 5 front con-
tacts of relay 37TPI to ground.

Relay T9CK4 now operates over a circuit ex-
tending from battery through the upper wind-
ing of said relay, No. 3 contacts of relay T9CK{,
conductor Ti4, No. 5 contacts of relay 8iAl, No.
6 contacts of relay 81A2, No. 8 contacts of relay
8iA4, WNo. 4 contacts of relay 81A5, conductor 115,
No. 3 contacts of relay 86TP, conductor 7186,
No. 3 contacts of relay 8TL0, No. 3 contacts of re-
lay 81G0, No. 4 contacts of relay 81TL, conductor
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1117, No. 1 contacts of relay 88RGL, conductor 118,
No. 2 contacts of relays 63P4A, 63P3A, 63P2A,
§3PIA, 63EI A, and 63TE2A, No. 5 back contacts of
relays 63P4, 63P3, 63P2 and 63Pi, No. 6 back con-
tacts of relays 63TEl and 63TE2, conductor 719,
and No. 3 contacts of relay TOCKS to ground
and locks up over a circuit extending from bat-
tery through its lower winding and No. 3 front
contacts and No. 3 contacts of relay T0CKS$ to
ground.

Operation of relay T0CK4 checks that relays
81A(...81A5, 85TP, 81LP, 81G0 and 81TL are
operated and consequently that the circuits
through the sender for operating said relays are
intact, and that relays 63P1A... 63P4A, 63PI ...
§3P4, 63TEl, 63TE2, 63TE{A, 63TE2A and
S8RGL are not operated. The No. 3 contacts of
relay T9CK4 remove ground from conductor 707,
releasing relay T9CK4 and all register relays op-
erated by said ground.

Relay TOCKS also operates over a circuit ex-
tending from battery through the upper winding
of said relay, No. 2 contacts of relay T0CK3, No.
2 contacts of relay 10CK2, conductor 720, No. 7
contacts of relay 76STM, conductor 12i, No. 2
contacts of relay 83F5, No. 3 contacts of relays
834, 33F2 and $8F!, conductor 722, No. 3 con-
tacts of 1elay 82C5, No. 4 contacts of relay 82C4%,
No. 2 contacts of relay 82C2, No. 3 contacts of
relay 82C{, conductor 722, No. 4 contacts of re-
lays 8iB5 and 81B4, No. 3 contacts of relays
81B2 and 8IBI, to the above-traced ground on
conductor Ti8, and locks up over a circuit ex-
tending from battery through its lower winding
and No. 4 contacts and No. 5 contacts of relay
TeCK6 to ground. Operation of relay 18CK35
checks that relays 83F{...83F5, 82Ct...82C5,
and €1B1...8{B5 are operated, and conseguent-
ly that the circuits through the sender for op-
erating said relays are intact, and that relay
188TM is nct operated. The No. £ contacts of
relay T0CK$ remove ground from conductor T16,
releasing relay 18CXK2 and all register relays op-
erated by said ground, and the No. 3 contacts of

7 relay T0CKS remove ground from conductor Tif,

releasing relay T2CK3 and all register relays op-
erated by said ground.

Of the register relays of the transverter, con-
sisting of relays 83F{ . . . 8375, §{Al . . 8iAS5,
8i{B! . .. 8iB5, 32CI . .. B2CE, and BZZA
AN only those that were operated by ground
at the register switches 43F, 43A, 432 and 43C
of the sender remain operated, the eubﬂm he-
ing released by the operation of relays TOCK4
and TOCKSE as described above. The relays re-
maining operated correspond to the district frame
number and the three digits of the office code
registered by switches 43F, 43A, 43B and 43C, as
follows:

Relays Remaining Operated in Bach
Group

Digit Registered 2nd, 3rd Digits of
Office Code and
Dist. Frame
Number

1st Digit of Cffice
Code

lst 3rd and 4th__
1st,

1sf and 2nd.
3rd.
_{ 4th.
1st and 4th.
2nd and 4th.
1st, 2nd and 4th.
3rd.and 4th.

7| 1st, zhd and 4th_.
3rdand 4th.______
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1h the present example the number of the district
frame is “0,” registered by closure of the No. 0
cross-point of switch 43F. None of relays §3F
. .. B30¥5 therefore remain operated. The first
digit of the office code is “3,” registered by closure
of cross-point 43PA at switch 43A. Relays 8iAt
and 81A2 remain operated as described above.
Similarly, those of relays 84BI . .. 8IBS and
82C1 . . . 82C5, which remain operated, corre-
spond to the digits of the office code registered
by closed cross-points of switches 43B and 43C.
Relay 86TP remains operated over the circuit
previously traced, registering the calling station
as a tip-party station.

Relay 86LA remains operated over a circuit
extending from battery through the winding of
said relay, conductor 126 within bracket 127, No.
2 contacts of relay 33TA, No. 2 contacts of relay
33SA, conductor 728, and MNo. 1 back contacts
of relay 43CI11 to ground, as an indication thab
the prefix “11” was not dialed for an office in an
extended area.

Relays 87ZA and 8T1ZE remain operated, relay
81ZA over a circuit extending from battery
through the winding of said relay, conductor 724
within bracket 125, No. 4 contacts of relay 88DST,
conductor 729 within brackets 138, No. 5 contacts
of relay 33TA, No. 5 contacts of relay 45SA, con-
ductor 611, No. 3 contacts of relay 34ZA, No. 1
back contacts of relay 3418, No. 1 back contacts of
relay 34G0, No. 2 contacts of relay 84ZA, No. 1
back contacts of relay 34TL, conductor §52, and
No. 7 contacts of relay 31STL to the previously
traced ground on conductor 681, and relay 871ZE
over a circuit extending from bhattery through the
winding of said relay, conductor 732 within brack-
et 125, No. 8 contacts of relay 83DST, conductor
133 within bracket 130, No. 9 contacts of relay
33TA, No. 9 contacts of relay 33SA, conductor
813, No. 3 contacts of relay 34ZE, thence, over the
circuit traced above, to ground on.conductor 651.
Relays 87ZA and 8T1ZE register message index
No. 9.

Connection of transverter to recorder

When relays 10CKi, 70CK2 and T0CK3 re-
lease, as deseribed above, ground through No. 6
contacts of relay T0CKS is extended through No.
5 contacts of relay TOCKS, No. 4 contacts of relay
T0CK4, No. 4 contacts of relay 10CK3, No. 4 con-
tacts of relay T0CK2, No. 5 contacts of relay
T0CK 1, conductor 134, No. 1 back contacts of
relay 88DST, conductor 135, Mo. 1 back contacts
of relay T10PS, conductor 13§, No. 5 back contacts
of relay T18VE, conductor 7317, No. 8 back contacts
of relay 93SDTA, conductor 738, No. 1 contacts
of relay 16CZ, conductor 739, and through con-
tacts of relays 83FI . . . 83F5 to the winding of
one of the relays 94ST0 . . . 94ST9, each of said
relays being associated with a recorder. The par-
ticular relay to which said ground is extended
and, therefore, the recorder selected, depends
upon the combination of relays 83Fi ... 83F5
remaining operated which, as described above,
corresponds to the number of the district frame
through which the connection of the calling line
is established. In the present example, the regis-
tered district frame number is “0” and none of
the relays 83F{ . . . 83F5 is operated. In conse-
quence, ground is extended from conductor 739
through No. 1 contacts of relay 83F5, No. 2 con-~
tacts of relay 83F4, No. 1 contacts of relay 83F2,
and No. 1 contacts of relay 83F1 to conductor T49.
Relay 94ST0 then operates over a circuit extend-
ing from battery through the winding of relay
84XFR and winding of relay 94ST0 to said ground
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on conductor 740, resulting, as described lafer;
in the connection to the transverter of the re-
corder associated with relay 94ST8. The recorder
used, therefore, corresponds to the registered
number of the district frame through which the
subscriber’s connection is established.

Relay 84XFR is a marginal relay which will
not operate in series with one of the relays 94ST0
. . . 94878 but should the windings of more than
one of the relays 24ST0 . . . 945T§ be grounded
at the same time, relay 943XFR operates, prevent-
ing the connection of the recorder.to the trans-
verter, as described later.

On the release of relays T8CKIi, T2CK2, and
16CK3, relay 88RGL also operates over a circuit
extending from battery through the winding of
said relay, conductor 741, No. 6 back contacts of
relay 86EA, No. 1 front contacts of relay 86LA,
No. 5 front contacts of relay 83TP, No. 1 back
contacts of relay 86RP, conductor 742, No. 2 front
contacts of relay 81ZE, No. 3 back contacts of
relay 81ZB, No. 1 front contacts of relay 81ZA,
conductor 743, No. 2 contacts of relay T3CKI{, No.
1 contacts of relay T0CK2, No. 1 contacts of re-
lay T0CK3, No. 2 contacts of relay T8CK 4, and No.
2 contacts of relay T0CKS$ to ground. Operation
of relay 88RGL checks that relay 86TP or relay
86RP, but not both, and relay 861A or relay 8€EA,
but not both, are operated.

The preference relay 32TP3 associated with
the particular recorder selected now operates
over a circuit extending from battery through
resistance 88R, No. 4 contacts of relay 88RL,
conductor 7150, No. 1 contacts of relay 83TME,
conductor 151, No. 7 contacts of relay BERGL,
conductor 152, contacts of relay 84¥XIFR, conduc~
tor 753, No. 1 contacts of relay 88TM3, conductor
154, No. 1 contacts of relay 83EXT, conductor
158, No. 2 back contacts of relay 94STX, No. 2
front contacts of relay $48T8, conductor 756
within bracket 157, No. 17 back conbacts of relay
21TNi, conductor 158, winding of relay 32TP§,
No. 3 normal contacts of relays 32TP! ...
32TP4, 32HP and 32DP to ground and locks up
through its No. 3 front contacts to ground, oper-
ating relay 31 TCR over a circuit extending from
battery through the winding of said relay, con-
ductor 160, No. 1 contacts of relay 38ONI, con-
ductor 761, No. 1 front contacts of relay 32TPQ,
and No. 1 back contacts of relay 32MTP to ground.
Relay 31TCR locks up through its No. 50 con-
tacts to the same ground and connects the trans-
verter to the recorder.

Relay 39TV operates over g circuit extending
from through the winding of said relay, con-
ductor 782 within bracket 755, and No. 15 con~-
tacts of relay 3iTCR to ground, completing ob-
vious circuits through its No. 6 and No. 3 con-~
tacts over which relays 330N and 230N operate.

The preference relays 32DP, 32HP, 32TP4 . . .
32TP6, and 32MTP. are arranged in g chain cir-
cuit in the order named, as shown in ¥ig. 32, so
that none of said relays can operate unless all of
said relays ahead of it in the chain are not op-
erated. Relay 32DP is used for connection of a
recorder to a district identifier for answer and
disconnect entries; relay 32HP for hour entries;
relays 82TP4 . . . 32TPO for the connection of
different recorders to the transverter for initial
entries; and relay 32MTP for connection of a
recorder to the master timing circuit. The order
of preference of different types of entries is
therefore the order of said relays in the chain
and a recorder cannot be connected for two types.
of entry at the same time.
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Recording first line

Relay 83P4 now operates over a circuit extend-
ing from battery through the winding of said
relay, No. 3 back contacts of relay 63P4A, con-
ductor 78(. NMo. 1 contacts of relay 87TL, con-
ductor 782, No. 2 back contacts of relay 70PS,
conductor 783, No. 2 back contacts of relay §3TE,
conductor 784, Nc¢. 8 contacts of relay TOCKE,
conductor 185, No. 4 back contacts of relay T1FV,
conductor 788 within bracket 780, No. 21 con-
tacts of relay 3{TCR, conductor 78T within
bracket 159, No. 1 contacts of relay 46PAR, and
left-hand contacts of relay 46PT90 to ground and
Jocks up throuzh its No. 3 contacts, conductor
188, and No. 9 contacts of relay TOCKS6 to ground.
Cut-in relays 62C4A, 62C4C and 6iC4C operate
in parallel over a circuit extending from battery
through the windings of said relays, conductor
191, No. 1 contacts of relay €3P4A, No. 4 con-
tacts of relay €3P4, No. 4 contacts of relay 63THE,
conductor 760, No. 6 contacts of relay TOCKS,
conductor 788 within bracket 789, and No. 3 con-
tacts of relay 3{TCR to ground, connecting the
punch magnets of the recorder to the register
relays of the transverter.

Punch magnet §6MI{i now operates in series
with check relay 66AA to punch in the tape of
the recorder a symbol corresponding to the entry
digit “1” and others of punch magnets 66M2 . . .
66M28 operate in a similar manner in series with
the respective check relays €6AB ... 86FE to
punch in the tape symbols corresponding to the
called line number. Punch magnet 66M! oper-
ates over g circuit extending from hattery through
the winding of said magnet, winding of relay
65AA, conductor 785 within bracket 759, No. 24
contacts of relay 31TCR, conductor 795 within
bracket 780, and No. 9 contacts of relay 62C4B
to ground. In the present example, the called
line number registered in the sender, as previ-
ously described, is “1234.7 Punch magnet §6M4
operates over a circuit extending from battery
through the winding of said magnet, winding of
relay 66BA, conductor 797 with bracket 759, No.
29 contacts of relay 31TCR, conductor 798 with-
in bracket 789, No. 8 contacts of relay 68COD,
conductor 800, MNo. 6 contacts of relay 62C4A,
conductor 80! within bracket 282, No. 28 con-
tacts of relay 40TB, No. 28 contacts of relay 40SB,
conductor 883 within bracket 864, and No. 5 con-
tacts of the No. 1 cross-point of switch 50TH to
ground. Punch magnet 66M7 operates over a
similar circuit to ground at No. 7 contacts of the
No. 1 cross-point of switch 5¢TH. These two
magnets punch in the tape a symbol correspond-
ing to the digit “1” in accordance with the code
previously given. In a similar manner, punch
magnets 66MI0 and §6MI2 (not shown) operate
to punch in the tape a symbol corresponding to
the digit “2,” registered by switch 58H, punch
magnets §6MI7 and 66Mi8 (not shown) operate
tc puach in the tape 2 symbol corresponding to
the digit “3” registered by switch 57T, and punch
magnets 65M20 and 66M23 (not shown) operate
to punch in the tape a symbol correspending to
the digit “4” registered by switch 51U. No sta-
“ions digit was dialed so that no registration was
made on switch 5i8T. However, punch magnet
66M24 operates over g circuit extending from
battery through the winding of said magnet,
winding of relay G6FA, conductor 8865 within
bracikzet 153, No. 49 contacis of relay 31 TCR, con~
ductor 868 within bracket 188, No. 1 contacts of
relay 68COF, conductor 807, No. 2 contacts of
relay 61CAC, conducter 818 within bracket 809,
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No. 1 contacts of relay 86SV2, conductor 818, No.
2 contacts of relay 86STH, conductor 811, and
No. 1 contacts of relay 6I1C4C to ground and
punch magnet 68M25 operates over a parallel ecir-
cuit to the same ground. These two magnets
punch in the tape a symbol corresponding to the
digit “0” indicating that no stationg designation
was dialed.

The paper-advance magnet 66FPAM and relay
46PA operate over a circuit extending from bat-
tery through the winding of said magnet, con-
ductor 821, winding of relay 46PA, conductor 822,
No. & contacis of relay 390N{, conductor 823,
within bracket 788, No. 17 contacts of relay
JTCR, conductor 8i5 within bracket 780, and
No. 1 contacts of relay §2C4B to ground. The
paper-advance magnet 66PAM does not advance
the tape of the recorder upon operation but only
upon the release of said magnet. Relay 46PAR
operates over an obvious circuit through its left-
hand winding and contacts of relay 43PA.

The armaturss of relays 46PTR and 46PT0 are
held on their left-hand contacts by current from
battery through the lower winding of relay
46PTR, and by battery through the upper wind-
ing of relay 46PT0, and left-hand contacts of
relay 46PTR, thence over conductor 816 within
bracket 817, and No. 4 contacts of relay 32TP0
to ground. When relays 62C4A, 62C4B and
61C4C operate, however, as described above, a
circuit is completed from battery through the
upper winding of relay 48PTR, conductor 8i2
within bracket 7%9, No. 19 contacts of relay
3ITCR, conductor 8i3 within bracket 788, No. 11
contacts of relay §2C4A, No. 10 contacts of relay
62C48, conductor §i4, No. 12 contacts of relay
8{CAC, conductor 815, and No. 1 contacts of relay
82C4B o ground, which moves the armature of
relay 46PTR to its right-hand contact. This
closes an additional circuit for the paper-advance
magnet 66PAM and reiay 46PA from conductor
823 through the right-hand contacts of relay
48PTR, conductor 816 within bracket 817, and
No. 4 contacts of relay 32TP¥ to ground.

Condenser #6C then charges from battery
through the uppsr winding of relay 46PT0 and
to ground through resistance 46R. The charg-
ing current moves the armature of relay 46PT0
to its right-hand contact closing an obvious
holding circuit for relay 46PAR through the
right-hand winding of the latter relay.

Relay 63P4A now operates over a circuit ex-
tending from bhattery through the winding of said
relay, No. 1 contacts of relay 63P4, No. 1 back
contacts of relays 6323, 63P2, 63FI1, 63TEIl, and
63TE2, conductor 792, No. 7 contacts of relay
76CKS8, conductor 793, No. 2 contacts of relay
7187V, conductor 818 within bracket 780, No. 20
contacts of relay 3{TCR, conductor 819 within
bracket 748, contacts of relays 66AA . . . 66AC,
conductor 824, No. 5 back contacts of relay
280TH, conductor 825, contacts of relays
8¢BA . . . B6FE, conductor §29, No. 2 contacts
of relay 4§PAR, and right-hand contacts of
relay 46PT¢ to ground. The contacts of relays
66AA . .. §6AC are so connected, as shown in
Fig, 66, that this circuit is closed only if one,
but no more, of relays §6AA . . . 66AC is oper-
ated, and the contacts of relays 86BA . . . 66FRE
are so conuected, as shown in Fig. 66, that the
above~traced circuit will be closed only if exactly
two relays of each of the groups 8BA . . . 66BE,
§6CA . .. B5CE, 88DA . . . G8DE, and 66FA . . .
66FE are operated. Relay TTPK is connected in
parallel with the contacts of relays 66AA . ..
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66FE from conductor 8i{8 through the winding
of relay TTPK, conductor 828 within bracket 780,
and No. 7 contacts of relay 3ITCR to conductor
820. If the above circuit through the contacts
of relays 86AA . . . 68FH is closed, the winding
of relay 1TTPK is thereby short-circuited and said
relay does not operate. If, however, said circuit
is not closed, relay TIPK operates over the circuit
traced above and actuates an alarm described
later. Relay 63P4A will not operate through the
high resistance of the winding relay TTPK.

Assuming that relay 63P4A operates, its No. 1
contacts open the circuit of and release relays
62C4A, 62C4B, and 6!C4AC, which, in turn, open
the circuits of and release the operated punch
magnets and associated relays 68AA . .. 66FE.
The No. 11 contacts of relay 62C2A open the cir-
cuit of the upper winding of relay 46PTR, and
the No. 1 contacts of relay 62C4B open one of the
circuits of the paper-advance magnet G66PAM
and relay 46PA. Condenser 46C| then charges
from battery through the upper winding of relay
46PTR and through resistance 46R1 to ground.
The charging current through the upper winding

of relay 46PTR holds the armature of said relay

on its right-hand contacts for a time, giving time
for the punch magneis to release. Ag condenser
46CI charges, however, the charging current de-
creases and the armature of relay 46PTR is
moved to its left-hand contact by current in the
lower winding of said relay, opening the circuit
of and releasing the paper-advance magnet
66PAM and relay 46PA. Release of the paper-
advance magnet 66PAM moves the paper of the
recorder to a position for punching a new line of
characters. By the operation of relay 46PTR,
condenser 46C is discharged through resistance
46R. and the armature of relay 46PT0 moved to
its left-hand contact by current in the upper
winding of said relay, releasing relay 48PAR.
The operations of relay 486PT¢ give time for the
punch magnets to operate.

Recording second and third lines

Relay 63P3 now operates over a circuit extend-
ing from battery through the winding of said
relay, No. 3 back contacts of relay 63P3A, No. 3
front contacts of relay 63P4A, and conductor 781,
thence over the circuit previously traced for the
operation of relay 8§3P4, to ground and locks up
through its No. 3 contacts to the locking circuit
previously traced for relay 68P4. Relays 62C3A,
62C3B, and 61C3C operate over a circuit extend-
ing from battery through the winding of relay
62C3A, conductor 828, No. 4 back contacts of
relay 11SV2 to conductor 829, and from battery
through the windings of relays 62C3B and 6{C3C
to conductor 829, thence through No. 1 contacts
of relay 63P3A, No. 4 contacts of relay 63P3,
No. 4 contacts of relay 63TE, conductor 789,
No. 6 contacts of relay T8CKS8, conductor 189,
within bracket 783, and No. 3 contacts of relay
3ITCR to ground. Punch magnet B6Mi then
operates over the circuit previously traced,
punching in the paper of the recorder a charac-
ter representing the digit “1” and punch magnets
§6M4 and 66M5 operate in the manner previously
described to punch in the tape a character rep-
resenting the digit “0.” These two digits are the
entry number for the second line of a detailed
record. Punch magnets §6M§ and §6MI0 oper-
ate in a similar manner through contacts of
relay 86LA to punch a character representing
the digit “0,” indicating that the record is not
of an extended-area call. Punch magnets 66MI1,
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66M 18, 66M20, 66M22 (not shown), §6M24, and
66M28 operate similarly through contacts of
relays 81A1 ... 81A5, 8iBi ... 8iB5 and
82C1 . . . 82C5 to punch characters represent-
ing the digits “329,” corresponding to the code
“DAX” dialed and registered by said relays. For
example, punch magnet 86M28 operates over a
circuit extending - from Dbattery through the
winding of said magnet, winding of relay 66FE,
conductor 8323 within bracket 759, No. 45 con-
tacts of relay 3ITCR, conductor 834 within
bracket 7808, No. 5 contacts of relay 68COF, con~
ductor 835, INo. 5 contacts of relays 61C3C, con-
ductor 836 within bracket §37, No. 1 back con-
tacts of relay 82C2, No. 1 front contacts of relay
B2C5, No. 1 front contacts of relay 82C{, and
No. 4+contacts of relay 82CI to ground. Those
of relays 68AA . . . B6FE associated with punch
magnets so operated, also operate. The operations
of relays 46PTR, 46PT0, 46PA, 46PAR, and paper-
advance magnet 66PAM are then repeated in a
manner similar to that previously described, re-

leasing relays 62C3A, 62C3B, 61C3C and the op-

erated punch magnets. The operating circuit of
the paper-advance magnet 66PAM and relay
46PA now extends over the path previously
traced to conductor 815 thence through No. 1
contacts of relay 62C3B to ground and the op-
erating ecircuit of relay 46PTR extends from con-
ductor 813 through No. 7 contacts of relay 62C3A,
No. 10 contacts of relay 6§2C38B, conductor 838, No.
11 contacts of relay 6§{C3C, conductor 815, and
No. 1 contacts of relay 62C3B to ground. Relay
63P3A then operates and locks up over the cir-
cuits previously traced for relay 63P4A, releasing
relay 46PA and the paper-advance magnet
66PAM, which advances the tap of the recorder
to a position for punching the next line.

Relay 63P2 now operates over a circuit ex-
tending from battery through the winding of said
relay, No. 3 back contacts of relay 6§3P2A, No, 3
front contacts of relays 63P3A and 63P4A to the
previously traced ground on conductor 181{. Re-
lays 62C2A, 62C2B, and 6{CEC operate over a cir-
cuit extendng from battery through the windings
of said relays, conductor 838, No. 6 contacts of
relay 16PS, conductor 833, No. 1 contacts of relay
63P24A, and No. 4 contacts of relay 63P2, No. 4
contacts of relay 83TE, conductor 790, No. 6 con-
tacts of relay TOCKS, conductor 788, within
bracket T80, and No. 3 contacts of relay 3{TCR
to ground. Punch magnet 66MI again operates,
as previously described, to punch a character
representing the digit “1.”" Punch magnets in the
groups 66M4 . . . 66M8, 66MSI . .. 66MiI3 and
66Mi4 . . . 66M18 operate to punch three char-
acters representing digits corresponding to the

number of the line switch column in which the

line of the calling station is located as registered
by relays S8CHA ... 30CHE, 30CTA . ..
38CTE, and 33CUA . . . 30CUE of the sender. In
the present example, the number of said line
switch columzn is ‘000”7 Punch magnet 66M4
then operates over a circuit extending from bat-
tery through the winding of said magnet, wind-
ing of relay 66BA, conductor 787 within bracket
159, No. 29 contacts of relay 31TCR, conductor
188 within bracket 188, No. 8 contacts of relay
§9CCD, conductor 808, No. 6 contacts of relay
§2C24A, conductor 83i within bracket 832, No. 5
contacts of relay 46TB, No. 5 contacts of relay
40SB, conductor 845 within bracket 846, con-
tacts of relay 30CHA, conductor 847, and No. 1
contacts of relay 3TON#4 to ground. Punch mag-
nets §6M35, 66189, 66Mi0, 66Mi4, and §6MID op-
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erate over similar circuits to punch in the tape
characters representing the digits “000” as the
number of the line switch column in which the
calling line is located,

Punch magnets 68M1{9 and 66M20 (not shown)
also operate over similar circuits through con-
tacts of relays 30SWA and 38SWB to punch a
character representing the digit “0” as the num-
ber of the line switch registered by said relays
and punch magnets §6M24 and 66M25 operate
over similar circuits through contacts of relays
30VFA and 3¢VFB to punch in the tape a char-
acter representing the digit “0” as the number
of the vertical file in which said line switch is
located, as registered by said relays.

The operations of relays 46PTR, 46PTO, 46PA,
46PAR, and paper-advance magnet 66PAM are
then repeated in a manner similar to that pre-
viously described, relay S3P2A operating in con-
sequence and releasing relays 62C24, §2C2B, and
61C2C and the operated punch magnets. The
operating circuit of the paper-advance magnet
E6PAM and relay 46PA now extends over the path
traced above to conductor 815 thence through
No. 8 contacts of relay $2C2B to ground and the
operating circuit ¢f relay 48PTR extends from
conductor 8i3 through No. 11 contacts of relay
62C2A, No. 10 contacts of relay §2C2B, conductor
842, No. 11 contacts of relay §iC2C, conductor
215, and No. 8 contacts of relay 6§2C2B to ground.
Release of paper-advance magnet 66PAM ad-
vances the tape of the recorder to a position for
punching the fourth line of characters.

District identification

Before the last line of the record is punched,
the district junctor used in establishing the sub-
scriber’s -connection is identified by the district
identifier. When relay 31TCR operates, as pre-
viously described, relay 38CO operates over a cir-
cuit extending from battery through the winding
of said relay, conducter 182, within bracket 758,
and No. 15 contacts of relay 3{TCR to ground,
closing a circuit from hattery through the wind-
ing of relay 28RD, No. 3 normal contacts of relay
38COI, and No. 12 contacts of relay 38C8 to
ground, over which relay 38RD operates. The
opening of No. 1 ... No. 10 contacts of relay
38CO prevents the operation of any of the relays
1676 . .. 1679 and 2219 . . . 22U9 of the dis-

trict identifier in connection with other calls. :

Should any of said relays, for example, relay
22U9, be already operated and locked up, the
holding circuit of said relay is opened and said
relay released by No. 8 contacts of relays 38RD.
‘When all of relays {870 . . . {6T9 and 2200 . . .
22082 are normal, relay 38COI1 operates over a
circuit extending from battery through the wind-
ing of said relay, No. 11 contacts of relay 38CO,
No. 2 contacts of relay 33RD, conductor 851 with-
in bracket 880, No. 15 back contacts of relay
2{TN4, conductor 8%2, No. 2 contacts of relays
160 . . . {679 in series, conductor 853, and No.
1 normal contacts of relays 2200 . .. 2209 in
series, to ground and lecks up through No. 1
contacts of relay 38CO to ground. The No. 3 nor-
mal contacts of relay 38CO| open the operating
circuit of relay 38RD but said relay is locked
up over a cireuit extending from battery through
the winding and No. 1 contacts of said relay,
conductor 884, within bracket 858, No. 11 con~
tacts of relay 3ITCR, conductor 863 within
bracket 782, No. 5 back contacts of relay TTTCK,
conductor #G4, No. 4 contacts of relay 83TM6, and
No. 2 back contacts of relay 83TM3 to ground.

When relay 3ITCR operates, relay TTRK op-
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erates over a circult extending from battery
through the winding of said relay, conductor 855
within bracket 180, and No. 2 contacts of relay
3ITCR to ground. A circuit is thereby com-
pleted from battery through No. 3 contacts of
relay 86DC, resistance 86R, conductor 860, No.
3 contacts of reiay TIRK, conductor 861, No. 5
contacts of relay 33RGL, conductor 862 within
bracket 683, No. 39 contacts of relay 33TA, No.
39 contacts of relay 33SA, conductor 865, No. 6
back contacts of relay 5/DC, conductor 622 within
bracket 423, No. 3 contacts of cross-point 17SL: of
the secondary sender-link switch, conductor 623
within bracket 351, No. 3 contacts of cross-point
(3SL of the primary sender-link switch, con-
ductor 624 within bracket 353, No. 1 front con-
tacts of relay i2R, No. 5 contacts of relay I12TA,
No. 7 back contacts of relay 12TC, conductor
856, No. 19 contacts of relay 16TABO, left-hand
winding of relay (8T8, conductor 857, No. 13
back contacts of relay 21TN4, conductor 858
within bracket 858, No. 4 contacts of relay 38C01,
conductor 866 within bracket 159, No. 6 contacts
of relay 31TCR, conductor 861 within bracket
180, No. 4 contacts of relay TITCK, conductor
868, winding of relay 86DCK, and conductor 869
to the potentiometer formed by battery through
the winding of relay T16DCBR, resistance T0R and
No. 10 front contacts of relay 70CK§ to ground.
Relay 86DCK operates over this circuit, oper-
ating relay 86DC over an obvious circuit and
the No. 3 contacts of relay 86DC open the cir-
cuit of relay 86DCK. This normally releases re-
lay 86DCK but if the windings of any of the relays
I8T0 . . . I6T9 are crossed with battery or
ground, relay 86DCK will not release causing a
trouble indication described later. Relay 16T0
will not operate over the circuit traced above.
Relay 86DC, when operated, locks up over a cir-
cuit extending from battery through the winding
and No. 4 contacis of said relay, conductor 865,
and No. 5 contacts of relay T0CK8 to ground.

Assuming relay 86DCK releases, relay T1TCK
cperates over a circuit extending from battery
through the winding of said relay, conductor 859,
No. 5 contacts of relay 86DC, ang back contacts
pf relay 86DCK to ground and locks up through
its No. 2 contacts, conductor 849 and No. 4 con-
tacts of relay T8CKS to ground. The No. 3 back
coniacts of relay 71TCK open the locking cir-
cuit of relay 38RD and release said relay.

_Relay 1676 associated with the group of ten
distriet junctors in which the district junctor
used for the pressnt call is located, now oper-
ates over a cirenit extending from bhattery
through resistance 38R, No. 4 normal contacts
of relay 38RD, No. 5 front contacts of relay
38CiH, conductor 858 within bracket 858, No, 13
back contacts of relay 21TIN4, conductor 857, left-
hand winding of relay 1879, No. 10 back contacts
of relay 6TABS, conductor 858, No. 7 back con-
tacts of relay (2TC, Ne. 5 back contacts of relay
{2TA, No. 1 front contacts of relay I2R, con-
ductor 824 within bracket 353, No. 3 contacts of
cross-point {3SL of the primary sender-link
switch, conductor §23 within bracket 354, No. 3
contacts of cross-point {1SL. of the secondary
sender-link switch, conductor §22 within bracket
423, No. 6 contacts of relay 51DC, conductor 865,
No. 39 contacts of relay 8354, No. 39 contacts of
relay 33TA, conductor 862 within bracket 689, No.
3 iront contacts of relay TITCXK, conductor 264,
No. 4 contacts of relay 83TMS, and No. 2 back
contacts of relay 83TM3 to ground and locks
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up over a circuit extending from battery through
its right-hand winding and No. 6 contacts, con-
ductor 848, No. 14 back contacts of relay 21TN4,
conductor 868 within bracket 850, contacts of
relay 38TL, No. 7 contacts of relay 38RD, con-
ductor 870 within bracket 158, No. 10 contacts of
relay 31TCR, conductor 892 and upper winding
of relay 86XT to ground, operating relay {6TABD
over. a circuit extending from battery through
the winding of said relay, No. 4 front contacts of
relay {6T0, and No. 4 back contacts of relays
16T1 . . . 1679 in series to ground and operating
relay I6TLO over a circuit extending from bat-
tery through the winding of relay 2241, con-
ductor 871, winding of relay 16TL0, No. 3 front
contacts of relay 16T0, and No. 3 back contacts
of relays I16T1 . . . 16TY in series to ground.
Relay 38TL is normally operated over a cir-
cuit extending from battery through the winding
of said relay, conductor 880 within bracket 858,
No. 22 contacts of relay 21TN4, conductor 88f,
and back contacts of relay 16T0 . . . [6T9 in se-
ries to ground. When relay {6T0 operates, this
circuit is opened. Relay 38TI: is, however, slow
to release and, unless the call is abandoned at
this time, will be reenergized as described be-
low. Relay 22U# operates over a circuit extend-
ing from battery through the left-hand winding
of said relay, conductor 8712, No, 10 front con~
tacts of relay 16TABO, conductor 856, thence over
the cireuit traced above for the operation of re-
lay 16T0, to ground, operating relay 22UA0 over
a circuit extending from battery through the
winding of said relay, No. 3 front contacts of
relay 2200, and No. 3 back contacts of relays
2201 . .. 22U9 in series to ground. Relay 22U
is now locked up over a circuit extending from
battery through the right-hand winding of said
relay, No. 2 contacts of relay 22UAJ, conductor
886, No. 21 back contacts of relay 21TN4, con-
ductor 813 within bracket 765, winding of relay
46UL, conductor 874, No. 5 contacts of relay 3JON,
conducter 875, and No. 6 normal contacts of re-
lay 38RD to ground. Relay 46UL operates over
this circuit but performs no useful function at
this time. Relays I6T8 and 22U0 operated iden-
tify the district junctor as junctor No. 00.
Relay 86UMG is included in a eircuit extending
from battery through No. 4 contacts of relay
2200, resistance 22R, conductor 816, No. 19 back
contacts of relay 21TN4, conductor 871, No. 1
contacts of relay 31ITCR, conductor 878 within
bracket 180, No. 6 front contacts of relay 63P24A,
conductor 878, and winding of relay 86UMG to
ground. Relays 86XT, 22A1 and 86UMG will not
operate over the circuits traced above which in-
clude their windings. However, if more than one
of relays 16T0 . . . i6T8 operates, the resistance
in the. first circuit is reduced and relay 86XT
operates; if the locking circuits of more than one
of relays 16T0 . . . 16T9 are completed, the re-
sistance in the second circuit is reduced and relay
22A1 operates and if more than one of relays
2200 . . . 22U9 operate, the resistance in the
third circuit is reduced and relay 86UMG oper-
ates. Operation of relay 86XT, relay 22Ali, or
relay 86UMG initiates a trouble indication, as de-
scribed later. If no trouble is found, relay 38TL
is reenergized over a circuit extending from bat-
tery through the winding of said relay, conductor
880 within bracket 850, No. 22 hack contacts of
relay 21 TN4&, conductor 881, and No. 8 contacts of
relay 22UA$ to ground, the contacts of relay 38TL
maintaining the locking circuit of relay 16T0.
Battery through the winding of relay 46RCK is
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also connected over conductor 947, No. 7 front
contacts of relay 38TV, conductor 848, No. 1 con-
tacts of relay 53TCI, conductor 949 within brack-
et 765, No. 1 back contacts of relay 2iTNI, con= -
ductor 958, No. 4 contacts of relay 22UA9, con-
ductor 95i, No. 21 contacts of relay {6TL0, con~
ductor 952, No. 1 back contacts of relay 12TC,
No. 2 contacts of relay 12CH, and No. 2 contacts
of relay 1281 to ground; operating relay 46RCK,
which checks that relays i2TC and 12CH are not
operated.

Relay TTDR now operates over & circuit ex-
tending from battery through resistance 22RI,
No. 5 contacts of relay 22UAB, conductor 882, No.
93 back contacts of relay 21TN4, conductor 883
within bracket 850, No. 6 front contacts of relay
38C01, conductor 884 within bracket 759, No. 8
contacts of relay 31TCR, conductor 885 within
bracket 188, and winding of relay TTDR to ground.
Operation of relay TTDR indicates to the trans-
verter that the district junctor used for the sub-
seriber’s connection has been identified and that
the talking-charge relay i12TC of the district
junctor is not operated.

The armature of relay 46DK is moved to its
right-hand contacts by current over a circuit ex-
tending from battery through the winding and
No. 5 normal contacts of relay 12TC, conductor
918, No. 11 contacts of relay (6TLO, conductor
9189, No. 1 front contacts of relay 22UAQ0, conduc-
tor 920, No. 2 back contacts of relay 21TNI, con-

" ductor 921, No. 2 contacts of relay 26 MBR, con-
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ductor 922 within bracket 165, No. 8 front con-
tacts of relay 39TV, conductor 923, lower wind-
ing of relay 46DK, conductor $24, resistance 39R,
resistance 39R1, No. 6 contacts of relay 390N, con-
ductor 925 within bracket 158, No. 9 contacts of
relay 31 TCR, conductor 926 within bracket 780,
and No. 5 contacts of relay TTDR to ground and
is held there by current from battery through the
upper winding of relay 46DK, No. 3 normal con-
tacts of relay 46DXI, right-hand contacts of re-
lay #6DK, conductor 5§29, and back contacts of
relay 53STC to ground. Relay I12TC will not
operate through the high resistance of the above-
traced circuit. Relay 46DKI then operates over
a circuit extending from battery through the
winding of said relay, conductor 927, No. 1 con-
tacts of relay 390N, conductor 928, right-hand
contacts of relay 46DK, conductor 929, and back
contacts of relay 83X TC to ground, its No. 3 nor-
mal contacts opening the circuit of the upper
winding of relay 46DK. Relays 46DK and 46DKI|
check that identification of the district junctor is
complete,
' Recording last line

Relays 62C1A and 69C{B operate over a circuit
extending from hattery through the windings of
said relays, conductor 887, No. 6 back contacts of
relay 175V3, No. 3 contacts of relay TIDR, con-
ductor 888, Ne. 5 back contacts of relay T0PS,
conductor 889, No. 7 contacts of relay 63PIA, No.
4 contacts of relay §3P1, No. 4 contacts of relay
B63TE, conductor 720, No. 6 contacts of relay
10CKB, conductor 789 within bracket 780, and
No. 3 contacts of relay 31TCR to ground. Relay
52DN also operates over a circuit extending from
battery through the winding of said relay, con-
ductor %39, No. 1 contacts of relay 46DXKI, con-
ductor 931, left-hand contacts of relay 390TK,
No. 6 back contacts of relay 390T80, conductor
932 within bracket 759, No. 16 contacts of relay
2ITCR, conductor 933 within bracket 780, No. 4
contacts of relay 862XTU, to the above-traced
ground on conductor 887.
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Punch magnet 66M3 operates over g circuit ex-
tending from battery through the winding of said
magnet, winding of relay 65AC, conductor 830
within bracket 759, No. 22 contacts of relay
3I'TCR, conductor £31 within bracket 780, and
No. 6 contacts of relay 68CiB to ground, punching
in the tape a character representing the digit “3.”
Punch magnet 86MT operates over a similar cir-
cuit extending from battery through the winding
of said magznet, winding of relay §6BD, conductor
907, through contacts (not shown) of relay
3ITCR, conductor 908, No. 11 contacts of relay
68COD, No. 9 contacts of relay 69C!A, conductor
839 within bracket 887, No. 1 back contacts of
relay 87LY, No. 2 back contacts of relay 871GOA,
conductor 819, and No. 2 back contacts of relay
Ti5V4 to ground, and punch magnet 66M8 oper-
ates over a circuit extending from battery
through the winding of said magnet, winding of

relay $6BE, conductor 842 within bracket 159, No. 2

25 contacts of relay 3{TCR, conductor 894 within
braciket 788, Mo, 12 contacts of relay 63COD, No.
10 contacts of relay 68CIA, conductor 896 within
bracket 887, No. 1 back contacts of relay 81GOA,
No. 2 back contacts of relay 8710, No. 3 back con-
tacts of relay 81GOA, conductor 898, and No. 1
contacts of relay TISV4 to ground. The two
punch magnets 65M7 and 66M8 punch in the tape
a character representing the gigit “3,” the digits

“33” being the “entry” digits for the last line of & |

detailed record. Punch magnets 66M8 and
46M1{3 cperste to punch in the tape a character
representing the digit “9,” which is the “message
index” digit for a call for which the charges are
to be computed in detail.
punch magnet §6M9 operates extends from bat-
tery throush the winding of said magnet, winding
of relay 68CA (not shown) conductor 899 within
Eracket 7588, No. 34 contacts of relay 31'TCR, con-

ductor 888 within bracket 780, No. 1 contacts of °

relay 88CED, Wo. 1 contacts of relay 68CIA, con-
ductor 881 within bracket 802, and No. 2 con-
tacts of relay 87ZA to ground, and the circuit of
punch magnet 66M13 (not shown) extends from
battery through the winding of said magnet,
winding of relay 686CE (not shown), conductor
833 within bracket 158, No. 30 contacts of relay
3i{TCR, conductor 964 within bracket ‘780, No. 5
contacts of relay 589C2D, No. 5 contacts of relay
€ECIA, conductor 805 within brackets 802, and
No. 3 contacts of relay 8TZE to ground.

