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This invention relates to telephone systems and
more particularly to an automatic billing -sys-
tem embodying the means and the method
whereby the various completed calls chargeable
to different lines over a stated billing period are
automatically recorded, classified and computed
and finally printed upon records individual to
each of sald several lines. In its preferred em-
bodiment the invention has been developed with
respect to means for handling the charge ac-
counts of the subscribers of a teléphone exchange;
but generally speaking, its flexibility makes it
possible to adapt and apply it to all large groups
of similar commercial transactions which run
over stated billing periods. Applied to a tele-
phone system, therefore, the invention covers
automatic means for timing, recording and billing
all telephone calls made by the subscribers of a
telephone office within a stated billing period.

At the present time it is well known that
charges for telephone service on some classes of
subscribers’ lines such as, for example, individual
message rate lines, are usually made by operating
& message register meter associated with the
calling subscriber’s line regardless of whether
the telephone system of which the calling line
forms a part is manual, semi-automatic or auto-
matic and that said meter is operated when the
called subscriber removes his receiver from the
switchhook as evidence of a completed connec-
tion.

Purthermore, recent advances in the telephone
art make it possible, in automatic systems, for
the calling subscriber to dial directly. the office
and number of & wanted subscriber who happens
to be located in that section of the toll area
which is immediately contiguous to the local area
and for which the charge for the connection is
a multiple of the base charge for a strictly local
call. For such a connection, the meter of the
calling subscriber is operated a plurality of times
for the initial charge period when the charge is
a multiple of the standard local rate and also a
number of times thereafter for each period of
overtime depending on what multiple of the local
standard rate is charged for each overtime in-
terval. At the end of each month, or whatever
period is used for billing purposes, the reading
of each subscriber’s line meter is taken. By
subtracting the reading of the previous billing
period from that of the period then terminated,
the total number of charges accumulated over
the period is determined. This total charge not
only comprises the separate charges for local
calls but also the equivalent, in the standard

(C1. 1718—1.1)

local rate, of charges for all calls completed in
the immediate toll area and tor which the sub-
scriber is billed in bulk; t is, without an
itemized identification of such toll calls to ac-

company the monthly bill.

This method of billing subscribers, while prac-
tically satistactory for local calls and for such
toll calls as can be billed in bulk, is impractical
for use where the equipment of the telephone
plant can be extended to permit subscribers to
dial directly those called lines which are located
in the more remote toll areas. As is well known,
toll and long distance calls are timed and ticketed
by & recording operator whose function is to

preserve on & toll ticket a record of the desig-.
‘ nation of the calling line, the destination of the

call and the duration of the conversation, so that
when the monthly bill for the subscriber is made,
the entries on toll tickets are entered as separate
items thereon. As is well known, timing and
ticketing involves considerable delays at the re-
cording position while the handling of tickets

10

15

further slows up the efficiency of the commercial '

departments of an operating company the effect
of which tends to cancel to some extent the pro-
ficiency of mechanical switching.

The invention is intended to overcome this ob-
stacle. It is further intended to avoid the ne-
cessity of meter reading for local charges by the

use of a centralized recording mechanism capable .

of registering the identity of all local and toll
calls, the former automatically in those cases
where the subscriber can dial the wanted station
directly, and the latter manually by the recording
operator whose only duty in this respect is to
depress a number of keys Indicative of the call
destination and the charge to be made therefor.
The invention further provides automatic equip-

35

ment by which monthly bills for all local and all -

toll charges can be made up for each line from

 records made by said registering device and other

devices responsive to said records and containing
the record of all calis made by the line over the
billing period.

The advantages of the lnvent.lon are manifest.
First of all it eliminates all necessities of having
meters at the subscribers” lines; secondly, it places
call recording on & more efficlent basis by freeing
the operator from the necessity of making out
tickets, and thirdly it preserves a record of the
history of all calls as made by the subscriber at
the time and immediately after a connection is
established, thereby eliminating all possibilities
of misunderstanding between the subscriber and
the operating company, the former frequently
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alleges he did not make. In other words the
superiority of our invention, as applied to tele-
phone billing practices, 1s to be found in its pos-

monthly bill. : :

A particular embodiment of our invention, in
its application to a telephone system, is lllustrated
in connection with the well known panel auto-
matic telephone system in which the calling sub-
scriber establishes a connection with a called sub-
scriber over panel type switching selectors, al-
though we do not wish to be understood as limit-
ing our invention to any particular type of ap-
paratus or any specific system, the invention
being readily adaptable by anyone skilled in the
art to any well known apparatus used for estab-
lishing telephone connections.

The genera! principle upon which the inven-
tion operates is the making, on a suitable medium,
of a record of each call made by a calling line of a
group by means of a recording equipment com-
mon to the group. This record includes an identi-
fying designation of the calling line, the code of
the called office, the number of the called sub-
scriber, and the start and finishing time of the
connection. Ordinarily most of the information
is required for the proper identification of
charges which are to be allocated to the particular
calling line, but in the case of toll calls where an
itemized history of the call is furnished with the
bill, such information must also be transcribed as
part of the bill, in which event it must likewise be
recorded.

The recording equipment consists, in general,
of a suitable recording apparatus which co-

- operates with a recording register that may, at

the necessary time, become operatively connected
with a calling line extension. This register is used
for registering the called office code, the called
line number, and the start and finishing time of
any particular connection.

For registration purposes one recording equip-
ment is conveniently allotted to one group of sub-
scribers who are, in turn, served by a particular
group of switching trunks or, in the case where a
line-finder is provided, to a group of lines termi-
nating on one line-finder frame and served by a
correlated group of line-finder district selectors.
Should it be found, however, that a single re-
cording unit for this group undesirably increases
the holding time of the line-finder, two or more
such recording units for each line-finder group
may be used, each unit serving a proportionately
smaller group of lines.

A register circuit is provided to receive the in-
formation to be recorded and to further control
the operation of the recording equipment. It
comprises a pulsing relay that responds to code
jmpulses which may be transmitted from a sender,
a group of registering relays or their equivalents
for recording the dialed office code and the num-
ber of the called subscriber, a timing device, other

9,119,061

registers responsive to this timing device at the
instant when conversation ensues between the
called and calling subscriber over the established
connection, and still other registers which respond
to said timing device at the time the conversation
between the two subscribers is completed.

For the purpose of illustrating the invention,
the recording apparatus herein used is a perfo-
rator of the type commonly used in printing tele-
graph systems and comprises a suitable number
of punch magnets depending upon the code sys-
tem employed for recording the various items of
information by perforating holes trausversely
across a tape of suitable xize. Other recording
apparatus such as, for example, those which are
responsive to the setting of suitable light valves,
might be equally well used. The invention, how-
ever, as described and claimed hereinafter, is not
limited to any particular type of recording ap-
paratus, and the one herein shown and described
is, therefore, only typically illustrative and not
exclusive of the many equivalent mechanisms well
known and available which could be used within
the scqpe of the present invention.

In general, the invention, when applied to a

‘telephone system, works as follows: When the

subscriber removes his receiver from the switch-
hook, a line-finder and a controlling device, such
as a register sender, become connected to the sub-
scriber’s line in the well known manner. The
subscriber, upon receiving dial tone, dials the
called subscriber’s office code and number, which
are registered In the sender for the purpose of
controlling the proper setting of the wvarious
switching selectors between the calling line and
the called subscriber. When the sender has re-
sponded to the series of impulses designating the
code of the called office and the called number,

‘the register circuit above mentioned or tape regis-

ter as it is hereinafter called, is connected t9 the
line-finder district selector and placed in a re-
sponsive condition to code impulses subsequently
to be transmitted to it from the sender. That
is to say, when the called office code and called
office number have been registered {n the sender,
it becomes necessary to make a record of this in-
formation on the tape that will contain the record
of the call completed from the calling line. To do
this, the tape register is operatively connected to
the sender and an impulse code for each of the
letters and digits dialed by the subscriber and
recorded in the sender is now transmitted in the
form of code impulses to the tape register where

they are recorded on auxiliary registers for subse-’

quent recording on the tape. When the record
is completely registered, the tape perforator is
operatively associated with the tape register.
Through a group of translating relays inter-
mediate between the register and the perforator
the Impulse code is translated into a six-digit
perforating code. In this manner, the called office
code and the called subscriber’s number are perfo-
rated in a series of positions on the tape. How-
ever, in advance of perforating the called office
code and number it becomes necessary to perfo-
rate a special code indicative of either of three
other notations, the first of which we have desig-
nated as a ‘‘switching” character, the second as a
“new call” character and a third as a code which
identifies the particular line in the group of lines
to which the registers and perforator are com-
mon. The reason for the use of a switching char-
acter and a new call character will become ap-
parent later on in the detailed description of the

10
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invention, but it is plain that some means must be 78
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medtoldenﬂtythee-nlncnnemhtedtothe the second to & minute interval and the third to
- succeeding code of the called office and number s tenth of s minute interval, the record of the
to which said calling line is endeavoring to ’stnﬂnsﬂmebunzmsdemurmsotmepod-
establish a connection. . - uonotemunuwitcheqwh!chreeordeachof

If the call, instead of being a local one and these time intervals. The tape register is now
hence completed by .automatic means, is-the operatively associated with the translating relays
usual toll call which must be completed by way torthpwr’pooeottramhtmzsaldreoordin
of an operator’s position, the recording operator, terms of the six-digit code used for punching
mdofmmnltheumﬂuckzttortheull. each of the separate designations on the tape,
wwumﬂwmhrﬂeketm!mﬂanﬁdbe and with the setting of the translating relays
,trmlbedmthehpemthenmemu!t thepeﬂontorhwdnctusedtobeoperatedfor
wmlldhetmmlbedfortlocalcﬂl;lntms reeordlnz.nrsttheummlswltchmgchamter.
case, however, the city or town to which the call secondly the identification code of the calling
lseobeeompleteduwellutheomceoodeand ﬂnennd.thlrdly,eachofthesematecodesin-
numbathudnmdthechnnetorthecsnln ,dleatingthet.hreeseparatenotatlonsorthestm-

70
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formation on the tape in the same code as that
used for recording the notations of local calls.
In the case of the local connection, however,
when the tape register has finished the opera-
tion of causing the called office code and number
to be perforated on the tape, the register and
the associated tape perforator ected
fromthenne.readytobeuaedby.nyotherca.u-
ing line of the group which ‘
time completed the dialing of the called office
and number of its own perticular connection.
Thus it i1s seen that the perforator and asso-
ciated tape register are not held ‘continuously

%o one line until the completion of the connection

and the termination of conversation but are only
momentarily associated with any line in the
gmupattheﬂmesuchnnneanditsmociated
equipment has enough of a record which may
be recorded on the tape. The recording equip-
ment, therefore, is used discontinuously by all
lines in the group to which said recording equip-

It now becomes evident why,
prlortop\mchlngtheeodeofthecalledomoe
name and number, or any other notation relating
to a particular call, it becomes necessary to per-
forate an identifying character which designates
the particular calling line from which the office
code and name has been dialed and also another
character which indicates whether what follows
is the start of a new call by another line or mere~

Iy a succeeding notation of a call made by a pre-

vious line for which other notations have already
been recorded upon the tape. Should the call be
a toll call, that is, one whose completion takes
place through an operator’s position, it also be-
comes necessary for reasons which will appear
hereinafter to record another character in .ad-
vance of any information
tonowsrelawstoatollcallandnottoalocaledh

After the recording equipment has
perforation of the code and number subsequent
to the perforation of the switching character
and the calling line
cording equipment is disconnected from the line.
The connection to the called subscriber’s line
is then completed in the usual way and when the
called subscriber answers, which event marks
the instant when conversation time is to be
measured, the tape register is again connected
to the district selector whereupon, under the
control of a timing device, a record of the start-
ing time of the conversation is made on the tape.
mumeisreglsteredlntemsofthreesepamte
digits, the first relating to & ten-minute mtervul.

to indicate that what
caused the’

identification code, sald re-"

ing time. The tape register and perforator
are then again disconnected from the line. If
atthhtlmeanothernnehasatartedncalland

. the extension of said line has been advanced to

the point where the called office and number have
been registered in the sender, the tape register
as well as the perforator are connected to this

10

18

‘other line to record the information. But in

this case, as already noted, the record belonging
to ‘this other line is not confused with the pre-
ceding record belonging to the first line because
the usual switching character and the code desig-

“nating a new call intervenes between the record

of the first line and the record of the second
line. Or if, again, the new call should be one
which is to be completed by way of the operator’s
position, then whatever information the operator
may wish to have recorded on the tape is pre-
ceded by the switching character and the code
indicating a call completed through an oper-
ator’s position which is later followed by what-
ever information in code form the operator has
typed on the transmitting mechanism associated
with her position. : .

When the conversation starting time has been
recorded -on the tape, the tape register and per-
forator are again disconnected from the line.
When the conversation is terminated and the
called subscriber has restored his receiver, the
tape register and associated perforator are again
connected to the district selector and the finish-
ing time of the conversation is then recorded on
the same group of registers and in the same
three separate designations, preceded, as always,
by the switching character and by the calling
line identification code. .