Punch magnets 68MI5 and 66M{T operate to
punch a character representing the digit <2,” in-
dicating that the cailing station is the tip-party
of a two-party line, the circuit of punch magnet
§6Mi3 (not shown) extending from battery
through the winding of said magnet, winding of
relay 66DB (not shown), conductor 811, thence
through a contact (not shown) of relay 3(TCR,
conductor 812, No. 2 contacts of relay 6SCOE, No.
3 contacts of relay §3CIB, conductor 98 within
bracket 914, and No. 2 front contacts of relay
86TP to ground and the circuit of punch magnet
66MIT7 (not shown) extending from battery

through the winding of said magnet, winding of ¢;

relay 66DD (not shown), conductor 915, thence
through contacts (not shown) of relay 3(TCR,
conductor 934, No. 4 contacts of relay 63COE, No.
4 contacts of relay 69CiB, conductor 946 within

bracket 914, and No. 4 contacts of relay 86TP to

ground.

Punch magnets 66MI9, 66M20, 66M24 and
66M25 operate over similar .circuits to punch
.characters representing the digits “00,” which is
the number of the district junctor registered in

The circuit over whieh #2
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the district identifier, punch magnets 86M19 and
66M28 operating through contacts of relay
1€TABU and punch magnsts 853424 and 66M25
operating through contacts of relay £2U%A. The
circuit of punch magnet §5M19, for example, ex-
tends from battery through the winding of said
magnet, winding of relay 88TA (not ghow
ductor 817, No. 2 contacts of relay 5%DN, con-
ductor 335 within bracket ¥85, No. 5 bas
tacts of relay %ZITINI, conductor 538, and No. 13
contacis of reiay i§TABS to ground. The circuit
of punch magnet $8M24 extends from battery
tiirough the winding of said magnet, winding of
relay G8FA, conductor 888, No. & contacts of relay
IDN, conguctor 827 within bracket 165, No. 8 back
contacts of relay 2{TNI, conductor 928, and No. 6
contasts of velay 22UAS to ground.

When said punch magnets operate, the asso-
ciated relays §6AC, 86BD, §6BE, 66CA, 66CE,
§6DB, $YDD, (614, 4413, 66FA and §6FB also
operate, completing a chain circuit to check that
the proper nuinber of punch magnets have oper-
ated, as previously described. The operations of
relays 46PTR, 46PTO, 46FA, 45PAR, and paper-
advance magnet E6FAM are repeated, as previ-
ousiy described in connection with the recording
of the first Ine of the entry. iIn this case, the
operating circuit of paper-advance magnet
66FAM and relay 45PA extends over the path
previously traced to conductor €i5 thence
through No. 1 contacts of relay 66CIB to ground
and the operating circuit of relay 46PTR extends
from conductor 812 through No. 1 contacts of
relay UZDN, conductor 3%% within bracket 759,
No. 8 contacts of relay $ITCR, conductor 95i
within bracket 788, No. 11 contacts of relay
88CIA, No. § contacts of relay 65CiB, conductor
§82, No. 5 contacts of relay T0RR, conductor 953,
No. 7 contacts of relay 63COR, and No. 1 contacts
of relay 69CIB 1o ground.

Relay 63P1A finally operates over a circuit ex-
tending from battery through the winding of said
relay, conductor 954, No. 1 contacts of relay
i8DSA, conductor $§5, No. { front contacts of
relay B3PI, and No. 1 hack contacts of relays
63TEI and §3TE? to the previously traced ground
on conductor 7589, and iocks up through its No. 4
contacts, conductor $55, and No. 8 contacts of
relay TOCK6 to ground. Operation of relay
64PiA opens the circuits of and releases relays
€8CIA, 68CIB and 52DN and also releases the
paper-advance magnet 8§6FAM, which advances
the tape of the recorder. Relay 77P§ then oper-
ates over a circuit extending from battery
through the winding of said relay, No. 6 back con-
tacts of relay T¥15V4, conductor 939, No, 3 front
contacts of relays G3PiA, 63P24, 63P3A and
GEPAA to the ground on conductor 781 previously
traced for the operation of relays 63Pr§, 63P3,
62P2, and §3PI, and locks up through its No. 2
contacts, conductor $49, and No. 2 contacts of
relay T0CKS to ground.

Release of district identifier

When relay 63P{A operates, relay 46A1( oper-

ates over a circuit extending from battery

through the winding of said relay, conductor 957,
No. 3 contacts of relay 85XP{, conductor 958, No.
2 contacts of relay 45RCK, conductor $59 within
bracket 759, No. 14 contacts of relay 31 TCR, con-
ductor 980 within bracket 789, No. 5 contacts of
relay B3PIA, conductor 381, and No. 2 contacts of
relay TODSA to ground. This connects ground
threugh No. 4 contacts of relay 46Al, conductor
962, No. 3 back contacts of relay 39HL, and con-
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ductor 924 to the lower winding of relay 46DK,
short-circuiting resistances 3SR and 39R{.
Through the consequent reduced resistance in the
circuit previously traced, relay 12TC operates and
locks up through its own No. 5 front contacts and
No. 4 contacts of relay 12TA to ground. The cir-
cuit of relay 46DX being opened by the No. 5
normal contacts of relay 46TC, relay 46DK is
released. The No. 1 back contacts of relay 12TC
open the circuit of and release relay 45RCK. Re-
lay 38RD then operates over a circuit extending
from battery through the winding of said relay,
conductor 953, No. 1 contacts of relay §8RCK, No.
9 contacts of relay 46Al, No. 2 contacts of relay
46DK I, left-hand contacts of relay 46DK, con-
ductor 929, and back contacts of relay $58XTC to
ground and locks up through its No. 1 contacts,
conductor 854. within bracket 856, No. 17 back
contacts of relay 21TN4, conductor 963, No, 1
front contacts of relay 43U9, and No. 1 back con-
tacts of relays 48Ui . . . 43U8 to ground. The
No. 7 contacts of relay 38RD open the locking cir-
cuit of relay (6T0, releasing said relay, which
releases relays 16TABD) and 16TLO. The No. 6
“normal contacts of relay 8RD open the locking
circuit of and release relay 22U, which releases
relay 22UAU, restoring the district identifier to

normal.

Release of sender

By the release of relay 22UAM, the circuit of
relay TTDR is opened and said relay released.
Relay 88RI: then operates over a circuit extend-
ing from battery through the winding of said
relay, conductor 964, No. 2 contacts of relay
16XRL, conductor 965, No. 1 contacts of relay
11P5, No. 2 back contacts of relay 1iDR, con-
ductor 8§66, and back contacts of relay 83DR to
ground. Relay 34ARL now operates over a cir-
cuit extending from battery through the winding
of said relay, conductor 8671, No. 27 contacts of
relay 40SB, No. 27 contacts of relay 40TB, con-
ductor 968, within bracket 969, No. 7 contacts of
relay 88TR, No. 3 contacts of relay 88RTR, and
No. 2 front contacts of relay 88RL to ground.
The No. 4 contacts of relay 34ARL open the lock-
ing circuit of and release relay 34AST. Relay
© 44AVI then operates over a circuit extending
from battery through the winding of said relay,
conductor 910, No. 2 contacts of relay 34ARL,
No. 1 back contacts of relay 34AST, conductor
971, No. 1 front contacts of relay 58IA, conductor
972, No. 1 back contacts of relay 56071, conductor
973, and contacts of relay 58Fd to ground and
locks up through its No. 7 front contacts, con-
ductor 441 and No. 8 contacts of relay 3T0N4 to

ground.

With relay 44AV{ operated, relay 12T in the
district junctor circuit operates over a circuit
extending from battery through the winding of
said relay, No. 5 back contacts of relay i2F, con-
ductor 974 within bracket 353, No. 8 contacts of
cross-point 138PL: of the primary sender-link
. switch, conductor §713, within bracket 351, No. 8
contacts of cross-point 17SL of the secondary
sender-link switch, conductor 976 within bracket
372, No. 1 back contacts of relay 51DC, conductor
9717, No. 9 contacts of relay 44AV 1, conductor
918, No. 6 back contacts of relay 51LR, conductor
441, and No. 8 contacts of relay 3TON4 to ground,
and locks up through its No. 4 contacts to ground
on sleeve conductor 495, closing the talking con-
ductors 425 and 429 through the district junctor
to permit subscriber’s conversation. The No. 9
contacts of relay 12T open the circuit of and re-
lease relay 12R.
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Relay 128 operates over a circuit extending
from battery through the lower winding of said
relay 12T, conductor 429, No. 2 contacts of cross-
point 68 of the secondary line-link switch, con-
ductor 430, No. 2 contacts of cross-point IP of
the primary line-link switch, conductor 431,
switchhook contacts of station 1S, conductor 421,
No. 1 contacts of cross-point iP of the primary
line-link switch, conductor 426, No. 2 contacts of
cross-point 8S of the secondary line-link switeh,
conductor 425, No. 1 contacts of relay 12T, No. 3
back contacts of relay 120T, and upper winding
of relay 12S to ground. The contacts of relay
{2S hold relay 1281 operated.

Relay 58AV2 operates over a circuit extending
from battery through the winding of said relay,
conductor 979, and No. 6 contacts of relay 43AVI
to ground, and locks up through its No. 3 contacts,
No. 6 contacts of relay 38DST, and No. 3 contacts
of relay 58DRL to ground. The No. 1 contacts of
relay 58AV2 open the circuit of and release re-
lay 38AV8 which is slow to release, allowing time
for relay 12T of the district junctor to operate.

The No. 1 contacts of relay 44AVI open the cir-
cuit of hold magnet 44F of switch 43F, which re-
leases, releasing in turn, hold /magnets 44AA,
444, 44B, 44C, 51TH, 5iH, 51T and 5iT.

Relay 31AVA operates over a circuit extending
from battery through the winding of said relay,
conductor 980, No. 8 contacts of relay 44AV1, con-
ductor 981, and No. 2 contacts of relay 58AVS to
ground. The No. 1 contacts of relay 31AV4 open
the holding circuit of relay 310N which releases,
releasing, in turn, relays 370ONI and 310N2. The
operated relays of the sender are thereby re-
leased. The No. 2 contacts of relay 37TAV4 also
openn the holding circuit of holding magnets
{3EMO0 and ITHMO of the sender-link switches,
disconnecting the sender from the district junc-
tor.

Release of transverter and recorder

By the release of relay 34AST, as described
above, the circuit of relay 338A is opened at No. 4
contacts of relay 34AST and relay 33SA released,
in turn releasing relays 40SB, 33T4, and 40TB,
disconneeting the transverter from the sender,
and relays 16CK6 and 10CKS8, which releases. all
operated relays of the transverter. Relay 94ST0
releasing opens the circuit of and releases relay
39TPO of the recorder connector, which, in turn,
opens the locking circuit of and releases relay
3iTCR, disconnecting the recorder from the
transverter.

TWO-LINE INITIAL ENTRY FOR ' BULK-
BILLED CALL

In the case of a call to a called line within the
local area of the calling subscriber, billing for the
call is usually by “message units.” It is not nec-
essary, therefore, in this case, to record the num-
ber of the called line but only the appropriate
“message index” indicating the rate in message
units to be charged for the call. The message
index is determined by the route relay operated
in the originating marker, which is in accordance
with the indicated class of service of the calling
subseriber and the office code dialed, as previous-
1y explained.

Call originated

For example, assume that station {S{ on an
individual line, having class of service No. 1,
makes a call for which a charge should be made
in message units in accordance with message
index No. 1. Connection of the calling line to the
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distriet junctor, identification of the calling line,
connection of the sender, registration of dialing,
and connection of the marker to the sender take
place in the manner previously described. The
identification of the calling line and the number
of the district frame on which the district junctor
is located are also registrated in the sender as
previously described.

However, by means of the appropriate cross-
connections, the class-of-service relay operated
in the sender is the one corresponding to the class
of service of the calling station. Since station
IS1 is not a station of a two-party line, its class
of service is represented by one of the relays
36CS0 . . . 36CS2, as previously explained, in
this case relay 36CSI. The circuit of relay 31TP,
previously traced is, therefore, not completed and
said relay does not operate.

The originating marker selects a route relay
corresponding to said ciass-of-service indication
and the office code dialed at station ISI. The
winding of said route relay is cross~connected to
the winding of the appropriate message index
relay, in this case relay 72ZB, which operates in
series with said route relay, as previously de-
scribed, operating relay 78ZB{ over an obvious
circuit. Conductors 605 and 608 are thereby
grounded through the windings of relays 18ZGB
and 18ZGA, respectively, causing the operation
of relays 34ZA and 34ZD, registering the message
index in the sender.

The No. 1 contacts of relay 78728 are cross-con-
nected to the winding of relay 18TL, which oper-
ates over an obvious circuit when relay T8ZB cp-
erates. A circuit is thereby completed from bat-
tery through the winding of relay 247TL., conduc-
tor 982 within bracket 610, No. 3 contacts of relay
84SB, No. 3 contacts of relay 64DMB, conductor
983 within bracket §12, contacts of relay 78TL
and winding of relay T82GC to ground, over which
relay 34TYL operates and locks up through its No.
2 contacts, No. 1 back contacts of relay 34Go0,
No. 1 back contacts of relay 3410, and No. 4 con-
tacts of relay 34ARL to the previocusly traced
ground on conductor 614,

Connection of transverter and recorder

In recording the four-line record, the cperation
of relay 34AST, which results in the connection

of the transverter to the sender, awaits the oper- ;

ation of relay 3i8TL, which occurs only when
dialing has been completed. With relays T18ZA,
18ZD and T18TL operated, however, relay 34AST
operates upon the operation of relay 55FSi when

the trunk to the distant office has been selected

and tested, the circuit extending irom battery
through the winding of relay 34AST, conductor
650, No. 1 contacts of relay 55FS|, conductor 651,
No. 1 front contacts of relay 34TL, No. 2 contacts
of relays 34ZA and 34ZD, thence over the locking
path of relay 34'TL, traced above, to ground. Re-
lay 34AST locks up through its No. 3 contacts to
the same ground. The operation of said relay
results in the connection of the transverter to the
sender and the connection of the recorder to the
transverter, as previously described. The identi-
fication of the cailing station and the code dialed
at said station as registered in the sender are
transferred to the fransverter in & manner similar
to that described for the four-line record. Re~
lays 34ZA and 34ZD of the sender being oper-
ated, relays 871ZA and 87ZD of the transverter
operate, registering the message index in the
transverter. Since relays 3TTP and 3TTPI of the
sender are not operated, relay §6TP does not op-
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erate, but relay 86RP operates over a circuit ex-
tending from battery through the winding of said
relay, No. 6 contacts of relay 86 TP, conductor 143,
No. 2 contacts of relay TOCKI, No. 1 contacts of
relays T0OCK2 and T6CK3 in series, No. 2 contacts
of relay T0CKS5, and No. 2 contacts of relay T0CKS6
to ground. Operation of relay 86RP indicates
that the calling station is a ring-party station or,
what is the same thing, the station of an in-
dividual line. Relay 81TL also operates over a
circuit extending from battery through the wind-
ing of said relay, conductor 984 within bracket
988, No. 4 contacts of relay 33TA, No. 4 contacts
of relay 33SA, conductor 986, and No. 3 front con-
tacts of relay 34TL to ground.

Relay 63P2 now operates over a circuit extend-
ing from battery through the winding of said
relay, No. 3 back contacts of relay 63P2A, con-
ductor 994, No. 1 front contacts of relay 87TL,
conductor 782, No. 2 back contacts of relay 10P5,
conductor 183, No. 2 back contacts of relay 83TE,
conductor 134, No. 8 contacts of relay T0CKS, con-
ductor 785, No. 4 back contacts of relay 11FV,
conductor 186 within bracket 780, No. 21 con-
tacts of relay 31TCR, conductor 781 within
bracket 789, No. 1 contacts of relay 46PAR, and
left-hand contacts of relay 46PTG to ground.

Recording

The recording of the first line of the record
then takes place in the same manner as de-
scribed for the third line of the four-line record,
the operation of relay 63F2 instead of §3P4 caus-~
ing the omission of the first two lines recorded
on the four-line record. The recording of the
second line of the two-line record is similar to
the recording of the fourth line of the four-line
record. However, for the second digit of the
second line, punch magnets 63Li4 and 66MT
operate, punch magnet 66M3 operating over a
circuit extending from battery through the wind-
ing of said magnet, winding of relay 56BA, con-
ductor 197 within bracket 159, No. 29 coniacts
of relay 21TCR, conductor 788 within bracket
780, No. 8 contacts of relay 63CID, conductor
800, No. 6 contacts of relay 69C{A, conductor 995
within bracket 897, No. 1 back contacts of relay
81GOA, No. 2 back contacts of relay 87L8, No. 5
back contacts of relay 87GOA, conductor 898,
and No. 1 back contacts of relay T1SV§ to ground,
and punch magnet §6M7 operating over a simi-
lar circuit extending from battery through the
winding of said magnet, winding of relay §5BD,
conductor 907, thence through contacts (not
shown) of relay 31TCR, conductor 908, No. 11
contacts of relay 63C8D, No. 9 contacts of relay
69CiA, conductor 963 within bracket 897, No. 1
back contacts of relay 87L6, No. 2 back contacts
of relay 81GOA, conductor 9i2, and No. 2 back
contacts of relay T1SV4 to ground. These two
magnets punch in the tape a character repre-
senting the digit “1” for the second digit of the
line, the digits “31” being the entry digits for
a two-line record.

For the third digit of the last line of the
record, punch magnets 66M9 and 66Mi{2 operate,
in a similar manner to that previously described
for the third digit of the four-line record,
through contacts of relays 81ZA ... 81ZE,
bunching in the tape a character representing
the digit “1,” which is the mesage index indi-
cating the rate of charge for the call.

For the fourth digit of the last line of the
record, punch magnets 66M14 and 66M {7 operate
to record a character corresponding to the digit
“1,” indicating that the calling station is a ring-
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party station. Punch magnet 66M4 (not shown)
operates over a circuit extending from battery
through the winding of said magnet, winding of
relay 66DA (not shown), thence through con-
tacts (not shown) of relay 31 TCR, conductor 996,
within bracket 159, No. 39 contacts of relay
31 TCR, conductor 99T within bracket 780, No. 1
contacts of relay 69COE, No. 1 contacts of relay
69CIB, No. 2 contacts of relay 69CIB, conductor
998 within bracket 914, and No. 1 contacts of
relay 86TP to ground and punch magnet 66MiT
(not shown) operates over a circuit extending
from battery through the winding of said mag-
net, winding of relay 66DD, conductor 9i8,
thence through contacts (not shown) of relay
3(1TCR, conductor 934, No. 4 contacts of relay
69COE, No. 4 contacts of relay 69CIB, conductor
916 within bracket 914, No. 2 contacts of relay
86RP, and No. 2 contacts of relay 86TP to
ground.

The district junctor used to establish the sub-
seriber’s connection is identified by the district
identifier and punch magnets are operated to
record the number of said junctor, in the same
manner as described for the four-line record.
Release of the equipment is performed in the
same manner as on the four-line record.

ANSWER ENTRY

When the calling party answers on a com-
pleted connection, ground is connected at the
central office in which the called line is located to
the tip conductor of the trunk and battery to the
ring conductor. The polarized relay 12CS then

operates over a circuit extending from battery on .

ring conductor 1000 of the trunk, through the
office link and distriet link, thence through No. 7
contacts of relay (20T, No. 8 contacts of relay
12T, No. 8 contacts of relay {20T, winding of
relay 12CS, No. 3 contacts of relay 12S{, No. 2
contacts of relay (2T and No. 1 contacts of relay
(20T through the district link and office link, to
ground on tip conductor 1001 of the trunk, mak-
ing its left-hand contacts. Ground is thereby
connected to conductor 1002 within bracket
1003,

Relays (5EB and ISEF are continually oper-
ated and released by interrupter {5I,, When in-
terrupter 151 makes its right-hand contacts, re-
lay I5EB operates over an obvious circuit, releas-

ing when said contacts break. When interrupter :

151 makes its left-hand contacts, relay IS5EF
operates over an obvious circuit, releasing when
said contacts break. With ground connected to
conductor 1002, when relay I5EB operates, relay

{21 operates over a circuit extending from bat- :

tery through resistance 2R, lower winding of
relay 121, No. 3 contacts of relay 12CH, conductor
{004 within bracket 1003, and No. 10 contacts of
relay. I5EB to ground on conductor 1002 and
locks up through its No. 5 contacts to the same
ground. When relay (SEF then operates, the
charge relay [2CH operates, if relay 12CS is still
operated, over a circuit extending from battery
through resistance 12R2, winding and No. 7 nor-
mal contacts of said relay, No. 3 front contacts
of relay 12TA, No. 7 contacts of 121, conductor
{005 within bracket 10603, No. 10 contacts of
relay {5EF, conductor (002 within bracket 1003,
and left-hand contacis of relay 12CS to ground.
The operation of the charge relay 12CH results,
as described later, in the recording of the an-
swering time of the called party and a charge
being made for the call. The time interval
allowed between the operation of relay 12CS and
the operation of relay {2CH assures that the
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calling subscriber will not be falsely charged for
the call because of a momentary operation of
relay 12CS. Relay 12CH, when operated, locks
up through its No. 7 front contacts and No. 6
contacts of relay 12TC to ground. The No. 8 con-
tacts of relay 12CH close an obvious locking cir-
cuit for relay 12TC. Relay 121 is also locked up
over a circuit extending from battery through
resistance (2R3, lower winding and No. 5 front
contacts of said relay, No. 10 contacts of relay
{2CH, No. 4 contacts of relay i2TC, No. 5 back
contacts of relay 1207, dnd No. 8 contacts of
relay 12CH to ground.

Relay 16T6 now operates over a circuit extend-
ing from battery through resistance 38R, No. 4
normal contacts of relay 38RD, conductor {006
within bracket §50, No. 16 back contacts of relay
2iTN4, conducior 1607, No. 5 contacts of relays
{8T0 . . . 1619 in series, left-hand winding of
relay 16T0, No. 10 back contacts of relay {6TABO,
conductor 856, No. 7 front contacts of relay 12TC,
No. 9 contacts of relay [2CH, No. 3 contacts of
relay 21, conductor 1008, No. 10 back contacts of
relay 21TN4, conductor 1009 within bracket 858,
No. 10 contacts of relay 38C8, conductor 10i0°
within bracket {011, No. 6 normal contacts of
relay 26MB, and No. 10 normal contacts of relay
26MBR to ground. Relays 16TABO, {6TLO0, 22U0,
and 22UAS then operate, as previously described,
identifying the district junctor, and relay 46UL
operates over the locking circuit, previously
traced, of relay 22UO. .

Relay 32DP then operates over a circuit ex-
tending from battery through resistance 22Ri,
No. 5 contacts of relay 22UAQ, conductor 882, No.
23 back contacts of relay 21TN4, conductor 883
within bracket 850, No. 6 back contacts of relay
38COI, conductor 10i2 within bracket 811, and
winding of relay 32DP to ground closing a circuit
from battery through the winding of relay
46DPA, conductor {013, No. 5 contacts of relay
390N, No. 7 contacts of relay. 39HL, conductor
1014, No. 1 front contacts of relay 32DP, and No. 1
back contacts of relays 32HP, 32TP4 . . . 32TP0
and 32M7TP in series to ground, over which relay
46DPA operates and locks up through its No. 6
contacts, conductor 1015, and No. 7 contacts of
relay HL to the same ground on conductor 10i4.
Relay 380N operates over a circuit extending
from battery through the winding of said relay,
conductor {016 and No. 9 contacts of relay
45DPA to ground, operating relay 330ON1 over an
ohvious circuit.

A circuit is thereby completed from battery
through resistance 2R3, No. 6 contacts of relay
{21, No. 6 contacts of relay {2CH, No. 8 front
contacts of relay {2TA, No. 1 front contacts of
relay 12TC, conductor 982, No. 21 contacts of
relay {6TL®R, conductor 85{, No. 4 contacts of relay
22UAB, conductor 958, No. 1 back contacts of
relay 21 TNI, conductor 949 within bracket 765,
No. 1 contacts of relay 83TCl, conductor 948, No.
7 back contacts of relay 39TV, conductor 923,
lower winding of relay 46DK, conductor 924, re-
sistance 39R, conductor 1020, No. 7 contacts of
relay 46DPA, conductor {021, No. 2 contacts of
relay 38HL, conductor 1822, No. 2 front contacts
of relay 32DP, and No. 2 back contacts of relays
32HP, 32TP4 . . . 32TP0 and 32MTP in series to
ground over which relay 46DK operates, closing
its right-hand contacts, and locks up over a cir-
cuit extending from battery through its upper
winding, No. 3 normal contacts of relay 46DKI,
its own right-hand contacts, conductor 928, and
back contacts of relay 53XTC to ground. Oper-
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ation of relay 46DK checks that relays {21, 12CH,
12TA, {2TC, {6TLO0 and 22UA9 are operated.
Relay §8DE1{ then operates over a circuit extend-
ing from bkatiery through the winding of said
relay, coenductor 27, No. 1 contacts of relay 350N,
cenductor 828, right-hand contacts of relay 45DK,
conductor §29, and back contacis of relay 53XTC
to ground, its No. 3 normal contacts opening the
circuit of the upper winding of relay §6DK, and
locks up over a circuit extending from batter
through its winding, conductor 5§27, No. 1 confacts
of relay 380N, conductor 928, its own No. 3 front
contacts, and No, 5 contacts of relay 48DPA to
ground.

Relay 380TK operates, closing its right-hand
eontacts, over a circuit extending from battery
threugh the winding of relay 120T, No. 2 contacts
of relay {2TC, conductor 1028, Neo. 1 contacis of
relay {8TLD, conductor 1624, No. 2 centacts of
relay 22UAf%, conductor {025, No. 20 contacts of
relay 21TN4, conductor {826 within bracket 765,
No. 5 contacts of relay 48A!, conductor 1827,
winding of relay 390TK, No. 8 contacts of relay
39HL, resistance 35R3 and No. 9 contacts of relay
380N to ground. The current in the above-traced
circuit is insufficient to operate relay i207T. Op-
eration of relay 380TK checks that the circuit
through the winding of relay 120T is intact.

Relays 58M and 52DN operate over a circuit
extending from battery through the winding of
relay 58M, conductor 1028, and No. 3 contacts of
relay A8DPA, and from battery through the wind-
ing of relay B2DN, thence over conductor 238,
No. 1 contacts of relay 48DKI{, conductor 331,
right-hand centacts of relay 390TK, Mo. 7 con-
tacts of relay 380TD, conductor {828, sontacts of
relay 46UL, No. 2 contacts of relay £8DPA, No. 2
contacts of relay 4B8A, conductor {938 and No. 2
contacts of relay 53CI to ground, closing circuits
to operate punch magnets of the recorder.

Punch magnet 866M2 operates over a circuit ex-
tending from hattery through the winding of said
magnet, winding of relay 86AB, conductor {831,
and No. 11 contacts of relay 5§M to ground,
puniching in the tape a character corresponding
to the digit “2,” which is the entry number for
an answer or disconnect entry. Two punch mag-
nets of each of the groups 66M4 . . . §5M3, 66M8

BAM!I3, and 66MI4 . . . §6MI{T are operated

thr'ough selectors 8§6HS, 66TS and §8US, punching |

in the fape three characters representing the
current time in tens of minutes, minutes, and
tenths of minute, respectively. For example, if
the arms of selector 88HS are on the No. 2 fer-
minals, punch magnets 8M4 and EIGN? opzerate,
punen =t 88M4 cperating over a civeuit ex-

tending from vajtery through the Wmdm.g of said
megnet, winding of relay 8§6BA, cnnduc‘co:c 787,
No. 2 terminal and brush of arc No. 5 of selector
643, condustor 232 and No. 9 conqacts of relay
8O to ground and punch magnet §6M7T operat-
ing cver & circuit extending from battery through
the winding of said magnet, winding of relay
§6BD, conductor 287, No. 2 terminal and arm of
arc No. 4 of selector 60HS, conductor {033, and
No. 6 contacts of relay 89M to ground. Selectors
65HS, 88TS and €0US are positioned by the mas-
ter timing circuit, as described later.

Punch magnets are operated for the fifth and
sixth digits of the eniry by the district identifier
in the meanner previously described for the last
line of a four-line record.

The paper-advance magnet $6PAM and relays
45F A, 46PTR, 45PTO, and 46PAR operate in the
manner praevicusly described. The operating cir-
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cuit of paper-advance magnet 6SPAM and relay
46PA now extends, however, over the path previ-
ously traced to conductor £23, thence through No.
2 contacts of relay 5%M to ground, while the
5 operating circuit of relay 46PTR cxtends from
battery threugh the upper winding
conductor 812, No. 1 contacts of relay §
Mo. 1 and No. 2 contacts of relay 58M to ground.
When relay 48FAR operates, relay 45A operates
over g cirsuit extending from battery through the
winding of said relay, No. 11 front contacts of
relay 46DFPA, conductor (034, No. 2 contacts of
relay 38TV, conductor 819, contacts of relays
B83AA . . . EOFE, conductor 8§28, No. 2 contacts of
relay 4SPAR, and right-hand contacts of relay
48PT8 to ground and locks up through No. 11
front contacts of relay 46DPA and its own No, 7
contacts to ground. CGround is now connected
through No. 5 contacts of relay 4854, conductor
862, Wo. 3 back contacts of relay 38HL, and con-
ductor 824 to the lower winding of relay 48DK,
and resistance 39R2 is connected from the other
end of said winding over conductor 323 and to
ground fthrough No. 1 contacts of relay 39HL,
conductor {833, and No. 5 contacts of relay 46A.
The lower winding of relay {21 is shunted by re~
sistance 3%R2 and the lower winding cf relay
480K, the circuit extending from the lower wind-
ing of relay 12I through No. 6 contacts of said
relay, No. § contacts of relay {2CH, No. 8 front
contacts of relay (2TA, No. 1 front contacts of
relay 12TC, conductor $52, No. 21 contacts of
relay {6718, conducior 851, No. 4 contacts of
relay 22UAQ, conductor 2858, No. 1 contacts of relay
ZiTBI{, conductor 949 within bracket 7565, No. 1
contacts of relay 33TC!, conductor 548, No. 7 back
contacts of relay 287V, through resistance 39R2
an:d the lower winding of relay 4¢DXK in parallel
to ground. Relay {21 thersupon releases, open-

ing the circuib of and releasing relay 46DK.
Cnzer ai'“'-on of relay 4584 orens the eircuit of and
3 338 and B2DN releasing the punch
fu the recorder and relays 48PTR,
“ f‘smP/m and 46PAR. Relgy 43A1 then op-
erabes over a civcult extending from battery
thireugh the winding of s2id relay, ccnductor
287, Wo. 3 contacts of relay 457EPY, conductor
8§38, No. 4 contacts of relay 424, No. 8 contacts
of relay 46DPA, No. 1 contacts of relay 46PAR,
and left-hand contacts of relay 45PTO to ground.
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the cireuit of relay 12CS, previously traced, is
thereby opened and said relay released, ground-
ing, threugh its right-hand contacts and No, 4
contacts of relay {2CH, conductor (036 within
bracket 1837. Relays {5EBR and {8EFR are op-
erated alternately by interrupter (58Il in a man-
ner similar to relays I3EB and {5EF, previously
described. When relay I5EBR operates, relay
{2R operates over a circuit extending from bat-
tery through the winding of said relay, conductor
1038 within bracket 837, No. 10 contacts of relay
{5EBR, conductor 1036 within bracket {927, No.
4 contacts of relay {2CH and right-hand con-
tacts of relay (2CS to ground and locks up
through its No. 2 contacts to the above-traced
ground on conductor {1036, When relay {5EFR
operates, if the calling subscriber has not already
replaced his receiver, relay 1207 operates over
a circuit extending from bhattery through the
winding of said relay, No. 5 contacts of relay
{2CH, No. 3 contacts of relay (2R, conductor
1939 within bracket 1037, and No. 10 contacts of
relay {BEFR to ground and locks up through its
No. 5 front contacts and No. 8 contacts of relay
12CH to ground, opening the circuits of and re-
leasing relays 12T, 12TA and 12S. The No. 2
contacts of relay 1207T disconnect ground from
the sleeve conductor 495 releasing the hold mag-
nets {HOGB and 8DHED of the line-link switches
and relays {27, 12TA and 12S. Relay 128, in re-
I‘i’asling, opens the circuit of and releases relay

St.

Relay 16T0 now operates over a circuit ex-
tending from battery through resistance 28R,
No. 4 normal contacts of relays 38RD, conductor
1086 within bracket 859, No. 16 back contacts of
relay 21TN4, conductor 1007, No. 5 contacts of
relays 1678 . .. 168 in series, left-hand wind-
ing of relay {8710, No. 10 back contacts of relay
16TABO, conductor 856, No. 7 front contacts of
relay 12TC, No. 9 contacts of relay (2CH, No. 1
contacts of relay (2TA, conductor 1988, No. 10
back contacts of relay 21'TN4, conductor 1039
within bracket 858, No. 1 contacts of relay 38C3,
conductor {919 within bracket i0ii, No. 6 nor-
mal contacts of relay 26MB and No. 10 normal
contacts of relay 26MBR to ground. Operation
of relay 18Td causes the connection of a recorder
to the district identifier in the manner described
above for the answer enftry.

However, when relay 12TA releases, ground is
connected through No. 2 cohtacts of relay 12TC,
No. 2 contacts of relay {2TA and No. 11 contacts
of relay 12CH to conductor {882 within bracket
1602. When relay I58B operates, relay 121 op-
erates over a ecircuit extending from battery
through resistance (2R, lower winding of said
relay, No. 8 back contacts of relay 12TA, con-
ductor 1084 within bracket 1883 and No. 10 con-
tacts of relay I15EB, to the above-traced ground
or conductor 10982 and locks up over a circuit
extending from battery through resistance 2R,
lower winding and No. & contacts of relay (21,
No. 11 contacts of relay {2CH, No. 2 contacts of
relay 12TA and No. 2 contacts of relay 12TC to
ground. When relay I5EF operates, if the re-
corder has not by that time released relay (2CH,
the winding of relay 12CH is short-circuited by
the above-traced ground on conductor (802
through No. 10 contacts of relay I[58F, con-
ductor 1005 within bracket 1003, No. 7 contacts
of relay 12I, and No. 8 back contacts of relay
{2TA to resistance {2R2, releasing relay 12CH,
which opens the circuit of and releases relay
1679, preventing the late connection of a recorder

=3

10

15

20

25

30

35

40

45

55

60

65

70

5

_

68

to the district identifier, ‘which would falsely
record the time of disconnect.

Assuming, however, that a recorder is con-
nected to the distriet identifier, identification
is carried out and an entry made on the tape of
said recorder of the disconnect time and the
district junctor number in the manner already
described for the answer entry. However, if the
subscriber’s connection was released by the oper-
ation of relays (5ER and {5EF, as described
above, ground is extended by the operation of
relay (20T through No. 8 contacts of relay (2CH,
No. 5 front contacts of relay 1207T, No. 3 contacts
of relay 12TC, conductor 1823, No. 1 contacts of
relay 16TL8, conductor {024, No. 3 confacts of
relay 22UAQ, conductor 1825, No. 20 contacts of
relay 21 TN{, conductor 1826, within bracket 165,
No. 5 contacts of relay 46Al, conductor 1027,
winding of relay 380TK, No. 8 contacts of relay
39471, and winding of relay 380Te to battery,
causing the operation of relays 330T0 and
390TK. Ground is thereby connected through
No. 2 contacts of relay 3%0Te, and conductor
1845 to the No. 10 contacts of relay 58M and,
through No. 3 contacts of relay 380T0 and con-
ductor 1048 to the No. 12 contacts of relay 59M.
When relay 59M operates, as previously described,
said grounds are extended through No. 10 and
No. 12 contacts of said relay, conductors 795 and
890, and windings of relays 66AA and ISAC %o
the windings of punch magnets 66M!¢ and 65M3.
Said punch magnets therefore, operate as well
as punch magnet §6M2, punching in the tape
three holes in the position of the first digit of
the line as an indication that the time consumed
by relays (5EB and ISEF in releasing the sub-
sceriber’s connection should be dedusted from
the indicated elapsed conversation time of the
call. In this case conductor 819 is extended
through front contacts of relay §8AA, No. 1 front
contacts of relay 88AB, No. 1 front contacts of
relay B6AC, conductor {847, No. & front contacts
of relay 390T9, and conductor 825 to contacts
of relay 68BA to complete the check circuit,
previously described, which checks the operation

~of the punch magnets.

RECORDER TIME CIRCUIT

Time indications employed in answer and dis-
connect entries are obtained from selectors
E0HS, 60TS and §0US of the recorder which are
actuated by the master timing circuit. Every
six seconds the master timing circuit grounds,
in a manner described later, conductor (848,
operating relay 53C which applies the same
ground through its No. 3 and No. 2 contacts to
the winding of relay 53Ci, operating the latter
relay. Relay S0UH then operates over a circuit
extending from battery through the winding of
said relay, conductor {017 and No. 6 contacts of
relay 53C to ground, in turn operating the step-
ping magnet 60STPU of selector §4US. When
ground is removed from conductor (848 by the
master timing circuit, relay 53C releases, releas-
ing relay ¢0HH and, in turn, stepping magnet
80STPU, which moves the arms of selector 63US
one step. Relay 63C{ is released by the release
of relay 53C but is slow to release, and its con~-
tacts hold open circuits through selector §5US,
preventing . the utilization of the indication of
said selector for recording during the movement
of the selector arms.

When the arms of selector 60US are thus
moved by successive steps to the No. 21 terminals,
relay 60UH is operated over a circuit extending
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from battery through the winding of said relay,
contacts of stepping magnet 60STPU, the arm
and No. 21 terminal of are No. 1 of selector. 60US
operating stepping magnet 60STPU, the contacts
of which open the circuit of and release relay
60U which, in turn, opens the circuit of and
releases stepping magnet 68STPU, moving the
arms of selecter G0US to the No. 22 terminsls.
The same achion is then repeated, moving the
arms of selector 83US to the No. 1 terminals.
The arms of selector 69US, therefore, make
twenty steps at six-second intervals in each half
revolution, passing quickly over the No. 21 and
No. 22 terminals.

At the end of each half-minute period, when
relay 63C again operates, a circuit is completed
from battery through the winding of relay 86TH,
conductor (849, No. 4 contacts of relay E3C, con-
ductor (058, No. 10 or No. 20 contfacts of arc
No. 1 and arm of selector 60US to ground, opar-
ating relay 50TH which operates stepping mag-
net 68STPT of selector §0TS. Upon release of
relay 83C, relay G0TH releases, releasing stepping
magnet 888TPT, which advances the arms of
selector §0TS one step. Terminals No. 21 and
Noc. 22 are pzssed over in a manner similar to
that described for gelector 35US. Selector 80TS,
therefore, makes twenty steps at minute inter-
vals in each half revolution. In a similar man-
ner by means of No. 2 arc of selector 63TS the
arms of selector E8EIS are advanced one step
at the =nd of each ten-minute period, passing
rapidly over No. 7, No. 14, No. 21 and Ne. 22
terminals in the manner described for selector
80US. Selector $8US, therefore, makes eightesn
steps at ten-minute intervals.