Thus the primary tape, that is, the tape record
which is made for a group of lines, contains a
series of disconnected notations relating to calls
initiated from the lines in said group. The next
step In our invention is to make from the pri-
mary tape a series of individual tapes for each
one of the lines and containing thereon all of

60

55

the notations relating to calls made by each of

the lines. and in'the order in which said notations

. ywould be entered on the tape in the sequence in
which said information would have been recorded
_In the normal compietion of the call, that is to
"say, the called office and number, the starting
* time and the finishing time of a connection, fol-
lowed by another called office and called number
‘and the starting timé and finishing time of an-~

other connection if ‘such other connection hap-

‘pens to be a local call, or of the city, office and

number and the total toll charges should it be
a toll call. Each of these notations, however,
is contained between two of the usual switching
characters and by the code of the new call or
by the code of an operator’s call whichever the
case may be. '

70
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The equipment for making a series of indi-
vidual tapes from the primary tape comprises
what is herein called a tape subdivider and con-
sists of a telegraph distributor of a type well
known in the telegraph art, a register and a
number of reperforating machines equal to the
number of subgroups into which, for convenience,
the main group of lines may be subdivided. For
instance, if, as is the case in line-finder arrange-
ments, the lines are arranged in groups of four
hundred lines and further subdivided into sub-
groups of twenty lines each, there will be twenty
reperforating machines associated with one dis-
tributor. Hence, when the primary tape is passed
through the distributor a system of circuits re-
sponds to a part of the code notation of the
calling line identification code for selecting the
particular reperforator assigned to the subgroup
in which the calling line belongs. After the se-
lection of the proper reperforator, the tape is

then advanced to succeeding code perforations .

each of which causes a series of impulses to be
transmitted to the selected reperforator and to
cause the reperforator to punch all the codes
therein which come in succession up to, but not
including, the identification code of the next call-
ing line, When the tape has advanced to the
identification code of the next calling line, an-
other reperforator is selected in accordance with
the subgroup in which said line belongs, and if
sald line also belongs in the subgroup of the pre-
ceding line the same reperforator will, of course,
be chosen after which the codes of all the suc-
ceeding notations will be perforated, each of
sald group of perforations, however, being pre-
ceded by the perforation of a code indicating a
pert of the calling line designation so that each
tape record made by the reperforator will be
identified with the particular line to which the
notation belongs.

The primary tape is thus run its entire length
through the distributor and, as a result, twenty
separate tapes are made. Each of these tapes or
group tapes as they are hereinafter called, are
not individual to particular subscribers but they
are tape records which contaln all of the call
notations belonging to lines of a particular sub-
group. Hence in order to make an individual
tape for each subscriber it now becomes necessary
to make an individual tape for each subscriber
from each of the twenty group tapes. In order to
do this, each group tape is now run through the
distributor and since the arrangement of each line
in the subgroup is the same as the arrangement of
each subgroup with respect to the entire group,
the secondary reperforator may be used to make
& tape for each line within the subgroup. Hence
as the group tape is run through the distributor,
that portion of the calling line identification code
which was perforated on the group tape now
causes the selection of a particular reperforator
whose numerical, or alphabetical, designation is
the same as that of the line within the subgroup
itself. When the reperforator is selected, the
code notations which follow thereafter on the
group tape are then recorded on a third or indi-
vidual tape; each group of notations, of course,
being precedad and succeeded by the usual switch-
ing character,

Thus from a main tape record four hundred
Individual tape records are made, one for each
subscriber, and each contains the perforated code
of each local call followed by the starting and
finishing time of said call, or the perforated code
of an operator’s call followed by the name of the

3,113,051

city, office and town and number of the called
subscriber and the money charge for the par-
ticular toll call, ’

The individual tape is now passed through an
organization of circuits herein called the com-
puter for the purpose of making a final tape
for each subscriber’s line, sald final tape con-
taining for each call recorded on the individual
tape the directory abbreviation of called office,
the number of the called line and the computed
charge in dollars and cents to be assessed for
the call. In the case of the record of the toul
connection contained on the individual tape, the
computer functions merely to transfer this record
on the final tape inasmuch as all of the infor-
mation in the form to be printed on the bill is
already contained on the individual tape.

The computer, in its more important essen-
tials, comprises a perforator and an impulse re-
ceiver, usually of the type common in telegraph
systems, a group of registers for recording the
called office and number of a local connection
thereon, another group of registers for recording
the start and finishing time of a connection, a
calculator for translating the time of a connec-
tion and the called office name into a charge for
the connection in terms of standard charge units,
and a group of adding registers for integrating
all the charges as the individual tape advances
from one call to the next,. After the last call
has passed through the computer, the total sum
recorded in the adding registers is pérforated on
the final tape.

This final tape is then passed through an ordi-
nary page printer adapted to respond to the
perforations thereon. These perforations are in
groups, each relating to a particular call and
comprise the codes of all the items which have to
appear in the bill and in the order in which
they are to appear: that is, the called office and
name and the charge. Between each group of
codes Is perforated the code for raising and
shifting the printer carriage and in response to
which the carriage is carried back to the starting
position and the bill forms is advanced one space.
The operation of printing is then repeated with
the next group of codes until all groups are ex-
hausted. The last group of codes are those of
the total charge and are caused to be printed
underneath the other figures.

The following description has been arranged
In three separate sections as a matter of con-

venience to conform with the arrangement of -

the drawing: namely, (1) the preparation of the
Primary tape, (2) the preparation of the indi-
vidual tape for each line, (3) the preparation of
the final tape from the individual tape, and the
printing of the bill therefrom,

The invention, therefore, will be described in
the samre order:

Section 1

The circuits and apparatus for the prepara-
tion of the primary tape are disclosed in Figs. 1
to 26, inclusive, arranged as shown in Section 1
of Fig. 1A. The circuits and apparatus compre-
hended within this section comprise the following:

Fig. 1 shows subscriber line groups; the line-
finder end of the line-finder district selector, the
line identification register, and the primary tape
perforating apparatus, schematically shown ;

Figs. 2 and 24, taken together, disclose the re-
mainder of the line-finder district selector;

Figs. 3 to 6, inclusive, show the line start, trip
and link circuits for controlling the operative
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calling line and the operative dssociation of said

selector with a sender;
nss.'ltomundm.zsdhclosetham

Pigs. 21 and 22 show schematically the decoder-
eonnectoranddecoder.tbeuttu'belnsttthe
appropriate time operatively associated with the
sender; and

m.zs,ze.ndzzmowtheuwm
circuit. '