The terminals of arcs No. 4 and No. 5 of selec~
tor 85XEZ are connscied to punch magnets §6M4E

£14
e

. B8MR, those of selsctor 80TS to punch mag-
netbs 8839 . . . BGMI2 and those of selector §EUS

.. GEMI8 s0 that when
said punch magnets are operated, by said selese-
tors, they punch characters corresponding 6o
the three-digit number cf the six-second period
of the hour indicated by the positions of the
arms of said selectors.

CALL ABANDONED

If the calling party abandons the call by re-

placing his receiver before the originating marker 5

is connected io the sender, the circuit of relay
31L, previously traced, is opened by the switch-
hook contacts at the calling subsecriber’s station
and saigd relay relegsed, opening the circuit of
and releassing relay $18R which, in turn opens
the circuit of and releases relay 30SRI. Relay
RILE then operates over a circuit extending from
hattery through the winding of said relay, con-
duetor (881, Mo, 4 contacts of relays 3TON2, con-
ductor {382, Wo. 1 contacts of relay 3¢SE{, con~-
ductor 388, left-hand contacts of relay 37L, con-
ductor #47, and No., 8 contacts of relay 37TOMN4
to ground and lecks up through its No. 6 frent
contacts, cenductor 447, and No. 8 contacts of
relay 3TOW4 to ground. Relay 121 operates over
a circuil extending from battery through resisi-
ance 38R, conducter i884, No. 5 front contacts
of relay BiLR, conductor §28 within bracket £22,
No. 4 contacts of secondary link switech {781,
conductor §2¢ within bracket 351, No. 4 contacts
of primary link switch i3FL, conductor 627 with-
in bracket 353, Neo. 7 back contacts of relay 1274,
and upper winding of relay {21 to ground. The
No. 1 centacts of relay 21 open the holding cir-
cuits of and release the holding maghet 6DH{D
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of the secondary line-link switch 6S and the
holding magnet 1H000 of the primary line-link
switch [P, disconnecting the calling line from
the district junctor.

If the calling party abandons the call after
the connection of the originating marker to the
sender, relay {2I cannot operate as described
above, since relay 12TA is operated, as previously
described. When relay 58DRL operates for the
disconnection of the originating marker, as pre-
viously described, the holding circuit of relay
{2TA is thereby opened and said relay released.
Relay 121 then operates, as described above, caus-
ing the disconnection of the calling subscriber’s
line. However, if the originating marker has
caused the cperation of two of the relays 34ZA

. 34ZE or one of the relays 34GJ and 34L9,
relay 34AST operates, as previously described,
causing the transverter to be connected to the
sender, a recorder to be connected to said trans-
verter, and an initial entry of the call to be
made in the manner previously described.

NO-CHARGE CALL

It has been stated that if no charge is to be
made for a particular call, no record of the call
is made. When the registration of the class of
service of the calling line and the office code dialed
indicate that no charge should be made for the
call, the route relay selected by the originating
marker is one which has its winding eross-con-
nected to the winding of relay T8NC, which then
operates in series with said route relay. None of
the relays T8ZAY ... 18ZIl are operated and

5 no paths are closed for the operation of any of the

relays 248ZA . .. 34ZE in the sender. Relay
34AST does not then operate and the transverter
is not connected to the sender. The connection
of the calling line to the called line is made in
the normal manner and the sender released, as
previously described. No connection is established
to the recorder so that no initial entry of the call
is made.

As the district identifier is not called upon, relay
12TC is not operated. When the called party
answers, relay 12CS operates, as previously de-
scribed, but relay 12TC not being operated, relay
{2CH does not operate and the recorder is not, con-
nected to the district junctor for an answer entry.
As relay 12CH is not operated, the recorder is not
connected to the district junctor upon the termi-
nation of the subscriber’s conneetion for a dis-
connect entry. No record of the eall, therefore, is
made on the tape of the recorder.

HOUR ENTRY

At the beginning of each hour, an entry is made
on the tape of each recorder of the number of the
ensuing hour preceded by the entry digits “3810,”
as described below.

When the arms of selector 60HS reach the No. 6,
No. 13, or No. 21 terminals, the arms of selector
60TS reach the No. 10 or No. 20 terminals, and
the arms of selector 60HS reach the No. 10 or No.

5 20 terminals, indicating five hundred and ninety-

nine six-second periods elapsed, and relay 53C
then operates at the end of the hour, relay 39HS
operates over a circuit extending from battery
through the winding of said relay, No. 4 back con-
tacts of relay 39HL, conductor i855, No. 6, No. 13,
or No. 21 terminal and arm of arc No. 3 of selec~
tor 60HS, No. 10 or No. 20 terminal and arm of
arc No. 3 of selector 60TS, No. 16 or No. 20 termi-
nal and arm of arc No, 3 of selector 60HS, con-
ductor 1056, No. 5 contacts of relay 53C, and No. 4
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normal contacts of relay 53NS to ground, and
locks up through No. 4 back contacts of relay 39HL
and -its own No. 3 contacts to ground. If the
recorder is idle, relay 32DP not being operated, or
when relay 32DP releases, relay 32HP operates
over a circuit extending from battery through
resistance 39R4, No. 1 contacts of relay 38HS, con-
ductor 1957 within bracket 817, winding of relay
32HP, and No. 3 normal contacts of relay 32DP to
ground, completing a circuit from battery through
the windings of relays 52HRI1 and 59HR2 in par-
allel, conductor 1058, No. 10 contacts of relay
330N, No. 4 back contacts of relay 39ETS, con-
ductor 1859, No. 8 contacts of relay 46A, conductor
1060 within bracket 8171, No. 2 front contacts of
relay 32HP, and No. 2 back contacts of relays
29TP4 . . . 32TPD and 32MTP in series, to ground,
over which relays 52HRI and B9HR2 operate, and
lock up through No. 5 contacts of relay 52HRI,
conductor 1861, and No. 4 back contacts of relay
39ETS, to the above-traced ground on conductor
{059, Relay 39HI: then operates over a circuit
extending from battery. through the winding of
said relay, conductor {862, and No. 2 contacts
of relay 52HRI to ground and locks up through
its own No. 4 front contacts and No. 3 contacts
of relay 39HS to ground, completing a circuit
from bhattery through the winding of relay 4SDPA,
conductor 1013, No. 6 contacts of relay 39HL,
conductor (863 within bracket 8i7, No. 1 front
contacts of relay 32HP, and No. 1 back contacts
of relays 32TP4 ... 832TPO and 32MTP in series,
to ground, over which relay 46DPA operates.
Relay 390N operates over a circuit extending
from battery through the winding of said relay,
conductor 818, and No. 9 contacts of relay
46DPA to ground, operating relay 380ONI{ over
an obvious circuit.

By the operation of relay 52FRI, described
above, obvious cireuits are completed from bat-
tery through the windings of punch magnets
B6M3, 66M5, €607, 66M8, S6MII, 66MI3 and
86M 14, in series with the windings of the asso-
ciated check relays, previously described, to
ground, operating said punch magnets and check
relays, punching in the tape of the recorder
characters corresponding to the digits “3810”
which are the entry digits for an hour entry.

Relay 59HR2 connects the windings of punch

magnets 68M19 . .. §6M28, which are the punch ,

magnets for the last two digits of a line, to
conductors within bracket {064 to the master
timing circuit, where said conductors are ground-
ed in combinations in accordance with the hour

of the day, as described later, operating corre- .

sponding combinations of said punch magnets to
impress the tape with characters representing
the number of said hour.

The remaining operations of the recorder in
releasing the operated punch magneits take
place in the manner previously described. The
operating circuit of the paper-advance magnet
86PAM and relay 46PA now extends, however,
over the path previously traced to conductor
823 thence through No. 2 contacts of relay 59HR2
to ground, while the operating circuit of relay
48PTR extends from battery through the upper
winding of said relay, conductor 812, No. 1 con-~
tacts of relay 52HRI, and No. 3 and No. 2 con~
tacts of relay 59HR2 to ground. Operation of
relay 46A opens the circuit of and releases relays
E2HRI and 59HR2. Operation of relay 46Al
releases relay 39HS, which causes the release,
in turn, of relay 32HP and the operated relays
of the recorder.
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MASTER TIMING CIRCUIT

The master timing circuit provides time in-
dications for hour and end-of-tape records and
controls the time circuits, previously described,
of the recorders. It also provides means for
testing the funections of the recorders.

Interrupters

The master- timing circuit is furnished with
two motor-driven interrupters 9978 and I66TE,
which are normally operated continuously at ten
revolutions per minute, operating and releasing
relays 980FP and [06EP, over obvious circuits,
once every six seconds. One interrupter sup-
plies time pulses at six-second intervals to all
recorders served by a marker group and either of
the two interrupters may he used for this purpose
at will. The accompanying circuits show inter-
rupter (86TE in use for this purpose. Relay
{06TTE is operated over an obvious circuit
through No. 3 back contacts of relay 98TT.
®ach time relay 166EP operates, relays $7TEA and
9TTOB operate over cbvious circuits, grounding
through their contacts and contacts of relays
91BE{ and $7BE2, conductors to all recorders
served, for example, conductor 1048 within
bracket 1079, previously mentioned, actuating
the time selectors of the recorders, as previously
described.

Tach interrupter also controls a set of time
selectors in the master timing circuit for time
indications on hour and end-of-tape entries. One
set, controlled by interrupter i88TE, serves all
even numbered recorders of the group and is
shown on the accompanying drawings, compris-
ing selectors |{{MS for indicating the number
of the current month, selectors {{{DTS and
{{IDUS for indicating the number of the cur-
rent day, selectors [12HTS and | 12HZS for indi-
cating the number of the current hour, and se-
lectors {I3HS, {(8TS and 113US for indicating
the number of the current six-second period of
the current hour. Selectors 113HS, {{3TS and
{13US are similar to and give the same indica-
tions as selectors 80HS, §8TS and 68US in the
recorder, already described.

The other set of selectors, controlled by inter-
rupter $07T0, is not shown but is a duplicate of
the set shown, supplying the same information
for hour and end-of-tape entries on odd-num=-
bered recorders. It is connected to the circuits
shown by the conductors within bracket (871.
While one set of selectors normally serves even-
numbered recorders and the other szrves odd-
numbered recorders, either set may, if necessary,
be used to serve all recorders, as described later.
Normally, the selectors controlled by interrupter
186TE are connected only to even-numbered re-
corders through relay {83ERE and the selectors
controlled by interruptsr 86T§ only to odd-num-
bered recorders through relay 850RSE, but relay
{#30RE may connect the selectors controlled by
interrupter {68THE to odd-numbered recorders
and relay 95ERS may connect the selectors con-
trolled by interrupter 80T8 to even-numbered
recorders, when required.

Synchronism

Interrupters 88TO and (08TE are intended to
be operated in synchronism. If they are in syn-
chronism, relay 98CSY is operated each time re~
lays 990P and 106EP operate, the circuit extend-
ing from battery through the winding of relay
98CSY, conductor 1872, No. 2 front contacts of
relay 106EP, conductor 1013, and No. 5 front con-
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tacts of relay 900P to ground. Each time relays
300P and (8BEP release, relay 88CSY is operated
over a circuit extending from battery through the
winding of said relay, conductor 1872, No. 2 back
contacts of relay {06EP, conductor (074, its own
No. 2 contacts, conductor 1075, and No. 5 back
contacts of relay $00P to ground. Being slow tc
release, relay 98CSY does not release unless the
operations of relays $00P and I06EP are suffi-
ciently out of synchronism that the above-traced
circuits are opened for a time equal tc the re-
leasing time of relay 88CSY. Then, the No. 1
contacts of said relay close the circuit of an
alarm.

Transfer

If it is desired to employ interrupter 80TO in-
stead of interrupter 108 TE, to provide time pulses
to the recorders, key 98IT is operated. Relay
98TTS then operates over a circuit extending
from battery through the winding of said relay,
right-hand contacts of key $8T, conductor 1076,
and No. 7 contacts of relay (0§TTE to ground.
Upon the next operation of relay 900OP, relay
98CTS operates over a circuit extending from
battery through the winding of said relay, con-
ductor 1877, No. 6 contacts of relay [06TTE, con-
ductor {878, No. 1 front contacts of relay 38TTS,
No. 2 normal contacts of relay 38CTS, No. 2 front,
contacts of relay 98TTS, conductor 078, and No.
1 contacts of relay 90CP to ground and locks up
through its No. 2 front contacts to ground. If the
two interrupters are in synchronism, when the
contacts of the left~-hand dise of interrupter 86TO
close, relay 98TT operates over a circuit extend-
ing from battery through resistance 88R, wind-
ing of said relay, No. 7 front contacts of relay
$8TTS, No. 4 back contacts of relay 980RP, No.
3 front centacts of relay 98CSY, No. 4 contacts
of relay %8CTS, No:. 5 front contacts of relay
98TTS, conductor 1080, and No. 1 back contacts
of relay 880P to ground and locks up through its
No. 3 front contacts to ground, opening the cir-
cuit cf and releasing relay 185TTE. Relay 90TTO
operates over a circuit extending from battery
through the winding of said relay, conductor 1081 )
and No. 2 contacts of relay 98TT to ground.
Whenever relay 980P is now operated by inter-
rupter $9TQ, relays $1TEB and 9TTOA operate
over obvious circuits through No. 4 and No. 5.
contacts of relay 90TTO and No. 2 contacts of
relay 20CP, providing the time control of the
selectors of the recorders.

Should interrupters 90TO and 106 TE be out of
synchronism, relay 98CSY will not be operated,
as described above. Then, when key 98T is oper-
ated and relays 88TTS and 98CTS operate, and
when the contacts of the left-hand. disc of inter-
rupter 80TO again close, relay 88ORP operates
over a circuit extending from battery through the
winding and No. 1 normal contacts of said relay,
No. 3 back contacts of relay 98CSY, No. 4 contacts
of relay 98CTS, No. 5 front contacts of relay
$8TTS, conductor 1082, and contacts of the left-
hand disc of interrupter 80TO to ground and locks
up through its No. 1 front contacts and No. 3
contacts of relay 98CTS to ground, completing
a circuit from battery through the windings of
relays 91BE( and 9TBE? in parallel, conductor
1083, No. 3 front contacts of relay 98TTS, and
No. 2 contacts of relay 980RP to ground, over
which relays $TBE{ and 9TBE2 operate, opening
the conductors from the contacts of relays §7TEA
and 9TTOB to the recorders.

Upon the next operation of relay 980P, relay
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98DRP operates over a circuit extending from
battery through the winding of said reiay, No. 1
contacts of relay 88CTS, No. 2 normal contacts
of relay 98DRP, No. 3 contacts of relay $80RP,
No. 2 front contacts of relay 98TTS, conductor
1079, and No. 1 front contacts of reiay 380P to
ground. When the contacts of the Ieft-hand disc
of interrupter $0TO again close, relay §2°1T oper-
ates over a circuit extending from battery shrough
resistance 88R, winding of said reiay, Mo, 7 front
contacts of relay $8TTS, No. 4 front contacts of
relay 98DRP, No. 1 contacts of relay §6DRP, No.
4 contacts of relay 98CTS, No. 5 front contacts
of relay 98TTS, conductor 1082, and contascts of
the left-hand disc of interrupter 86TO to ground,
releasing relay I06TTE and operating relay
80TTO, as described above. Time pulses to the
recorders are now furnished from interrupter
£9TO through contacts of relays 37TEB and
9TTOA. Release of relay I198TTE releasss relay
98CTS which, in turn, relsases relays $8ORP and
88DRP.

This sequence of operations is provided to omit
a time pulse to the recorders to compsensate for
the extra pulse which may be introduced by the
lack of synchronism of the interrupters. Transfer
from one interrupter to the other, when the inter-
rupters are out of synchronism is, however, cniy
an emergency operation and, normally, the inter-
rupters would be brought into synchronism bzfore
transfer.

Make busy and stop

An interrupter may be made busy by operating
key 108MBE for interrupter {88TE or key 83MBO
for interrupter $6TO. Operation of key {§53BE,
for example, operates relay 185TFE over an ob-
vious circuit, lighting lamp (05MBE{. Relay
105MBE2 then operates over a circuit extending
from battery through the winding of said relay,
conductor 1084, No. 3 normal contacts of relay
§8MBO2, conductor 1085, and No. 1 ccntacts of
relay {05TFE to ground, operating relays {G63GE(
and {83GRE over a circuit extending from bat-
tery through the windings of said relays in par-
allel, No. 1 contacts of relay {93TE8E, conductor
1086 within bracket 1087, No. 7 contacts of relay
1020C, conductor (088, and No. 2 contacts of
relay 105MBE2 to ground. Relays {03GR and
103GR{ operate over obvious circuits through No.
5 contacts of relay 103GRE. These relays trans-
fer the normal functions of interrupter (85T,
described later, to interrupter 96TO.

An interrupter not in use for controlling the
selectors of recorders may be stopped by operat-
ing key 80MSO for interrupter $6TO or key
$0MSE for interrupter {06TZE. Key SOMSQ, for
example, if operated to the center position, opens
the circuit of the motor of interrupter §4T0O stop-
ping said interrupter. An interrupter supplying
time pulses to recorders, however, cannct be
stopped in this manner, the circuit of the motor
of interrupter 106TE, for exampie, being held
closed by No. 5 contacts of relay {857TTH even
though key $0MSE is operated.

To restore to service an interrupter made busy
and stopped, the associated key 98MSO or 38MER
is operated to the right-hand position. For ex-
ample, with interrupter 90TO stopped, as de-
scribed above, if key 80MSO is operated to ths
right-hand position, when relay (08CSH is next
operated by interrupter 186TE, relay $5TSC op~
erates over a circuit extending from hattery
through the winding of said relay, ccnductor
1089, No. 2 contacts of relay §9MBO2, conductor
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i090, right-hand contacts of key 9OMSO, con-
ductor 1081, No. 1 contacts of relay I88EP, and
No. 2 contacts of relay [06CSE to ground and
locks up over the same circuit to conductor {889,
thence through its own No. 2 contacts to ground.
The No. 1 contacts of relay 99TSC close the cir-
cuit of and start the motor of interrupter $&TGC.
Key §9MSO may now be restored to the left-hand
position and key 88MBO restored to nermal, re-
leasing the relays operated by said keys, the cir-
cuit of the motor of interrupter 96TO being held
closed through left-hand contacts of key 84MSO.

Time selectors

As previously stated, interrupter 05TE con-
trols a set of time selectors shown and interrupter
{06TO controls a similar set of selectors not
shown. Since the two sets of selectors operate in
the same manner, a description of the operation
of the selectors shown will suffice to show the
operation of both sets of selectors.

Each time relay I06EP operates, relay HH3UH
operates over a circuit extending from battery
through the winding of said relay, conductor iiet
within bracket 1100, and No. 4 contacts of relay
{06EP to ground, operating the stepping mag-
net 11301 of selector {13US over an obvious
circuit. When relay 106EP releases, relay | {3UH
releases, releasing stepping magnet 113U, which
moves the arms of selector 113US one terminal.
Said arms are, therefore, moved one terminal
every six seconds in synchronism with the arms
of selector 606US of the recorder and similar
selectors in other recorders. The remainder
of the operation of selectors [13HS, 13TS and
113US is similar to that already described for
selectors 60HS, 60TS and 60US.

When selector {13HS has reached terminals
No. 6, No. 12 or No. 18, selector 1I3TS has
reached terminal No. 10 or No. 20, and selector
{13US has reached terminal No. 9 or No. 19,
that is, at the end of each period of 5984 min-
utes, then, when relay [08EP next operates, re-
l1ay | 19AD operates over a circuit extending from
battery through the winding of said relay, conduc-
tor 1102, No. 6, No, 12, or No. 18 terminal and arm
of arc No. 2 of selector 1 13HS, No. 10 or No. 20 ter~
minal and arm of arc No. 2 of selector 11318,
No. 9 or No. 19 terminal and arm of arc No.
2 of selector 113US, and No. 1, contacts of relay
{13UH to ground, operating relay I{12HUH over
an obvious circuit which, in turn, operates step-
ping magnet | [2HUI. of selector {12EUS. When
relay 106EP releases, relays 118AD and {i2HUH
release, releasing stepping magnet {12HUI
which moves the arms of selector |12HUS one
terminal. Thus, the hour-units selector is moved
six seconds before the end of the hour in order
that correct hour information may be available
at the beginning of a new hour.

Furthermore, relay 120SR operates over a
circuit extending from battery through the wind-
ing of said relay, conductor 113, No. 20 ter-
minal and arm of are No. 1 of selector 113US,
arm and No. 20 terminal and arm of arc No. 1 of
selector 11878, arm and No, 8, No. 12, or No. 18
terminal and arm of arc No. 1 of selector 1{3HS,
conductor 1114, and No. 10 contacts of relay 119HA
to ground, operating relay 120HRT over an obvious
circuit. Relay [06HEA operates over a circuit
extending from battery through the winding of
said relay, No. 4 contacts of relay 106TTE, con-
ductor 1{i5 within bracket 1180, and No. 1 con~
tacts of relay [20HRT to ground. A combina-
tion of the ten relays 98EAE . . . 106FEE then
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operates in accordance with the setting of the
hour selectors {12HTS and 112HUS. For ex~
ample, with the arms of selector (I12HTS on
the No. 1 terminals, relay 98EAE operates over
a circuit extending from battery through the
winding of said relay, conductor I1{6, No. 1
contacts of relay I166HEA, conductor {1i7 within
bracket 11i8 and No. 1 terminal and arm:- of
arc No. 4 of selector 112HTS to ground. The
combination of relays 90EAE . .. {06FEE thus
operated grounds a combination of conductors
to the recorders, transmitting to said recorders
the hour indication of selectors [I2ZHTS and
i 12HUS for recording at each hour, as previously
described, and for recording on end-of-tape
entries, as described later. When, six seconds
later, the arms of selector [13HS are advanced,
relay 120HRT remains locked up over & circuit
extending from battery through the winding and
No. 5 contacts of said relay, conductor {118, No.
21 and No. 22 terminals and arm of arc No. 1 of
selector 113US, conductor 1119, and its own No.
2 terminals to ground until the arms of selector
1i3US leave the No. 22 terminals, thus holding
operated relay 106 HEA and the combinations
of relays 98EAE . .. |06FEE operated, for six
seconds beyond the commencement of the hour
to make the hour information available to re-
corders which may be somewhat delayed in
recording.

At the end of the ninth hour, when relay 119AD
again operates, relay {I2HTH opzrates over &
cirenit extending from battery through the wind~
ing of said relay, conductor 1193, No. 1 contacts
of relay 119AD, conductor {i084, and No. 10 ter-
minal and arm of arc No. 3 of selector [{2HUS
to ground, operating stepping magnet 12T
of selector 112HTS. When relay {19AD then re-
leases, relay |12HTH releases, releasing stepping
magnet | {2HT| which moves the arms of selector
{{2HTS one terminal, thus changing the hun-
dreds-digit indication of the hour from “0” to
“1” When the arms of selector [i2HUS are
moved to the No. 11 terminals, relay [12HUH
and stepping magnet 112HUI are repeatedly op-
erated through terminals and arm of arc No. 3
of selector [12HUS and released by the opening
of the contacts of said stepping magnet, moving
the arms of selector (12HUS to the No. 1 ter-
minals. :

At the end of the nineteenth hour when the
arms of selector 112HUS have again reached the
No. 10 terminals and relay i{3AD again operates,
relay {12HTH again operates and as described
above, the arms of selector 112HTS are moved
one terminal, changing the hundreds digit indi-
cation of the hour from “1” to “2.” At the end
of the twenty-third hour, when relay f({9AD
again operates, relay i 19HA operates over a cir-
cuit extending from battery through the winding
of said relay conductor 1405, No. 3 terminal and
arm of arc No. 3 of selector 112HTS, conductor
1186, No. 4 contacts of relay i{9AD, conductor
{167, and No. 3 terminal and arm of arc No. 3
of selector 1i12HUS to ground and locks up
through its No. 5 contacts, conductor #1908, and No.
3 terminal of are No. 1 of selector [I2HTS to
ground. Relay I{2HUH then operates over an
obvious circuit through No. 3 contacts of relay
[19AD, operating stepping magnet {12HUI, and
relay 1{i2HTH operates over a circuit extending
from battery through the winding of said relay,
conductor (103, No. 1 contacts of relay {19AD,
conductor {108, and No. 3 terminals and arm of
arc No. 1 of selector {I2HTS to ground. Upon
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the release of relay 119AD, relays 112HUH and
{12HTH release, releasing stepping magnets
{12HUI and {{2HTI which move the arms of
selectors (12HUS and [I12HTS each one termi-
nal. Relays 1{2HTH and {{2HUH and stepping
magnets H2EHT'! and 112HU| are now repeatedly
operated, relay {{2HTH and stepping magnet
I2HT! through the terminals and arm of arc
No. 2 of selector {12THS and relay {i12HUS and
stepping magnet 112HU! through the terminals
and arm of arc No. 3 of selector {12HUS, until
the arms of both selectors are returned to the
No. 1 terminals, and released by the opening of
the stepping magnet contacts, when the locking
circuit of relay 119HA is opened and said relay
released.

‘When relay | 19HA operates, as described above,
a circuit is also completed from batiery through
the winding of relay 111DH, conductor 1109, and

No. 7 contacts of relay (12HA to ground, op- &

erating relay t{IDH which operates the stepping
magnet {IDUI of the day-units selector 11{DUS
over an obvicus circuit. Upon release of relay
FI9HA, relay 11{DH releases, releasing stepping
magnet [{IDU{ which moves the arms of selector
({IDUS one terminal. When the arms of
selector {{{DUS reach the No. 9 terminals, which
oceurs at the end of the ninth day, relay { [{DTH
operates over a circuit extending from battery
through the winding of said relay, No. 9 termi-
nal and arm of arc No. 3 of selector 1{1DUS, con-
ducter 1110, and No. 10 contacts of relay {19HA
to ground, operating stepping magnet {1{DTI of
selector [{IDTS. Upon release of relay [(19HA,
relay {11DTH releases, releasing stepping mag-
net [{IDT}I which moves the arms of selector
HIDTS ons terminal. A similar action takes
place when the arms of selector |({DUS reach
the No. 19 terminals at the end of the nineteenth
day and again when said arms again reach the
No. 9 terminals at the end of the twenty-ninth
day.

At the end of each month, when relay {{9HA
operates, a circuit is completed from battery
through the winding of relay {I1{MDA, No. 3
or No. 4 terminal and arm of arc No. 1 of selector
{1IDTS, arm and a terminal of arm No. 1 of
selector 11{MS, a terminal and arm of arc No. 2
of selector {1iDUS, conductor 11l and No. 5
contacts of relay (I19HA to ground, operating
relay {1IMDA. By the arrangement of wiring
of the selector terminals as shown, this circuit
is completed at the end of the thirty-first day of
the first, third, fifth, seventh, eighth, tenth and
twelfth months, at the end of the thirtieth day
of the fourth, sixth, ninth and eleventh months,
and at the end of the twenty-eighth day of the
second month, thus conforming with the cal-
endar. On years when February has twenty-
nine days the connection to the No. 8 terminal
of are Mo. 2 of gelector ({IDUS is removed caus-
ing the operation of relay | { {MDA on the twenty-
ninth day of said month instead of the twenty-
eighth day.

Upon the operation of relay {I{MDA, relay
{{IMOX operates over a circuit extending from
hattery through the winding of said relay, and
No. 1 contacts of relay {{IMDA to ground, op-
erating stepping magnet {(1IM{ of selector
({{MS over an obvious circuit. When the arms
of selector 11{DUS advance upon the release of
relay {19HA, said arms are advanced to the No.
21 terminals by repeated operations of stepping
magnet {{{DU controlled by relay {{{DUE over
a self-interrupting circuit extending from bat-
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tery through the winding of said relay, contacts
of stepping magnet (11DU, arm and terminals
No. 12 ... No. 20 of arc No. 2 of selector
1HIDUS, and No. 6 contacts of relay 1iIMDA to
ground and to the No. 1 terminals over the
same circuit through No. 21 and No. 22 termi-
nals to ground. When relay [{9HA releases, re-
lay 11{DTH releases, releasing stepping magnet
H1IDT1 which moves the arms of selector 1§ DTS
to the No. 5 terminals, opening the cireuit
of and releasing relay (iI{MDA. The arms of
selector [{IDTS are then moved to the No. 1
terminals by repeated operations of stepping
magnet 1{IDTI controlled by relay i { IDTH over
a self-interrupting circuit extending from bat-
tery through the winding of said relay, contacts
of stepping magnet 11IDT, and arm and termi-
nals of arc No. 2 of selector 111DTS.

At the end of each year, when the arms of
selector 11IMS are advanced to the No. 13 termi-
nals, repeated operations of stepping magnet
{t{M1{ controlled by relay 1{IMOH over a self-
interrupting circuit extending from battery
through the winding of said relay, contacts of

5 stepping magnet {1{Mi, and arm and terminals

of arc No. 4 of selector I{IMS, advance said arms
to the No. 1 terminals and the operation of the
selectors as described, is repeated during the
ensuing year.

Ezxercising selectors

As the month, day, and hour selectors {11MS,
11iDTs, {IDUS, {12HTS and 112HUS are ac-
tuated comparatively infrequently, means are
provided for exercising said selectors to insure
that they are maintained in working order. The
cirecuit to be exercised, for exampls, the even
circuit, is made busy, as previously described, and
keys 1i8K, I{8K{ and |18K2 operated, operat-
ing relays (I8EMOQO, [I8EXD and {{9EXH over
circuits extending from batiery through the
windings of said relays, left-hand contacts of
keys 118K, 1i8Kl and 118K2, conductor {i20,
and No. § contacts of relay 105MBE2 to ground.
By the operation of relays t18EMO, {{8EXD and
{I9EXH, the conductors from the contacts of
cach selector are connected together, to ground,
and to the circuit of the stenping magnet of said
selector, making the selector self-acting. For ex-
ample, the conductors from the contacts of arcs
No. 2, No. 4 and No. 5 of selector {iMS are
connected together through No. 2 . . . Mo. 8 con-
tacts of relay {18EMO. The active contacts of
arcs No. 4 and No. 5 of said selector are succes-
sively grounded through the brush arms of said
arcs. The contacts of arc No. 2 of said selector
are successively grounded through the brush arm
of said are, conductor ({21, No. 1 front contacts
of relay | {8EMO, conductor 1122, and brush arm
of arc No. 4 of said selector. All of said conbacts
arse connected throusgh conductor 1122, and con-
tacts of stepping magnet H1IM! to the winding of
relay 1HIMOH. Said relay, therefore, operates
over one of the paths traced above, operating
stepping magnet 11{MI over an obvious circuit.
Operation of said stepping magnet opens the cir-
cuit of and releases relay {1 IMOX which releases
stepping magnet {1IM! and reoperates. The
brush arms of selector 1! IMS are, therefore, con-
tinuously stepped. Operation cof relay {{2EXD
causes stepping of selectors DTS and {HIDUS
and operation of relay {13EXH causes siepping
of selectors [12HTS and {i2HUS in a similar
manner. If the odd circuit is made busy, the
selectors of said circuit are similarly exercised
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by the operation of relays (not shown) similar
to relays [I8EMO, |I8EXD and (I9EXH con-
trolled by the right-hand contacts of keys |I8K,
{I8KI and 118K2.

Check of synchronism

Since each set of time selectors in the recorders,
such as selectors 60HS, 60TS and 60US, and the
two sets of similar selectors, such as selectors
{13HS, 113TS and (13US, in the master timing
circuit, all purport to furnish the same time indi-
cations, the corresponding selectors of all said sets
should be in synchronism, that is, the arms of
corresponding selectors should all stand on like-
numbered terminals at the same time. Every
minute a check is made of the synchronism of
said selectors as described below. The check is
made by comparison of the selectors in the re-
corders with corresponding selectors in one set
of the master timing circuit and by comparison
of corresponding selectors in the two sets in the
master timing circuit.

Assuming that the time pulses for the recorders
are furnished by interrupter 106TE, as shown on
the accompanying drawings, when the arms of
selector 143US reach their No. 10 or No. 20 termi-~
nals at the end of each minute, relay 186CSE op-
erates over a circuit extending from battery
through the winding of said relay, No. 3 contacts
of relay 106TTE, conductor !123 within bracket
1160, and No. 10 or No. 20 terminal and arm of
arc No. 4 of selector 1{3US to ground. Said re-
lay is slow to release and remains operated until
the contacts of the right-hand disc of interrupter
136TE close. Relay {05CHE then operates over a
circuit extending from battery through the right-
hand winding of said relay, conductor {124, No. 1
contacts of relay 106CSE, and right-hand dise of
interrupter {0§TE to ground, operating relay
{20UL over a circuit extending from battery
through the winding of said relay, conductor
1125, and No. 4 contacts of relay I08CSE to
ground. Operation of relay 120UL operates re-

lays 120TL and i20HL over obvicus circuits,
thereby connecting lamps {12000 ... (2008,
{20T0 . . . 12079, and 120H0 . . . (20H5 to ter-

minals of ares No. 8 of selectors 1 13US, 113TS and
113HS, respectively.

By the operation of relay 108CE, ground i3
connected through No. 2 . .. No. 6 front con-
tacts of said relay to the arms of the No. 6 arcs
of selectors (H{MS, 1iDTS, 1{IDUS, {2HTS,
{12HUS, 11348, {13TS and {13US. For example,
ground is connected through No. 6 front contacts
of relay {85CE over conductor 1052 to the arm of
the No. 6 arc of selector 113US. One of the lamps
118DU0 . . . (18DU10, one of the lamps {{9HTE

.. Hi9HT2, one of the lamps {ISHUD ...
1195089, one of the lamps 123H6 . . . (20H5, one
of the lamps 12078 . ... 11279, and one of the
lamps 12000 . . . 12879 are, therefore, lighted
at any moment, the particular lamps lighted de-
pending upon the positions of the arms of said
selectors. 'The lighted lamps show the time in-
formation indicated by the master timing cir-
cuit selectors at the moment.

Relay 53SYC in the recorder and similar re-
lays in other recorders (not shown) also operate,
relay 853SYC operating over a circuit extending
from battery through the right-hand winding of
said relay, conductor 1§26 within bracket {970,
No. 12 contacts of relay 9TBE2, conductor 1127,
and No. 3 contacts of relay I05CHE to ground.
A relay corresponding to relay 60H or relay 68T
or relay 60U, associated with each selector in
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each recorder, operates if said seleetor is il syn-
chronism with the corresponding selector in the
master timing circuit. For example, if selector
60HS. and selector I3HS are in synchronism,
the arms of both of said selectors standing, at
the moment, for example, on the No. 6 terminals,
relay 60H operates over a circuit extending from
battery through the winding of said relay, con-
ductor (28, No. 3 contacts of relay B3SYC, con-
ductor ({29, arm and No. 6 terminal of arc No. 8
of selector 60HS, conductor 11239 within bracket
1131, No. 6 terminal and arm of arc No. 6 of se-
lector 1138, conductor (132 within bracket 188,
No. 12 back contacts of relay 89C8, and No.l
contacts of relay 89TR to ground. If selectors
60HS and 1I(3HS are not in synchronism, the
above-~traced circuit will not be closed and: relay
60IIS will not operate.

If corresponding selectors of the two sets of
selectors in the master timing cireuit are in syn-
chronism, the relays corresponding to relays
(IM, (11DT, {111DU, 1112HT, i 12HU, ({35, {137
and (13U in the set of selectors serving odd-
numbered recorders operate. For example, the
relay corresponding to relay §13H operates over
a, circuit extending from battery through the
winding of said relay, conductor {(!33 within
bracket 1071, No. 11 back contacts of relay 39C8,
conductor 1134 within bracket {971, thence over
a conductor corresponding to conductor 1135,
arm and No. 6 terminal of arc No., 5 of the se-
lector corresponding to selector § i3S, No. 6 ter-
minal and arm of arc No. 5 of selector [{3HS,
conductor 113% within bracket 190, No. 11 and
No. 12 front contacts of relay {85CE, conductor
{138 within bracket {074, a conductor corre-
sponding to conductor 1i{32, arm and No. § ter-
minal of arc No. 6§ of the selector corresponding
to selector }I3HS, No. 6 terminal and arm of arc
No. 6 of selector LI3HS, conductor {132 within
bracket {100, No. 12 back contacts of relay 89CO,
and No. 1 contacts of relay 89TR to ground. The
relays corresponding to relays (13U, H187T, IH2HU,
{12HT, {1iDU, tIIDT, and {{iM operate over
similar circuits.

If all of said relays operate and all of the re-
lays corresponding to relays 80, 66T and 83U
in the recorders operate, the selectors in the re-
corders are in synchronism with the selectors in
the master timing circuit and the two sets of se-
lectors in the master timing circuit are in syn-
chronism with each other. When the contacts
of the right-hand dise of interrupter 106TE then
open, relay [05CHE releases, releasing relay
105CE.

If, however, one or more of the relays corre-
sponding to relays 60H, 60T and 68U in the re-
corders fails to operate, relay (85CHE is held
operated over a circuit extending from battery

‘through. the left-hand winding and No. 2 contacts

of said relay, conductor 1136 within bracket 1870,
No. 7 back contacts of relay 53NS, conductor 1137,
and No. 2 contacts of any of relays 58X, 60T
and 60U not operated, or over corresponding cir-
cuits in other recorders. If one of the relays cor-
responding to relays ({IM, H1IDT, {{IDU, {12HT,
i12HU, (I13H, (i3T, and (13U in the master
timing cireuit fails to operate, relay I895CHE is
held operated over a circuit extending from bhat-
tery through the left-hand winding and No. 2 con-
tacts of said relay, conductor i {36, No. 6 back con-
tacts of relay 83MB{02, No. 1 contacts of relay
89TR I, conductor 1138 within bracket {911, a
conductor corresponding to conductor {139, and
No, 3 contacts of the non-operated relays corre-
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sponding to relays {{IM, ({IDT, {1IDU, 112HT,
{12HU, 113H, 1{3T and 113U to ground. When
relay 106EP again operates, ground is connected
through No. 3 contacts of said relay, conductor
1140, No. 1 contacts of relay I105CHE, and con-
ductor ({41 to an alarm cireuit (not shown)
actuating an alarm.

if now, key 126CHL is operated, the lamp asso-
ciated with the selectors serving the odd recorders
and corresponding to lamp itI1CH, will light, if
one or more of the relays corresponding to relays
(M, 1HIDT, 1iIDU, 112HT, (12HU, {135, {{3T,
and 13U failed to operate, the circuit extend-
ing from battery through said lamp over a con-
ductor corresponding to conductor (id48, No. 2
contacts of any of said relays which failed to op-
erate, a conductor corresponding to conductor
1141, which is conductor 1142 within bracket 071,
thence through No. 3 back contacts of 88TRI,
conductor 1143, and left-hand contacts of key
120CHL to ground. If one or more of the relays
corresponding to relays 80H, 60T and 68U in any
recorder fail to cperate, the lamp in that recorder
corresponding to lamp B0CH will light. For ex-
ample, if relay 60H fails to operate, lamp 60H
will light over a circuit extending from battery
through said lamp, No. 1 contacts of relay 60H,
conductor (144, No. 5 normal contacts of relay
53NS, conductor {143 within bracket 1870, and
left-hand contacts of key 120CHI. to ground, indi-
cating the recorder whose selectors are out of
synchronism.

The check of synchronism has been described
as performed when interrupter (06TE provides
time pulses to the recorders. It will be obvious,
however, from the symmetrical arrangement of
the circuits that, when interrupter 90TO supplies
time pulses to the recorders, the check of syn-
chronism is made in a similar manner, relay
89CHO performing the functions of relay
{05CHE, and relay 89CO, the functions of relay
105CE.