Consider, first, a local call. Subscriber’s line
100 is & line in a group of twenty liries of twenty

similar groups for oneline-finder frame. The-

particular group containing the line in question
is designated, for the purpose of identification as
described hereinafter, as the first or A group
while the last or twentieth group is designated
as the T-group. Each of the lines in all the
groups terminate on the bank of a line-finder
frame 118 to which the line-finder districi se-
Jectors have access in the known manner. In
the disclosure of this invention, a line-finder
district selector shown in Figs. 1, 2 and 24 com-
prises two mechanically moving elements oper-
atively assoclated together, one element being
used for finding and connecting with the termi-
nals of a calling line, as shown by the arrange-
ment of the line-finder brushes and terminals
at 119, and the other, usually termed the dis-
trict selector, being used as the first switching
element for extending the calling line to other
offices or to some line in the same office, as indi-
cated by the brushes of said selector in relation
with the selector bank terminals at 24i8. In the
disclosure of the preferred embodiment of the
invention, the well known panel type telephone
system is used, but only for the purpose of illus-
trating the means by which the principles of the
invention can be adapted by any one skilled in
the art to any type of automatic or semi-
automatic telephone switching equipment, the

invention being broadly independent of any tele- -

phone system or of any particular type of appa-
ratus used therein. For this reason, the line-
finder district selector shown in Figs. 1,3 and 24
1s, in general, similar to the panel line-finder
district selector disclosed in Figs. 1 and 35 of
the telephone system disclosed in Patent No.
1,862,549, granted to R. Raymond and W. J.
Scully, dated June 14, 1932, excepting for the

fact that the district elevator is modified to carry.

two sets of brushes, an upper set consisting of
brushes 2423, 24i{ and 2401 and a lower set
consisting of brushes 2428, 2428 and 2421. When
the connection is to be extended over trunk
groups terminating in local mechanical or man-
ual offices, only the upper set is used. When the
connection is to be extended over & trunk group
terminating at an operator’s position for pur-
poses of toll or long distance connections, both

sets of brushes are used, the lower set being used -

in this case to connect the district selector with
the telegraph transmitter 2819 as more particu-
larly described hereinafter.

Likewise, the trip, start and link circuits shown
in Pigs. 3, 4, 5 and 6, respectively, correspond to
the same circuits in the same numbered filgures
of the above mentioned patent. The sender, de-
coder and decoder connector which are shown
in Fgs. 7 to 21, inclusive, of the drawings are
also substantially identical with, the correspond-
ing parts of the above mentioned patent except
for such modifications, especially in the sender,
as have been found desirable and as described
hereinafter, for adapting the invention to the

‘ system disclosed and described
in said patent. The decoder connector and de-
coder, schematically shown together at Fig. 31,
are the control and translating circuits cooper-
:uuwlththe-enderundaredsonmyducﬂhed
in the above mentioned patent. The operation
of all these circuits, in relation to the invention,
hbeuevedeohavebeenfunycmredlnthede-
scription following hereinafter, but for such
other descriptive matter as relates to such other
phases of their operation not touching the inven-

panel telephone
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tion, reference is made to the above mentioned

patent for a more complete description thereof.
Initiation of connection .

Assuming, therefore, that subscriber lil infi-

tiates a local call, then the removal of the re-
celver from the switchhook (not shown) closes &
circuit from battery through the winding of fine
relay 181, inner back contact of cut-off relay 182,
through the substation apparatus, outer back
contact of relay 102, to ground. Relay 181 op-
erates and connects ground to conductor 104
extending to trip circuit 308 and connects the
line-fAinder terminal to which brush {4 has ac-
cess to conductor 108, thus initiating the opera-
tion of the trip, start and link circuits and the

"assoclated line finder.

The trip circuit 300, shown in Fig. 3, is one of
ten similar circuits serving a group of four hun-
dred subscribers’ lines appearing in one line-

- finder frame as shown in Fig. 1. The purpose

of the circuit 1s to trip the proper set of brushes
on the line-finder that hunts for the calling line
and to insure, further, that calls are served in
order and one at a time. The gang switch 348
serves to connect the trip circuit with the linie
and with the start circult 508 and permits the
rapid transfer of the line to the emergency trip
circuit 388 should trouble arise. ‘
The start circuit 596 is common to ten trip
circuits and serves to bring about the association
of calling subscribers’ lines with district selectors
and senders without interference. The gang
switch 581 which connects the start circuit 500
with the trip circuit 308 and the link circuit in
Pigs. 4 and 6 also serves to transfer these circuits

into connection with the emergency start clrcuit

898 in case of trouble.

The Hnk circuit,” shown in Figs. 4 and 6, is
one of a group of link circults serving half of the
group of four hundred subscribers’ lines. When
normal the link circuit assoctates itself with an

idle district selector and advances to a sub-allot-

ted position. The link circuits are arranged in a

chain and when one link circuit is taken for use-

the next is advanced to an allotted position.
Therefore, only one link circuit is ready for use
at a time. The link circult serves to connect &
calling line to a line-finder district selector cir-
cuit and the latter with a sender for the purpose
of recording the number of the wanted line and
for otherwise controlling the establishment of
the connection. .

The connection of ground to conductor 104,
which is common to a group of twenty  lines,
completes a circuit through switch 340, back con-
tact of relay 302, upper winding of relay 301 to

battery. Relay 301 connects ground over its low-

ermost front contact, inner contact of relay 306,
upper contact of relay 303, switch 340, conductor
316 to gang switch 881, through the winding of
relay 616 of the start circuit 500 to batiery. It
also closes a circuit from ground over its next to
lower front contact, outer contact of relay 308,
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lower back contact of relay 303, upper winding
of relay 304, switches 340 and §9(, upper back
contact of relay §i§ to.battery. Relay 384 op-
erates and locks in a circuit from ground over
the lowermost contact of relay 38, inner back
contact of relay 308, lower winding and inner
lower front contact of relay 384, over the back
contacts of similar relays in other trip circuits
to the start circuit §080 and through the lower
winding of relay §{8§ and resistance ${7 in par-
allel to battery.

Relay §18 operates and connects battery
through its lower winding and bottom inner con-
tact and through resistance ${7 in paralle],
switch §81, to conductor 242. With relays 384
and §!§ operated, a holding circuit is completed
for relay 38! extending from ground at the outer
front contact of relay §18, switch §81, switch 340,
outer lower front contact of relay 384, inner front
contact and lower winding of relay 381 to bat-
tery. This circult also extends in parallel with
the lower winding of relay 381 to the winding of
relay 308 and battery. Relay 388 operates and
locks over its upper front contact, outer back
contact of relay 308, next to the lower front con-
tact of relay 381 to ground and thereby closes an
additional locking circuit for relay 38(. Relay
388 closes a circuit from ground over its lower
contact, outer upper front contact of relay 304,
middle front contact of relay 381, switch 340,
switch 581, outer back contact of relay §{{, inner
back contact of relay §08, switch §9{, conductor
519, lower contacts of cam §89, to brush 406 of
the trunk finder 400. This finder has been posi-
tioned on the terminals leading to an idle district
selector and the district selector sequence switch
has been advanced to position 2 in the manner
described hereinafter, so that the above traced
circuit extends over conductor 248, right upper
and left lower contacts of cam 223, winding of
relay 226 to battery. Relay 228 operates in this
circuit and initiates the operation of line-finder
118 as more completely described hereinafter.

Relay 304 also closes a circult from battery to
trip magnet ({7 of line-finder 118 over conductor
127 to ground at its inner front contact. Relay
3085 also closes a circuit from battery through the
upper winding of relay 308; upper winding of re-
lay 303, lower front contact of relay 308, to
ground. Relay 303 operates in this circuit, but
relay 306 can not operate in series with relay 303.
Relay 303 opens the circuit of relay 5§1¢ and that
relay releases unless its circuit is maintained at
some other trip circuit belonging to this group of
lines.

When relay 226 operates as above described, it
locks over its bottom inner front contact, right
lower and left upper contacts of cam 222, back
contacts of relay 227, commutator strip 188, brush
119, to ground. Relay 228 also closes a circuit
from battery through the up-drive magnet 185 of
the line-finder 119, conductor 250, bottom front
contact of relay 226, left contacts of cam 218,
bottom middle front contact of relay 226, left
lower contact of cam 209, right upper contact of
cam 212 to ground. The line-finder 140 is moved
upward in search of the calling line under the
control of magnet 105. When the line-finder has
passed the tripping zone so that the proper brush
set has been made operative, brush (20 encounters
the conducting part of the commutator strip 123
completing a circuit thereby from ground over
brush 120, segment (23, conductor 2§ , left con-
tacts of cam 208, conductor 242, through a make
busy key (not shown), switch 881, and thence

8,119,961

over the inner front contact of relay §I5 to the
winding of relay §(8§ and resistance §17 in shunt
of the winding of relay 304. Relay 384 now re-
leases, in turn releasing trip magnet {{1. When
brush ‘128 leaves the segment 123, relay §18 also
releases to restore the operating circuit for the
relay, such as relay 384, in other trip circuits.

When the line-finder finds the calling line, a
circuit 15 closed from ground over the right upper
and left lower contacts of cam 221, winding of
relay 221, conductor 282, brush | (4 and bank ter-
minal, inner front contact of relay {81, conductor
103, thence to battery through the lower winding
of relay 306 and the resistance 318 in parallel.
Both relays 227 and 306 operate in the above cir-
cuit. Relay 227 opens its back contact and causes
the release of relay 228 preparing said relay to
perform functions: hereinafter noted, while re-
lay 386 opens the locking circuit of relay 38§ and
the holding circuit of relay 301, The release of
relay 385 further opens the energizing circuit of
relay 303 and that relay releases unless held
locked because relay 5§ is held operated from
some other trip circuit.

In the start circuit, at the same time that the
operation of relay 308 connected ground to con-
ductor §i9 to operate relay 226, said ground was
also extended over the inner upper back contact
of relay 808, through the winding of relay 508,
upper winding of relay 508, outer lower back
contact of relay 503 to battery. Relay 588 oper-
ates in this circuit, locking to ground at 1ts front
contact independent of relay 308, but relay %08
does not operate at this time. However, when
relay 226 operates to start the line-finder, it also
connects ground from the left lower contact of
cam 209, next to the inner lower front contact of
relay 226, left upper contact of cam 218, right
upper contact of cam 207, conductor 241, brush
485, lower left and right upper contacts of cam
€17, conductor 690, switch 591, lower winding of
relay 808, bottom outer back contact of relay 5083,
to battery. Relay 508 now operates, short-cir-
cuits relay 505, opening the operating circuit of
relay 228 and locks to ground at the front con-
tact of relay 305. Relay 508 also closes a circuit
through the upper winding of relay 5I5 at its
bottom inner front contacts for holding that re-
lay operated.

When the calling line is found, the operation
of relay 227 opens the locking circuit of relay 226
as already described and that relay releases,
opening the circuit of the up-drive magnet (08,
bringing the line-finder to rest. The release of
relay 226 further releases relay 808 completing
the restoration eof the start circuit 500. Relay
226 released closes a circuit from battery through
the winding of cut-off relay 102, brush (18, re-
sistance 253, bottom innermost back contact of
relay 254, bottom outer back contact of relay 226,
left lower and right upper contacts of cam 2(§
to ground on the right upper contact of cam 255.
Relay 102, in operating, opens the circuit of line
relay 181 which, in releasing, disconnects ground
from conductor 104, releasing relays 301 and 308
in the start circuit and relay 227 in the district
selector, and reconnects relay 118 with the ter-
minal engaged by brush {14. The release of relay
301 completes the restoration of the trip circuit
300 to normal,

When relay 228 operates to start the line-finder
it also transmits a signal to the link circuit to
start it hunting for g sender. The circuit for this
purpose is the same as that used for operating
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over the right contacts of cam 610 through the
winding of relay 420, resistance 421 to battery.
Relay 420 operates and locks over its inner front
contacts to ground over the upper left and lower

right contacts of cam 628, It also closes & cir-

cuit from ground over its lowermost front con-
tact, right contacts of cam 611, winding of mag-
net 880 to battery, advancing the link sequence
switch. to position 2 in which position relay 420
releases. In position 2 a circuit is closed from
battery through the winding of relay 423, upper
right and lower left contacts of cam $19, upper
back contact of relay 424, lower left and upper
right contacts of cam 618 to ground. Relay 423
operates and prepares relay 424 to test for an
idle sender by connecting ground over its inner
upper contact to the lower winding of relay 424
which is connected over the left contacts of cam
624 through the middle winding of relay 424 to
battery and over the lower left and upper right

~ contacts of cam 624 through the upper winding

o
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of relay 424, back contact of relay 428, upper

contacts of cam 626 to brush 484. Relay 424 is

so wound that this ccmbination of circuits
renders it quick to operate when the proper con-
dition is found and quick to release if some other
link has just tested the same sender. Relay 423
also closes a circuit from battery through the
upper winding of relay 422, upper front contact
of relay 423 to ground at the lower back contact
of relay 424. Relay #22 in operating completes a
circuit from battery through the winding of up-
drive magnet 481, upper contacts of cam 823,
inner lower front contact of relay 422 to ground
at the outer lower back contact of relay 420. The
sender selector 450 is therefore driven upward
under the control of magnet &87.