Synchronizing selectors of recorders

Should the time selectors of a recorder be
found to be out of synchronism with the time
selectors of the master timing circuit, key 89S
is operated momentarily after making the faulty
recorder busy. Relay {05SE then operates (as-
suming interrupter (06TE is furnishing time
pulses to the recorders) over a circuit extending
from battery through the winding of said relay,
conductor 1145, No. 2 back contacts of relay
88TRI1, and contacts of key 89S to ground and
locks up through its No. 3 contacts, conductor
1146, No. 5 back contacts of relay 89TRI, con-
ductor {147 within bracket 1070, No. 7 front con-
tacts of relay 53NS, conductor 1137, and No. 2
contacts of relays 60H, 60T and 60HS in parallel
to ground. Lamp 105SEI lights over an obvious
cireuit. Operation of relay [05SE closes a circuit
extending from battery through the right-hand
winding of relay 53SYC, conductor ({26 within
bracket 10708, and No. 5 contacts of relay {05SE
to ground, and a circuit from battery through the
winding of relay 105P2E, contacts of relay {05PIE,
and No. 1 contacts of relay 105SE to ground, oper-
ating relays 53SYC and 105P2E. The relay or
relays such as relay 60HH, 60TH, or 60UH as-
sociated with the selector or selectors of the
recorder which are out of synchronism then op-
erate. For example, if selector 60HS is out of
synchronism, relay 60HH operates over a circuit
extending from battery through the winding of
said relay, No. 3 contacts of relay 60H, conductor
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1148, No. 2 contacts of relay 53NS, conductor
1149 within bracket 1070, and No. 1 contacts of
relay 185P2E to ground, operating stepping mag-
net 60STPH over an obvious circuit.

When relay {05P2E operates, a circuit is com-
pleted from battery through the winding of relay
{O0SPIE, conductor (156, No. 1 coniacis of relay
89MBO2, conduetor 1151, and No. 4 contacts of
reiay 188P2E to ground, over which relay (05PIE
operates, opening the circuit of and releasing re-
lay 185P2E. However, relay 105PI® is slow to
operate and relay I$5P2E is slow to release so
that the circuit of relay §0HH is maintained
closed long enough to operate stepping magnet
§6STPH. When relay (05P2E releases, it opens
the circuit of and releases relay 69HH, relecas-
ing stepping magnsi 60STPH which moves the
arms of selector 83HS one step. Release of relay
[05P2E opens the circuit of and releases relay
105P{E which is also slow to release. This re-
establishes the circuit of relay (05P2E, reoper-
ating relay 60¥H and stepping magnet 80STPH,
The described sequence of operations continues
until the arms of selector 60H reach synchronism
with those of selector 1{3HS, when relay 60H
operates over a ecircuit extending from battery
through the winding of said relay, conductor
1128, No. 3 contacts of relay 53NS, conductor
1129, arm and No. 6 terminals (for example) of
arc No. 6 of selector 60HS, conductor {130 with-
in bracket {13f, No. 6 terminal and arm of arc
No. 6 of selector |{3HS, conductor 1132 within
bracket {160, No. 12 back contacts of relay 89CO,
and No. 1 contacts of relay 88TR to ground, open-
ing the circuit of and releasing relay 105SE. This
stops the action of relay 165P2E and relay 105P{E
and extinguishes lamp [(05SEIi, selectors 60HS
and f13HS being now in synchronism.

While the description has been confined to
the case where selector 60HS only is out of syn-
chronism, it is obvious that each of selectors
60TS and 60US, if out of synchronism, will be
brought into synchronism in the same manner
and at the same time.

Synchronizing selectors of master timing circuit

If selectors of one set in the master timing
circuit are out of synchronism with correspond-
ing selectors of the other set, indicated by the
lighting of lamp {{iCH or the corresponding
lamp associated with the other set of selectors,
said selectors may be brought into synchronism
in a manner similar to that described for the
selectors of the recorder and described below.

Assuming that the lamp associated with the
selectors not shown and corresponding to lamp
$1ICH lights. Key 8$MB is then operated to
make busy the selectors controlled by interrupter
98T0, as previously described. Key 11ICHL is
also operated and key 39S operated momentarily.
Relay 1055E operates on the momentary opera-
tion of key 89S cover the circuit previously traced
and relay [85CTE operates over a circuit extend-
ing from battery through the winding of said
relay, conductor 1182, No. 4 back contacts of
relay 89TRI, conductor {153, and No. 3 contacts
of key 11 iCHL to ground.

The relays not shown corresponding to relays
I(IM, 11iDT, (11DU, (12HT, [12HU, 113H, 13S,
and (13U, which are associated with selectors in
synchronism, operate. For example, if selector
i 1IMS and the corresponding selector not shown

~are in synchronism, the relay corresponding to

relay [ 11M operates over a circuit extending from
hattery through the winding of said relay, con-
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ductor |154 within bracket 1071, No. 4 back con-
tacts of relay 88C8, conductor 1155 within bracket
{071, a conductor corresponding to conductor
1156, arm and terminal of arc No. 6 of the se-
lector corresponding to selector 11IMS, corre-
sponding terminal and arm of arc No. 6 of se-
lector [(1iMS, conductor 1186 within bracket
1100, and No. 5 front contacts of relay {05CE
to ground. Corresponding relays associated with
selectors mnot in synchronism do not operate.
Relay 185SE is then locked up over a circuit ex-
tending from battery through the winding and
No. 3 contacts of said relay, conductor i!48, No.
¢ front contacts of relay 89MB02, No. 1 con-
tacts of relay 89TRI, conductor 1138 within
bracket 1871, a conductor corresponding to con-
ductor 1138, and No. 3 contacts of any of the
relays corresponding to relays (1M, 1{IDT,
{iDU, il2HT, 112HU, (13H, (13T, and 1130,
not operated, to ground. Relays 105P2E and
105PIE then operate and release In sequence as
previously described, relay {05P21 also operating
and reieasing a relay corresponding to relay 105P
over a circuit extending from battery through
the winding of said relay, conductor {157 within
bracket 1071, No. 1 front contacts of relay
89MB02, conductor 115, and No. 4 contacts of
relay 105P2E to ground. All of the relays cor-
responding to relays {11MOH, {iIDTH, {1 {DUH,
{12ETH, (i2HUH, (I13HH, {13TH, and [13UH
associated with selectors not in synchronism are
thereby operated and released. For example, if
the selector corresponding to selector {I2HTS is
not in synchronism with selector IIZHTS, the
relay corresponding to relay [I12HTH is oper-
ated and released over & circuit extending from
battery through the winding of said relay, No. 1
contacts of the relay corresponding tc relay
{12HT, a conductor corresponding to conductor
1158, and No. 5 contacts of the relay correspond-
ing to relay 185P to ground. The relay corre-
sponding to relay [{2HTH operates and releases
the stepping magnet corresponding to stepping
magnet | {2HT | thereby moving the arms of the
selector corresponding to selector I2FHTS until
they are in synchronism with those of selector
112HTS, and the relay corresponding to relay
{12HT then operates as described above. When
all of the selectors are in synchronism and all of
the relays corresponding to relays I1(M, I11DT,
{120T, 1{28U, 118H, 1i3T, and 113U operate,
the holding circuit of relay (05SE is thereby
opened and said relay released, stopping the
action of relays 185P2E and {05PIE.

The selectors controlled by interrupter 106TE
may be synchronized with those controlled by
interrupter 98T0 by operating key 89S5Y0 thereby
operating relays 89TRI and 89TR over obvious
circuits. 'The connections are thereby trans-
ferred to the selectors and relays associated with
interrupter 99T0 so that when key 89S is oper-
ated, relay 8850 operates over an cbvious circuit
in place of relay I05SE, and relays 89P20 and
89P10 perform the functions of relays 89P2E and
89PIE, respectively, advancing the arms of the
selectors controlled by inferrupter 106TE in
a manner similar to that already described for
the selectors controlled by interrupter 907T9.

END-OF-TAPE RECORDS
Connection of master timing circuit to recorders

At 3 o’clock a. m., the arms of selector {12HTS
of the master timing circuit will be on the No, 1
terminals, the arms of selectors [12HUS on the
No, 4 terminals, the arms of selector {I13HS on
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the No. 1, No. 7 or No. 13 terminals, the arms of
selector 113TS on the No. 1 or No. 11 terminals,
and the arms of selector (13US on the No. 3,
No. 4, No. 13, or No. 14 terminals. Relay 92ET
then operates over a circuit extending from bat-
tery through the winding of said relay, conductor
{158, within bracket 1087, No. 2 contacts of re-
lay [03TBE, conducior {160 within bracket {087,
No. 3 contacts of relay (20HRT (operated for.
six seconds after the commencement of the hour,
as previously described), conductor (161, No. 4
terminal and arm of arc No. 2 of selector 112HUS,
conductor 1182, No. 1 back contacts of relay
{18HA, conductor 1163, and arm and No. 1 ter-
minal of arc No. 2 of selector i12HTS to ground
and locks up through its No. 5 contacts to the
above-traced ground on conductor (160, Should
relay {03TBE be operated, indicating that re-
cording is in process; operation of relay 92ET
awaits release of relay (02TBE. Relay 1020C
then operates over a circuit extending from bat-
tery through the winding of said relay, conduc-
tor 1164, and No. 3 contacts of relay 92ET to
ground. Relay 120HRT is now locked up over a
circuit extending from battery through the
winding and No. 5 contacts of said relay, con-

" ductor 1165, No. 1 contacts of relay 103ESE, con-
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ductor 1166, within bracket {087, and No. 4 con-
tacts of relay i820C to ground, holding relay
92ET operated. Relay 1620C also completes a
circuit from battery through the lower winding
of relay 164STI, conductor 1i70, No. 3 back con-
tacts of relay 103GR, conductor |171, No. 2 back
contacts of relay 1048T2, No. 2 back contacts of
relay 184573, conductor (172, No. 6 back con-
tacts of relay I83GRE, No. 3 back contacts of
relay I103ESE, conductor 1173, and No. 5 con-
tacts of relay 1020C to ground over which re-
lay 1048T1 operates. Relay (93SCE then oper-
ates over a circuit extending from battery
through the winding of said relay, conductor
{173, and No. 6 contacts of relay I[04STi to
ground. The No. 4 contacts of relay [03SCE
ground conductor 1126 within bracket 1070 to all
even-numbered recorders causing the operation
of relays corresponding to relay 538YC in said
recorders. The operating circuit of relay 538YC
has already been previously traced. The No, 4
contacts of relay 103SCE connect battery through
resistance [1TR, No. 4 back contacts of relay
{{7TBR, and conductor 1174 to conductor (175
to the trouble indicator, causing said trouble
indicator to ground (in a manner not shown)
conductor 1176, operating relay 84COM, which,
in turn, causes the operation of relays 78COAE,
79CO5E, T9COIE, T9COZE, 80CO40, 80CO50,
86CO10, and 86CO20, over obvious circuits. Said
relays disconnect the standing test connections,
described later, from the conductors to the punch
magnets of the recorders.

Relay {03TBE then operates over a circuit ex-
tending  from battery through the Ileft-hand
winding of said relay, No. 1 back contacts of re-

‘lay 103GEI(, No. 3 contacts of relay [03SCE,

conductor 1177 to the trouble indicator, thence
through said trouble indicator, conductor 1178,
No. 11 -contacts of relay T9COIE, No. 1 contacts
of relay T3CO2E, conductor {1719, No. 1 contacts
of relay 80C0O20, No. 11 contacts of relay 80COIO,
conductor 1186, No. 11 contacts of relay T9CO4E,
No. 19 contacts of relay T9COSE, conductor 1181,
No. 19 contacts of relay 80C0O50, and No. 11 con-
tacts of relay 80CO40 to ground. The No. 5
contacts of relay 103TBE complete a holding
circuit for relay 84COM from battery through the
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winding of said relay, and conductor (116 to
ground. Relay {03ERE operates over a circuit
extending from battery through the winding of
said relay, No. 1 normal contacts of relay
{83GRE, No. 2 contacts of relay 103SCE, No. 2
normal contacts of relay (03GE(, and No. 4
contacts of relay 103TBE to ground, closing an
obvious holding circuit for relay {03TBE through
the right-hand winding of said relay. Relay
102RS then operates over a circuit extending
from battery through the winding of said relay,
No. 6 contacts of relay 102RLS, conductor 1182
within bracket {087, and No. 2 contacts of relay
{03ERE to ground.

Relay 26RT in the recorder-connector circuit
operates over a circuit extending from battery
through the winding of said relay, conductor
1201 within bracket 1200, No. 5 front contacts of
relay 104STIi, No. 5 back contacts of relay
104ST2, No. 5 back coutacts of relay 104ST3,
conductor 1202, No. 2 back contacis of relay
103GRE, No. 7 contacts of relay {03TBE, con-
ductor 1203 within bracket 1087, and No. 2 nor-
mal contacts of relay (02PC to ground. Relay
32MTP then operates over a circuit extending
from battery through resistance (I0R, No. 3
contacts of relay 110TMS5, conductor 1204 within
bracket (887, No. 8 contacts of relay i03TBE,
No. 10 contacts of relay 103ERE, conductor {205

within bracket 12086, No. 2 contacts of relay 26RT,

conductor {267, No. 8 back contacts of relay
2{DFN, conductor 1208, winding of relay 32MTP,
and No. 3 normal contacts of relays 32TFP0 . . .
32TP4, 32HP, and 32DP in series to ground
and locks up over the above circuit through its
winding and its No. 3 front contacts to ground.
Relay 20T1A then operates over a circuit ex-
tending from battery through the winding of
said relay, conductor 121¢, No. 8 contacts of
relay 390NI, conductor 1211, and No. 1 contacts
of relay 32MTP to ground and locks up through
its No. 1 contacts to the same ground, operating
relay 28TIB over an obvions circuit. Relays
20T1A and 29TiB connect the recorder to the
master timing circuit. Relay TSRCE operates
over a circuit extending from battery through
the winding of said relay, conductor 1212, No.
6 contacts of relay (0iB, No. 2 back con-
tacts of relay 1{8IBI, conductor {243, No. 7
contacts of relay {00A, No. 2 back contacts of
relay 160Af, conductor 1214 within bracket 1087,
No. 11 contacts of relay [03ERE, conductor 1215
within bracket 1081, No. 1 front contacts of re-
lay 1020C, and No. 4 contacts of relay {02RS
to ground, ciosing through the conductors of the
master timing circuit to the recorder. Relay
(10RK operates over a circuit extending from
battery through the winding of said relay, con-
ductor 1216, No. 1 contacts of relay 109P, con-
ductor 12117, No. 4 contacts of relay 85TSP, con-
ductor (218, XNo. 58 contacts of relay 13RCE,
conductor 12{5 within bracket 1226, and No. 3
contacts of relay 20TIA to ground, checking that
relays 20TIA and T3RCE have operated,

Relay 92RE operates over a circuit extending
from battery through the winding of said relay,
No. 1 contacts of relay $2ET, conductor 1221,
and No. 52 contacts of relay T8RGE fo ground
and locks up through its No. 2 contacts to the
same ground on conductor {221.

Relay 102RSC operates over a circuit extend-
ing from bhattery through the winding of said re-
lay, conductor 1222, No. 8 contacts of relay
109ST2, conductor 1223, and No. 55 contacts of
relay T3RCE to ground, completing a circuit from
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battery through the winding of relay i102DR,
conductor 1223, No. 7 contacts of relay 181CC,
conductor 1224, No. 3 contacts of relay {02RSC,
and No. 5 contacts of relays (82RLS to ground,
over which relay {02DR operates.

First tape-identification entry

When the recorder is ready to receive the
end-of-tape record, indicated by relay 46PAR not
operated, relay {01P2 operates over a circuit ex-
tending from battery through the winding of -
said relay No. 2 back contacts of relay (01P2A
conductor 1225, No. 2 back contacts of relay
82DAC, conductor 1226, No. 1 contacts of re-
lay 85ESP, No. 5 back contacts of relay 85SS,
conductor (227, No. 2 contacts of relay [020C
conductor 1228, No. 5 contacts of relay 110RK,
conductor 1229, No. 43 contacts of relay T8RCE,
conductor 787 within bracket 159, No. 1 contacts
of relay 46PAR, and left-hand contacts of relay
46PT0 to ground and locks up through its No. 3
contacts, conductor 1232, No. 4 contacts of re-
lay 85SS, conductor 1221, and No. 52 contacts of
relay T3RCE to ground, operating relay 84M0
over a circuit extending from battery through
the winding of said relay, conductor 233, No.
1 contacts of relay 101P2A, No. 1 contacts of re-
lay 10iP2, No. 1 back contacts of relays [0iP3,
101P4, 10iP5, 102P6, and I02PT in series, to
ground.

The punch magnets of the recorder then op-
erate, magnets for the first four digits operating
through contacts of relay 84M6 to ground, in a
combination in accordance with the code previ-
ously given, to punch in the tape characters rep-
resenting the entry digits “3830.” For example,
punch magnet 66M3 operates over a circuit ex-
tending from Lattery through the winding of said
magnet, winding of relay 66AC, conductor 890
within bracket 759, No. 23 contacts of relay 20T (A,
conductor 1234 within brackets 1230 and 1235,
No. 42 contacts of relay 13RCE, conductor 1236
and No. 3 contacts of relay 84M0 to ground.
Punch magnets for the last two digits operate
through contacts of relay 84M1 and terminals of
the month selector (iIMS to punch characters
representing the number of the month as indi-
cated by the position of the arms of said selector.
For example, if the arms of selector (i{MS are
on the No. 3 terminals, as would be the case in the
month of March, punch magnet 66M28 operates
over g circuit extending from battery through the
winding of said magnet winding of relay §6FE,
conductor 833 within bracket 759, No. 46 con-
tacts of relay 20TIA, conductor 1231 within
brackets 1239 and 1235, No. 19 contacts of relay
13RCE, conductor 1238, No. 17 contacts of relay
34MO0, conductor 1239 within bracket 1249 and
No. 3 terminal and arm of arc No. § of selector
{1 IMS to ground.

After the punch magnets have operated, the
operations of the recorder in checking and tim-
ing the operation of the punch magnets follow
in the manner already described for the recording
of an initial call entry. The operating circuit of
the paper-advance magnet S8PAM and relay
46PA now extends, however, from battery through
the winding of said magnet, conductor 821, wind-
ing of relay 46PA, conductor 22, No. 6§ contacts
of relay 390N, conductor 823 within bracket 159,
No. 18 contacts of relay 20TIA, conductor 1241
within bracket 1230, No. 47 contacts of relay
{3RCE, conductor {242, and No. 2 contacts of
relay 84MOC to ground. The operating circuit
relay 46PTR extends from battery through the
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tipper winding of said relay, conductor 812 within
bracket 159, No. 20 contacts of relay 20THA,
conductor 1243 within bracket 1230, No. 45 con-
tacts of relay 13RCE, conductor {244, and No. 1
and No. 2 contacts of relay 84M0 to ground.
Upon the operation of relay 46PAR in the re-
corder, relay (0iP2A operates over a circuit ex-
tending from battery through the winding of
said relay, No. 2 front contacts of relay 101P2,
No. 2 back contacts of relays {01P3, 131P4, [8IP5,
102P6, and 102P7 in series, conductor 245, No. 44
contacts of relay T3RCE, conductor 1246 within
bracket {230, No. 21 contacts of relay 20TIA, con-
ductor 819 within bracket 159, contacts of relays
66AA . . . 66FE in series, conductor 820, No. 2
contacts of relay 46PAR, and right-hand con-
tacts of relay 46PTO0 to ground and locks up
through its No. 3 contacts, conductor 1247, No. 3
contacts of relay 85SS, conductor 1248, and No. 53
contacts of relay T3RCE to ground, opening the
circuit of and releasing relay 84M0, thereby re-
leasing the operated punch magnets and the
paper-advance magnet 66PAM, which advances
the tape. ‘

Relay 10iP3 now operates over a circuit ex-
tending from battery through the winding of said
relay, No. 2 back contacts of relay I0{P3A and
No. 2 front contacts of relay {01P2A, to the pre-
viously traced ground on conductor (225 and
locks up through its No. 3 contacts to the pre-
viously traced ground on conductor 1232, oper-
ating relay 84DA over a circuit extending from
battery through the winding of said relay, con-
ductor 1249, No. 1 contacts of relay 101P3A, No. 1
front contacts of relay 101P3, and No. 1 back
contacts of relays 131P4, 10{P5, 102P6, and 102P7
in series to ground.

The punch magnets of the recorder now oper-
ate for the second line of the entry in a manner
similar to that already described for the first line,
magnets for the first four ~digits operating
through contacts of relay 84DA to punch charac-
ters representing the entry digits “3821” and
magnets for the last two digits operating through
terminals of the day selectors ({{DTS and
11IDUS to punch characters representing the
number of the day, as indicated by the positions
of the arms of said selectors. The operations of
‘the recorder are similar to those for the first line
of the record. The operating circuit of the paper-
advance magnet 65PAM and relay 46PA now
" extends, however, over the path traced above to
conductor 1242 thence through No. 2 contacts
of relay 84DA to ground and the operating circuit
of relay 46PTR extends over the path fraced to
conductor 1244 and No. 1 and No. 2 contacts of
velay 84DA to ground. Upon the operation of
relay 46PAR, relay 181P3A operates and locks up
in a manner similar to relay i0iP2A, releasing
relay 84DA, thereby releasing the operated punch
magnets and the paper-advance magnet 65PAM
which advances the tape.

Relay 101P4 then operates and locks up in a
manner similar to relay [(0{P3, operating relay
91 ERE which causes the operation of punch mag-
nets for the first four digits of the third line of
the entry in a manner similar to the operations
for the first and second lines, said magnets oper-
ating through contacts of relay 81HRE to ground
to punch characters representing the entry digits
«3811” When relay {0{P4 operates in a manner
similar to relay 16{P3, relay |06HEA operates over
a cireuit extending from battery through the
winding of said relay, No. 4 contacts of relay
106'T'TE, conductor 1115, No. 5 contacts of relay
{0iPA4, and No. 4 contacts of relay 10iP4 to
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ground. A combination of relays 98EAE . ..
{06FEE then operates through contacts of re-
lay I66HEA and terminals of the hour selectors
{ 12HTS and | {2HUS in accordance with the posi-
tions of the arms of said selectors in the manner
previously described. Combinations of punch
magnets for the last two digits of the line are
thereby operated to punch characters corre-
sponding to the number of the hour as indicated
by the positions of the arms of selectors 112HTS
and {12HUS. For example, if relay (06FEE is
operated, punch magnet 66M28 operates over a
circuit extending from battery through the wind-
ing of said magnet, winding of relay 66FE, con~
ductor 833 within bracket 759, No. 46 contacts
of relay 28T1{A, conductor 1237 within bracket
1230, No. 19 contacts of relay T3RCE, conductor
1238, No. 17 contacts of relay 81HRE, conductor
{251 within bracket 1250 and No. 11 contacts of
relay {06FEE to ground.

The operations of the recorder are repeated
in the same manner as for previous lines. The
operating circuit of the paper-advance magnet
66PAM and relay 46PA now extends, however,
over the path previously traced to conductor 1242
thence through No. 2 contacts of relay 91 HRE to
eround and the operating circuit of relay 46PIR
extends over the previously traced path to con-.
ductor 1244 and No. 1 and No. 2 contacts of relay
SIHRE to ground. When relay 46PAR operates,
relay (0IPA operates and locks up in a manner
similar to relay 104P3A, releasing relay 106HEA
and paper-advance magnet 66PAM, which ad-
vances the tape.

Relay i02P6 now operates over a circuit ex-
tending from battery through the winding of
said relay, No. 2 back contacts of relay 101P54,
conductor 1251, No. 6 back contacts of relay
i0iB1, conductor 1252, No. 6 back contacts of
relay (00Af{, conductor 1253, No. 5 contacts of
relay 92SEN, No. 1 front contacts of relay 92RE,
conductor 1254, No. 2 front contacts of relay
181P44A, conductor 1255, No. 7 back contacts of
relay 92DAC,; conductor 1256, No. 2 front con-
tacts of relay {0(P3A and No. 2 front contacts
of relay 18{P2A to the above-traced ground on
conductor 1255, and locks up through its No. 3
contacts to ground on conductor 1232, complet-
ing a cireuit from battery through the winding
of relay 59DF, conductor (261 within bracket
1260, No. 3 contacts of relay 20TIB, conductor
1262 within bracket 12685, No. 13 contacts of
relay 15RCE, conductor (263, No. 1 contacts of
relay 162P8A, and No. 4 contacts of relay 102P6
to ground and a circuit from battery through
the winding of relay 91DF, conductor 1264, No. 4
contacts of relay {02P6A, No. 1 front contacts
of relay 102P8, and No. 1 back contacts of relay
102P1 to ground. Relays 91DF and 59DF oper-
ate over these circuits, operating punch magnets
of the recorder over circuits similar to those al-
ready traced. Relay 81DF operates punch mag-
nets for the first four digits of the line of the
record to punch characters corresponding to the
entry digits “3800.” Relay 59DF operates punch
magnets for the last two digits of the line to
punch characters corresponding to the number
of the district frame with which the recorder is
associated, the contacts of relay 59DF and simi-
lar relays in other recorders being suitably con-
nected to ground in accordance with the number
of the district frame with which each of said
recorders is associated.

The operations of the recorder are repeated, as
previously described, the operating circuit of the
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paper-advance magnet 66PAM and relay 46PA
now extending, however, over the path previously
traced to conductor (242 thence through No. 2
contacts of relay 59DF to ground and the oper-
ating circuit of relay 46PTR extending from bat-
tery through the upper winding of said relay,
conductor 812, No. 1 contacts of relay 59DF, con-
ductor 850 within bracket 159, No. 19 contacts of
relay 20TIA, conductor 1266 within bracket {2386,
No. 46 contacts of relay 13RCE, conductor 1287
and No. 1 contacts of relay 3iDF to ground.
When relay 46PAR operates, relay i02P§A oper-
ates over a circuit extending from battery through
the winding of said relay, No. 2 front contacts of
relay I86P6, and No. 2 back contacts of relay
102P7 to the previously traced ground on con-
ductor 1245 and locks up through its No. 3 con-
tacts to the previously traced ground on con-
ductor 1241, releasing relays 9iDP and 59DF,
which releases the operatcd punch magnets and
the paper-advance magnet 66PAM, which ad-
vances the tape.

Relay (02P7 then operates over a circuit ex-
tending from battery through the winding of
said relay, No. 2 back contacts of relay i02P7A
and No. 2 front contacts of relay {02P6A, to the
previously-traced ground on conductor 1251 and
locks up through its No. 3 contacts to the previ-
ously-traced ground on conductor {232, com-

pleting a circuit from battery through the wind- 3

ing of relay 9iMGE, conductor 1288, No. 1 con-
tacts of relay 102P71A, and No. 1 front contacts
of relay I(02P1 to ground, over which relay
S$IMGE operates, operating punch magnets of the
recorder over circuits similar to those already
traced. Relay 9IMGE operates punch magnets
for the first four digits of the line to punch char-
acters corresponding to the entry digits “3840”
and, through cross-connections 81C and $icCi,
punch magnets for the last two digits corre-
sponding to the number of the marker group
served by the master timing circuit, cross-con-
nections 9i1C and 9i¢C} being made in accordance
with the marker group with which the master
timing circuit is associated.

When the punch magnets operate, the relays
of the recorder operate in the manner described
for other lines of the entry, the operating circuit
of paper-advance magnet 66PAM and relay 4EPA

now extending, however, over the path préviously 50

traced to cenductor 1242 thence through No. 2
contacts of relay $IMGE to ground and the
operating circuit of relay 46PTR extending over
the path previously traced to conductor 1244 and

No. 1 and No. 2 contacts of relay 9iIMGE to !

ground,
Splice pattern

Relay 85383 now operates over a circuit extend-
ing from battery through the winding of said
relay, No. 6 back contacts of relay 85ESP, con-
ductor 1269, No. 2 front contacts of relay 102P74,
and No. 2 front contacts of relay 182P6A to the
previously traced ground on conductor (251 and

locks up through its No. 1 contacts, conducior

1210, and No. 54 coniacts of relay 73RCE to
sround, opening the locking circuits of and re-
Izasing relays (0(P2, 10{P3, 101P4, 102P6, 9277,
10IP2A, 131P2A, (BIP4A, 102PSA and (92P7A.

Relay 85RCT also operates over a circuit extend- 7

ing from hattery through the winding of said re-
lay, No. 11 back contacts of relay 8%SP, and Mo.
7 contacts of relay 85SS to ground but performs
no useful function at this time. When relay
102RS operated, as previously described, relay
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92PTO operated over a circuit extending from
battery through the winding of said relay, con-
ductor i2%1, No. 8 contacts of relay 85ESP, con-
ductor 1272, No. 1 back contacts of relay 92PTR,
conductor 1273, and No. 3 contacts of relay
162RS to ground, and locked up through its No.
1 contacts to the same ground on conductor
1212, With reiay 85SS operated, relay 99SPA
operates over a circuit extending from battery
through the winding of said relay, conductor
1214, No. 1 back contacts of relay 92PCO, con-
ductor {275, and No. 5 front contacts of relay
8588, to the previously traced ground on con-
ductor 1227 and lccks up through its No. 12 con-
tacts, conductor 1276, No. 2 contacts of relay
82PCO, and No. 1 back contacts of relay 92PTR
to the above traced ground on conductor 1272,
The No. 1 ... No. 11 contacts of relay 93SPA
close circuits, similar to those already traced, to
operate punch magnets of the recorder to punch
characters corresponding to the digits “180303.”
The No. 14 contacts of relay 99SPA close the cir-
cuit, previously traced, of the paper-advance
magnet 66PAM, operating said magnet.

Relay 82PTR also operates over g circuit ex-
tending from battery through the winding of
said relay, conductor | 271, and No. 14 contacts
of relay 98SPA to ground, opening the circuit of
and releasing relay 92PT3. Relay 92PC0 then
operates over a circuit extending from battery
through the winding of said relay, No. 1 con-
tacts of relay 92PT9, No. 1 front contacts of re-
lay 92PTR, conductor 1242, and No. 13 contacts
of relay 89SPA to ground, opening the locking
circuit of ang releasing relay 99SPA, which re-
leases the operated punch magnets, also open-
ing the circuit of and releasing relay 92PTR,
which opens the circuit of and releases paper-
agvance magnet 66PAM, which advances the
tape.

Relay 82PTO then reoperates over the circuit
traced abeve, opening the circuit of and releas-
ing relay 92PCO. The cycle of operations de-
scribed above is then repeated indefinitely,
bunching in the tape successive lines of charac-
ters corresponding to the digits “180303.”

However, when relay 8588 operates, as de-
seribed above, ground through its No. 8 back
contacts and resistances 85R2 and 85R3 is re-
moved frem the cathode of gas tube 85SPT and
applied through the No. 8 front contacts of relay
8585, No. 2 contacts of relay 85RCT and 85SP in
parallel, and No. 1 normal contacts of relay
85TSP to the anode of said tube while battery
through lamp 851, No. § contacts of relay 85SS,
resistance 85R, and the right-hand winding of
relay 85TSP is applied to the starting anode of
said tube and through resistances 85R 1 and 85R3
to the cathode. After an interval determined by
the characteristics of said tube and the values
of resistances 85R, 85RI, and 85R3 and con-
denser 85C, tube 85SPT conducts, operating re-
lay 85TSP which locks up through its left-hand
winding and Ne. 1 front contacts, No. 2 contacts
of relays 85RCT and 853P in parallel, and No. 7
contacts of relay 8588 to ground, and completes
an obvicus cirenit through its No. 2 contacts over
which relay 85mSP crerates. The circuit of re-
lay §2PTP is thereby opened preventing further
operations of said relay, thus stopping the
punching ‘of the recorder tape, relay 82PCO re-
maining operated. The values of the constants
in the circui$ of tube 85SPT are so chosen that,
before said tuke conduets and stops the punching
cf the tape, approximately thirty lines of char-
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acters representing the digits “180303” are
punched.

Relay 100PI now operaes over & circuit ex-
tending from battery through the winding of
said relay, No. 2 back contacts of relay 100P2A,
conductor 1278, No. 5 contacts of relay 8SESP,
conductor 1219, No. 2 contacts of relay 92PTR,
No. 1 front contacts of relay 92PCO, conductor
215, and No. 5 front contacts of relay 858S to
the previously traced ground on conduetor 12217
and locks up through its No. 3 contacts to the
previously traced ground on conductor 1232,
completing a circuit from pattery through the
winding of relay 99SKA, conductor 1280, No. 1
contacts of relay 10P1A, No. 1 contacts of relay
100P¢, conductor 1281, and No. 1 back contacts
of relays 181P2, 101P3, (0IP4, 1p1P5, 102P6 and
162P7 to ground over which relay 99SKA oper-
ates, operating paper-advance magnet 66PAM
and punch magnets of the recorder over circuits
similar to those already traced to punch in the
tape characters corresponding to the digits
«386000” as an indication that the preceding
record is a splice pattern which may be ignored
in accounting. :

The operation of the recorder is as previously
described. The operating circuit of the paper-
advance magnet 66PAM and relay 46PA Nnow €X~
tends, however, over the path previously traced
to conductor (242 thence through No. 12 con-
tacts of relay 99SKA to ground and the operat-
ing circuit of relay 46PTR extends over the pre-
viously traced path to conductor {244 and
through No. 13 and No. 12 contacts of relay
99SKA to ground. When relay 46PAR Op-
erates, relay 100P1A operates over a circuit ex-
tending from battery through the winding of
said relay, No. 2 contacts relay 100P, and
No. 2 back contacts of relay 10iP2, {0iP3,
iolp4, 101P5, 102P6 and 102PT in series, to the
previously traced ground on conductor 1245 and
locks up through its No. 3 contacts to the pre-
viously traced ground on conductor 1247,
opening the circuit of and releasing relay 39SKA
which releases the operated punch magnets and
paper-advance magnet 66PAM, which ad-
vances the tape.

Second tape-identification entry

Relay [0i{P2 now operates, over the . circuit
previously traced, commencing a repetition of
the operations described above for the first tape~
identification entry, punching in the tape an
identical second tape-identification entry.

When relay 102PTA again operates and locks
up, as previously described, relay 192PC oper-
ates over a circuit extending from battery
through the winding of said relay, conductor
1233, No. 2 front contacts of relay 92ET, con-
ductor 1234, No. 1 contacts of relays 88RCT and
85SP in parallel, No. 6, front contacts of relay
85ESP, conductor 1225, No. 2 front contacts of
relay 102PTA, and No. 2 front contacts of relay
{02P6A to the previously-traced ground on con-
ductor {214 and locks up through its No. 1 con-
tacts and No. 2 contacts of relay (02RS to
ground, opening the circuit of and releasing relay
26RT which releases, in turn, relays 32MTP,
20TIA and 20TiB, disconnecting the recorder
from the master timing circuit. Relay i02PC
also completes a holding circuit for relay 1043TH
from battery through the lower winding and No.
1 front contacts of said relay, No. 2 back con-
tacts of relay 163GRI, conductor (236 within
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bracket 1062, and No. 4 contacts of relay 102PC
to ground, and a circuit from battery through
the lower winding of relay i04sT2, No. 4 front
contacts of relay 1043TI, conductor (283, No. 1
back contacts of relay {03GR I, conductor 1284
within bracket 1887, No. 3 contacts of relay
182PC, and No. 4 contacts of relay 1020C to
ground, over which relay 104ST2 operates in
preparation for connection of the next recorder
to the master timing circuit.

Relay (02RLS operates over a circuit extending
from battery through the winding of said relay,
and No. 2 front contacts of relay {02PC to ground
and locks up through its No. 4 contacts and No.
4 contacts of relay 162RSC to ground. Operation
of relay (02RLS opens the circuit of and releases
relays (92DR and 102RS, releasing relays 182PC
and T2RCE. Release of the latter relay discon-
neets the master timing circuit from the conduc-
tors to the recorders. Release of relay 102PC
opens the circuit of and reieases relays 1G4STI
and 162RLS. Relay (82RS then reoperates over
the circuit previously traced, and the compleie
cycle of operations described ahove for the end-
of-tape record is repeated with the recorder asso-
ciated with relay 104ST2.

When the record on the last recorder, associ~
ated with relay i04ST38 has been completed, relay
{03ESE operates over a circuit extending from
pattery through the winding of said relay, No. 7
back contacts of relay {03GRE, conductor 1282,
No. 4 front contacts of relay {64573, No. 4 back
contacts of relays 1645T2 and 104STH in series,
conductor 1283, No. 1 back contacts of relay
183GR1, conductor 1284 within bracket 1887, No.
3 contacts of relay 102PC, and No. 4 contacts of
relay 1020C to ground and locks up through its
No. 2 contacts, conductor {13 within bracket
1887, and No. 5 contacts of relay {£20C to ground
and locks up through its No. 3 contacts, conduc-
tor 1173 within bracket 1881, and No. 5 contacts
of relay 1820C to ground. The No. 1 contacts of
relay 103ESE open the locking circuit of and
release relay 120HRT which releases relay 92ET
and, in turn, all other operated relays, restoring
the master timing circuit to normal.

The description has been confined to the oper-
ation of the master timing circuit with even-
numbered recorders. It will be understood, how-
ever, that the odd-numbered recorders are oper-
ated by the master timing circuit in the same
manner and at the same time as the even-num-
pered recorders, relays 986STI, 96ST2, 96ST3,
85SC0, 85TB0, I5ERS, T4RCE, performing func-
tions similar to those of relays (04STI, 104ST2,
{04ST3, 103SCE, 103TBE, {03ERE, 13RCE, re-
spectively.

Recorder made busy

The recorder may be made busy by inserting a
plug in a jack (not shown) at the trouble indica-
for, which ccnnects pattery to conductor 1206
within bracket {285, operating relay 26MBJ.
Ground is thereby connected through No. 3 front
contacts of relay 26MBJ, conductor 1287, No. 18
back contacts of relay 21 TNI, and conductor 1288
within bracket 15T to the transverter as an indi-
cation that the recorder is busy. Relay 26MB
operates over a circuit extending from battery
through the winding of said relay, No. 3 contacts
of relay 26MBR, No. 1 contacts of relay 26'TN,
and No. 1 contacts of relay 26MBJ to ground and
locks up through its No. 1 contacts and No. 1
contacts of relay 26MBJ to ground. The opening
of the No. 6 contacts of relay 26MB prevents dis-
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trict junctors from using the recorder and the
opening of the No. 4 contacts of said relay renders
inoperative the transfer circuits described later.

Relay 194STt operates over a circuit extending
from battery through resistance 26R, No. I con-
tacts of relay 28MTR, No. 5 front contacts of
relay 26MRB, No. 9 hack contacts of relay 26MBR,
conductor {288 within bracket. 1200, upper wind-
ing of relay 184STI, conductor 289, No. 6 back
contacts of relay 103GR, No. 2 contacts of relay
[83PRE, conductor 1290 within bracket {687, and
No. 5 normal contacts of relay 1020C to ground.
Operation of relay (04STI causes the connection
of the master timing circuit to the recorder in
the same manner as previously described for the
end-of-tape entry. The operations of the master
timing cireuit and the recorder then proceed as
previously described, punching in the tape of the
recorder a record similar to the end-of ~-tape entry.

When relay i(6ZRS operates, however, relay
181CC operates over a circuit extending from bat-
tery through the winding of said relay, conductor
1284, I¥o. 1 back contacts of relay 102RSC, Ne. 1
back contacts of relay 1020C, and No. 4 centacts
of relay {02RS to ground and locks up through its
No. 5 eontacts, conductor 1292, No. 1 contacts of
relay i02CK, Nc. 1 back contacts of relay i820C,
and No. 4 contacts of relay {82RS to ground.
Relay t0{DfI operates over a cireuit extending
from battery through the winding of said relay,
No. 1 contacts of relay {81CC, conduetor 1293
within bracket 1987, No. 7 contacts of relay
I83ERE, conductor {294 within bracket 1206, No.
7 contacts of relay 26MBJ, No. 4 normal contacts

of relay Z26TN, and No., 2 contacts of relay 26TNS ¢

to ground and locks up through its No. 3 contacts,
conductor 1293, and No. 1 contacts of relay 102DR
to ground when the latter relay operates.