Idle senders are characterized by the presence
of battery through 270-ohms resistance and, as-
suming that the sender shown is the first idle one

‘to be encountered, a circuit will be closed from
battery through resistance 302, left back con-

tact of relay 1303, lower back contact. of relay

- 728, conductor 746, brush 484, upper contacts of

(B}
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cam 626 to ground through the upper and lower
winding of relay 424. Relay 424 operates in this
cireuit and holds thereover but due to the closure
of its lower front contact to ground thereby short-
circuiting the lower winding of said relay, the

potential on brush 454 is altered so that no other '

link circuit which may be hunting can stop on
this sender. 'The operation of relay 424 opens the
circuit of relay 423 while relay 428 opens that of

‘relay 422, both of sald relays releasing. With

relay #23 released and relay 424 operated se-
quence switch 600 is advanced to position 3 in a
circuit from battery through the winding of mag-
net 800, left lower contact of cam 613, contacts of
jack 607, back contact of relay 423, upper front
contact of relay 424 to ground over the lower left
and upper right contacts of cam €18.

While sequence switch 600 was in position 2,
a circuit was closed from ground over the left
contacts of cam 605, right contacts of cam 686,
to the next link circuit in the sequence which is
the first one shown, over a contact of jack 667,
left contacts of cam 668 and the right contacts
of cam €65, to the magnet (not shown):of the
sequence switch of that link to advance said link
into position 1 in readiness for use. Likewise,

_with the link sequence switch 600 in position 2, a

circuit was closed from ground over the lower
right and upper left contacts of cam §08, brush
40(, conductor 243, lower left contact of cam
213, lower left contact of cam 210, right winding

7

of relay 228 to battery. Relay 228 operates and
Jocks over its right outer front contact to ground
over the top contacts of cam 221. When relay
228 releases after the calling line has been found, .
a circuit is closed from battery through the wind- 5
ing of sequence switch magnet 208, left lower
contact of cam 224, left front contacts of relay
228, Jower inner back contact of relay 226, left
lower contact of cam 208 to ground. Magnet
200 operates and advances sequence switch 260 10
to position 3. When sequence switch 20Q leaves
position 2 relay 228 releases. When sequence

" switch 200 reaches position 3 the circuit of the

cut-off relay 102 is closed to ground over the left
lower and right upper contacts of cam 258, hold- 15
ing the cut-off relay operated under the control"
of relay 254 until the sequence switch leaves posi-
tion 17%,.

With link sequence switch 608 in position 2%
conditions are set up in the sender to identify 20
the class of service to which the calling subscriber
1s entitled. Subscribers, besides being identified
in groups of convenient sizes for the purposes of
billing identification as more completely described
hereinafter, are further grouped into zones in ac- 25
cordance with the rate at which they are to be
charged for calls in the different zones of the ex-
change area. Different zone groups of subscribers
are served by different groups of link circuits and
the link circuits are provided with means for 30
signaling the sender as to the group to which the
calling subscriber belongs. This is done by estab-
lishing one of two conditions to the tip side of
the fundamental circuit leading to the sender,
and one of two conditions on the ring side of the 38
fundamental circuit before the sender functions
to make selections. These conditions are either.

‘open circuit or direct ground connected to brush

458 over cam 812, or open circuit or ground con-
nected to brush 455 over cam 611" For the pur- 40
pose of illustrating the principle and operation

of the invention it may be assumed that the serv-
ice to which subscriber 180 is entitled may be
identified by an open circuit to brush 456 and
ground to brush 485 from whence the circuit may 48
be traced over conductor T41, outer right back
contact of relay 1303, conductor 1315, right wind-
ing of relay 1407 and to battery. Relay {487 oper-
ates and locks in a circuit from battery over the
lower contacts of cam {724, conductor 1729, 80
through the left winding of relay (407 to grounded
conductor 1238. Relay 1407, when operated, per-
forms functions to be described hereinafter.

With sequence switch 200 in. position 3, and
sequence switch 608 also in position 3, a circuit is 86
closed Trom battery through the winding of re-
lay 229, left contacts of cam 211, conductor 245,
brush 483, lower right and upper left contacts of
cam 821, brush 483. conductor 745, right back
contact of relay 1305, outer left contact of relay 60
1232, middle and left windings of relay 1306, to
ground. Relay 229 operates but is ineffective in
this position of the selector sequence switch 208.

Relay 1306 also operates in this circuit, in turn
operating relay 1234 which closes a circuit from 65
battery through resistance 1304, winding of re-

lay (233 to ground at the right front contact

of relay 1234. Relay 1233 locks to ground at its
inner left contact and connects ground to con-
ductor 1238 which carries off-normal ground to 70
all parts of the sender circuit. It also operates
relay 1303 which removes battery from conductor
146 to disconnect the idle test conditfon and
connects ground to conductors 1317, 1318 and
1319. It also completes a circuit over conductor 75




10

15

20

40

45

50

55

65

70

76

1238 through the winding of relay (381 to battery
at the left back contact of relay 12371 which pre-
pares for the subsequent release of the sender.
In addition, the ground on conductor {238 com-
pletes a circuit over the back cantact of relay $6i,
through the winding of relay 802 to battery, oper-
ating relay #02 in preparation for the reception
of the first digit.

The removal of battery from conductor 148
releases relay 424, which then closes a circuit
from battery through the winding of sequence
switch magnet €00, upper right contact of cam
613, back contact of relay 424 to ground over
the lower left and upper right contacts of cam
618. Sequence switch 808 is advanced to posi-
tion 5 in this circuit. In position 5 the sender
and district selector are connected together over
the following circuit: Conductor 243 of the dis-
trict selector is connected to conductor 143 of
the sender over brush 481, upper contacts of
cam 608 to brush 481; conductor 244 is connected
to conductor 144 over brush 402, upper contacts
of cam 89 to brush 4¥2; conductor 247 is con-
nected to conductor T4T over brush 4085, left con-
tacts of cam §17 to brush 488; conductor 248 is
connected to conductor T48 over brush 406, left
contacts of cam 612 to brush 456. The circuit
connecting conductor 248 with conductor 145 ex-
tends, in position 5 of the link switch from brush
403, left contacts of cam 621, upper winding of
relay 424, upper back contact of relay 420, up-
per contacts of cam 621 to brush 453. Relay
424 does not operate, but the circuit is main-
tained in preparation for the advance of the link
circuit. No circuits are closed over either con-
ductor 246 or conductor T48 at this time.