When recording is completed and relay 182RLS
operates, as previously described, relay 26MBR
operates over a circuit extending from battery
through resistance {00R, No. 6 back contacts of
relay 108A, conductor 1360, No. 2 contacts of relay
104D, conductor (32!, No. 2 contacts of relay
102RLS, No. 6 contacts of relay [92CK, conductor
1302 within bracket 1087, No. 2 contacts of relay
I83ERE, conductor {502 within bracket 120§, No.
11 contacts of relay 26RT, No. 5 normal contacts
of relay 267N, No. 5 contacts of relay 26TNS, and

winding of relay 26MBR to ground, and locks up ¢

through its No. 7 contacts to battery through
resistance 26R 1, completing a circuit from battery
through the winding of relay B3NS, conductor
1384 within bracket 1011, and No. 10 contacts of

relay 28MBR to ground over which relay 53N3 ¢

operates, maintaining the recorder ouf of service,
The No. 9 contacts of relay 26MBR open the cir-
cuit of and release relay 1045, causing the mas-
ter timing cireuit to he disconnected from the
recorder, as previously deseribed,

When the plug is removed from the make-busy
jack at the trouble indicator, relay 28MBJ
rg_l_gases, releasing relay 26MB. Battery through
resistance 26R, o, 1 contacts of relay 26MTR,
No. 5 back contacts of relay 26MBRB, and No. 9
front contacts of relay B6MBR is thereby con-
nected to conduetor 1288, operating relay 19487
and causing the master timing circuit to be con-
nected to the recorder and to control said recorder
to punch a record similar to the end-of-tape
entry, previously described. Af the completion of
the recording, when ground is again connected
to conductor 1303, the winding of relay 26MBR is
thereby shunted and said relay releases, releasing
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relay 26N, thus restoring the recorder tao service.
The No. 9 contacts of relay 26MBR open the cir-
cuit of and release relay t84STI, causing the mas-
ter timing circuit to he disconnected from the
recorder in the manner previously deseribed.

‘Transfer from regular to emergency recorder

Insertion of a plug in a transfer jack (net
shown) at the trouble indicator grounds con-
ductor 1385 within bracket 1285, operating relay
26TNS, which locks up through its No. 1 con-
tacts and No. 6 back contacts of relay 26TN to
ground. Relay 26MB operates over an obvious
circuit through INo. 6 contacts of relay 26TNS to
ground, connecting battery through resistance
26R, Ne. 1 contacts of relay 26MTR, No. 5 front
contacts of relay 26MB, and No. 9 back contaets
of relay 26MBR to conductor 1288 within bracket
t208, operating relay 194ST! as previously de-
scribed and causing the master timing circuit to
be connected to the recorder, as previously de-
seribed.

Relay I80A operates over a circuit extending
from battery through the winding of said relay,
conductor 1306, No. 2 contacts of relay t8tCcC,
conductor 1307, No. 2 contacts of relay 13RCE,
conductor 1388 within bracket 1265, No. 18 con-
tacts of relay 20TB, conductor 1309, No. 1 back
contacts of relay 2(DFN, No. 31 contacts of relay
21TN4, conductor 1310, and No. 2 front contacts
of relay 26TNS, to ground and locks up through
its No. 5 contacts to the above-traced ground on
conductor {3071, operating relay 100Al over an
chvious circuit.

The master timing cireuit then controls the
recorder in the manner previously described to
punch a record similar to the end-of-tape entry,
except that, after the punching of the hour
information controlled by relays (0iP4 and
181P4A, relay 101P5 operates over a circuit ex-
tending from hattery through the winding of said
relay, No. 2 contacts of relay 18{P5A, conductor
1311 and No. 6 front contacts of relay (00A{ to
the previously-traced greund on conductor {253,
and locks up through its No. 3 contacts to the
previously-traced ground on conductor 1232, com-
pleting a circuit from battery through the wind-
ing of relay 99SC, conductor {312, No. 1 contacts
of relay {01{P5A, No. 1 front contacts of relay
10tP5, and No. 1 hack contacts of relays 102P6
and {82P7 in series to ground, over which relay
88SC operates.

If the time selectors of the recorder are in
synchronism with those of the master timing cir-
cuit, when the arms of said selectors rest on ter-
minals used for time indications, relays 60H, 0T,
and 69U are operated, ags previously described.
Relay 92RE then operates over a circuit extend-
ing from battery through the winding of said
relay, conductor {313, No. 11 contacts of relay
13RCE, conductor 1313 within bracket 1265, No. 5
contacts of relay 20TIB, conductor 1315 within
bracket 1260, No. 4 front contacts of relays 600,
60T and 69H in serles, conductor 1316, and No. 1
to ground and locks up
through its MNo. 2 contacts, conductor 221, and
No. 52 contacts of relay T3IRCE to ground. But
if the time selectors of the recorder are not in
synchrenism with those of the master timing elr-
cuit, ail of relays 60H, 60T, and 680U are not
operated. Relay 82RE does not then operate
but relay 92SEN operates over 8 circuit extend-
ing from battery through the winding of said
relay, No. 6 normal contacts of relay 92ET, con-
ductor 1317, No. 10 contacts of relay T3RCE, con-
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within bracket 1260, and No. 4 normal
contacts of one or more of the relays 60H, 60T
and 60U not operated, conductor 13i6, and No. 1
contacts of relay 53C1 to ground and locks up
through its No. 2 contacts, conductor 1221, and
No. 52 contacts of relay 13RCE to ground.

With relay 99SC operated, punch magnets oper-
ate over circuits through contacts of said relay
similar to the circuits already described. If relay
99RE is operated, punch magnef 66MiT (not
shown) operates over a circuit similar to circuits
already traced for other punch magnets to con-
ductor 1320 within brackets {230 and 1235, thence
through No. 2 contacts of relay 13RCE, conductor
{321, No. 3 contacts of relay 92RE, No. 4 back
contacts of relay 92SEN, conductor 1322, No. 7
front contacts of relay {00Al, conductor 1323,
and No. 13 contacts of relay 99SC to ground.
This affects the fourth digit of the line punched
which then consists of the digits “385500.” But
if the time selectors of the recorder are not in
synchronism with those of the master timing cir-
cuit and, in consequence, relay 92SEN is oper-
ated, punch magnet 66M15 (not shown) operates
instead of punch magnet 66M{1, over a circuit
similar to the circuits already traced for other
punch magnets to conductor 1324, thence through
No. 4 contacts of relay 92RE and No. 4 front
contacts of relay 92SEN, to the above traced
ground on conductor 1322. This alters the fourth
digit of the line punched which then reads
“385700.” ‘

The remainder of the operations of the recorder
and the master timing cireuit in recording the
remainder of the first identification entry, the
splice pattern, and the second identification
entry as a duplicate of the first identification
entry are similar to those already described.
However, by the operation of relay 100A1 de-
scribed above, resistance 85R is short-circuited,
one end of said resistance being connected over
conductor (325, No. 5 contacts of relay 100Al,
conductor 1326 and No. 4 contacts of relay 85SP,
to the other end of said resistance. This shortens
the time constant of the network controlling tube
85SPT, by which the number of lines in the splice
pattern is determined, resulting in approximately
ten lines in said pattern.

At the completion of the record, when relay
{02RLS operates, a circuit is completed from
pattery through resistance 190R, No. 6 front con-
tacts of relay 100A, conductor 1321, No. 1 con~
tacts of relay 102RLS, No. 4 back contacts of
{02TLR, conductor 1328 within pracket 1087,
No. 4 contacts of relay 103ERE, conductor 1329
within bracket 1206, No. 4 contacts of relay 26RT,
conductor 1330, and winding of relay 2iDFN to
ground, operating said relay which locks up
through its No. 7 contacts to battery through
resistance 21R. Operation of relay {02RLS also
causes release of relays 102DR, 1004, 102CK,
13RCE, 102RS, 102RSC and relay 102RLS itself
in the order stated. Release of relay 13IRCE
releases relays 8558, 85ESP, 100P1 . . . 102P1,
and (00PiA . . . I02PTA and disconnects the
master timing circuit from the recorder. Relay
104ST{ is, however, not released and relay 100A1
is still held operated over a circuit extending from
pattery through the winding and No. 4 contacts

ductor {318

of said relay, conductor 1182, and No. 2 contacts
of relay 103ERE to ground. Relays {02RS and
{0iCcC reoperate, relay ID2RS over a circuit ex~
tending from battery through the winding of said
relay, No. 6 contacts of relay {02RLS and No. 2
contacts of relay 103ERE to ground and relay
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j0icC over a ecircuit extending from battery
through the winding of said relay, conductor
1291, No. 1 back contacts of relay 102RSC, No. 1
back contacts of relay 1820C, and No. 4 contacts
of relay 162RS to ground. Relay 101Di operates
over the circuit previously traced for the opera-
tion of said relay and locks up through its No. 3
contacts to the previously traced ground on con-
ductor 1283. Relay 95TFT operates over a circuit
extending from battery through the winding of
said relay, No. 1 contacts of relay 95TBO, con-
ductor 123{ within bracket {981, No. 4 contacts
of relay {8iDI, conductor {332, No. 2 front con-
tacts of relay I88At, conductor {214, within
bracket 1887, No. 11 contacts of relay 103ERE,
conductor 1215 within bracket {987, and No. 6
front contacts of relay i181CC to ground. Relay
14RCO then operates over a circuit extending
from battery through the winding of said relay,
conductor 1333 within bracket 1687, and No. 1
contacts of relay 85TFT to ground, operating
relay 162RSC over a circuit extending from bat-
tery through the winding of said relay, conductor
{222, No. 8 contacts of relay i095T2, conductor
{223, and No. 55 contacts of relay 18RCO, to
ground. Relay I02CK operates over a circuit ex-
tending from battery through the winding of said
relay, No. 2 contacts of relay 1§2RSC, conductor
1334, No. 1 front contacts of relay 10IDI, No. 1
back contacts of relay {01, conductor 1335, No. 1
back contacts of relay [60A, conductor 1336 and
No. 1 back contacts of relay i6IB to ground,
locking up relay T4RCO over a circuit extending
from battery through the winding and No. 60
contacts of said relay, conductor 1837, No. 5
contacts of relay §62CK, conductor 1338, and
No. 6 back contacts of relay 161CC to ground.

By the operation of relay 21DFN, the circuit
of relay 32MTP is opened and said relay released,
releasing relays 28TiA and 20718, thus discon-
necting the recorder from the master timing cir-
cuit. Relay 2TMTP operates over a circuit ex-
tending from hattery through resistance IR,
No. 3 contacts of relay |13TMS5, conductor 1204
within bracket 1837, No. 8 contacts of relay
{03TBE, No. 10 contacts of relay {03ERE, con-
ductor 1205 within bracket 1298, No. 2 contacts
of relay 26R'T, conductor {207, No. 8 front con-
tacts of relay 2 I DFN, conductor 1339, winding of
relay 2TMTP and No. 3 normal contacts of relays
27TP0 . . . 2TTP4, 2THP and 27DP in series to
ground and locks up over the above circuit
through its winding and No. 3 front contacts to
ground. .

Operation of relay 2TMTP causes the operation
of relays 25T1A and 25T(B in the manner already
described for relays 20T{A and 20T{B, connect-
ing the emergency recorder to the master timing
cireuit, which then controls the emergency re-
corder to punch an end-of-tape entry similar
to that on the regular recorder and in a similar
manner. ‘

Upon the completion of said entry, when relay
{02RLS operates, relay 26TN operates over a cir-
cuit extending from battery through resistance
{00R, No. 6 back contacts of relay 180A, conductor
1300, No. 2 contacts of relay ieiDI, conductor
1301, No. 2 contacts of relay (82RLS, No. 6 con-
tacts of relay 1062CK, conductor 1302 within
bracket 1687, No. 3 contacts of relay {03ERE,
conductor 1383 within bracket (206, No. 11 con-
tacts of relay 26RT, No. 5 normal contacts of
relay 26TN, No. 4 contacts of relay 26TNS, and
winding of relay 26TN to ground and locks up
over a circuit extending from battery through
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resistance 26R2, and its own No. 5 front and
No. 8 contacts and winding to ground, operating
relays 2ITN| and 21 TN4 over obvious circuits.
The latter relays connect the district identifier
circuits, formerly connected to the regular re-
corder, to the emergency recorder, so that the
emergency recorder may act on call records in
place of the regular recorder. Relay 26MBR also
operates over a circuit extending from battery
through resistance 26R 1, No. 7 contacts of relay
26TN, and winding of relay 26 MBR to ground and
locks up through its No. 7 contacts to battery
through resistance 26RI, making the regular
recorder busy.

Operation of relay 102RLS releases relays
(00A(, 85TFT, 102DR, 10iDI, 102CK, T4RCY,
[04STI, 123SCE, (03ERE, 103TBE, 102RS, |02RSC
and i02RLS in that order. Relay [8CAf is re-
leased early to prevent operation of one of the
relays 104ST1 . . . 104ST3 before the release of
relay {02RLS. Release of relay TARCO releases
relays 8588, 85ESP, 180P( ... {82P7 and {20P(A

. 102P1A restoring the master timing circuit
to normal. Release of relay 104ST{i releases
relays 25T1, 25T 1A, and 25TIB, disconnecting the
emergency recorder from the master timing cir-
cuit.

With relay 21DFN operated, whenever relay
18645T! operates, relay 2TMTP operates instead
of relay 32MTP, causing the connection of the
emergency recorder in place of the regular re-
corder associated with relay {04STH.

Restoration of regular recorder to service

When the plug is removed from the transfer
jack (not shown) at the trouble indicator, the
ground at said transfer jack on conductor i385
is removed, opening the circuit of and releasing
relay 26TNS, and, in turn, relay 26MB. Relay
{04ST! then reoperates over a circuit extending
from battery through resistance 26R, No. 1 con-
tacts of relay 26MTR, No. 5 back contacts of
relay 26MB, No. 9 front contacts of relay 26MBR,
conductor 12868 within bracket 1209, upper wind-
ing of relay I845TI, conductor {289, No. 6 back
contacts of relay {23GR, No. 2 contacts of relay
{03PRE. conductor (290 within bracket 087,
and No. 5 nocrmal contacts of relay {028C to
ground, operating relay 28RT over the cireuit
previously traced.

Relay {0IB operates over a circuit extending
from battery through the winding of said relay,
No. 3 contacts of relay (01GC, conductor 340
within bracket i087, No. 6 contacts of relay
(03ERE, conductor (341 within bracket {266,
No. & contacts of relay 25RT, conductor 1342,
No. 2 front contacts of relay 2IDFN, conductor
(343, No. 4 front contacts of relay 267N, and
No. 2 normal contacts of relay 26TNS to ground
and locks up fo the same ground through its
No. 4 contacts, operating relay (01BI over an
obvious cirenit. The latter relay locks up through
its No. 4 contacts, conductor 1182 within bracket
1087, and No. 2 contacts of relay I83ERE to
ground. Relay [02CK operates over a circuit
extending from battery through the winding
of said relay, No. 2 contacts of relay (82RSC,
conductor {334, No. 1 back contacts of relay
18{D1, No. b contacts of relay {0iX, conductor
1343, No. 2 normal contacts of relay (004, con-
ductor {342, and No. 1 front contacts of relay
{01{P to ground.

Relay 2TMTP operates over a cirauit extending
from battery through resistance 1 {8R, Mo. 3 con-
tacts of relay i10TMS, conductor (284 within
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bracket 1087, No. 8 contacts of relay {93TBE, No.
10 contacts of relay 103ERE, conductor 1205 with-
in bracket 1206, No. 2 contacts of relay 26RT,
conductor 1207, No. 8 front contacts of relay
21DFN, conductor 1339, winding of relay 2TMTP,
and No. 3 normal contacts of relays 27TP0 . . .
21TP4, 2THP and 21DP in series to ground and
locks up over the above circuit through its winding
and No. 3 front contacts to ground.

Operation of relay 2TMTP causes the connec-
tion of the emergency recorder to the master
timing circuit, as previously described, and the
master timing circuit causes the punching of
an end-of-tape entry on the tape of the emer-
gency recorder as already described. Upon the
completion of szid record, when relay {82RLS op-
erates, the winding of relay 2{DFN is short-
circuited by ground through No. 5 front contacts
of relay 1818, conductor 1327, No. 1 contacts of
relay {02RLS, No. 4 back contacts of relay
{02TLR, conductor (328 within bracket 1087, No.
4 contacts of relay 103ERE, conductor {229 within
bracket (208, No. 4 contacts of relay 26RT, con-
ductor (330, and No. 7 contacts of relay 21DFN to
resistance 2IR, and relay 21DFN releases. Relay
18{E then operates over a circuit extending from
battery through the winding of said relays, No. 4
contacts of relay (81CC, conductor 1344 within
bracket 1087, No. 9 contacts of relay 103ERE,
conductor (345 within bracket (206, No. 6 con-
tacts of relay 26RT, conductor 1346, No. 2 hack
contacts of relay 2IDFN, conductor 1343, No. 4
front contacts of relay 26TN, and No. 2 back con-
tacts of relay 26TNS to ground and locks up
through its No. 3 contacts to the above-traced
ground on conductor 1344. By the release of re-
lay 2IDTN, the circuit of relay 181B is opened and
said relay released. Release of relay 2iDFN also
ocrens the circuit of and releases relay 2TMTP
which causes the disconnection of the emergency
recorder from the master timing circuit, as pre-
viously described. Operation of relay (02RLS
also releases the operated relays of the master
timing circuit, including relay (01R, as previously
described, preparing said circuit for controlling
the punching of another entry.

Relay 32MTP now operates over a cireuit ex-
tending from battery through resistance i 10R,
No. 3 contacts of relay #10TMS5, conductor 1204
within bracket 1987, No. 8 contacts of relay
103TBE, No. 10 contacts of relay 103ERE, con-
ductor 1295 within bracket {208, No. 2 contacts of
relay 26RT, conductor 1207, No. 8 back contact of
relay 21DFN, conductor (208, winding of relay
32MTP, and No. 3 normal contacts of relays
32TP0 . . . 32TP4, 32HP and 32MTP in seriss
to greund and locks up over the above circuit
through its winding and No. 3 front contacts to
ground. Operation of relay 22MTP causes the
connection of the regular recorder to the master
timing circuit and the punching of an end-of-tape
entry in the tape of said recorder, as previously
describd.

Upon the completion of said record, when re-

5 lay 102RLS operates, the winding of relay 26TN

is short-circuited by ground through No. 5 back
contacts cof relay (0IRB, No. 2 contacts of relay
101E, conductor 1301, MNo. 2 contacts of relay
{02RLS, No. 6 contacts of relay {02CC, conductor
1302 within hracket 1687, No. 3 contacts of relay
103ERE, conductor (393 within bracket § 206, No.
11 contacts of relay 26RT, and No. § contacts of
relay 26TN to the winding of said relay which
thereupon releases. The winding of relay 26 MBR
is then short-circuited by the above-traced
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ground through No. 5 normal contacts of relay
25TN and No. 5 conbtacts of relay 26TNS to the
inding of relay 26MBR, releasing said relay.

By the release of relay 287N, relays 21T and
2(TNA are released restoring the connections of
the district identifier circuit to the regular re-
corder. By the release of relay 26MBR, relay
104571 is released causing the disconnection of
the regular recorder from the master timing cir-
cuit, which is restored to normal by the opera-
tion of relay {902RLS.

Splice in tape or broken tape

Recorder tapes may be spliced but the spliced
portion of a tape is not suitable for recording call
records. A hole is punched in each splice, there-
fore, which when it is encountered by a finger
in the recorder, causes closure of contacts §65P,
operating relay 38SP over conductor 1359, ‘Said
relay, when operated, locks up through its No. 3
contacts and No. 2 back contacts of relay 38SFPR
to ground. Relay 28MB then operates over &
cireuit extending from battery through the wind-
ing of said relay, No. 3 contacts of relay 25MBR,
No. 1 contacts of relay 28TN, conductor 1351 with-
in bracket i8%1, and I¥o. 2 contacts of relay 383P
to ground and locks up through its No. 3 contacts,
No. 5 contacts of relay 26MBR, conductor 1352
within bracket 1011, and No. 1 contacts of relay
38SPi to ground, making the recorder busy and
operating relay (84ST1 in the manner already
described. Operation of relay 184ST( causes the
connection of the recorder to the master timing
circuit and the punching of an end-of-tape rec-
ord with an indication of synchronism of the time
selectors, as previously described -for transfer
from a regular recorder to the emergency re-
corder. The splice pattern serves, in this case, to
feed the tape through the recorder so that sig-
nificant records are not made on the spliced por-
tion of the-tape.

In connection with this operation, relay 85SP
operates over a circuit extending from battery
through the winding of said relay, No. 7 back
contacts of relay 85ESP, conductor (383, No. 8
contacts of relay 22DAC, conductor 1354, No. 12
contacts of relay 13RCE, conductor 1355 within
bracket 1255, Mo. 4 contacts of relay 20T (B, con-
ductor 1358 within bracket 1268, and No. 1 con-
tacts of relay 38SP to ground and locks up
through its Mo. 6 contacts, conductor {337 and No.
4 contacts of relay {02DR to ground when relay
{42DR operates.

Upon the .operation of relay 88SS, previously
described, relay 38SPR operates over a circuit
extending from battery through the winding of
said relay, conductor 1358 within bracket 1280,
No. 8 contacts of relay 28TIB, conductor 13588
within bracket [285, No. 8 -contacts of relay
13RCE, conductor i368, No. 11 front contacts of
relay 85SP, and No. 7 contacts of relay 38SS to
ground and locks up through No. 4 contacts of
relay 38SP and its own No. 2 front contacts to
ground.

If contacts §8SP were closed by a hole in the
tape and are now again open, relay 38SP is re-
leased by the opening of the No. 2 back contacts
of relay 38SPR. Relay 26MB is thereby released,
its operating circuit being opened by the No. 2
contacts of relay 38SP and its locking circuit
being opened by the No. 2 contacts of relay 38SP
and its locking circuit being opened by the No. 1
contacts of relay 38SPR. Release of relay 26MB
causes the disconnection of the recorder from
the master timing circuit, as previously described.
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If, however, the recorder tape was broken, con-
tacts 66SP remain closed, holding relay 38SP and,
in turn, relay 26MB operated. Relay 38NPA
then operates over:a circuit extending from bat-
tery through the right-hand winding of said re-
lay, conductor 13§l within bracket 1253, No. ki
contacts of relay 20TIB, conductor {852 within
bracket 1285, INo. 2 contacts of relay 13RCE, con-
ductor 1382, No. 3 contacts of relay {82RLS, con-
ductor 1363, Wo. 8 contacts of rélay 88SP, No. 7
front contacts of relay 85ESP, conductor 1353,
No. 8 contacts of relay 82DAC, conductor (354,
No. 12 contacts of relay T8RCE, conductor 1355
within bracket (265, No. 4 contacts of relay
20T4B, conductor 1356 within bracket 12608, and
No. 1 contacts of relay 38SP to ground and locks
up over a circuit extending from battery through
the left-hang winding and No. 1 contacts of said
relay and conductor 1384 to ground through
alerm-release key 53K. Lamp 381 then lights
over an obvious circuit and relay 28MTR op-
erates over a circuit extending from battery
through the left-hand winding of said relay, No.7
contacts of relay 26TNS, conductor 1358 within
bracket §61§ and No..3 contacts of relay 38NPA
to ground, opening the circuit of and releasing
relay 184ST{ which causes the disconnection of
the recorder from the master timing circuit, as
previously described. Relay 26MBR operates
over a circuit extending from pattery through re-
sistance 26R!{, No. 2 contacts of relay 26MTR,
and winding of relay 28MTR to ground and locks
up through its Wo. 7 contacts to battery through
resistance 28R {, maintaining the recorder busy.

-Operation of alarm-release key 53K, releases
reiay 38NPA and, in turn, relay 26MTR. The re-
corder tape may then be spliced but the recorder
should first be made busy by the insertion of a
plug in the make-busy jack, as previously de-
seribed, to prevent connection to the master tim-
ing circuit when relay 33SP is released by the
opening of contacts §6SP. When the recorder is
restored to service by removing the plug from the
make-busy jack, the master timing circuit is
again connected to the recorder and an end-of-
tape entry made, after which the recorder is dis-
connected from the master timing circuit, as pre-
viously described.

If o splice in a ftape is encountered while the
production of the splice patfernn of an end-of-
tape entry is in progress, reiay 38SP operates,
operating relay 85SP, as described above. Op-
eration of relay 83SP apens the circuit of and
releases relay 85RCT which is slow to release.
The No. 3 contacts of relay 85SP disconnect bat-
tery through lamp 85L from tube 85SPT and, be-
fore relay 85RCT releases, condenser 85C is dis-
charged through resistance 85R2, No. 3 contacts
of relay 85RCT, No. 7 contacts of relay 85SP, No. 2
hack contacts of relay 853F, conductor 1221, and
No. 52 contacts of relay T3RCE fto ground. When
relay 85RCT releases, said ground is opened and
battery through lamp 85L, No. 6 contacts of re-
lay 88S8S, No. 4 back contacts of relay 85RCT, is
connected to resistance 85R and the right-hand
winding of relay 85TSP, causing the timing cycle
controlled by tube 85SPT to recommence. The
thirty lines of splice pattern are then impressed
on the tape which insures that the splice is
passed over before the second tape-identification
entry is recorded.

New tape

When anew paper tape is inserted'in a recorder,
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it is necessary to draw said tape into the re-
corder to insure that records are made on un-
damaged portions of said tape. This is accom-
plished by closing switch 53ET which will cause
the recorder to perforate the tape with successive
lines of characters corresponding to the digits
“180303” and to feed the tape through the re-
corder as described below.

The recorder to be supplied with new tape is
made busy as previously described. Relay 53NS
is thereby operated. Switch 53ET is then closed,
operating relay 38ETS over a circuit extending
from battery through the winding of said relay,
conductor (366, contacts of switch 53ET, and
No. 4 front contacts of relay 53NS to ground.
Relay 38ETS locks up through its No. 3 con-
tacts, conductor (357, No. 6 contacts of relay
45TE, conductor 1368, and No. 1 back contacts
of relay 46Al to ground. Relay 32HP then op-
erates over a circuit extending from battery
through resistance 38R4, No. 2 contacts of relay
39ETS, conductor 1057 within bracket 817, wind-
ing of relay 32HP, and No. 3 normal contacts of
relay 32DP to ground. Relay 4SDPA operates
over 2 circuit extending from battery through the
winding of said relay, conductor 1013, No. 1 con-
tacts of relay 39ETC, conductor (063 within
bracket 817, No. 1 front contacts of relay 32HP,
and No. 1 back contacts of relays 32TP4 . . . 32TPO
and 32MTP in series to ground and locks up
through its No. 6 contacts, conductor 1015, and
No. 9 contacts of relay 390N1 to the above-traced
ground on conductor 1043, operating relays 390N

and 330NI as previously described. Relay 52ET .

operates over a circuit extending from battery
through the winding of said relay, conductor 1353,
No. 4 contacts of relay 38ETS, conductor 1059,
No. 8 contacts of relay 46A, conductor 1060 within
bracket 817, No. 2 front contacts of relay 32HP,
and No. 2 back contacts of relay 32TP4 . .. 32TPO
and 32MTP in series to ground.

The recorder then operates to perforate the
tape in the manner previously described, relay
52ET grounding conductors to the punch magnet
windings to punch characters corresponding to
the digits “180303.” Relay 46P'TR operates over a
circuit extending from battery through the upper
winding of said relay, conductor 812, and No. 1
contacts of relay 52ET to ground. The paper-ad-
vance magnet 68PAM and relay 46PA then oper-
ate over a circuit extending from battery through
the winding of said magnet, conductor 821, wind-
ing cf relay 43PA, conductor 822, No. 6 contacts
of relay 380N{, conductor 823, right-hand con-
tacts of relay 46PTR, conductor 8i6 within
bracket 817, and No. 4 contacts of relay 32HP to
ground. Relay 46PA operates relay 46PAR over
an obvious circuit. Relay 46A then operates over
a circuit extending from battery through the
winding of said relay, No. 11 front contacts of
relay 46DPA, conductor 1034, No. 2 contacts of
relay 39TV, conductor 819, contacts of check re-
lays GBAA . . . 66PE, conductor 828, No. 2 con-
tacts of relay 46PAR, and right-hand contacts of
relay 46PT0 fo ground and locks up through No.
11 front contacts of relay 46DPA and its own No.
7 contacts to ground, opening the circuit of and
releasing relay 52ET which releases the punch
magnets and relay 46PTR, which in turn releases
relay 46PTO and relay 46PA, which releases re-
lay 46PAR. Relay 46Ai1 then operates over a cir-
cuit extending from battery through the winding
of said relay, conductor 9571, No. 2 contacts of
relay 45XPI, conductor 958, No. 4 contacts of

relay 464, No. 8 contacts of relay 46DPA, conduc-
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tor 781, No. 1 contacts of relay 46PAR, and left-
hand contacts of relay 46PTO to ground, opening
the locking circuit of and releasing relay 39ETC
which, in turn, opens the circuit of and releases
relay 32HP and relay 46DPA. Release of relay
46DPA releases relays 380N, 390N, 46A and 46A 1|
restoring the recorder to normal.

If switch 53ET is kept closed, relay 39ETS then
reoperates and the operations deseribed above are
repeated, punching successive lines of the digits
“180303” in the tape. When switch 53ET is
opened, the recorder remains in normal condi-
tion after the last release of relay 39ETS.

SERVICE OBSERVING RECORDS
Group service observing

For group service observing, a key (not shown)
is cperated at the line-link frame which, when

. any line on said line-link frame is connected to

a district junctor, grounds conductor 1370 in Fig.
30. When relay 30SC4 operates, as previously de-
scribed, relay 34GO operates over a circuit ex-
tending from battery through the winding of said
relay, conductor 1371 and No. 2 contacts of relay
30SC4 to ground on conductor 1370 and locks up
through its No. 2 contacts, conductor 417, and No.
9 contacts of relay 3TON4 to ground. The locking
circeuit of relay 34TL, previously traced, is there-
by cpened at No. 1 back contacts of relay 34GO
and relay 34TL, if operated by the marker, as
previously described in connection with a two-
line initial entry, is released when said marker is
disconnected from the sender. When the trans-
verter is connected to the sender on a charge call,
with relay 34TL not operated, relay 87TL does
not operate, which, as previously explained, re-
sults in a four-line initial entry for the call. With
the group observing key operated, therefore,
four-line initial entries are made of all charge
calls from lines on the line-link frame with
which said key is associated.

However, relay 87GO operates over a circuit
extending from battery through the winding of
said relay, conductor 1372 within bracket 985, No.
11 contacts of relay 33TA, No. 11 contacts of
relay 338A, conductor 1373, and No. 3 front con-
tacts of relay 34GO to ground, completing a
circuit from battery through the winding of
relay 81GOA, No. 2 contacts of relay 81GO, and
No. 4 back contacts of relay 8TLO to ground
over which relay 81GOA operates. When the -
initial entry record of the call is then made,
as previously described, the digit “5” is recorded
as the second digit of the last line, punch mag-
net 66ME operating over a cireuit similar to those
already traced for other punch magnets to con-
ductor 1373 in Fig. 69, thence through No. 10
contacts of relay 88COD, No. 8 contacts of relay
6ICTA, conductor 1374 within bracket 897, No. 1

) front contacts of relay 8TGOA, conductor 91 0, and

No. 2 back contacts of relay T1SV4 to ground, and
punch magnet §6MT operating over a circuit pre-
viously traced to conductor 909 thence through
No. 2 front contacts of relay 81GOA, conductor
898, and No. 1 back contacts of relay TISV4 to
ground. The remainder of the record is similar
to the record of a normal charge call. The mes-
sage index, however, which is determined by the
marker, in accordance with the type of call, as
previously described, may be any one of the digits
“1” ... “9” while on a normal four-line initial
entry, the index “9” is used.

Line service observing

For observation of calls from a particular line,l
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said line is connected to a service observing cir-
cuit (not shown) of usual form, which when said
line originates a call, grounds conductor 1375 in
Fig. 36. When reiay 388C4 operates, relay 24LO
operates over a circuit extending from battery
through the winding of said relay, conductor {872,
and No. 1 contacts of relay 38SC4 to ground on
conductor 1375 and locks up through its No. 2
contacts, conductor 417, and No. 9 coatacts of re-
lay STONE $o ground. The locking ecircuit, pre-
viously traced, of relay 34TL is thereby opened at
No. 1 hack contacts of relay 2410 and relay 86TL,
if oper 1 by the marker, is released when said
marker is disconnected from the sender. When
the transverter is connected to the sender, with
relay 36TL not operated, relay 87TL does not
operate which, as previously ezplained, resulls in
a four-line initial entry of the call. Thus, four-
line initial entries are made of all charge calls
originated by the particular line under chserva-
tion.

However, relay 87L§ operates over a circuit
extending from battery through the winding of
said relay, conductor {377 within brackst 985,
No. 10 contachs of relay 33TA, Mo. 10 contacts of
relay 33SA, conductor {378, and No. 3 front con~
tacts of relay 34L§ to ground. When the inifial
entry of the call is then made, the digit “4” is
recorded for the second digit of the last line,
punch magnet 6615 operating over the circuit
previously traced for this magnei to conductor
375 in Fig. 69, thence through MNo. 9 contacts of
relay £9COD, Ho. T contacts of relay 88C1A, con-
ductor 158%¢ within bracket 887, No. 1 front con~-
tacts of relay 8710, Wo. 1 back contacts of relay
87G0OA, conductor 8§12, and No. 2 back contacts
of relay T18V4 to ground and punch magnet
66M38 operating over a cireuit previously traced
for this magnet to conductor 886 within brackel
8971 thence through No. 2 front contacts of relay
8719, No. 2 back contacts of relay 8§1GOA, con-
ductor 838, and No. 1 back contacts of relay
1I8V4 to ground. The remainder of the record
is similar to that already described for group
service chserving.

Verification records

&

On a line verification call, register 43C is set
at “0” by the dialing of a special verification
code. When the transverter is connected to the
sender, no cirzuit is then closed for the operation
of any of the relays 82CH E When
relays THCKS, T0CKS, THCKS,

JOIE have
angd T6CE3

ST

operated and relays TRCEI, T6CHK2
have released, as previously deseribed, relay T8CE
operates over a circuit extending from bhattery

through the winding of said relay, conductor
{400, No. 7 contacts of relays 320§, 82C4, and
82C2 in series, No. 6 contacts of relay 81CH, con-
ductor {451, No. 1 coalacts of reley 3

i, Mol
2 contacts of relay T0CK4, and No. 2 contacts of
relay TO0CKS to ground, opening the cireuit of and
preventing the operation of any of the relays
SASTG . . . 248T8.

Register 434 of the sender is sel by the dialing
of the special verification code on ons of six
predetermined digits, for example, digit “3.
Relays ¢1Al and 81A2 are, in consequence, oper-
ated as previcusly described. Relay 83V then
operates over a circuit extending from batiery
through the winding of said relay, conductor
1482, No. 3 contacts of relay &fAl, conductor
1402, No. 2 contacts of relay 76CZ, conductor 743,
No. 2 contacts of relay 18CKI, No. 1 contacts of
relay T8CK2, No. 1 contacts of relay T0CK3, No. 2
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contacts of relay TOCKS, and No. 2 contacts of re-
lay 10CKS6 to ground. Relay 82V2 also operates
over a circuis extending from battery through the
ing of said relsy, conductor {484, and No. 4
contacts of relay 81A2, thence over the circuit
traced above, to ground. Terminal {405 is there-

grounded through No. 1 front contacts of relay
25Vi, No. 2 contacts of relay 82V2, No. 2 confacts
of relay 82VA, back contacts of relay 85VE, con-
ductor 1488, No. 3 contacts of relay T5CZ, con-
ductor 118, No. 2 contacts of relays §3P2A . . .
83PIA, 33TEIA and 63E2A in series, No. § back
contacts of relays 63P% . . . §3P1 in series, No. 6
hack contacts of relays 83TR{ and B3TE? in
series, conductor 118§, and No. 3 contacts of relay
T80KS to ground. If said terminal is cross-con-
nected, for example, to terminal 1437, relay
TIEV3 operates over a circult extending from
hattery through the winding of s2id relay, con-
ductor 1488, No. 10 back contacts of relay §7SVI,
conductor 1488 within bracket 1413, and cross-
connechion between terminals {487 and {885 to
the above-fraced ground on fterminal {485 and
locks up through its No. 3 contacts, conductor
{4t{, and No. 7 contacts of uelay TECEEL to
ground, operating relays 5TSVI and §88V2 over
conductor {412, and relay TI8V4, through No. 3
contacts of relay 11SV3 to the same ground on
conductor i4il.

Relay 948TX operates over a circuil extending
from Dbattery through the winding of relay
2 X¥FR, winding of relay 948TX, conductor {413,
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No. 7 back contacts of relay 177V, No. 5 frond
contacts of reley TISV3E, conductor ¥8%, No. 1

T

hack contacts of relay 7883, conductor 788, No. 1
hack contacts of relay 880D5T, conductor T84, Mo.
5 contacts of relay T0CHK, Mo. 4 contacts of relay
79CK2, No. 4 contacts of relay 18CK4, No. & con-
tacts of relay T8CKS, and No. & contacts of relay
TOCKE to ground. Relay 94ZFR does not oper-
ate unless trouble is encountered, as previously
explained.

Relay T88TM operates over a circuit extend-
ing from battery through resistancs §8R, No. 4
contacts of relay 88RL, conductor 788, 1o. 1 con-
tacts of relay 83TM$, conductor 78{, No. 7 con-
tacts of relay S¥RGL, conductor 782, contacts of
relay 843(FR, conductor 793, IMNo. 1 contacts of
relay 85TMS3, conductor 184, No. 1 contacts of
relay BSEXT, conductor 153, Mo. 2 front contacts
of relay 8487, conductor 1444, and right-hand
winding of relay 758TH to ground. The No. 3
contacts of relay T88TH complete the circuit of
and operate relays S§COD, 28COE, and HBCOF
disconnecting the conductors within bracket 783
from conductors within brackets {388, 1381 and
{392 to the maintenance recorder. A circuit is
also completed from hbattery through resistance
78R, No. 5 coentacts of relay 785TH, and con-
ductor 1415 to a preference relay, similar to
relay 32TP8, associated with the maintenance
recorder, operating said relay and causing the
connection of the maintenance recorder to the
transverter in a manner similar to that already
described for the regular recorder.

By the operation of relay 813V!, the ground,
traced above, on conductor {487 within bracket
{419 ig connected through No. 10 front contacts
of said relay to conductor {8 within bracket
{417 to the maintenance recorder indicating to
said recorder that a verification call is to be
recorded. The maintenance recorder then (n
a manner not shown) grounds conductor {418
within bracket 1421 operating relay TT¥V over
a circuit extending from battery through the
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winding of said relay, conductor 1419, No. 2 con-
tacts of relay T6STM, conductor 1420, and No. 3
contacts of relay 11SV4 to ground on conductor
(418. The No. 7 back contacts of relay TTFV
open the circuit of and release relay 94STX.
Relay 16STM, however, remains locked up over
a circuit extending from. battery through the
left-hand winding and No. 4 contacts of said
relay, No. 2 contacts of relay T6RKM, which is
operated by the maintenance recorder, conductor
1422, and No. 10 contacts of relay 10CK8 to
ground, maintaining the maintenance recorder
connected to the transverter.

One of the relays 94STO0 . . . 94ST9 now oper-
ates, the relay operating being in accordance with
the combination of relays 83FI . .. 83F5 oper-
ated, by which the number of the district frame
is registered, as previously described., For ex-
ample, if the district frame number is “0” regis-
tered by none of relays §3F{ .. . 83F5 remaining
operated, relay 94ST0 operates over a circuit ex-
tending from battery through the winding of re-
lay 94XFR, winding of relay 94ST0, conductor
740, No. 1 contacts of relay 83F{, No. 1 contacts
of relay 832, No. 2 back contacts of relay 83F4,
No. 1 back contacts of relay 83F5, conductor 139,
No. 7 front contacts of relay T1FV, No. 5 front
contacts .of relay 11SV3, conductor 136, No. 5
contacts of relay T0CKI, No. 4 contacts of relays
T0CK2, 18CK3, and T0CK4 in series, No. 5 contacts
of relay T0CKS5, and No. 6 contacts of relay
TOCKS6 to ground. Operation of relay 34STO0 re-
sults in the connection of the transverter to the
recorder associated with said relay, as previous-
ly described.

Relay 63P4 then operates over a circuit ex-
tending from battery through the winding of said
relay, No. 3 back contact of relay 63P4A, con-
ductor 78i, No. 1. contacts:of relay 81TL, con-
ductor 782, No. 2 back contacts of relay T0PS,
conductor 783, No. 2 back contacts of relay 63TE,
conductor 784, No. 8 contacts of -relay 70CKS,
conductor 185 within bracket {421 to the main-
tenance recorder, thence over a circuit in said
maintenance recorder similar to the circuit pre-
viously traced for the operation of relay 63P4
in connection  with a four-line initial entry to
ground. Operation of said relay commences the
series of operations previously described for a
four-line initial entry, said operations being per-
formed with the maintenance recorder in a man-
ner similar to the corresponding operations with
the regular recorder, previously described. The
punch magnets of the regular recorder associated
with relay $4ST0, which is also connected to the
transverter, also operate when the punch mag-
nets of the maintenance recorder operate, so that
the record is made on both recorders.

Also when relay TIDR operates, as previously
described, conductor 1423 within bracket 1421 to
the maintenance recorder is grounded through
No. 6 front contacts of relay 11SV3, No. 3 con-
tacts of relay T1DR, conductor 888, No. 5 back
contacts of relay 10PS, conductor 889, No. 7 con-
tacts of relay 63PIA, No. 4 contacts of relay 63P1,
No. 4 contacts of relay 9TE, conductor 790, No. 6
contacts of relay T10CKS8, conductor 189 within
bracket 789, and No. 3 contacts of relay 3iTCR to
ground, causing said maintenance recorder to
ground conductor 933. Relay 52DN then oper-
ates over a circuit extending from battery
through the winding of said relay, conductor 930,
No. 1 contacts of relay 46DKI, conductor 931,
left-hand contacts of relay 39TK, No. 6 back
contacts of relay 390T0, conductor 932 within
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bracket 159, No. 16 contacts of relay 3{TCR, and
conductor 933 within bracket 780 to ground at the
maintenance recorder. In ccnsequence, the
regular recorder records the the district junctor
number, as previously described.

At the completion of the recording, the discon=
nection of the transverter from the recorder
takes place as previously described.

PERMANENT-SIGNAL RECORDS

The sender contains a timing circuit, compris-
ing relays 41TMI, 41TM2, 4{TM3 and 41TM4
and interrupter 411, which functions after the
sender is connected to a trunk to which a sub-
scriber’s line is connected, to time the dialing by
the calling subscriber and to indicate a perma-
nent signal if said calling subscriber fails to dial
or fails to complete the dialing within time inter-
vals measured by interrupter 441 as described be-
low. When relay 3TOMI operates, as previously
described, the rotor of interrupter 411 is grounded
through No. 4 back contacts of relay 41AL{, nor-
mal contacts of relay 41SS, conductor 4471, and
No. 1 contacts of relay 3TON{ to ground. When
the contacts of interrupter 411 close, relay 41 TM|
operates over a circuit extending from battery
through resistance 4{RI(, winding and No. 3 nor-
mal contacts of said relay, and contacts of in-
terrupter 4{I to the above-traced ground, and
locks up through its No. 3 front contacts to the
same ground. When the contacts of interrupter
41X open, relay 41'TM2 operates over a circuit ex-
tending from bhattery through resistance 4iR2,
winding of said relay, and No. 3 front contacts of
relay 41 TMi{ to the above-traced ground. When
the contacts of interrupter 411 again close, the
winding cf relay 41TMI is short-circuited by the
above-traced ground through the contacts of
interrupter 41I and No. 1 front contacts of relay
41TM2, releasing relay 41 TMI. When the con-
tacts of interrupter 4iI again open, the circuit
of relay 41TM2 is therebhy opened and said relay
released. These operations are repeated as long
as the rotor of interrupter 411 is grounded.

When relay 4{TM2 operates for the first time,
relay 41 TM3 operates over a circuit extending
from battery through resistance 4iR2, winding
and No. 2 normal contacts of said relay, and No.
2 contacts of relay 41TM2 to the above-traced
ground on the rotor of interrupter 4iI and locks
up through its No. 3 front contacts to the same
ground. When relay 41 TM2 is first released, as
described above, relay 41 TM4 operates over a cir-
cuit extending from battery through resistance
41R4, winding of said relay, and No. 3 front con-
tacts of relay 4{TM3 to the same ground and
locks up through its No. 4 contacts to the same
ground. When relay. 4iTM2 next operates, the
winding of relay 4{TM3 is short-circuited by the
same ground through No. 2 contacts of relay
41TM2 and No. 2 front contacts of relay 41 TM4,
releasing relay 41TM3.

If the first digit is dialed by the calling sub-
scriber before relay 41TM4 operates, said digit
being registered in register 43AA, as previously
described, relay 41ALI operates over a circuit
extending from battery through the winding of
said relay, conductor 513, and No. 3 contacts of
magnet 44AA to ground and locks up through its
No. 3 contacts to the above-traced ground on con-
ductor 447. The No. 4 back contacts of said relay
disconnect ground from the rotor of interrupter
411, thereby releasing any of the relays 4{TMlI,
4iTM2, 4iTM3, and 41 TM4 operated and stop-
ping. the timing cycle.. Relay 41AL2 then oper-
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ates over a circuit extending from battery
through the winding of said relay, No. 6 back
contacts of relay 41UL1, No. 2 contacts of relay
4iTMI, No. 1 contacts of relay &£1TM4, No. 4
front contacts of relay 81ALf{, and normal con-
tacts of relay 4188 to the above-traced ground
on conductor 447 and locks up through its No. 2
front contacts to the same ground.

If, however, the calling subscriber fails to dial
before relay 41 TMA operates, relay 45PS operates
over a circuit extending from battery through
the left-hand winding of said relay, conductor
1424, No. 5 back contacts of relay 4{ALd{, No. 1
contacts of relay 4iULf, and No. 3 contacts of
relay 41 TM4 to. ground on the rotor of inter-
rupter 4{I and locks up over a circuit extending
from battery through its right-hand winding
and No. 7 front contacts to the above-traced
ground on conductor 447. Relay 4{SS also oper~
ates over a circuit -extending from batiery
through the right-hand winding of said relay,
and No. 3 contacts of relay 41TM4 to the ground
on the rotor of interrupter 411 and locks up over
a circuit extending from battery through its left-
hand winding and front contacts fo the above-
traced ground on conductor 4471.

If the calling subscriber dials the first digit
before relay 41 TMA4 operates and, in consequence,
relay 4i{AL? operates, as described above, the
ground on conductor 447, traced ahove, is again
connected through normal contacts of relay 4188,
No. 2 front contacts of relay &{AL2, and No. 4
contacts of relay 4(UL! to the rotor of inter-
rupter 41I, restarting the timing cycle, If the
calling subseriber dials the units digit before
relay 41 TM4 operates, said digit being registered
on register 57U, as previously described, relay
41UL! operates over a circuit extending from
hattery through the right-hand winding of said
relay, conductor 638, No. 3 contacis of magnet
517, conductor 639, and No. 4 contacts of relay
$70W! to ground and locks up over 2 circuit
extending from battery through its left-hand
winding and No. 3 contacts, and normal contacis
of relay 4188 to the ground on conductor 4&7,
traced above. Or, on an operator call where no
numerical digits are dialed, relay 4{UL{ oper-
ates upon the. operation of relay 37S8TL, pre-
viously described, over a circuit extending from
battery through the right-hand windings of relay
41UL.1, conductor 8§38, No. 9 front contacts of
relay a‘luTI_, conductor §38 and No. 4 contacts of
relay STON{ to ground and locks up over the
cireuit traced above. The No. 4 contacts of relay
41UL{ disconnect ground from the rotor of inter-
rupter 41I, releasing any of the relays 417TMi,
&1TMZ, 41TMS and 41{THM4 which are operated
and stopping the timing cycle.

If, however, the calling subscriber fails fo com-
plete the dialing before relay 41 TM#4 operabes,
relay A1REG operates over a circuit extending
from hattery through the winding of said relay,
No. 2 contacts of relay 41TN, No. 5 front con-
tacts of relay 41ALi, No. 1 contacts of relay
410UL4, and No. 3 contacts of relay 4i{7TM4 {o
ground on the rotor of interrupter 4T, operating
relay 41TN over an cbvious circuit to the same
ground. Relay 41 TN locks up to the same ground
through its No. 1 contacts and its No. 2 contacts
open the circuit of and release relay #iREC.
When relays 4iTMIi and 4iTM2 again operate
relays 49TR{ and 58DST not being operated and
relay 5112 operated, as previously described,
relay 45PS operates over a circuit extending
from battery through the left-hand winding of
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said relay, conductor 1424, No. 2 contacts of relay
£11.2, conductor {428, No. 3 back contacts of relay
E9TR1, conductor 1426, No. 7 back contacts of
mlay 58087, conductor {427, No. 1 front contacts
of relay TM!, No. 4 contacts of relay 41'TM2 and
Mo. § contacts of relay 4{TN to the ground on
con"ucmr 247, traced above and locks up over
tiie locking circuit previously traced.
With 1mlay 4578 operated and locked up, as
deseribed above, relay 58DST operaites over 2
ciroult e_xtending from battery through the wind-
ing of soid relay, conductor 527, Wo. 4 normal
contacis of relay 49TR3, conductor 528, and o,
7 front contacts of relay £5PS to ground on con~
ductor 24%, traced ahove. Operation cf relay
§8DST results in the ccnnection of a marker to
the sender, as on a normal csll previously de-
geribed. Conductors 581 and 582 within bracket
5 to the marker are grounded, conductor 8ii
through No. 17 centacts of relay 83D , Mo. 17
contacts of relay §5SA, conducior ¥ Eﬁ within
hracked 50 and No. § contacts of relay 45PS
-ound and conductor 562 through No. 18
cts of relay 45828 fo ground and ¢
:muOh No. 18 contacts of relay ¢
acts of relay 85SA, conductor §it
,é}@ and No. § contacts of relay &£5PS fo
indicating to the marker g permanent
Said marker in conjunction with the
, extends the connection to a psrme
2l trunk and operates relays 2474 and 34ZB
in the manner described for a normal call. &
transverter is connected to the sender as on &
normal call previously described.
35 The operation of the transverter is similar o
that already described for a normal call, relays
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giAL and 8144 being operated in accordance with
the first digit indication given hy the sender and

relays 8724

A and 871ZB being operated in conse-
guence of the operation of relays 3EZA and 34ZR
in the sender. WNo indication is given Ly the
sender of the second and third digits, relays
2igi . BIB3 and 22CH . . . B2CE remaining,
in conseguence, unoperated. ‘
; ‘\\7"'ﬁeh relay TOCK! has released and relays
14CKA and T8CKS have operated, 25 previcusly
(}“S(‘V‘luud relay 18CZ operates over & circuit ex-
tending from battery through the wing fi ing of gaid
1'>hy, conductor {468, Wo. 7 contacis of relays
8eC%, 82C4 and 82C% in serles No. § cox ’cactb of

1e ay §2CH, conduster (40 ]
relay T8CKH, No. 2 contams of relay JO“KF and
i : contacts of relay TOCKS {o ground, pre-
the operation of any of  the relays
. 84879 and the connection of & regu-
ceorder thet would result from the cperation
of ene of said relays. Relay T9PS oparates over
a circuit extending from battery through the
wvinding of said relay, conducior 1423, No. & con-
;s of relay §1A%, No. 7 contacis of relay §iAd
and Mo. § contacts of relay 8iA4 and No. 9 con-
tacts of relay BIAZ to ground. Iieiay TECKSE
opnerates over a circuit extending from battery
through the upper winding of said relay, No. 2
con'i:'acts of relay T8CK32, No. 2 contacts of relay
15CKE, conductor 720, No. 7 contacts of relay
168TM, conductor 724, No., 2 contacis of relay
8375, No. 2 contacts of relays 83F4, 3372 and
43F( in series, conductor 122, No. 4 contacts of
relay 70PS, conductor 718, No. 2 coatacts of
relays 83PA . . . 63PIA, 63TEIA and 63THE2A in
series, No. 5 contacts of relays 83P4 . . . 83PI
in series, No. 6 contacts of relays §3TE{ and
63TE?2 in series, conductor 719, and No. 3 con-
tacts of relay T0CKS8 to ground and locks up over
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a circuit extending from battery. through its
lower winding and No. 3 front contacts and No. 3
contacts of relay T8CKS6 to ground, completing
the check of the register circuits.

Relay 88RGL operates over a circuit extending
from battery through the winding of said relay,
conductor 741, No. ¢ back contacts of relay 86EA
and No. 1 front contacts of relay 86LA, or No. 6
front contacts of relay 86EA and No. 1 back con-
tacts of relay 86LA, No. 5 back contacts of relay
86TP and No. 1 front contacts of relay 86RP, or
No. 5 front contacts of relay 86TP and No. 1
back contacts of relay 86RP, conductor 742, No. 2
back centacts of relay 81ZE, No. 3 back contacts
of relay 81ZD, No. 3 contacts of relay 81ZC, No. 2
front contacts of relay 81ZB, No. 1 front con-
tacts of relay 81ZA, conductor 743, No. 2 contacts
of relay TOCRI, No. 1 contacts of relay TOCK2,
No. 1 contacts of relay T0CK3, No. 2 contacts of
relay T16CKS, and No. 2 contacts of relay T0CK6
to ground.

Relay 94STX operates over a circuit extending
from battery through the winding of relay
84XFR, winding of relay 94STX, conductor {413,
No. 1 front contacts of relay T0PS, conductor 135,
No. 1 back contacts of relay 88DST, conductor
134, No. 5 contacts of relay T0CKI, No. 4 contacts
of relays T0CK2, T6CK3, TOCK4 and 70CK5 in
series, and No. 5 contacts of relay T0CK§ to
ground.

Operation of relay 94STX results in the con-
nection of the maintenance recorder to the
transverter as described in connection with veri-
fication records. Ground through No. 3 con-
tacts of relay T0PS over conductor 1428 to the
maintenance recorder indicates to said recorder
that a permanent signal call is being recorded.
The maintenance recorder grounds conductor
185 within bracket 1421 operating relay 63PI
over a circuit extending from battery through
the winding of said relay, No. 3 back contacts
of relay 63PI1A, conductor 1429, No. 2 front con-
tacts of relay 70PS, conductor 7183, No. 2 back
contacts of relay 13TE, conductor 784 and No. 8
contacts of relay T0CKS8 to said ground on con-
ductor 785. Relay 63P1{ locks up through its No.
3 contacts, conductor 188, and No. 9 contacts of
relay TOCKGE to ground. The maintenance re-
corder also grounds conductor (430 within
bracket 1421. With relay T0PS operated, relays
62C2A, 62C2B and 6iIC2C operate over a circuit
extending from battery through the windings
of said relays, conductor 838, No. 5 front contacts
of relay Y8PS, conductor 889, No. 7 contacts of
relay 63PIA, No. 4 contacts of relay 63PI, No. 4
contacts of relay 63TE, conductor 7190, No. 6 con~
tacts of relay 70CKS, and No. 1 contacts of relay
TTFV to the said ground on conductor 1430, in-
stead of relays 69CIA, 69CIB and 68CIC which
are operated on a normal call when relay 63Pi
is operated. The entry on the tape of the main-
tenance recorder, therefore, has the character-
istics of the third line of an initial four-line
entry of a normal call.

When the entry has been recorded in a man-
ner similar to the recording on a normal call
previously described, the maintenance recorder
grounds conductor 1431 within bracket 1421, op-
erating relay 77P% which locks up through its No.
2 contacts, conductor 940, and No. 2 contacts of
relay TOCKS to ground. Relay 88RL then op-
erates over a circuit extending from battery
through the winding of said relay, con-
ductor 964, No. 2 contacts of relay 76XRI, con-
ductor 965, No. 1 contacts of relay T1P5, No. 2
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back contacts of relay TTDR, conductor 966, and
back contacts of relay 63DK to ground, result-
ing in the disconnection of the recorder from
the transverter in the manner already described.

TEST CALL RECORDS

On a call made for the purpose of testing
transverters and senders, transverters may be
successively connected to a sender for testing.
For example, with the sender connected to the
transverter associated with relay 54'TS0, as pre-
viously described, if battery is connected to con-
ductor 1424 and ground to conductor {435 by any
suitable means, relays 83SDT and 54TVT operate
over a circuit extending from battery through
the winding of relay 93SDT, conductor 1432
within bracket 885, No. 1 contacts of relay 33TA,
No. 1 contacts of relay 33SA, conductor 1433, No.
2 front contacts of relay 54SS0, No. 2 back con-
tacts of relays 54SSI . . . 54SSX in series, and
upper winding of relay 54TVT to said ground on
conductor i435. The No. 4 contacts of relay
§4TVT open the circuit, previously traced, of re-
lay 54TS0 and release said relay causing the dis-
connection of the transverter associated with
said relay from the sender. Relay 54TSi op-
erates over a circuit extending from said battery
on conductor 1434, No. 3 contacts of relay 54TVT,
winding and No. 3 normal contacts of relay
54TS1, and No. 3 normal contacts of relay 54TS0
to ground. Relay TSI operates even though the
transverter associated with said relay has been
made busy and, in consequence, relay 54CB{ is
operated. The operation of relay 54TS| causes
the connection to the sender of the transverter
associated with said relay in the manner pre-
viously described for the transverter associated
with relay 54TS0.

Test call without recorder

Relay 93SDT, when operated, operates relay
$3SDTA over an obvious circuit and connects
conductors through its No. 2 . .. No. 12 con-
tacts to the sender test circuit 93ST for testing
purposes. Relay TTRK operates over a circuit
extending from battery through the winding of
said relay, conductor 855, No. 5 contacts of relay
93SDTA, No. 1 contacts of relay 98MR, conductor
1438, Mo. 4 coniacts of relay 88RGL, conductor
1437, and No. 1 back contacts of relay T0RR to
ground. Conductors from the contacts of relays
81GO, ¢7TL, 880T, 86TP and 3410 are connected
through contacts of relay 83SDT to a sender test
circuit (not shown) to check the operation of
said relays. For example, if relay 86TP operates,
ground is connected through No. 1 front con-
tacts of said relay, conductor 1438, No. 6 con-
tacts of relay 83SDT, and conductor (438 to
the sender test circuit to indicate the operation
of relay 93TP.

When the sender test cireuit has completed
145 functions, conductor 1440 is grounded there-
in by any suitable means. Relay 88RL then op-
erates over a circuit extending from battery
through the winding of said relay, conductor 964,
No. 2 contacts of relay T6XNL, conductor 965,
and No. § contacts of relay 93SDT to said ground,
causing the disconnection of the transverter
from the sender in the manner previously de-
scribed, )

Test call wiith maintenance recorder

For a test call with the maintenance recorder,
conductor (441 is grounded in the sender test
circuit, operating relay 93MR over an obvious



2,688,658

111
circuit. When the transverter has been con-
nected to the sender on the test call, relay 94STX
operates over a circuit extending from battery
through the winding of relay 94XFR, winding
of relay 94STX, conductor 1413, No. 2 contacts
of relay %83MR, conductor 137, No. 5 back con-
tacts of relay T1SV3, conductor 736, No. 1 back
contacts of relay 70PS, conductor 135, No. 1 back
contacts of relay 88DST, conductor 134, No. 5
contacts of relay T0CKI, No. 4 contacts of relay
T0CK2, No. 4 contacts of relay TOCK3, No. 4 con-
tacts of relay TOCKA4, No. 5 contacts of relay
T6CKS5, and No. 6 contacts of relay T0CKG6 to
ground, causing the connection of the trans-
verter to the maintenance recorder, as previously
described. The sender test circuit may be ar-
ranged to control the maintenance recorder to
record test information in addition to the in-
formation ordinarily recorded by said recorder.

Test call with regular recorder

For a test call with a regular recorder, conduc-
tor 1442 is grounded in the sender test circuit.
Relay T0RR then operates over a circuit extend-
ing from battery through the winding of said
relay, conductor {443, and No. 3 contacts of relay
93SDT to said ground on conductor 1442, com-
pleting an obvious circuit over which relay T9DSA
operates. When the transverter is connected to
the sender on the test call, one of the relays
84ST0 . . . 94ST8 operates, the relay operating
being in accordance with the district frame
number registered by relays 83Ff . . . 83¥5. For
example, with none of relays 83F{ . . . 33F5 op-
erated, registering district frame number “0,” re-
lay 94S8T0 operates over a circuit extending from
battery through the winding of relay %4XFR,
winding of relay 94STO0, conductor 748, No. 1
back contacts of relays 83Ff . . . 83F5 in series,
conductor 739, No. 4 contacts of relay T0RR, con-
ductor (444 and No. 8 froni contacts of relay
83SDTA to the previously-traced ground on con-
ductor 131. Operation of relay 34STO causes the
connection of the recorder associated with said
relay to the transverter.

Recording proceeds in the normal manner pre-
viously described, but in recording the last line
of the record in addition to relays 52DN, 63CIA,
and 69CIB, relay 68CIC operates over a circuit
extending from battery through the winding of
said relay, conductor 1445, and No. 3 contacts of
relay T0RR to the ground on conductor 881 pre-
viously traced for the operation of relay 52DN.
Relay 68CIC operates, through contacts of relay
§2DN, punch magnets of the recorder to punch
characters corresponding to the digit “00” for the
number of the district junctor, since no district
junctor is used on a test call.

With relay 68CIC operated, the operating cir-
cuit of relay 46PTR extends from battery through
the upper winding of said relay, conductor 812,
No. 1 contacts of relay §2DN, conductor 950 with-
in bracket 159, No. 18 contacts of relay 31TCR,
conductor 953, No. 11 contacts of relay 69CI A, No.
8 contacts of relay 69CIB, conductor 1955, No. 5
contacts of relay 68CIC, conductor 815, and No.
1 contacts of relay 69CIB to ground, checking
that all of the cut-in relays 52DN, 69CIA, 68CIB
and 68CIC are operated.

When the last line has been recorded, relay
63PIA cannot operate as on the subscriber’s call
previously described, its operating circuit being
.opened by No. 1 contacts of relay T0DSA. The
transverter timing circuit then functions causing
the connection of the transverter to the trouble
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indicator which records the punch magnef con-
ductors grounded and causes a trouble-entry
recording, described later.

For checking the line identification, conductor
1446 is grounded at the sender test circuit as well
as conductor 1442. In addition to relay T8RR,
relay T0CLT then also operates over a circuit ex-
tending from battery through the winding of
said relay, conductor 1447, and No. 10 contacts of
relay 93SDT to said ground on conductor 14486.
When the second line of the record has been
recorded, relay 18CHE operates over a circuit ex-
tending from battery through the winding of
said relay, conductor 1449 within bracket {448,
No. 1 contacts of relay 40TB, No. 1 contacts of
relay 40SB, conductor 1450 within bracket 846,
contacts of relay 33CHE, conductor 841, and No.
2 contacts of relay 3TON4 to ground. Relay
16CHC operates over a similar cirecuit through
contacts of relay 36CHC. Relay 88DST then op-
erates over a circuit extending from battery
through the winding of said relay, conductor
1451, No. 2 contacts of relay T6CHE, No. 1 con-
tacts of relay T6CHC, conductor {481, Io. 1 con-
tacts of relay T0CK, No. 2 contacts of relay
18CK4, and No. 2 contacts of relay T8CKS$ to
ground. Relay 88DST opens the circuit of and
releases any of the relays 81ZA . . . 8TZE op-
erated.  Relay 8TNCH then operates over a cir-
cuit extending from battery through the winding
of said relay, No. 1 contacts of relays 81ZE . . .
81ZA in series, conductor 143, No. 2 contacts of
relay T0CKI{, No. 1 contacts of relays 70CK2 and
T0CK3 in series, No. 2 contact of relay TBCKS,
and No. 2 contacts of relays TOCK2 and T0CK3 in
series, No. 2 contacts of relay 18CKS$ to ground.

One of the relays 94370 . . . 94ST9) then op-
erates, the relay operated being in accordance
with the combination of relays 83%{ . . . B4Fd
operated to register the district frame number.
For example, with none of the relays 83Fi . ..
83F5 cperated, relay 94ST0 operates over a cir-
cuit extending from battery through the wind-
ing of relay 94XFR, winding of relay 845718, con-
ductor 740, No. 1 back contacts of relay 83FI,
No. 1 back contacts of relay 83F2, No. 2 back con-
tacts of relay 83F4, No. 1 back contacts of relay
83F5, conductor 139, No. 1 front contacts of relay
88DST, conductor T34, No. 5 contacts of relay
10CKI(, No. 4 contacts of relays 7T0CK2, T9CK3,
and T0CK4 in series, No. 5 contacts of relay
T0CK5, and No. 6 contacts of relay T8CKS$ to
ground. Operation of relay 943ST0 causes the
connection. of the transverter to the recorder
associated with said relay, as previously de-
scribed, and a two-line record is made in the
same manner as for a subscriber’s eall, previously
described. However, message index “0” is.re-
corded, none of the relays 81ZA ... 81ZE re-
maining operated and conductors 291 and 94f
controlling punch magnets 66M9 and 6EMIO0
being grounded through No. 2 and No. 1 contacts,
respectively, of relay 8TNCH.

In order to check the operation of the district
identifier, conductor (438 may be grounded, op-
erating relay TODSA over the circuit previously
traced and resulting in the operation of the
trouble indicator and a record with trouble entry
as described above in connection with tests from
the sender test circuit.

RECORDER TESTING

Testing circuits are provided for automatically
testing recorders. When put into operation,
these circuits perform eighty-two successive tests
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on any selected recorder and cause a line of char-
acters to be punched in the tape of the recorder
for each test successfully completed. A record
of this kind is shown in Figs. 132, 135 and 134.
The tests are made successively with the arms of
selector {14S on each of the forty-one active
terminals of said selector during two revolutions
of said arms, resulting in two similar series of
forty-one tests each. In each series, the tests
at the first to thirty-first terminals of selector
114S test the punch magnets of the recorder and
the associated checking circuits in various com-
binations, the tests at the thirty-second to thirty-
seventh terminals of selector 114S test the re-
corder for operation with a transverter, and the
tests at the thirty~eighth to forty-first terminals
of selector (143 test the recorder for operasion
on an answer or disconnect record.

On the tests of the first series, punch magnets
of the recorder are operated on each test to
record a series of six digits indicating the com-
pletion of the test. Since the proper combina-
tion of eleven punch magnets is operated to
record six digits, the checking circuit of the
punch magnets of the recorder should be closed
through. In each of the first thirty-two tests
of the second series, ten or twelve punch magnets
are operated. In these tests, the checking cir-
cuit of the punch magnets should not be closed
through. Therefore, not only are the various
combinations of punch magnets tested, but the
checking circuit is also tested for operation and
for non-operation. The other tests also test
the operation of the punch magnets as well as

various protective features of the recorder o

circuits.
Connection of recorder to master timing circuit

To put the recorder test equipment into opera-
tion, the recorder to be tested is made busy by
the insertion of a plug in the make-busy jack of
said recorder, as previously described, and bat-
tery is applied at the trouble indicator to con-
ductor 146! within bracket 1460, if the recorder
to be tested is an even numbered recorder, or
to conductor 1482 within bracket (460 if the
recorder to he tested is an odd numbered re-
corder. If hattery is applied to conductor (461,
relay 109STE operates over an obvious circuit,
operating relay (09ER also over an obvious cir-
cuit. When the even master timing circuit is
or hecomes idle, relays [03GEI and {03GRE
operate over a circuit extending from battery
through the windings of said relays in parallel,
No. 1 contacts of relay (03TBE, conductor {036
within bracket (081, No. 7 contacts of relay
1020C, conductor (988 within bracket 1087, and
No. 3 front contacts of relay {09ER to ground.
The No. 5 contacts of relay (03GRE close an
obvious circuit over which relays 183GR{ and
103GR operate. Said relays transfer the normal
functions of the even master timing circuit. to
the odd circuit, as previously described.

Upon the operation of relay 109ER or 109STO,
relay 109STI operates over a circuit extending
from battery through the winding of said relay,
conductor 1483, No. 1 contacts of relay {i6TPC,
conductor 1464, No. 5 contacts of relay i { TTMS2,
No. 5 contacts of relay ({TTMSI, conductor
1465, No. 2 contacts of relay {09ER or contacts
of relay 109STO, conductor 1466, No. 3 contacts
of relay {!{8PH, conductor 1467, No. 1 contacts
of relay I15CA, and conductor {488 to ground.
The No. 3 contacts of relay 109ST{ prevent the
normal operation of the odd master timing
circuit.
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Assuming that relay {09ER operates, the one
of the relays 104STI ... [04STX associated with
the recorder to be tested for example, relay
104ST1, operates over a circuit extending from
battery through resistance 26R, No. 1 contacts of
relay 26MTR, No. 5 contacts of relay 26MB, No,
9 front contacts of relay 26MBR, conductor 1288,
within bracket 1200, winding of relay 104STH,
No. 3 normal contacts of relay 104ST2 . . .,
104STX in series, conductor (289, No. 6 front
contacts of relay 108GR, conductor 1469, No. 3
normal contacts of relays 96EST and 96STX
- .. 958T] in series, conductor 1410, No. 7 back
contacts of relay 95GRO0, conductor 1471, No. 2
contacts of relay {09STI, and winding of relay
{09RW to ground. :

Relay (09RW also operates over the above-
traced circuit, grounding, through its contacts,
conductor 1472 within bracket 1460 to the troubls
indicator, causing said indicator, if a recorder
is waiting for an end~of-tape entry, to cancel the
recorder test by releasing relay 109STH.

Assuming that the recorder test is not can-
celled, relay (03SCE operates over a cireuit ex-
tending from battery through the winding of
said relay, conductor {1713, and No. 6 contacts
of relay 104ST( to ground. Relay 95TB0 oper-
ates over a circuit extending from battery
through the right-hand winding of said relay,
conductor 1473, No. 1 front contacts of relay
103GEI, No. 3 contacts of relay (03SCE, and
conductor (17T to ground in the trouble indi-
cator, completing a circuit from battery through
the winding of relay 95ERO, conductor {474, No.
1 contacts of relay 103GRE, No. 2 contacts of
relay 103SCE, No. 2 front contacts of relay
t03CGEI, conductor 1475, and No. 6 back contacts
of relay 95TB0 to ground over which relay 95ERD
operates.

Relay 26RT in the recorder connector oper-
ates over a circuit extending from battery
through the winding of said relay, conductor
1281 within bracket 1070, No. 5 front contacts
of relay (04STI, conductor 1202, No. 2 front
contacts of relay {03GRE, No. 5 contacts of
relay 95TBO, and conductor {476 of the odd
master-timing circuit corresponding to relay
162GC, to ground.

Relay 20T{ then operates over a circuit ex-
tending from battery through the winding of
said relay, conductor 1480, No. 8 front contacts
of relay 53NS, conductor (481 within bracket
1811, No. 9 contacts of relay 26RT, conductor
1482 within bracket 1206, No. 3 normal contacts
and winding of relay {186KRB, conductor {483,
and No. 7 contacts of relays 1893T{ to ground,
closing an obvious circuit over which relay
20T{A operates, in turn operating relay 20TiB
over an obvious circuit. Relays 20T, 20TiA
and 20T{B connect the recorder to the master
timing circuit.

Relay |16KRB also operates over the circuit
traced above, and locks up over a circuit extend-
ing from bLattery through resistance (I16R, its
own No. 3 front contacts and winding, conductor
1483, and No. 7 contacts of relay 1998TI to
ground, closing a circuit extending from bat-
tery through the winding of relay 109ST2, con-
ductor 1484, and No. 2 contacts of relay |i6KRB
to ground over which relay 109ST2 operates.
Relay (090N also operates over a circuit ex-
tending from battery through resistance 109R,
winding of said relay, and No. 8 contacts of
relay 1@8STi to ground and locks up through
its No. 5 front contacts to ground. Relay {{6RTS
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operates over a circuit extending from battery
through the winding of said relay, No. 2 contacts
of relay 1i6TPC, conductor 1485, and No. 1
contacts of relay (890N to ground.
Relays 38C8 and 33TV operate over & circuit

[N

extending from battery through the windings of |

said relays, conductor 152 within bracket 158,
No. 16 contacts of relay 26T1A, conductor {438
within bracket 1230, No. 48 contacts of relay
13RCE, conductor 1481, and No. 4 normal con-
tacts of relay 115AD to ground. Relay 38C0 com-
pletes a circuit from battery through the winding

. of relay 28RD, No. 3 normal contacts of relay
38C04, and No. 12 contacts of relay 38CO6 to
ground over which relay 38RD operates,

Relay 32MTP in the recorder connector oper-
ates over g circuit extending from battery through
3 path in the odd master timing circuit corre-
sponding to resistance [10R, No. 3 contacts of
relay {10TMS5 and conductor (204, thence over
conductor {488, No. 2 back contacts of relay
16ADI, conductor 488, No. 2 contacts of relay
85TRS, conductor 1499, No. 1 contacts of relay
109ST2, conductor {491, No. 3 back contacts of
relay 116ADI, Mo, 1 contacts of relay ({6LSK,
conductor 1492, No. 8 contacts of relay $SERS,
conductor 1493, within bracket 1206, No. 3 con-~
tacts of relay 28RT, conductor 1288, winding of
relay 32MTP, and No, 3 normal contacts of relays
320MTP, 32TPO . . . 32TP4, 32HP and 32DP in
series to ground and locks up through its No. 3
front contscts to ground also locking up relay
20T1A through No. 1 contacts of said relay, con-
ductor 1211, and No. 1 front contacts of relay
32MTP to ground.

Tests of punch magnets and checking circuit

Relay 109TV operates over a circuit extending
from battery through the winding of said relay,
conductor 1580, No. 5 normal contacts of relay
fI8AD, conductor 158, No. 6 back contacts of
relay {§ECA, No. 2 back contacts of relay 115R2,
conductor 1502, MNo. 1 terminal and arm of arc
No 3 of selector 453, conductor 1803, No. 2 front
contacts of relay i093T2, conductor 1594, and
No. 11 contacts of relay 88ERO, to ground, and
locks up over a circuit extending from battery
through its winding, conductor 1508, No. 5 nor-~
mal contacts of relay {18AD, conductor 1501, its
own No. 6 contacts, conductor {505, No. 1 back
contacts of relay |{8ALK, conductor 1806, No. 7
contacts of relay (15CA, conductor (507, and
No. 6 contacts of relay 109572 to ground. Relay

169P then operates over a circuit extending from

battery through the right-hand winding of said
relay, conductor (508, No. 10 contacts of relay
115P1, conductor 1509, MNo. 4 contacts of relay
[{BL.OK, conductor {818, No. 3 contacts of relay
{09TV, conductor 1228, No. 43 contacts of relay
T3RCE, conductor {23f within bracket 1239, No.
292 contacts of relay 20T 14, conductor 781 within
bracket 758, No. 1 contacts of relay 46PAR, and
left-hand contacts of relay 46PT0 to ground, and
locks up over a circuit extending from battery
through its right-hand winding, conductor 1508,
No. 10 contacts of relay {i5PI, conductor 1509,
its own No. 6 contacts, and No. 8 contacts of relay
109V to ground.

Relay 1{4PN, which is one of a series of similar 7

relays, relays (PN and (14PNi2 only being
shown, then operates over a circuit extending from
battery through the winding of said relay, cross-
connection f14C, No. 1 terminal and arm of arc
No. 1 of selector {{4S, conductor {520, No. 5 back
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contacts of relay 145822, conductor 1521, No. 2
contacts of relay 1099, Wo. 10 back contacts of
relay (09TLK, conductor 182Z, and No. 9 con- -
tacts of relay {15CA to ground. TheNo.2... No.
12 contacts of relay (14PN ground eleven con-
ductors to punch magnets of the recorder, oper-
ating said magnets, the particular eleven magnets
thus operated being determined by cross-con-
nections between the contacts of said relay and
said conductors. For example, if the No. 2 con~
tacts of relay |18PN are cross-connected to con-
ductor 1238, as shown in Fig. 114, punch magnet
£56DM3 operates over a circuif extending from pat-
tery through the winding of said magnet, wind-
ing of relay 66AC, conductor 888 within bracket
759, No. 23 contacts of relay 20T{A, ccnductor
1234 within bracket 1238, No. 42 contacts of relay
13RCE, conductor 1236, and No. 2 contacts of
relay (18PN fo ground. 'The cross-connections
hetween contacts of relay 114PN and conductors
to the punch magnets of the recorder are so
made that, upon the operation of relay (4PN,
one of the first three magnets and two of each
succeeding group of five magnets are operated,
to record the digits “180303.”

Relay AGPTR operates over a circuit extending
from battery through the upper winding of said
relay, conductor 812 within bracket 758, No. 20
contacts of relay 20TIA, conductor {243 within
bracket 1230, No. 45 contacts of relay T3RCE,
conductor 1244, No. 4 contacts of relay {63TV,
conductor 1524, and No. 1 contacts of relay { {§PN
to ground, coperating relay 48PT8. The paper-
advance magnet §6PAM and relay 4§PA operate
over a circuit exbtending from battery through
the winding of papsr-advance magnet 65PAM,
conductor 821, winding of relay 48FA, cenductor
822, MNo. 6 contacts of relay 3SON{, conductor
823 within bracket 7538, No. 18 contacts of relay
20TIA, conductor 1241 within bracket 1230, No.
47 contacts of relay T3RCE, conductor 1242, No.
1 contacts of retay 1997V, No. 3 contacts of relay
109P, conductor 1522, No. 8 contacts of relay
[15Pt, conductor 1549, and No. 1 contacts of relay
(14PN to ground, operating relay 48PAR over
an obvious circuit.

Relay [15P1 then operates over g circuit ex-
tending from battery through the right-hand
winding of said relay, conductor 1523, No. 4 con-
tacts of relay {68BLX, No. 1 contacts of relay
1087239, No. 2 contacts of relay (087238, No. 1
back contacts of relay $087235, Mo. 1 back con-
tacts of relay (987234, conductor 1324, No. 1
back contacts of relay {18R21, conductor {525,
No. 5 contacts of relay 189TV, conductor 1245,
No. 44 contacts of relay T3RCE, conducter 1246
within bracket 1230, No. 21 contacts of relay
20T1A, conductor 819 within hracket 759, con-
tacts of check relays 66AA . .. 66FE, conductor
£20, No. 2 contacts of relay 46PAR, and right-
hand contacts of relay 46PT6 to ground, opening
the locking circuit of and releasing relay (08P
which, in turn, cpens the circuit of .and releases
relay 114PN which releases relay 46PTR, and in
turn, relays 46PT8, 46PA and 45PAR.

When relay {65P operates, as described above,
the stepping magnet [14TS of selector 114S
operates over a circuit extending from bhattery
through the winding of said magnet, conductor
i526, No. 5 contacts of relay 109P, conductor {527,
and Wo. 9 contacts of relay [15CA to ground.
When relay [09P releases, said circuit is opened
and stepping magnet 114TS released, moving the
arms of selector [14S to the second terminals.
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Relay I09F now reoperates over the circuit
traced above and the operations described above
are repeated with the arms of selector 1148 on
each of the No. 2 to the No. 5 terminals, said ter-
minals of arc No. 1 of said selector being strapped
together, punching in the tape of the recorder
five lines of the same characters representing
digits “1 8 0 3 9 3.” With the arms of selector
1145 on the No. 6 terminals, said operations are
again repeated as described, but another relay,
similar to relay 114PN, connected to the No. 6
terminal of arc No. 1 of said selector, operates in
place of relay [{4PN. The contacts of said relay
are cross-connected to operate a different com-
bination of punch magnets. With the arms of
selector 1{4S on each of the No. 7 to the No. 12
terminals, the recording operations are again
repeated in the manner described above, differ-
ent relays, similar to relay {14PN, operating in
a similar manner through said terminals of arc
No. 1 of selector 114S. The contacts of said relays
are cross-connected to operate combinations of
punch magnets such that the record produced
forms a characteristic pattern. Suitable char-
acters are shown in Fig, 132. Failure of any
punch magnet to operate or false operation of
2 punch magnet is plainly indicated by the con-
sequent distortion of the patiern. Said pat-
tern is repeated in the same manner with the
arms of selector !{4S on the No. 13 to No. 18, No.
19 to No. 24, and No. 25 to No. 30 terminals and
therefors anpears on the tape four times. With
the arms of selector 114S on the No. 31 termi-
nals, the recording operations described above
are repeated, another relay similar to relay (14PN
operating, the contacts of which are cross-con-
nected to operate punch magnets to record an-
other arbitrary series of digits.