As soon as sequence switches 200 and 600 reach
position 3 the dialing circuit is closed, which
may be traced from battery through the lower
winding of relay 724, over conductor T44 through
the link circuit to conductor 244, left contacts of
cam 202, winding of relay 231, upper inner con-
tacts of relay 254, brush 112 and terminal cooper-
ating therewith, subscriber’s loop, brush (11 and
terminal cooperating therewith, upper outer con-
tact of relay 254, left contacts of cam 201, con-
ductor 243, through the link circuit to conductor
143, resistance 729 to ground at the right outer
back contact of relay (231. Relay 124 operates
in this circuit and closes a circuit from bat-
tery through the winding of relay 11§, front con-

-tact of relay 124 to ground at the right inner

back contact of relay (231. Relay 716, in op-
erating, connects ground through resistance 117,
to the winding of relay 113 which also operates,
in turn operating relays 714 and 715. With re-
lay 715 operated, a circuit is closed from ground
over the inner front contact of relay 1185, upper
winding of relay 124 through condenser 130,
outer left front contact of relay 902, to the source
of dial tone D. T. A tone is thereby induced
in the primary winding of relay 724 from whence
it is transmitted to the subscriber’s line over the
described loop informing him that he may pro-
ceed to dial.

Registration of called number in the sender

When the subscriber operates his dial for the
first digit, relay 124 releases momentarily as
each pulse is received. Relay 118 releases each
time that relay 124 releases but is not as quick
to operate as relay 124 so that it may or may
not reoperate each time that relay 724 does.
Relays 113 and Ti4 on the other hand, are def-

“ing circuit of relays
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initely slow' to release so that they do not re-
lease during the possible short openings of their
circuits and relays 118, 714 and 115, therefore, re-
main operated during the intervals between dig-
its. When relay 124 closes its back contact in
response to the first pulse, it connects ground
from the inner right back contact of relay 1231
over the upper front contact of relay Ti4, inner
left front contact of relay | 234, over the upper
back contacts of relays 110, 708, 708, 704 and 702,
to the winding of relay 101 of the primary reg-
ister 700 and battery. Relay T0( operates, locks

through the winding of relay 102, front contact

of relay 101, lower back contact of relay 704,
conductor 136, back contact of relay 7120 to
ground at the outer upper front contact of re-
lay 718. The release of relay 11§ closes a circuit
from battery through resistance 119, winding of
relay 718, inner back contact of relay TI8 to
ground at the outer upper contact of relay T8,
Relay 118 is slow to release s0 that it remains
operated even though relay 116 may momentarily
break its operating path. At the end of the first
impulse relay 124 reoperates and relay 102 op-
erates and locks in the circuit of relay 181. The
operation of relay 702 closes a circuit from
ground over its lower front contact to conduc-
tor 131. With relay 802 operated this completes
a circuit over the inner left contact of relay 902
through the right winding of relay 904 of the
first secondary register 880 to battery operating
that relay.

When the next pulse is received, the circuit
controlled by relay 724 extends, as above traced,
to the back contact of relay T84 over the front
contact of relay 7102, the winding of relay 703
to battery. Relay 103 locks through the wind-
ing of relay 104, front contact of relay 703, lower
back contact of relay 108, to conductor 136. Re-
lay T84 does not operate until the end of the
pulse at which time it opens the locking circuit
of relays T8f and 182 which release, in turn re-
leasing relay 884. It also closes & circuit from
ground over conductor 132 thence over the outer
right contacts of relay 902 to the right winding
of relay 905 and battery operating that reg-
ister relay. :

The third pulse causes the operation of re-
lays 708 and 78 in turn and relay T06 grounds
conductor 13{ reoperating relay 904. Relays 7108
and 706 lock in parallel with relays 7103 and 104
which remain operated so that relay 905 also
remeins operated. The fourth pulse operates re-
lays 187 and 708, the latter opening the lock-
103 to 106, inclusive, and
releasing relays 904 and 905. Relay 708 also
closes a circuit from ground over conductor 733,
the middle left contact of relay 902, to the right
winding of relay 866 and battery.

At the fifth pulse, the circuit controlled by
relay 124 extends over the front contact of re-
lay 708 to the winding of relay 709. Relay 109
operates, locking through the winding of relay
110, front contact of relay 108, back contact of
relay 104 to conductor 736. At the end of the
pulse relay 118 operates, opening the locking cir-
cuit of relays 187 and 708 thereby releasing re-
lay 986. It also closes a circuit from ground over
its inner lower front contact, upper back con-
tact of relay 712, conductor 134, over the middle
right contact of relay 902 to the right winding
of relay 887 and battery. -In addition, it closes
& circuit from ground on conductor 138, lower al-
ternate contact of relay 110, lower back con-
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tact of relay 112, winding of relay 114 to battery.
Relay 711 locks in series with relay 712 over its
front contact to conductor 138. Therefore, the
locking circuit of relays 741 and 142 is independ-
ent of the remaining counting relays. Relay 112

does not operate at this time being shunted by

the operating circuit of relay Tif.
At the sixth pulse, the circuit controlled by re-

_ lay 124 extends over the front contact of relay

10

“'and @ back contact of relay 718 so that relay 907 -

40

710, the back contacts of relays 106, 104 and 102
to the winding of relay 70{. This relay locks
through the winding of relay 102 which operates
as before at the termination of the pulse, there-
by grounding conductor 181.. The seventh pulse
operates relays 108 and 784, releasing relays 101
and 102 and grounding conductor 732 in the same

menner as for the second pulse. Relay T84 also -

opens the locking circuit of relays 7689 and 110
and these relays release permitting relay 7Ti2
to operate in the locking circuit of relay T4,
With relay 112 operated, a new circuit is closed
for relay 907 over the front contact of relay 112

is held operated. The eighth pulse causes the
operation of relays 708 and 768 in the same man-
ner as for the third pulse. Relays 703 and 704
remain operated and conductors 132 and T3 are
grounded causing the operation of relays 804
and 905. The ninth pulse causes the operation
of relays 187 and 108, releasing relays 103 to 786
as well as relays 904 and 888 and operating re-
lay 988 instead. The tenth pulse reoperates re-
lays 109 and 110 releasing relays 101, 7188 and
906. With relay 112 operated, the operation of
relay 718 opens the circuit for relay 907 and
closes instead a circuit from ground over the
inner lower front contact of relay 118, lower
front contact of relay Ti2, conductor 738, inner
right contact of relay 982 through the right
winding of relay 903 and battery.