When the arms of selector [14S reach the No.
32 terminals and relay 109P operates, as pre-
vicusly described, relay 109T32 operates over a
cireuit extending from battery through the wind-
ing of sa2id relay, conductor 1528, and No. 32 ter-
minals and arm of arc No. 4 of selector [{4S
to the ground on conductor 1530, previously
traced, completing an obvious circuit over which
relay {09TLEK operates and locks up through its
No. 5 contacts, conductor 1529, No. 1 back con-
tacts of relay [15R2, No. 1 contacts of relay

tIECAY, conductor 1662, and No. 8 contacts of ‘

relay 1090ON to ground. A relay (not shown),
similar to relay I[{4PN, operates over a circuit
through conduector 1531, No. 5 back contacts of
relay {15R2, conductor 1532, No. 6 contacts of
relay 1€9T32, No. 8 front contacts of relay
{08TLK, and No. 7 contacts of relay [690N to
ground, operating punch magnets to record an
arbitrary series of digits, determined by cross-
connections of the contacts of said relay to con-
ductors controlling punch magnets. When relay
{09P releases ab the end of said recording, the
circuit of relay 169732 is thereby opened and said
relay released. Operation and release of relay
1097 operates and releases the stepping mag-
net HATS, as described above, moving the arms
of selector [!4S to the No. 33 terminals. When
relay [18P1 releases, relay I0TRCE[ operates
over a circuit extending from battery through
the winding of said relay, conductor 1533, No. 2
contacts of relay [158P1, conductor (534, No. 5
back contacts of relay (16ADI, conductor (535,
No. &9 contacts of relay 13RCE, conductor 1538,
No. 2 centacts of relay (09TLK, and No. 9 back
contacts of relay (09T32 to ground and locks
up through its No. 6 contacts to the above-traced
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ground on conductor 1534, connecting to the test-
ing circuit conductors normally used for record-
ing with a transverter.

Relays 38CO and 39TV operate over a circuit
extending from battery through the winding of
relay 38CO, and from battery through the wind-
ing of relay 39TV, conductor 762 within bracket
159, No. 16 contacts of relay 20TIA, conductor
1486 within bracket 1230, No. 48 contacts of relay
T3IRCE, conductor 1487, and No. 4 normal con-
tacts of relay 116AD to ground. Relay 38CO com-
pletes a circuit from battery through the winding
of relay 38RD, No. 3 normal contacts of relay
38C01, and No. 12 contacts of relay 38C0 to ground
over which relay 38RD operates and locks up
over a circuit extending from battery through
its winding and No. 1 contacts, conductor 854
within bracket 850, No. 12 contacts of relay
20T14A, conductor {537 within bracket 1220, No.
56 contacts of relay 13RCE, conductor 1538, No.
7 confacts of relay 109TV, No. 4 contacts of relay
109TLEK, No. 3 contacts of relay 109732, conductor
1539, and No. 1 back contacts of relay 116DN to
ground. Relay 38C0I1 operates over a cirenit ex-
tending from battery through the winding of
said relay, No. 11 contacts of relay 38C0, No. 2
contacts of relay 38RD, conductor 851 within

racket 880, No. 10 contacts of relay 20TIB, con-
ductor 1541 within brackets 1265 and 1540, No.
10 contacts of relay 16TRCEI, conductor 1542,
No. 1 contacts of relay t ISBT, conductor | 543, and
No. 4 contacts of relay 109P to ground and locks
up over a circuit extending from battery through
its winding, No. 11 contacts of relay 38C0, its
own No. 3 front contacts, and No. 12 contacts
of relay 38C0 to ground.

A circuit is also completed from battery through
the winding and No. 4 normal contacts of relay
1097TC, No. 1 contacts of relay 109T32, No. 6 con-
tacts of relay {08TLK, No. 2 contacts of relay
f08TV, conductor 1544, No. 3 contacts of relay
13RCE, conductor 1545 within bracket 1265, No.
17 contacts of relay 20TIB, conductor 922, within
bracket 765, No. 8 front contacts of relay 39TV,
conductor 923, winding of relay 46DK, conductor
924, resistance 39R, resistance 39RI(, No. 6 con-
tacts of relay 380N, conductor 825 within bracket
729, MNo. 10 contacts of relay 28TIA, conductor
1546 within brackets 1228 and 1580, No. 1 contacts
of relay {8TRCEI, conductor {547 within brack-
ets 1522 and No. 9 contacts of relay 20T1A, con-
ductor 884 within bracket 159, No. 6 front con-
tacts of relay 38C0!{, conductor 883 within brack~
et 850, No. 15 contacts of relay 20TiB, conductor
1548 within bracket {255, No. 5 contacts of relay
T3RCE, conductor 1549, No. 1 back contacts of re-
lay {1GAD, conductor §558, No. 4 contacts of re-
lay 109T32, and No. 1 front contacts of relay
10STLK to ground over which relay 46DXK oper-
ates, checking the continuity of the conductors
included in the above circuit. The current in the
abeve-traced circuit is insufficient to operate
relay 109TC. Relay 46DK! operates over g cir-
cuit extending from battery through the winding
of said relay, conductor 827, No. 1 contacts of
relay 390N, conductor 928, right-hand contacts
of relay 46DK, conductor 929, and back contacts
of relay 46XTC to ground.

Cperation and subsequent release of relay 109P
operates and releases stepping magnet 114TS
of selector {148 in the manner already described,
moving the arms of said selector to the No. 33
terminals.

When relay 109P reoperates, relay | i6DCK op-
erates over a circuit extending from battery
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through the winding of said relay, conductor 1561,
No. 2 contacts of relay I!5BT, conductor 1552,
IMo. 11 contacts of relay 167RCEL, conductor {553
within brackets (540 and 1228, No. 6 contacts of
relay 20T LA, conductor 885 within bracket 159, No.
4 and No. 5 front contacts of relay 38C0{, con-
ductor 1886 within bracket 858, No. 11 contacts
of relay 20TIB, conductor {554 within bracket
{265, No. 7 contacts of relay T3RCE, conductor
{585, No. 3 contacts of relay [08TLXK, conductor
1556, and winding of relay {15BT in parallel
with resistance {{BR to ground. The current
through the winding of relay {15BT is insuffi-
cient to operate said relay. Relay {{6DCK com-
pletes a circuit from hattery through the wind-
ing of relay §2DN, conductor 930, No. 1 contacts
of relay 48DKI, conductor 93{, left-hand con-
tacts of relay 390TK, No. 6 back contacts of
relay %30T, conductor 832 within bracket 753,
No. 17 contacts of relay 20THA, conductor 1887,
within brackets 1238 and {548, Mo. 8 contacts of
relay 13TRCE!, conductor {558, No. 3 confacts
of relay {18DCK, and winding of relay {{6DN
te ground, over which relay 1{6DN operates and
locks up threugh its Ne. 3 contacis to the above-
traced battery on conductor 1588. The current
in the above circuit is insufficient to operate relay
52DN. The No. 1 back contacts of relay {{6DN
open the locking circuit of and release relay
38RD. Relay 115BT then operates over a eircuit
extending from battery through resistance 38R,
7o, 4 normal contacts of relay 38RD, conductor
1eng within bracket 25%, Mo. 11 contacts of relay
29T1B, conductor {554 within bracket 1238, No.
7 econtacts of relay T3RCE, conductor {885, No.
3 contacts of relay §89TLK, conductor 1858, and
winding of relay {18BT in parallel with resist-
ance |15R to ground. The No. 2 confacts of
relay {$5BT open the cireuit of and release relay
{16DCK. A relay, similar to relay ! I4PN, then
operates over a circuit through the No. 33 ter~
minal of selector {148 and arm of arc No. 4 of said
selector, conduector 1828, No. 5 back contacts of
relay 115R22, conductor 182{, No. 2 contacts of
relay 189P, No. 9 front contaets of relay {09TLK,
conductor 1560, No. 5 contacts of relay 10TRCEL,
conductor 1861 within brackets t540 and {288, No.
14 contacts of relay 20TIB, conductor 869 within
bracket 850, contacts of relay 38TL, No. 7 con-
tacts of relay 38RD, conductor 878 within bracket
786, No. 11 contacts of relay 28TiA, conductor
1562 within brackets (228 and $540, No. 4 con-
tacts of relay HOTRCE(, conductor 1563, No. 3
contacts of relay {43BT, conductor 15684, No. 2
contacts of relay ({6DCK, and No. 1 front con-
tacts of relay (18DN to ground, relay 38T be-
ing held operated over a circuit extending from
hattery through the winding of said relay, con-
ductor 288 within bracket 858, No. 9 contacts of
relay 20TiB, conductor 1868, within brackets
{285 and (548, and No. 3 contacts of relay
IBTRCE! to ground. The contacts of said relay,
similar to relay 14PN, are connected to operate
punch magnets to record another arbitrary series
of digits dstermined by cross-connections to the
contacts of said relay, in the manner previously
described.

The next operation of relay | 15P{ releases re-
lay 189P in turn releasing the relay similar to re-
lay 14PN and the stepping magnets HATS of
selector 1148, moving the arms of said selector to
the Mo. 34 terminals. Relay 46A1{ in the recorder
then operates over a circuit extending from bat-
tery through the winding of said relay, conduc-
tor 957, No. 3 contacts of relay 46XPi, conductor
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958, No. 2 contacts of relay 46RCK, conductor
953 within bracket 759, No. 15 contacts of relay
20714, conductor 1588 within brackets 1238 and
{E48, No. 8 contacts of relay {8TRCEI, conduc-

“ior {587, No. 3 contacts of relay 1{5P{, conductor

{568, No. 1 contacts of relay 118DCEK, conduc-
tor 1569, and No. 5 contacts of relay IISBT to
ground. 'The No. 4 contacts of relay 46Al con-
nect pround over conductor 862 and NMo. 3 back
contacts of relay 38HL to resistance 39R, in-
creasing the current through relay {98TC in the
circuit previously traced so that said relay oper-
ates and locks up through its No. 4 front con-
tacts, conductor {518, No. 7 contacts of relay
118AD4, and No. 2 contacts of relay {18DN to
cround. The No. 4 normal contacts of relay 189TC
open the circuit of and release relay 26DK. Re-
lay 3%RD then reoperates over a circuif extend-
ing from battery through the winding of said
relay, conductor 853, No. 1 contacts of relay
ABRCIZ, No. 2 contacts of relay 46Al, No. 2 con-
tacts of relay £8DKI, left-hand contacts of relay
15D%, conductor 929, angd back contacts of relay
53XTC to ground, opening the circuit of and

releasing relay (i5BT. Relay 1{SLOK oper-

ates “over o circuit extending from hattery
through the winding of said relay, No. 1 con-
tacts of relay §15ADI, conductor 87§, No. 1
back contacts of relay (88T233, conductor 1572,
No. 5 contacts of relay (15P{, No. 6 contacts of
relay 115BT, conductor {573, and No. 3 front
contacts of relay {99TC to ground and locks up
over 2 circuit extending from battery through its
winding, No. 1 contacts of relay {1§ADI, its own

‘No. 4 contacts, conductor 1573, and No. 3 front

contacts of relay {89TC to ground, opening the
circuit of and releasing relay [{5Pf. Operation
of reloy ! {BLOK also obens the eircuit of and re-
leases relay 32MTP which opens the locking cir-
cuit of and releases relay 28THA, and, in turn,
relays 2671 and 20T{B, releasing the operated
relays of the recorder and disconnecting the
master timing circuit from the recorder, which
releases relays [ #6DN, {{ELOX and {08TC. Re-
lease of relay {09P releases the stepping mag-
net {{4TS of selector §$48, moving the arms of
said selector to the No. 35 terminals.

Relay 26RT of the recorder connector then re-
operates, as described previously, commencing a
repetition of the cyele of operations deseribed
above for the NMo. 34 terminal of selector (14S
which are repeated with the arms of said selector
on the No, 35, No. 35 and No. 37 ferminals of
said selector, a different relay, similar to relay
{16PN, operating at each of said ierminals to
cause recording, in the manner described, of ar-
bitrary series of digits.

By suitable arrangement of the cross-connec-
tions of the contacts of relay 14PN and similar
relays, all of the punch magnets of the recorder
may be operated in the course of the above tests,
g suitable series of characters being shown in
Fig. 132.

With the arms of selector {#4S on the No. 37
terminals, when vrelay (03P operates, relay
118737 operates over a circuit extending from
pattery through the winding of said relay, con-
ductor {574, the No. 37 terminal of selector 1148
on arc No. 4 of said selector, arm of said are,
and conductor 1528, thence, over the circuit pre-
viously traced to ground. Relay [#8ALK oper-
ates over a circuit extending from batlery through
ihe winding of said relay, No. 2 contacts of relay
116737, conductor 508, Mo. 8 contacts of relay
115CA, conductor 1587, and No. 6 contacts of
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relay 109872 to ground and locks up through its
No. 2 contacts, conductor 1529, No. 1 back con-
tacts of relay 1i15R2, No. 1 contacts of relay
118CAI, conductor 1530, and No. 7 contacts of re-
lay 1090ON to ground, opening the locking circuit
of and releasing relay 109TV. When relay (09P
releases, the circuit of relay {16T37 is thereby
opened and said relay released. When relay
{16LOK operates, relay {{6AD operates over &
circuit extending from battery through the wind-
ing of said relay, conductor 1575, No. 9 contacts
of relay 109TV, conductor 1576, No. 5 contacts of
relay | 18LOK, and No. 3 contacts of relay 1 (6ALK
to ground, and locks up through its No. § con-
tacts and No. 3 contacts of relay |I6ALK to
ground, comrpleting a circuit from battery
through the winding of relay {16ADI, No. 2 and
No. 6 contacts of relay { 16AD, and No. 3 contacts
of relay II6ALK to ground over which relay
I16AD| operates. The No. 1 contacts of reiay
1ISAD1 opens the circuit of and release relay
IHELOK, and the No. 5 back contacts of relay
LI6AD! open the circuit of and release relay
I0TRCEI. Relay IRTRCE2 then operates over a
circui* extending from battery through the wind-
ing of said relay, conductor 1571, No. 5 front con-
tacts of relay | {6ADI, conductor 1535, No. 59 con-
tacts of relay T3RCE, conductor 1536, No. 2 con-
tacts of relay 109TLK, and No. 9 back contacts
of relay 109T32 to ground, connecting to the
magster timing circuit conductors normally used
for recording district junctor numbers. Release
of relay i09P releases the stepping magnet [14TS
moving the arms of selector 114S to the No. 38 ter-
minals,

Tests of answer or disconnect entry recording

Relay 26RT of the recorder then reoperates re-
sulting in the reconnection of the recorder to the
master timing circuit, as previously described.
Relay 1i5BT reoperates over the circuit pre-
viously traced causing the operation of relay
18P, as previously described. Relay 32DP oper-
ates over a circuit extending from battery through
resistance {09RI, No. 7 contacts of relay 109P,
conductor (578, No. 1 front contacts of relay
116AD, conductor 1549, No. 5 contacts of relay
13RCE, conductor 1548 within bracket 1265, con-
ductor 883 within bracket 850, No. 6 back contacts
of relay 88C0I, conductor 1012 within bracket
811, and winding of relay 32HP to ground. Relay
46DPA operales over a circuit extending from
battery through the winding of said relay, con-
ductor (813, No. 9 contacts of relay 390NI, con-
ductor 1015, No. 7 contacts of relay 39HL, con-
ductor 1014, No. 1 front contacts of relay 32DP,
and No. 1 back contacts of relays 32HP,
32TPL . . . 32TPY, and 32MTP to ground and
locks up through its No. 6 contacts to the above-
traced ground on conductor (0i{5. Relay 380N
operates over a circuit extending from battery
through the winding of said relay, conductor
1016, and No. 9 contacts of relay 46DPA to
ground, operating relay 39ON{ over an obvious
circuit.

When relay 109P operates, relay { |l4DNP, which
is one of a series of similar relays, only said relay
being shown, operates over a circuit extending
from battery through the winding of said relay,
cross-connection |I14Cl, the No. 38 terminal of
selector 1148 on arc No. 4 of said selector and
arm of said arc, to the ground, previously traced,

on conductor 1520. Battery is thereby connected.

through resistance 1(4R, No. 6 contacts of relay
{ 1ADNP, conductor {580, No. 6 contacts of relay
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13RCE, conductor 1581 within bracket 1265, No.
12 contacts of relay 20TI{A, conductor 1626 with-
in bracket 765, No. 5 contacts of relay 46Al, con-
ductor 1927, winding of relay 390TK, No. 8 con~
tacts of relay 39HL, resistance 39R3, and No. 9
contacts of relay 390N to ground and alsa
through the winding of relay 280TO, resistance
39R3, and No. 9 contacts to ground. Relay
330TK should operate over the circuit traced
above and relay 340TO should not operate. Upon
the operation of relay 380N, relay (16GU oper-
ates over a circuit extending from battery
through the winding of said relay, conductor
1582, No. 11 contacts of relay 19TRCE2, conduc-
tor 1583 within brackets 1540 and (265, No. 13
contacts of relay 20TIA, conductor 873 within
bracket 185, winding of relay 46UL, conductor
814, No. 5 contacts of relay 390N, conductor 875,
and No. 6 contacts of relay 38RD to ground. Re-
lay 46UL should also operate over the circuit
traced above. Relay {16RCK operates over g
circuit extending from battery through the wind-
ing of said relay, No. 1 back contacts of relay
L16RC, and No. 2 contacts of relay 1I6GU to
ground. A circuit is thereby completed from bat-
tery through the left-hand winding and No. 4
contacts of relay |16RC, No. 1 front contacts of
relay [16RCK, No. 3 contacts of relay (16GU,
conductor {584, No. 4 contacts of relay 13RCE,
conductor {585 within bracket {265, No. 16 con-
tacts of relay 20TIB, conductor 948 within
bracket 766, No. 1 contacts of relay 53TCl, con-
ductor 948, No. 7 back contacts of relay 39TV,
conductor 923, lower winding of relay 46DK, con-
ductor 924, resistance 39R, conductor | 020, No.
7 contacts of relay 46DPA, conductor 1021, No.
2 contacts of relay 39HL, conductor 1022, No. 2
front contacts of relay 32DP, and No. 2 back con-
tacts of relays 32HP, 32TP4 ... 32TPO, and
32MTP to ground over which relay 46DK oper-
ates. The current in the circuit traced is insuffi-
cient to operate relay 1{6RC. Relay 46DK|( then
operates over a circuit extending from battery
through the winding of said relay, conductor 921,
No. 1 contacts of relay 390N, conductor 928, right-
hand contacts of relay 46DK, conductor 928, and
back contacts of relay 53XTC to ground. Relays
52DN and 59M operate over a circuit extending
from battery through the winding of relay 52DN
and from battery through the winding of relay
59M, conductor 1928, and No. 3 contacts of relay
46DPA, thence over conductor 930, No. 1 con-
tacts of relay 48DKI, conductor $31, right-hand
contacts of relay 390TK, No. 7 contacts of relay
330TO, conductor (0829, contacts of relay 45UL,
No. 2 contacts of relay 4§DPA, No. 2 contacts of
relay 46A, conductor 1030, and No. 2 contacts
of relay 83Ct to ground. With relays {14DNP,
52DN and 59M operated, circuits of punch mag-
nets are closed, relay 59M causing the operation
of punch magnets to record the digit “2” and
three digits indicating the current time, as pre-
viously described, and relays |14DNP and 82DN
causing the operation punch magnets to record
two arbitrary digits, dependent upon Cross-con-
nection of the contacts of relay 1 {4DNP, in place
of the district junctor humber. For example, if
the No. 1 contacts of relay | {4DNP are Cross-con-
nected to conductor {586 as shown, punch mag-
net 66M24 operates over a circuit extending from
battery through the winding of said relay, wind-
ing of relay 66FA, conductor 805, No. 8 contacts
of relay 520DN, conductor 937 within bracket 165,
No. 16 contacts of relay 20T, conductor (581
within bracket {588, No. 5 contacts of relay
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10TRCE2, conductor 1588 and No. 1 contacts of
relay {14DNP to ground.

Relay 46PTR operates over a circuit extending
from battery through the upper winding of said,
1e1ay, conductor §12, No. 1 contacts of 1o1ay 52DN,
conductor 85§; and No 1 contacts of relay 59PM
to ground, operating relay 48PTO, as prev;ouslv
descriped. 'The paper-advance magnet GEPAM
and relay 46PA operate over a circuit ex tending
from battery through the winding of paper-ad-
vance magnet GEPAM, conductm 82i, winding of
relay 46PA, conductor 822, No. 6 contacts of relay
390Nl conduector 8"3 and No. 2 contacts of relay
591\/’ to ground, operatlng relay 48PAR over an
obvious circuit. Relay 486A operates over a cir-
cuit extending from battery through the wmdmg
of said relay, No. 11 ‘front contacts of relay 46DPA,
conductor 1634, No. 2 contuots of relay 39TV, con-
ductor 818, contacts of relay 66AA . .. B6FE,
conductor 820, No. 2 contacts of relay §6PAR
and right- hand contacts of relay 46PTC to
ground and locks up through No. 11 front con-
tacts of relay 48DPA and its own No. 7 contacts
to ground. ‘

The current through the left-hand winding of
relay 1{6RC 'is thereby increased by the path
from conductor 924 through No. 3 back contacts
of relay 39Xl conductor 62, and No. 5 COﬂb&CtS
of relay 484 to ground Whmh short-circuits re-
sistance 39R, operating relay 116RC, which opens
the circuit of relay (16RCK, which is slow to
release. Relay 48DX should hold until relay
1ISRCK releases, when the circuit of relay 46DK
is. opened and said 1e1ay released. This provides
2 test of the holding of relay 43DK.

When relay §6DK releases, relay 38RD operates
releasing relays !{5BT and. H16GU and causing
the disconnection of the recorder from the master
tithing circuit, as previously described. Release
of the stepping magnet |i4TS moves. the arms
of. selector ii4S to the No. 39 terminals. The
cycle of operations described above is repeated
with the arms of selector .14S on the No. 39, No.
40 and No. 41 terminals, a, different relay, simi-
lar to relay { {4DINP, operatmg at each of said
terminals to. record two arbitrary digits in place
of the district Junctor number. These four
cycles of opezatlon test distriet. Junctor number
recording.

When the arms. of selector i{4S reach the No.
42 terminals, relay HSPH opelates over. a cir-
cuit, extending from battery through the. wind-
ing of said relay, conductor 1589, contacts of
stepping magnet 11478, conductor 1590, No. 1
back contacts of relay [15R22, conductor 1591,
the No. 43 términal of selector 1i{4S on the No.
2 arc.of said.selector, arm of said are, conductor
1503, No. 2 contacts of relay 109ST2; conductor
1504, and No. 11 contacts of relay. 95ERO to
glound closing a cireuit from battery through
the winding of stepping magnet (i4TS; conduc-
tor 1826, and No. 1 contacts of relay {16PH. to
ground over which said stepping magnet oper-
ates, opening the circuit of said releasing relay
{ {6PH which. opens the circuit of and releases
stepping magnet [114TS. The. arms. of : selector
1148 are thereby moved to the No. 43 terminals.
Relay {{4PH then reoperates over a circuit. ex-
tending from battery through the winding of
said relay, conductor 1588, contacts of stepping
maghet 114TS, the No 43 terminal - of : selector
i l4S on the No. 2 arc of said selector and-arm of
sald are, to the above-traced. ground on con-
ductor 1508, operating and releasing said: step-
ping magnet. as described above, which moves
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the arms of selector 1148 to the No. 44 terminals.
Relay 118R22 then operates over a circuit ex-
tending from battery through the winding and
No. 4 normal contacts of said relay, No. 4 back
contacts of relay |15R22, conductor {592, the No.
44 terminal of selector 1i4S on the No. 2 arc of
said selector and arm of said arc to the above-
traced ground on conductor 1583 and locks up
through its No. 4 front contacts, conductor. 1530,
and No. 7 contacts of relay 38ON to ground,
opening the locking ecircuit of and releasing re-
lays [1BALK and 189TLK and releasing in turn
reiays {13BT, {{6AD and L{§ADI. Relay 16PH
again operates over a circuit extending from
battery through the winding of said relay, con-
ductor 1589, contacts of stepping magnet |14TS,
conductor 1590, No. 3 contacts of relay I115R2,
and: No. 4 back contacts of relay 22, {o the above-
traced ground on conductor 1592, operating and
releasing stepping magnet [(14TS, as previously
described, which moves the arms of selector
il14S to the No. 1 terminals and releases relay
[ [6PH.

The cross-connections to the contacts of re-
lay (14PN and similar relays and relay {I4DNP
and similar relays permit any desired series of
numbers. to be recorded in the above tests. A
suitable series is-shown in Fig. 132.

Second series of tests

With the arms of selector 114S on the first
terminals of said selector, relay 118R2{ oper-
ates over a circuit extending from battery
through the winding and No. 3 normal contacts
of-said-relay, No. 2 front contacts of relay 115R2,
conductor {502, first terminal of selector (148
on. the No. 3 arc of said selector, arm of said
arc, conductor (503, No. 2 contacts of relay
188872, conductor 1504, No. 11 contacts of re-
lay 98EROC to ground and locks up through its
No. 3 front contacts, No. 2 back contacts of re-
lay I5CAl, conductor 1609, No. 9 back contacts
of relay I88TLEK, and No, 6 contacts of relay
{830N: to ground, closing an obyious circuit over
which relay 115R22 operates and locks up through
its No. 3 contacts, conductor (881, and No. 4
front contacts of relay {89812 to ground. Re-
lay 1809TV operates over a.circuit extending from
battery through the winding of said relay, con~
ductor 1800, No. 5 normal contacis of relay
{16AD, conducior 183, WNo. 2 contacts of relay
{16R21, and No. 2 front contacts of relay 115R2,
to the above-traced ground on conductor 1502
and locks up over a circuit extending from bat-
tery through its windings, conductor {509, No. 5
normal contacts of relay 118AD, conductor 1501,
its. own No. 6 contacts, conductor 1585, No. 1
back contacts of relay. I16ALK, conductor (506,
No. 8 contacts of relay (15CA, conductor (507,
and No. 6. contacts of relay {09ST2 to ground,
causing the connection of the recorder to. the
master timing circuit with relay 38TV operated
as for transverter operation, as previously de-
seribed. When relay 109P operates, relay |{4AP
operates over a circuit extending from battery

" through the upper winding of said relay, cross-

connection {{4C2, conductor 1602, No. 1 termi-
ngl of selector {148 on the No. 5 arc of said se-
lector, arm of said. arc, conductor. {603, No. 5
front contacts of relay i1i5R22, conductor 1521,
{09P, No. 10 back
contacts of relay 108TLK, conductor (527, and
No. 9 contacts of relay (13CA to ground. The
No. 1 contacts of relay I{4AP are cross-com-
nected to the winding of one of the relays, such
as relays 1 14PNI{2, used in the first series,o'f tests.
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Whett relay (14AP operates, relay {{4PNi2 op-
erates through No. 2 contacts of relay 1{4AP to
the above-traced ground on conductor 1602,
closing cireuits to operate punch magnets as on
the first series of tests. However, the contacts
of relay [14AP may be cross-connected in such
a way that, with relay | (4AP operated, the com-
bination of punch magnets operated contains
one different magnet, or one less magnet, or one
more magnet. For example, with the cross-
connections shown, with -relay {14PNi2 alone
operated, conductor 1236 is connected through
No. 4 back contacts of relay 1(4AP and No. 6
contacts of relay 114PN12 to ground causing the
operations of punch magnet 66M4 over a circuit
previously traced. With both of relays 1 {4PNi2
and (14AP operated, however, conductor 1236
is not grounded but conductor 1238 is connected
through No. 4 front contacts of relay |{4AP and
No. 6 contacts of relay {14PNI2 to ground, caus-
ing the operation of punch magnet 66M24 and
conductor 1321 is connected through No. 3 con-
tacts of relay |114AP to ground, causing the oper-
ation of punch magnet 66Mi4. In this way, ten
or twelve punch magnets are operated instead
of the normal number, which is eleven. As pre-
viously explained, either of said combinations of
ten or twelve operated punch magnets should
fail to close the check circuit through contacts
of relays §6AA . .. 66FE. The winding of re-
lay 108BLK is connected through No. 2 con-
tacts of relay (88CKC, conductor 1764, No. 1
front contacts of relay (15R21, conductor 1525,
No. 5 contacts of relay 1097V, conductor 1245,
No. 44 contacts of relay 13RCE, conductor 1246
within bracket 1230, No. 21 contacts of relay
20TLA, and conductor 8i9 within brackets 159
to contacts of check relays 66AA ... 66FE. If
said contacts are falsely closed through, relay
{08BLK will operate, blocking the test, as de-
scribed later. When relay 46PAR operates, if
relay {08BLK does not operate, relay 108CKC,
which is slow to operate, operates over a circuit
extending from battery through the winding of
sald relay, resistance 108R, conductor 1604, No.
6 contacts of relay 115R21, conductor {605, No.
51 contacts of relay 13RCE, condyctor 1606,
within bracket 1220, No. 8 contacts of relay
20T A, conductor 827 within brackets 159, No. 2
contacts of relay 46PAR, and right-hand con-
tacts of relay 46PTO to ground. Relay [{5P|
operates over a circuit extending from battery
through the right-hand winding of said relay,
conductor 1523, No. 4 contacts of relay 108BLK,
No. 4 contacts of relay 108CKC, conductor 1607,
and No. 5 contacts of relay [I15R21 to ground,
and locks up over a circuit extending from bat-
tery through its left-hand winding and No.6 con-
tacts, conductor 1523, No. 5 back contacts of re-
iay 108T233, and No. 6 contacts of relay (08CKC
to ground, opening the circuit of and releasing
relay 186P, in turn releasing relays 114AP and
1{4PNi2, which releases the operated punch
magnets and relay 4§PA. When relay 46PTO
-releases, releasing relay 46PAR, in the manner
previously described, the circuit of relay 108CKC
is thereby opened, releasing said relay, which
cpens the locking circuit of and releases relay
ti5PL. Release of the stepping magnet |14TS
moves the arms of selector 114S to the No. 2 ter-
minals of said selector.

Relay 186P reoperates as previously described,
and the cycle of operations described for the No.
1 terminals of selector 114S is repeated with the
arms of said selector on each of the No. 2 to No.
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31 terminals, a different combination of relays
similar to relays 114PNI2 and {{4AP being oper-
ated at each of said terminals to test the oper-
ation of various combinations of the check re-
lays 66AA . . . 8SFE.

With the arms of selector 114S on the No. 32
terminals, the above-described cycle of opera-
tions is repeated except that, when relay {09p
operates, relay (09T32 operates over a circuit
extending from battery through the winding of
said relay, conductor 1528, the No. 32 terminal
of selector {14S on the No. 6 arc of said selector,
arm of said are, conductor 1603, No. 5 front con-
tacts of relay 115R22, conductor 1521, No. 2 con-
tacts of relay 199P, No. 10 back contacts of relay
(03TLK, conductor {527, and No. 9 contacts of
relay 1I5CA to ground, its own No. 8 contacts
short-circuiting the No. 10 back contacts of re-
lay 108TLE, which then operates over an ob-
vious circuit and locks up through its No. 5 con-
tacts, conductor 1529, No. 1 front contacts of
relay {15R2, No. 2 contacts of relay i{5R22, No.
1 contacts of relay {{5CAl, conductor 1530, and
No. 7 contacts of relay 1090N to ground. One
of the relays (not shown) similar to relay ii4AP
and similarly connected operates over a circuit
extending from battery through the upper wind-
ing of said relay, conductor 1508, No. 5 front
contacts of relay 115R2, conductor 1532, No. 6
contacts of relay 109T32, No. 8 front contacts of
relay i88TLK, and No. 6 contacts of relay 109ON
to ground, its No. 2 contacts closing a circuit
from battery through the winding of a relay,
similar to relay {14PNI2, to the above-traced
ground on conductor {808 over which said relay
operates, causing the operation of ten or twelve
punch magnets. Relays 390TK and 350T90
of the recorder should operate over a circuit
extending from battery through the winding of
relay 380T0, No. 8 contacts of relay 39HL,
winding of relay 38OTK, conductor {027, No. 5
contacts of relay &6Al, conductor 1026 within
brackets 765, No. 12 contacts of relay 201T(B,
conductor {#81, within bracket 1265, No. 6 con-
tacts of relay 13RCE, conductor 1580, and No. 3
contacts of the operated relay similar to relay
{14AP to ground, said contacts being connected,
in this case, to conductor 1580. If relay {88BLK
does not operate, relay 198CKC operates, as pre-
vicusly described, operating relay (5P, which
releases relays (08P and (09T32. Release of
stepping magnet | (4TS moves the arms of se-
lector 114S to the No. 33 terminals, releasing
relays {14AP, 1i4PN, (I5R2! and the operated
reiays of the recorder which release relays
{38CEC and {i5P1. :

With the arms of selector {14S on the No. 33
terminals, the cycle of operations described
for said terminals on the first revolution of se-
lector {148 is repeated. However, when relay
{iSDCE operates, relay (08T233 operates over
a circuit extending from battery through the
right-hand winding of said relay, conductor 1609,
the No. 33 terminal and arm of the No. § arc of
selector (148, conducter 1603, No. 5 front con-
tacts of relay (65R22, conductor 1521, No. 2 con-
tacts of relay 189P, No. 1 back contacts of relay
139782, and thence over the circuit previously
traced for the similar operation of relay {39TC
to ground, and locks up over a circuit extending
from battery through its left-hand winding and
No. 2 contacts, conductor {610, No. 7 contacts
of relay i38LOK, conductor i611, and No. 3 con-
tacts of relay 1090ON to ground. A relay, simi-
lar to relay 114PN, operates through No. 3 con-
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tacts of relay i(08T233 to the above-traced
ground on econductor 1609, -operating punch
magnets to record the same series of digits as
on the eorresponding test of the first series.

Relay (08CKC operates over a circuit extend-
ing from battery through the winding of said
relay, No. 4 contacts of rvelay 108T283, conduc-
tor 1612, and No. 2 back contacts of relay 163TC
to ground. Relay 46RCK of the recorder should
operate over a cireuit extending from battery
through the winding of said relay conductor 8417,
Mo. 7 front contacts of relay 39TV, conductor
948, No. 1 contacts of relay 53TCH, eonductor $43
within bracket 765, No. 16 contacis of relay
20T B, conductor 1585, within bracket {265, No. 4
contacts of relay T$RCE, conductor (584, No. 8
eontacts of relay t{6AD, conductor 1813, No. 7
contacts of relay (I§TLK, No. 2 contacts of relay
109732, and No. * contacts of relsy {08TC, fo
ground. Relay #1521 operates over a circuit ex-
tending from battery through thie right-hand
winding of said relay, eonductor §823, MNo. 4
contacts of relay 188BLK, No. 4 contacts of relay
$08CKC, conductor 1367, and No. 5 contacts of
relay FE5R21 to ground and locks up over a cir-
cuit extending from hattery through its left-
hand winding and No. § contacts, Ne. 7 contacts
of relay fI1BCA, conductor i6i4, No. 2 contacts
of relay {i8LOK, conductor 168{§ and No. 2 con~
tacts of relay HOTRCEI to ground, opening the
loeking eireuit of and releasing relay {069F and
the relay similar to relay 4PN, which releases
the operated punch magnets and advances the
arms. of selector (145 to the No. 34 terminals.
Relay 46A1 then operates over a circuit extend-
ing from battery through the winding of said
relay, conductor 957, No. 3 contacts of relay
45XPI, conductor 958, INo. 2 contaets of relay
§6RCK, conductor 959, within bracket 159, No. 15
contacts of relay 20T A, conductor {568 within
brackets 1220 and 540, No. 8 contaets of relay
10TEE(, conductor 1567, No. 3 contacis of relay
£i5P1, conductor 1588, No. 1 centacts of relay
{16DCK, conductor 1569, and No. 5 contacts of
relay [i8BT to ground. Relay {08TC again
operates over the circuit previously traced for
the operation: of said relay, opening the circuits
of telays {08CKC and 45DK. If the No. 1 contacts
of relay 39RCK are falsely closed, relay 38RD
will operate over a. cireuit extending from batbery
through the winding of said relay, conductor 953,
Ne. 1 contacts of relay 48RCK, Mo. 2 contacts of
relay 45A1, No. 2 contacts of relay 46DXKI, left-
hand contacts of relay 46DX, conductor 829, and
back contacts of relay $53XTC to ground, epen-
ing the circuit of and releasing relay {I§BT.
Relay [88CRC is slow to release and relay
f08BLE then operates over a circuit extending
from battery through the winding of said relay,
No. 5 front contacts of relay {68CEC, No. 1 front
contacts of relay (68T233, conductor 1572, No. b
contacts of relay {i§PI, No. 6 contacts of relay
{15BT, conductor 15713, and No. 3 front contacts
of relay {09TC to ground and locks up through
its No. 2 contaects, conductor 1616, and No. 1
front contacts of relay (18RTS fo ground, block-
ing the test as described later.

When relay (08CKC releases, the circuit of
relay 46RCK is thereby opened and said relay
released. Relay 38RD then operates, as described
above, epening the circuit of and releasing relay
{18BT. If relay 108BLK has not. operated, relay
{16LOK operates over a circuit extending from
battery through the winding of said relay, No. 1
contacts of relay [[8ADI, conductor i§Tf, No. 1
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contacts of relay 188BLXK, No. 5 normal eontacts
of relay (88CKC, No. I front eontacts of relay
1987233, conductor 1512, No. 5 contaels of relay
{1581, No. & eontacts of relay {{5BT, conductor
1573, and No. 3 contaets of relay 089TC to
ground, opening the locking circuits of and re-
lessing relays (i5P1 and 1087233. The No. 1
contacts of relay | 18LOK open the circuit of and
refease relay 32MTP of the recorder connector,
causing the release of relays 2671, 20T(A, and
20T B, as previously described, disconnecting the
recorder from the master timing circuit, which
releases relays (8DN, 1097C, and (I8LOK.

Upon the releass of relay HELOK, relay 32MTP
reoperates over the cireuit previously traced,
causing the reoperation of relays 20T(, 20TIA,
and 20T1B, reconnecting the recorder to the mas-
ter timing cirewit. The eycle of operations de-
sceribed above is repeated with the arms of selec-
tor §14S on the No. 34 terminalg but when relay
{18DCK releases, relay 1981234 operates over &
cireuit extending from battery through the right-
hand winding of said relay, conductor {817, the
No. 34 terminal and arm of No. 6 arc of selector
{148, conductor €38, Ne. 5 froni{ contacts of
relay 5R22, conductor 1521, No. 2 contacts of
relay 1699, No. 10-back contacts of relay 188TLK,
conductor 15217, and Ne. 9 eontacts of relay 1{5CA
to ground ard locks up over a circuit extending
from battery through its left-hand winding, No. ¢
and No. 8 contacts, conductor 1§18, No. T con-
tacts of relay {I5P1, and No. § contacts of relay
115R21 to the previously-traced ground on con-
ductor (885. The No. 5 coutacts of relay 1887234
connect the ground on conductor 1617 to the
winding of a. relay, similar to relay (14PN, which
operates punch magnets of the recorder. When
the recorder has funectioned, relay 108214 oper-
ates. over g circuit extending from battery
through the winding of said relay, No. 1 front
contacts of relay {06T234, conduetor 1524 and
thence over the circuit previously traced for the
similar operation of relay {{8%{ to ground.

Relays $6CTK should now operate over a circuit
extending from: battery through resistances (08RI
and. {08R2, No. 4 contacts of relay (8324, No. 6
cenitacts: of relay {08'F234, conductor 1880, No. 6
contacts of relay 13RCE, conductor {83{ within
bracket 1265, No. 12 contacts of relay 20TIB,
conductor 028 within bracket 765, No. 5 con-
taets of relay 46At, conductor 1027, winding of
relay 39OTK, No. & contacts of relay 39HL, re-
sistance 39R3, and No. 9 contacts of relay 38ON
to ground, releasing the recorder and relay
{I6DN. If relay $8OTK Ifails to operate, the test
cannet progress and the timing eircuit functions
a5 deseribed later. If reiay 390TK operates,
relay 108CEKC: operates over a circuit extending
from: battery through the winding of said relay,

Neo.. 2 contacts of relay (98P {A, conductor 1620,

No. 4 back contacts of relay {i8DN, conductor
(621, and No. 3 contacts of relay (68T2Z34 to
ground. Relay DN then reoperates over a
circuit extending from battery through resistance
(68K, No. 3 contacts of relay 168CKC, No. 7
contacts of relay 887234, conductor 1622, and
winding of relay [(8DN to ground and relay
5P | operates over the circuit previously traced
releasing relay (99P which releases the relay simi-
lar to relay i 4P, releasing the operated punch
magnets. Release of stepping magnet HATS
meves the arms of selector {i43 to the No. 35
terminals. Relay 46A1 operates and the remain-
der of the test is periormed as described for the
previous: test:
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With the arms of selector i14S on the No. 35
terminals, the operation is similar to that de-
scribed above but when relay [16DCK releases,
relay 108T235 operates over a circuit extending
from battery through the right-hand winding of
said relay, conductor 1623, the No. 35 terminal
and arm of the No. 6 arc of selector 1148, to the
ground, previously traced on conductor {603 and
locks up through its left-hand winding and the
locking circuit of relay 108T234. The remainder
of the operation is the same as that described
for the No. 34 terminals of selector {14S, except
that, when relay {08P{A operates, a circuit is
closed from battery through the right-hand wind-
ing of relay 53XTC, conductor (625, within
bracket 765, No. 2 contacts of relay 20TIB, con-
ductor 1626 within bracket 1265, No. 14 contacts
of relay T3RCE, conductor 1627, No. 2 contacts
of relay 108T235, and No. 1 contacts of relay
{08P1 A to ground over which relay 53XTC should
operate. If said relay operates, relay [{5P{ op-
erates over a circuit extending from battery
through the right-hand winding of said relay,
conductor 1523, No. 4 contacts of relay 108BLK,
No. 3 contacts of relay [08P1A, No. 6 contacts
of relay 10871235, conductor 1628, No. 2 contacts
of relay {0TRCEI, conductor 1629 within brack-
ets 1540 and 1220, No. 6 contacts of relay 20TiA,
conductor 1630 within bracket 7159, conductor

1631, and front contacts of relay 53X TC tn ground :

causing the disconnection of the recorcder from
the master timing circuit, as previously described.

The tests made with the arms of selector 11483
on the No. 36 and No. 37 terminals are repetitions

- of those made at like points of the first series

of tests.

With the arms of selector 114S on the No. 38
terminals, the operations are similar to those de-
scribed for said terminals in the first series of
tests. When relay (09P operates, however, re-
lay 108T238 operates over a circuit extending
from battery through the winding of said relay,
conductor 1632, the No. 38 terminal of and arm
of the No. 6 arc of selector 114S to the previously
traced ground on conductor [603.

If conductor 1026 is falsely grounded, relay
3%0TK operates over the circuit previously traced
to said ground on conductor 1026, causing the
operation of relays 52DN and 59M, as previously

described. A record similar to an answer or dis- .

connect record is thereby made, the digits in
place of the district junctor number being sup-
plied by punch magnets operated through No.
3 ... No. 6 contacts of relay 108T238. Relay
108BLK then operates over a circuit extending
from battery through the winding of said relay,
No. 2 contacts of relay 108CKC, No. 8 contacts of
relay 108T238, conductor 1605, No. 57 contacts
of relay 13RCE, conductor 1606 within. bracket
1220, No. 8 contacts of relay 20T{A, conductor
820 within bracket 759, No. 2 contacts of relay
46PAR, and right-hand contacts of relay 46PT0
to ground and locks up through its No. 2 con-
tacts, conductor 1616, and No. 1 front contacts of
relay 116RTS to ground.

If relay 390TK does not operate, the test can-
not proceed. 'The timing circuit of the recorder,
then functions and when relay 45TE operates
as described later, relay [I6RC operates over
a circuit extending from battery through the
left~-hand winding and No. 4 contacts of said re-
lay, No. 1 front contacts of relay 116RCK, No.
3 contacts of relay 116GU, conductor {584, No.
4 contacts of relay T3RCE, conductor 1585 with-
in bracket 1265, No. 16 contacts of relay 20TIB,
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conductor 949 within bracket 765, and No. 5 con-
tacts of relay 45TE to ground and locks up over
a circuit extending from battery through its
right-hand winding and No. 5 contacts, conductor
1633, and No. 2 contacts of relay 1i6T238 to
ground, completing a circuit from battery through
the right-hand winding of relay i i521, conductor
{523, No. 4 contacts of relay i88BLK, No. 7 con~
tacts of relay 108T238, conductor 1634, No. 1
front contacts of relay 116RC, and No. 2 contacts
of relay {18GU, releasing relay {09P and in turn
relay 108T238 which releases relays 1{6RC and
116P1. Release of stepping magnet i {4TS moves
the arms of selector 1148 to the No. 39 terminals.

The operation with the arms of selector [14S
on the No. 39 terminals is similar to that de-
scribed above but, on the operation of relay 109P,
relay 108T239 operates over a circuit extending
from battery through the winding of said re-
lay, conductor 1635, and the No. 39 terminal of
selector {14S on the No. 6 arc of said selector, to
the previously-traced ground on conductor i603.
Relay 83XTC should now operate over a circuit
extending from battery through the left-hand
conductor 1636, No. 8 back contacts of relay 39TV,
conductor 922 within bracket 165, No. 17 contacts
of relay 20T1B, conductor 1545 within bracket
1205, No. 3 contacts of relay 18RCE, conductor
1544, No. 8 contacts of relay (081239, conductor
1543, and No. 4 contacts of relay 189P to ground,
operating relay §3TCI over a circuit extending
from battery through the winding of said relay,
conductor 1637, No. 1 contacts of relay 39TV, con-
ductor 1621, and front contacts of relay 53XTC to
ground. Relay $2TCT operates over a circuit ex-
tending from battery through the winding of said
relay, conductor {640, No. 3 contacts of relay
53TCH{, conductor 1641, No. 10 contacts of relay
46DPA, and No. 7 back contacts of relay 46A to
ground, closing ecircuits to operate punch mag-
nets of the recorder to punch in the tape char-
acters corresponding to the digits “3 85 4 0 0.”
Relay 82TCT also completes the circuit of relay
46PTR through its No. 1 contacts to ground.
Relay 108PIA then operates over a circuit ex-
tending from battery through the winding of said
relay, No. 7 contacts of relay 1087239, conductor
1642, No. 12 contacts of relay (0TRCE2, conductor
1643 within brackets 1540 and 1220, No. 5 con-
tacts of relay 20TIA, conductor 1640 within
bracket 789, No. 3 contacts of relay 53TCl, con-
ductor 1641, No. 10 contacts of relay 46DPA, ang
No. 7 back contacts of relay 46A to ground. Re-~
lays 108CKC and [{5Pi then operate as pre-
viously described, releasing the equipment for the
next test.

The tests with the arms of selector 114S on
the No. 40 and No. 41 terminals of said selector
are the same as those described in connection
with said terminals in the first series.

With the arms of selector [{43 on the No. 42
terminals, relay 1{5CAI operates over a circuit
extending from battery through the winding of
said relay, No. 2 contacts of relay {15CA, No. 1

5 front contacts of relay 115R22, conductor (591,

the No. 42 terminal and arm of the No. 2 arc of
selector 1148, conductor 1503, No. 2 contacts of
relay 1298712, conductor 1504, and Wo. 11 contacts
of relay 95ERD to ground and locks up through
its No. 3 contacts, conductor 1567, and No. 6 con-
tacts of relay 109ST2 to ground, opening the cir-
cuits of and releasing relays 116AD and {i18ADI
and releasing in turn, relays {16ALK, 109TLK,
and 115R21. Relay {09TV now operates and the
recorder is reconnected to the master timing ecir~
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it as described for the test at the first terminal
of selector 114S. When relay $88P operates, &
relay similar to relay {14PN operates over a cirs~
cuit extending through the No. 42 terminal and
arm of arc No. 6 of selector {143 to the previous-
1y-traced ground on conductor {603, operating
punch magnets to record the test identification
number, “3 8800 0.”

" With the arms of selector (148 on the No. 43
terminals the operation deseribed above is re-
peated again recording the nurabers “388000”
and the arms of selector i14S moved to the No.
44 terminals.

With the arms of selector 1i4S on the No. 44
terminals, relay ({5TE operates over a circuib
extending from battery through the winding of
said relay, No. 4 front contacts of relay {i5R22,
conductor 1592, the No. 44 terminsl and arm of
the No. 2 arc of selector § 143, to the above-traced
ground on cenductor 1§08, and locks up over a
circuit extending from conductor 1883 through
its own No. 2 contacts to ground, closing a circuit
from battery through the winding of relay { {6PH,
conductor 1529, and No. 3 contacts of relay {{ETE
to ground over which relay {16PH operates. The
stepping magnet {i4TS operates over a cireuit
extending from battery through its winding, con-
ductor 1526, and No. 1 contacts of relay {{EPH
to ground. The winding of relay 1890N is short-
circuited by the path from resistance 109 over
conductor 1644, No. 4 contacts of relay 38TE,
conductor 1645, and No. 2 contacts of relay {16PH
to ground, releasing relay (080N and, in turn,
relays (09ST!, {{6KRB, {09ST2, (84371, 26RT,
103SCE, 1I5R2, 109TV, I15CAL, (15R22, the re-
lays of the recorder connector, the recorder re-
lays, relays {I5TE, ({5P1 and {{6PH, returning
the equipment to normal. Release of the sten-
ping magnet 1i4TS moves the arms of selector
1148 to the first terminals of said selector com-
pleting the testing operations.

The characters punched in the tape of the re-
corder for the second series of tests are depend-
ent, except for the tests made at the No. 38 and
No. 39 terminals of selector {14S, upon the cross-
connections to the windings and contacts of re-
lays 14PN, | 14PN{2, {{4DNP, 1{14AP and similar
relays not shown. A suitable series of characters,
which may be obtained by suitable crogs-connec-
tions, is shown in Figs. 133 and 134,

Failure to complete tests

Should relay [98BLK operate in the course of
any of the above-described tests, relay {LTTBR
operates over a circuit extending from battery
through the winding of said relay, cenductor
1646, and No. 3 contacts of relay 308BLK to
ground, resulting in the connection of the master
timing ecireuit to the trouble indicator, as de-
scribed later. When the trouble indicator has
functioned, it grounds conductor {55! within
bracket 1650 operating relay {{1TIB. Relay
116TPC operates over a circuit exfending from
battery through the winding of said relay, con-
ductor (652, No. 9 front contacts of relay 108ST!,
conductor 1653, No. 2 contacts of relay {{1TiB,
and No. 2 contacts of relay LITTBR to ground
and locks up through its No. 3 contacts, con-
ductor {684, No. 1 contacts of relay {09CAS, and
No. 11 front contact of relay (830N to ground.

The No. 2 contacts of relay 118TPC open the
circuit of relay ({8RTS but the latter relay is
slow to release and relay {i5P! operates over &
circuit extending from battery through the right-
hand winding of said relay, conductor 523, No. 2
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132 :
contacts of relay {{6RTS, and No. 5 contacts o
relay 1§TPC to ground, opening the circuit ¢f
and releasing relay 1692 which releases the re-
corder relays operated at the time.

When relay | 18RTS releases, the cireuit. of re-
lay [15P1 thereby is cpeneg ang said relay re-
leased. The No. 1 contacts, of relay { {6RTS open
the locking circuit of and release relay {08BLE,
which releases relays HITTBR and {ITTIB.

The timing circuit of the master timing cic-
cuit now functions as described later. When
relay [10TM3 of said timing circuit operates, re-
lay | {5CA operates over a circuit extending from
battery through the right-hand winding of said
relay, conductor 1655, and No. 6 centacts of re-
lay {090ON, thence either through conductor {656;
No. 3 contacts of relay 11TFM3, to ground supplied
on conductor {657 as described later or through
No. 2 contacts of relay 109CAS fo ground, and
locks up over a circuit extending from battery
through its left~hand winding and No. 4 contacts,
conductor 1658, a terminal and arm of arc No. 2
or arc No. 3 of selector {148, conductor 1583, No.
2 contacts of relay 109ST2, conductor 1564, and
No. 11 contacts of relay 95ERA to ground. - Relay
{IGPIT operates over a circuit exiending from
battery through the winding of said relay, con~
ductor 1589, contacts of stepping magnet {14TS,
conductor 1598, No. 5 contacts of relay (15CA
and No. 5 normal contacts of relay {{5TE to the
above-traced ground on conductor (858, complet-
ing a cireuit from battery through the winding
of stepping magnet |14TS, conductor 1526, and
No. 1 contacts of relay [({6PH to ground over
which said stepping magnet operates, opening the -
cirenit of and releasing relay {{6PH which re-
leases stepping megnet 114T5. This self-inter-
rupting circuit continues to funetion, each . re-
lease of stepping magnet (F4TS moving the arms
of selector ({48 one terminal, until said arms
reach the No. 42 terminals of said selector.

Operation of relay [i{5CA opens the circuit of
and releases relay 189TV, causing the disconnec-
tion of the recorder from the master timing eir-
cuit, as previously deseribed. When the arms
of selector !{4S reach the No. 42 terminals of
szid selector; the locking circuit of relay {i5CA
is opened and said relay released, opening the
circuit of relay (i6PH. The operations previ-
ously described in connection with the No. 42
and No. 43 terminals of selector 1i4S on the sec-
ond rotation of said selector are then repeated,
punching two lines of the digits “3 8800 0”in
the recorder tape and terminating with the re-
lease of the recorder and the restoration of the
testing circuit to normal, as described.

Checks, alarms and timing

In addition to the checks already described in
connection with the normal functioning of the
circuits, other checks, timing arangements, and
slarms are provided to check the condition of the
equipment and its operation, to time certain func~
tions, o give an alarm if trouble is encountered,
to indicate the nature of the trouble, and to make
records of trouble conditions.

District identifier alarms

Relays (6TLO . . . I6TLY are so connected, as
shown in Fig. 16 that; normally, even though
two of the relays 16T0 . . . I6T9 are operated
at the same time, only one of the relays
{STLY ... I6TL9 operates. It ispossible, however,
for crossed wires. ‘at the terminals of relays
{6T6 . . . i8T9 to cause the operation of two or
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more of the relays I6TLO . .. I6TLI. To check
for this condition, battery for the operation of
relays 16TL9 . . . I6'TLY is supplied through the
winding of the marginal relay 22Ai. Said relay
will not operate in series with the winding of
one of the relays (6TL0 . .. (6TLI but operates
if the windings of two or more of said relays
are grounded. When relay 22Af1 operates it
causes the operation of relay 53XTC in the re-
corder circuit, as described later.

District identifier timing

When the district identifier is connected to a
recorder, one of the relays I6TABO ... [6TABY
and one of the relays 22U0 . . . 22U8 operate,
as previously described. When interrupter 221
then closes its right-hand contacts, relay 22A
operates over a circuit extending from battery
through the right-hand winding of said relay,
right-hand contacts of interrupter 22I, conduc-
tor 1660, No. 11 contacts of any of the relays
I6TABO . . . I6TABY operated, conductor (86,
No. 11 back contacts of relay 21 TN4, conductor
1662 within bracket 1565, No. 7 front contacts of
relay 390NI, conductor 854, within bracket 850,
No. 17 back contacts of relay 21TN4, conductor
§63, No. 1 front contacts of any of the relays
2206 . . . 22U9 operated, and No. 1 back con-
tacts of said relays not operated, in series, to
ground and locks up through its lower winding
and No. 1 contacts to the same ground. When
interrupter 221 closes its left-hand contacts, if
any of the relays {6TABO .. . I6TABS still re-
main operated, holding relay 22A operated, relay
228 operates over a circuit extending from bat-
tery through the lower winding of said relay,
No. 2 contacts of relay 224, and left-hand con-
tacts of interrupter 22I to the ground on con-
ductor 1668, traced above, and locks up over an
obvious circuit through its upper winding and
No. 1 contacts to ground at key 22K. The No. 2
contacts of relay 22B complete the circuit of the
alarm lamp 22L to indicate failure of relays
(6TABS . . . I6TABY to release. Operation of
key 22K, after the trouble is cleared, opens the
locking circuit of and releases relay 22B which
extinguishes lamp 22L.

Transverter connector alarm

When a fransverter is not connected to a sender ;

by the transverter connector, a false ground on
conductor {663 or conductor 1664 causes the op-
eration of relay 4TGR over a circuit extending
from battery through the left-hand winding of
said relay, and No. 1 or No. 2 contacts of relay
4TGRA to said ground. Battery is thereby con-
nected through the right-hand winding and No. 3
contacts of relay 4T1GR to conductor {665 within
bracket 1688 to the trouble indicator to actuate
said indicator, and ground is connected through
No. 1, No. 2 and No. 4 contacts of relay 41GR
to conductors 1666, 1687 and 1668 within bracket
685 to said indicator to indicate the type of
trouble encountered. Normally, when relay 40TB
operates to connect a transverter to the sender,
relay 47GRA operates over a circuit extending
from battery through the winding of said relay,
conductor (1§69, and No. 54 contacts of relay
40TB to ground. The No. 1 and No. 2 contacts
of relay 47GRA open the circuits of and prevent
operation of relay 4T1GRA.

Transverter connector timing

When relays 4TCA{ and 40SB operate for the
connection of the transverter to the sender, as
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previously described, ground is thereby connected
through No. 1 contacts of relay 47CA5 and con-
tacts of 4TCAl to the swinger of interrupter
4714. Should relay 41CA[ fail to operate, ground
is nevertheless connected to said interrupter
through conductor 16710, No. 54 contacts of relay
485B, and conductor 1671. When said inter-
rupter closes its left-hand contacts, relay 4TCA2
operates over an obvious circuit to said ground
and locks up through its No. 1 contacts to the
same ground. When interrupter 4711 closes its
right-hand contacts, relay 41CA4 operates over
a circuit extending from battery through the
right-hand winding of said relay, No. 2 contacts
of relay 41CA2, and right-hand contacts of in-
terrupter 47I1 to said ground, the NWo. 1 and
No. 4 contacts of relay 4T7CA4 connecting ground
to conductors 1665 and {667 within bracket 685
to the trouble indicator. Relay 4TCA6 also op-
erates over a circuit extending from battery
through the left-hand winding of said relay, No. 3
contacts of relay 4TCA4, No. 2 contacts of relay
41CA2, and right-hand contacts of interrupter
47111 to the above-traced ground and locks up over
a cireuit extending from battery through its No. 3
contacts to the same ground. Battery is thereby
connected through the right-hand winding and
No. 4 contacts of relay 4TCAS to conductor 1§72
within bracket €85 and ground through No. 5
contacts of said relay to conductor 1673 within
bracket 85 to the trouble indicator to actuate
said indicator to record a delay in connecting
the transverter to the sender.

If relay 33TA operates to connect the trang-

5 yerter to the sender before relay 4TCA4 operatss,

relay 4TCA5 operates over a circuit extending
from battery through the winding of said relay,
conducter {674, and No, 47 contacts of reiay 33TA
to ground, its No. 1 back contacts opening the
circuit of and releasing relay 47CA2 and its No. 1
front contacts connecting ground to conductoy
1667 within bracket 685 to the trouble indicator,
Ground is also connected through No. 47 con-
tacts of relay 33TA and conductor 1674 o the
swinger of interrupter 4712. When said inter-
rupter closes its left-hand contacts, relay 47CA3
operates over an cbvicus circuit to said ground
and locks up through its No. | contacts to the
same ground. When said interrupter cicses its
right-hand contacts, relay 471CA4 operaiss over
a cireuit extending from battery through the lsit~
hand winding of said relay, No. 2 contacts of
relay 41CA3, and right-hand contacts of inter-
rupter 4712 to the above-traced ground and locks
up over a circuit extending from battery through
its left-hand winding and No. 2 coniacts to said
ground, grounding conductors 1568 and 1857
within bracket 685 to the trouble indicator, as
described above, indicating that the transverter
has not been disconnected from the sender,

Transverter alarms

When the transverter eircuit is not in use,
tests are applied to detect false groundg or crosses
with battery on conductors over which the cpzra-
tions of the transverter are controlled.

The conductors through which the register re-
lays of the transverter are cperated, as previously
described, are normally connected through con-
tacts of relays 15CS81 . . . 15C08 and conductor
1675 to the upper winding of relay 18XNL. If
one or more of said conductors are falsely
grounded, relay T6XNL operates cver a cireaib
extending from battery through the upper wind-
ing of said relay and contacts of relays 15C0{
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. .. 15C08 to said ground and locks up over a
cireuit extending from battery through its lower
winding and No. 2 contacts, conducter (888, and
No. 1 back contacts of relay 83TI!B to ground
and through No. 1 contacts of relay 83TM3 to
ground, grounding, through its Ne. 3 contacts,
conductor 1677 within bracket {576 to the treuble
indicator. °

If conductor 1432 is falsely grounded, relay
83DT operates over an obvious circuit, complet-
ing an obvious circuit for relay 83SDTA. Relay
16XNL. then operates over a circuit extending
from battery through the upper winding of said
relay; conductor 675, No. 13 contacts cf relay
15C88, conductor {8718, and No. 4 contacts of
relay 93SDTA to ground and locks up as described
above,

The conductors over which punch magnets of
the recorder are controlled, for example, con-
ductor 887, are normally connected through con-
tacts of relays §8CQCA, 8COB, and §8COC, indi-
vidual resistances, such as resistance §8R, and
conductor 1618 to one end of the winding of re-
lay §8XPI, while the other end of said winding
is supplied with battery through the voltage di-
vider composed of resistances §8RI and S8R2.
If one or more of said conductors is falsely
grounded or crossed with battery, relay 88XFP(
operates over the eircuit traced above, complet-
ing a circuit from battery through the winding
of relay 16XP, conductor [68{, and contacts of
relay 88XPi to ground over which relay T8XP
operates and locks up through its No. 2 contacts
to the ground on conductor (€80, traced above,
grounding, through its No. 3 contacts, conductor
1882 within bracket 1575 to the trouble indieator.

When relay 18CEK#4 operates in the normal op-
eration of the transverter, as previously described,
relay T6TBCI operates over & circult extending
from battery through the winding of said ralay.
conductor {683, and No. 1 contacts of relay T6CK4
to ground, operating relays 16TBC2 and 1§TBCS
over obvious circuits. The front contacts of re-
lays T6TBC? hold relay 7T8CKG operated. The
No. 2 front contacts of relay T8TBCS transfer the
locking circuit of relay 18X to the timing circuit
over conductor 1698.

Relays 16TBCH, 18TRC2 and T6TBC3 are slow
to release. If the transverter is releasad af the
completion of recording but reengaged for an-
other recording before said relays have released,
relay RISCKG is maintained operated by relay
18TBC2, maintaining reiays §5COA, §8COB and
88COC operated, so that the test of transmitting
conductors before the latter recording is omitted,
thereby saving the time required for said test.

Tf one of the relays 84STO . . . 94ST9Y, for ex-
ample, relay 94579, operates and the associated
recorder has been made busy by the insertion of
a plug in the make-busy jack, relay T6XXRB oper-
ates over a circuit extending from battery through
the winding of said relay, No. 4 contacts of relay
16CKG, conductor 1884, No. 4 back contacts of
relay 94STX, No. 4 front contacts of relay 2487T8,
conductor 1288 within bracket 1§71, No. 18 back
contacts of relay 21 TNI, conductor $23%, and No.
3 froent contacts of relay 26MBJ to ground and
Jocks up through its No. 2 contacts to the above-
traced ground on conductor 1838, grounding
through its No. 3 contacts, conductor {685 to the
trouble indicator.

If conductor 862 is falsely grounded, relay
16XDC operates over a circuit extending from
battery through the upper winding of said relay,
and No. 3 contacts of relay 16CKG, to said ground
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and locks up. over a cireuit extending from bat-
tery: through its lower winding and No. 2 con-
tacts: to the above-traced ground on conductor
1680, grounding, through its No. 3. contacts, con~
ductor 1686 to the trouble indicator.

If conductor 868 or conductor 1750 is falsely
grounded, relay T0XRL operates over a cireuit
extending from battery through the upper wind-
ing of said relay; conductor {763, No. 2 back con-
tacts of relay 88RI; No. 3 contacts of relay 88RTR,
and No. 7 back contacts of relay 88TR to ground
on conducter 968 within bracket 888, or from con-
ductor 1708 through No. 1:contacts of relay 881 i,
No. 6 back contacts. of relay 88TR, conductor
194, No. 1 back confacts of relay T6STHM, con-
ductor 105, No. 6 back contaets-of relay §3EDX,
No. 5 back contacts of relays $3P4A, 63P3A and
§3P2A: in series, conductar {788, No. 1 back con-
tacts of relay T9CLT, conductor {701, No. 8 pack
contacts of relay §3TM3, conductor 1738, and No.
1 back contacts of relay S8RTR to ground, on
conductor {780 within bracket §89, and locks up
over o circuit extending from battery through
its lower winding and No. 3 contacis to the above-
traced ground on. conductor 1838, grounding,
through its Ne. 4 contacts, conductor 1758 with-
in bracket 1616 to the trouble indicabor.

If conductor 815 is crossed with battery, relay -
86XT operates over an-obvious circuit through
its upper- winding. The current from battery
through the lower winding of said reiay to ground
assists the operation of said relay, which com-
pletes an obvious circuit for relay 88XTU. The
latter relay locks up through its No. 3 contacts to
the ground on conductor (88§ traced above,
grounding, through its No. 2 contacts, conductor
1112 within bracket 1115 to the trouble indicator.
False ground on conductor §18 also causes the op~
eration of relay 86XTU over a circuit extending
from battery through the winding of said relay,
conductor {4it, and No. 8 back contacts of relay
g3P2A to said ground.

Also, in the-operation of the district identifier
with the transverter, previously described, if more
than one of the relays I§TO . .. {8TH operates,
relay 86XT operates over a circuit extending from
battery through the right-hand windings of said
relays operated, conductor 848, IWo. 14 back con-
tacts of relay 21 TN4, conductor 889 within bracket
856, contacts of relay 38TL, No. 7 contacts of re-
lay $8RD, conductor §10 within bracket 789, No.
16 contacts of relay ${TCR, conductor €82 within
bracket 180, and upper winding of relay 88XT to
ground, operating relay §6XTU. The current
over this eireuit. with one of the relays {670 . . .
{878 operated is insufficient to operate relay
86XT.

False ground on conductor 17118 within bracket
180 operates relay 83D over an obvious cireuit
through the right-hand winding of said relay and
false ground on.conductor 928 operates said re-
lay over a circuit extending from battery through
the right-hand winding of said relay, No. 1 con-
tacts. of relay §3PIA, conductor i7{{, No. 4 con-
tacts of relay 171PS, and No. 5 back contacts of
relay TIDR to said ground. Relay §3DK com-
pletes an obvious. eircuit for relay §3XDX.

If conductor 887 is falsely grounded, relay
T6DCB operates. over a circuit extending from
battery through the winding of relay 16DCB, con-
ductor 8§69, winding of relay 86DCK, conductor
868, and No. 4 contacts of relay TITCK, to said
ground, completing a circuit from battery through
the upper winding of relay 16XDCK, No. 1 con-
tacts. of relay T6CKG, and contacts of relay
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T16DCB to ground over which relay 76XDCK, oper-
ates and locks up over a circuit extending from
battery through its lower winding and No. 2 con-
tacts to the above-traced ground on conductor
1680, grounding, through its No. 3 contacts, con-
ductor {181 within bracket 1678 to the trouble
indicator.

Also, if relay 16DCB or relay 86DCK is pre-
maturely operated, relay 16XDCK operates over a
circuit extending from battery through the upper
winding of said relay, No. 1 contacts of relay
T6CKG, and contacts of relay T6DCB to ground,
or over conductor 1713 and No. 2 contacts of re-
lay 83DC, operated by relay 86DCK, to ground,
and locks up as described above.

If more than one of the relays 2200 . . . 220738
operates, relay 86UMG operates, when relay
TOP2A is operated, over a circuit extending from
battery through No. 4 contacts of said operated
relays, resistances, such as resistance 22R, conduc-
tor 876, No. 19 back contacts of relay 2{TNI, con-
ductor 877, No. 1 contacts of relay 31 TCR, conduc-
tor 818 within bracket 780, No. 6 front contacts
of relay €3P2A, conductor 879, and winding of re-
lay 86UMG to ground. The current through this
circuit with only one of the relays 23UO .. .
22U9 would be insufficient o operate relay
86UMG. Said relay, when operated, completes
an obvious circuit for relay 86XTU.

When the punch magnets of the recorder are
operated by the transverter, relays GGAA . . .
66FE close a check circuit over which one of the
relays 63PIA . . . 63P4A operates, as previously
described. However, if said check circuit is not
closed, relay TIPK operates over a circuit ex-
tending from battery through the winding of one
of the relays 63PIA, 63P2A, §3P3A, or $3P4A,
depending upon those of said relays operated, No.
1 front contacts of the corresponding operated
relay of the relays 63P(, 63P2, 63P3 and 63P4,
conductor 792, No. 7 contacts of relay 70CKS,
conductor 193, No. 2 contacts of relay 83FV, wind-
ing of relay TTPK, conductor 828 within bracket
188, No. 7 contacts of relay 31 TCR, conductor 827

within bracket 759, conductor 820, No. 2 contacts .i:

of relay 45PAR, and right-hand contacts of relay
48PT0 to ground.

If the Ne. 2 front contacts of any of the relays
94STO . . . 94ST9, for example relay 84ST0, are

falsely closed, relay 86XST operates over a cir- :

cuit extending from battery through the winding
of said relay, contacts of relay 86TST, conductor
134, No. 1 contacts of relay 88EXT, conductor 155,
No. 2 hack contacts of relay 94STX, No. 2 front
contacts of relay 94STO, conductor 155 within
bracket 787, No. 17 back contacts of relay 21TN{,
conductor 788, winding and No. 3 normsl contacts
of relay 327PO, and No. 3 normal contacts of re-
lays 32TP4&, 32HP and 32DP in series to ground.
The current in this circuit is not sufficient %o
operate relay 32TPO. The No. 2 contacts of re-
lay 88XST ground conductor {7{4 within bracket
1118 to the trouble indicator.

Upon the operation of any of the relays 75XNL,
18XP, 16XRB, 76XDC, XRL and 16XDCK, re-
lay 16X operates over a circuit extending from
battery through the winding of said relay, and
No. 1 contacts of one of said relays operated to
the above-traced ground on conductor 1680 and
locks up through its No. 4 contacts and No. 2
back contacts of relay T16TBC3 to the same
ground, its No. 2 contacts grounding conductor
1715 within bracket 1578 to the trouble indicator.

Operation of relay 76X or relay 86XTU or re-
lay 86XST or relay 63XDK or relay TTPK, as de-
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scribed above, operates relay 88DL over a circuit
extending from battery through the winding of
said relay, conductor 1718, and No. 5 contacts of
relay 76X to ground, or from conductor I1T18
through No. 1 contacts of relay 86XTU to ground,
or from conductor 1718 through No. 1 contacts of
relay 86XST to ground, or from conductor (718
through No. 5 contacts of relay TIXDK to ground,
or from conductor {718 through contacts of relay
TIPK to ground. The No. 3 contacts of relay 88DIL,
complete a circuit from battery through the wind-
ing of relay 88TR to ground over which relay
88TR operates. Battery through resistance 88R3
is therehy connected through No. 3 contacts of
relay 88TR and conductor {717 within bracket
{119 to the trouble indicator, causing said indi-
cator to record the type of trouble indicated by
the grounding of conductor 16771, 1682, 1685, 1685.
1791, or {709 and conductor ITi2 or conductor
{116. Relay 16X, when operated, also operates
relays TATBC2 and 16CKG over obvious circuits.
The latter relay operates relays T15C01 . . .
75C08 and relays 69C0A, 63COB, and 68C0C, sepa-
rating the tested conductors to enable the trouble
Indicator to identify the conductor or conductors
at fault.

When the trouble indicator has recorded the
trouble, it grounds conductor 1702 within bracket
1118, operating relay 88T1B through its left-hand
winding. Said relay locks up over a circuit ex-
tending from battery through resistance 88R4,
No. 5 contacts of relay 88R'T, No. 3 front contacts
of relay 88TIB, and right-hand winding of said
relay to ground. Its No. 1 contacts disconnect the
ground, previously traced from conductor 1889,
releasing any of the relays T6XNI, 18XDC,
T6XDCK, 1§XRL, 88XP, 16XRB, 16X and 16XTTT
operated, and, in turn, relays 88DL and 88TR.

Transverter timing circuits

The transverter is provided with two timing
circuits to time the operations of the transverter
and produce an alarm indication if said opera-
tions are unduly delayed. One of said circuits
having a short timing interval, is timed by a net-
work composed of a condenser and resistance and
the other, having two longer timing intervals, is
actuated by an interrupter.

Condenser timing circuit

The contacts of relay TICT are normally held
open by current through the circuit extending
from hattery through the upper winding of said
relay, conductor {721, and No. 1 back contacts
of relay T9CK in parallel with No. 10 back con-
tacts of relay T0CKS6 to ground. Condenser 110
is discharged by the same ground. When relay
T8CKS operates in connection with recording, as
previously described, relay 94CK7T operates over a
circuit extending from battery through the wind-
ing of said relay, conductor 1122, No. 6 contacts
of relay 83TM{, conductor 1723, No. 2 contacts of
relay 84TMSI, conductor 1724, and No. 6 contacts
of relay T6CKS to ground and locks up to the
A cir-
cuit is thereby completed from battery through
the lower winding of relay T1CT, resistance TIRI,
conductor 1725 and No. 2 contacts of relay 94CK7
to ground but the current in said circuit is in-
sufficient to overcome the effect of the current
in the upper winding of relay TICT and said relay
does not close its contacts. When relay TOCKS
operates, as previously described, the circuit of
the upper winding of relay TICT is thereby opened
and condenser 1TC charges from battery through
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the upper winding of relay TICT and resistance
7IR. After a time determined by the character-
istics of condenser TIC, resistance 1R, and the
upper winding of relay TTCT, the:charging eircuit
in the upper winding of said relay decreases suffi-
eiently for the current in the lower winding to
operate said relay. If conductor 1721 is grounded
again by the connection of a recorder to the
transverter or by other means, before the con-
tacts of relay T1CT close, the current in the upper
winding of said relay is reestablished and said re-
lay prevented from operating. If nof, relay 88DL
operates over a circuit extending from battery
through the winding of said relay, conductor {118,
and contacts of relay TICT to ground, resulting
in the operation of the trouble indicator, as pre-
viously described.

When a recorder is‘in use, conductor 1726 with-
in bracket 157 to said recorder is grounded
through No. 25 back contacts of relay 24TN4, con-
ductor 1727 within bracket 765, and No. 4 contacts
of relay 398N to ground. If relay 94ST@, asso-
ciated with said recorder, -operates for the con-
nection of said recorder to the transverter, relay
16CBG operates, if relay 88RGL is operated, over
a circuit extending from battery through the
winding of said relay, conductor 1728, No. 2 con-
tacts of relay 88RGL, conductor 1729, No. 1 back
contacts of relay 84STX, and No. 1 front contacts
of relay 24ST8 to ground on conductor 1728 with-
in bracket 757.. The upper winding of relay TICT
is thereby grounded through conductor 1721, con-
ductor, contacts of relay 16CBG, No. 6 back con-
tacts ‘of relay 16STM, conductor {730 and No. 1
contacts of relay TIRK to ground, preventing the
operation of relay TICT. The timing circuit is
thereby prevented from calling in the trouble in-
dicator because of delay in the connection of the
recorder. But if relay 88RGI. fails to operate,
relay 16CBG does not operate, allowing relay TICT
to operate and establish connection to the trouble
indicator. If relay T6CBG operates, then when
relay TIRK operates in the normal course of
recording, said ground is removed from the upper
winding of relay TICT and the timing circuit
again becomes effective. Relay T8CBG is a slow-
release relay to prevent the timing -circuit from
becoming effective too quickly when the trans-
verter is released.

When any one of the relays 63P! . .. 63P4
operates during recording, relay TTCT! operates
over a circuit extending from battery through
the winding of said relay, normal contacts of re-
1ay T1CT2, conductor 17132, No. 2 contacts of re-
lay 63P1, No. 8 confacts of relay 63P{A, and No.
1 contacts of relay 63TE to ground, or from con-
ductor 1732 through No. 2 contacts of relay 63F2,
No. 7 contacts of relay 63P2A, and No. 1 contacts
of relay 83TE to ground, or from conductor 1732
through No. 2 contacts of relay 63P2, and No. 6
contacts of relay 63P3A to ground, or from con-
ductor 1722 through No. 2 contacts of relay 6374
and No. 6 contacts of relay 63P4A to ground. Re-
lay TTCT?2 then operates over a circuit extending
from bhattery through the winding of said relay
and No. 1 contacts of relay TTCTI to the above-
traced ground on conductor 1732 and locks up
through its front contacts to the same ground,
its normal contacts opening the circuit of and
releasing relay TTCTI. The No. 2 contacts of re-
1y TICTI momentarily ground the upper winding
of relay TTCT rendering the timing circuit mo-
mentarily ineffective. When any of the relays
83PIA . .. 63P4A operates, the circuit traced
above of relay TICT? is thereby opened and said
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relay released. The timing wcireuit is, ‘therefore,
ineffective during the recording of each line of the
record bub effective in the intervals between
recording operations. When velay T0CKG6 Te-
leases, the cirenit of relay 11CT is thereby opened
and the timing circuit rendered ineffective.

Interrupter timing circuit

Conductors 1723 .and 1879 within bracket 589
control the operation of the interrupter timing
gireuit. If .conductor 1733 is grounded, relay
§4TMS?2 operates over a icircuit extending from
battery through the winding of said relay, Ne. 1
back contacts of relay 94CK7, No. 1 contacts of
relay 94TMS!, No. 2 contacts of relay SATMS3,
conductor {134, No. 1 contacts of relay 23TMI,
conductor 1135, No. 2 back contacts of relay 88,
No. 1 back contacts of relay §8W and No. 3 con-
tacts of relay 88EXT, to said ground on con-
Gguctor 1787 .and locks up to the same ground
through No. 1 conbacts of relay 94TMS1, its own
No. 3 contacts, and conductor 1693, conneaciing
the same ground through its No. 3 coniacts and
conductor 4737 to fhe arm of interrupter 881
Relay S4TMS3 also operates over a circult ex-
tending from battery through fthe winding of
said relay to the above-traced grounid on con-
ductor 1787.

When interrupter 2871 closes its contacts, relay
88W operates over a circuit extending from Hat-
tery through resistance §3RS, winding and No.
2 normal conbacts of said relay and contacts of
mterrupter 881 to said ground on conductor
1137 :and locks up through its Mo. 2 front con~
tacts, conducior {788 and Wo. ¢ contacts of re-
lay 84TM?2 to ground. The winding of relay
887 is short-circuited by ground through con-
tacts of interrupser 881 and No. 3 back con-
tacts of relay 88%Z, preventing the operation of
snid relay. When interrupter 881 opens its con-
tacts, said ground is removed and rvelay 88Z
operates over a vcircuit extending from bhattery
through resistance 88RE, winding of sald relay,
No. ‘2 front contacts of relay 88W, conductor
{738, and No. % contacts of relay $4TMS? to
ground. When interrupter 88I again closes s
contacts, the winding of relay 88W is short-
circuited by ground on conductor 1737 through
contacts of interrupter 8§81 and No. 3 front con-
tacts of relay 887. Relay 88W releases, bub
ground through contacts of interrupter 221 and
No. 2 normal contacis of relay 88W maintains
relay 887 operated. Relay 83TMI then opsrates
over a circuit -extending from hattery through
the winding of said relay, o. 1 back contacis
of relay 33TM2, conductor 2€4, No. 2 frent con-
tacts of relay 88%, and No. 1 back contacts of re-
lay 88W to the ground on conductor {5280 traced
akove and locks up through ifs No. 3 con-
tacts, conductor 1739 and No. 2 contacts of
relay 94TMS? to the same ground. When inter-
rupter 881 again copens ity contacts, the holding
circuit of relay 8387 -is thereby opened and said
relay released. When interrupter €8I again
closes its contacts, relay 88W operates and locks
up over the circuits previcusly traced. Relay
8§3TM2 then operates over a circuit exiending
from battery through the winding of said relay,
No. 2 contacts of relay 83TMI, conductor 1743,
No. 1 contacts of relay §8Z, and No. 1 front con-
tacts of relay 88W 1o the above-traced ground on
conductor 1898 and locks up through its No. 2
contacts and No. 5 contacts of relay 33TMt to
ground. Relay 88DL operates over a circuit ex-
tending from battery through the winding of