When the last pulse of the digit has been re-
ceived, relays 724 and 716 remain operated for
a considerable length of time. The circuit of
relay Ti8 i8 thereby opened causing this relay to
release and a circuit is closed from battery

through the winding of relay 720, normal con- -

tacts of relay 718 to ground at the front con-
tacts of relay 118. Relay 720 closes a holding
circult for itself under the control of relay Ti§
which, however, is normal at this time. ‘It also
connects ground from the front contact of relay

" 118, over the top front contact of relay 720, outer
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left back contacts of relay 1112, 1102, and 1022,

back contact of relay 1030, outer left back con-

tacts of relays 1002, 922 and 812 to the winding
of relay 901 and thence over the left front con-
tact and the left winding of those relays of sec-
ondary register 800 which remain operated at
the termination of the pulse, and thence to bat-
tery. This provides a locking circuit  for the
register relays as well as an operating circuit for
relay 901. It may be noted, however, that the
locking . circuit of relay 804 is only closed when
either relay 905 or relay 807 is also operated.
This prevents the registration of a false prelim-
inary pulse since a single pulse can not lock up
the first register. ‘The operation of relay 126 also
releases any of the relays of primary register
108 which are operated.

Relay 901, in operating, locks over its outer
left contact to grounded conductor 1311. It also
opens the circuit of relay 302, which, in releas-
ing, disconnects the relays of secondary regis-
ter 900 from primary register 700. In addition,
it extends ground from conductor 1317 over its

_Het,

- inner.left contact, the back contact of relay 814 -

to the winding of relay 812 to prepare register °

810." Assuming; now, that the called subscriber’s
number:is Halifax 3678 which requires the code
428 to be used, relay 908. of register 908 is locked
operated, relay 912 is- operated as anrove de-

- seribed and the next operation of the dial brings

about the registration of the second digit on reg-

‘ister 810, When the last pulse of this digit has

been received, the register relay 818 locks in series
with relay 841 which in turn locks to conductor

10

1311, opens the circuit of relay 812 and connects

ground from conductor (37 over its inner front

“contact and the back contact of relay 821 to the

winding of relay 922 to prepare for recording
tl}e third digit on register 920 which, in accord-
ance with operations identical with those de-
scribed above, resuits in the operation and lock-
ing of register relay 927 {n series with relay 821,
the release of relay 922 and the operation of re-
lay 1002.

Following the registration of the office code the
numerical digits are recorded, the thousands digit
being recorded on register 1008 which for the

- thousands digit 3 results in the operation and

locking of register relays (004 and 1808 in series

. with relay 1(081; the hundreds digit being re-

corded on register 10(8# which for the hundreds
digit 6 results in the operation and locking of
register relays {014 and (8{7 in series with relay
18t1; the tens digit being recorded on register
1820 which for the tens digit 7 results in the op-
eration and locking of register relays 1025 and
1621 in series with relay 102f; and the units
digit is recorded on 1100, which for the units digit
8 results in the operation and locking of register
relays (104, 1108 and 1107 in series with relay
If the call is one that is to be completed in
a manual office where station’s digits are em-
1')1'olzed, this digit will be recorded on register

Following the registration of the thousands

.digit, the operation of relay 1001 extends conduc-

tor 1317 over its inner left contact of the wind-
ings of relays (012 and 1030 in parallel. Relay
1030 supplies locking ground for registers 1010,
1020 and 1{100. Station register {110 obtains
locking ground for its individual relays through
relay 1101. The circuit for operating the cut-
in relay 1112 of the station registers extends over
the lower contacts of cam 816 to the back con-
tact' of relay (111 and the front contact of relay
tiol. i

The operation of relay 801 following the reg-
istration of the first office code digit, closes a
circuit from battery-through the winding of se-
quence switch magnet (700, right upper contact
of .cam 1702, conductor 1128, left back contact
of relays 1505 and .1504, conductor 1808, outer
right back contact of relay 1321. left back con-
tact of relay 1310, outer left front contact of
relay 1234, conductor 1239, inner left front con-
tact of relay 901 to ground at conductor 1317.
Sequence switch 1708 advances to position 2 in
this circuit connecting ground over the upper
left- contact of cam 1716 to conductor 1238 as
long as the switch remains out of position 1.
At this time a circuit is also closed from battery
over the lower right and upper left contacts of
cam (724, winding of relay 1266, contacts of re-
lay 1221 to ground, operating relay 1226 to pre-
pare for the closing of the fundamental circuit.
A circuit is further completed for relays 2308
and 2308 in parallel, extending from ground
through the top contacts of cam 1745, conductor
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2308, winding of relay 2385 to battery and, in
parallel therewith, lower winding of relay 2306 to
battery. These relays operate, remain in their

operated position but perform no particular func-

tion at this time.
Decoding office code

When the office code digits have been regis-
tered &s indicated by the operation of relay 921,
a circuit is closed from battery, through the
winding of relay 121, inner left front contact of
relay 921 to grounded conductor (31{1. Relay 121
operates and initiates the operation of the de-
coder connector, which is schematically shown in
Fig. 21, by completing a circuit from battery over
the lower right and upper left contacts of cam
1724, conductor 838, conductor 840, right back
contact of relay 838, left back contact of relay
836, lower back contact of relay 123, inner lower
front contact of relay T21 to conductor 936. Bat-
tery on this conductor is supplied to the wind-
ing of relay 2100 which is individual to this sender
in the decoder connector.

The decoder connector comprises the complete
circuit shown in Figs. 21 to 24, inclusive, of the
Raymond-Scully patent mentioned above. 1t is
the medium for connecting together at the proper
time a sender and a decoder and comprises, es-
sentially a plurality of connecting channels, each
accommodating a group of senders, the size of
said group being determined by traffic condi-
tions. Accessibility by a sender to its connecting
channel as a means of establishing connection
with a decoder is made through a multi-contact
relay having an appropriate number of contacts,
while the connectionn of a decoder to any chan-
nel is likewise made through a multi-contact
relay. With this difference, however, that while
a sender can be connected with a decoder through
its connecting channel only and is therefore pro-
vided with a multi-contact relay only in that
channel, the decoder must have accessibility to
each of the senders in every connecting chan-
nel. The decoder, therefore, is provided with a
connecting multi-contact relay in every channel.
The circuits for operating the decoder connector
are arranged so as to prevent interference be-
tween senders simultaneously seeking a decoder
and to make each decoder a first choice in cer-
tain channels. Since the connector channel com-
prises no part of our Invention and is simply a
connecting medium between the sender and the
decoder, it has not been thought necessary to en-
cumber this specification with a complete de-
scription of its further arrangement and opera-
tion, it being thought sufficient to refer to said
Raymond-Scully patent for a complete descrip-
tion. Suffice it to say that the operation of re-
lay 2100 results in the operation of multi-con-
tact relay 2104 which connects the appropriate
sender conductors to the channel wires and fur-
ther results in the selection of an idle decoder
through the operation of its multi-contact relay
2101 cn the same channel, all in accordance with
the circuit operations described in the above men-
tioned patent to Raymond-Scully.

The decoder itself, shown schematically in Fig. -

22, is a device for translating the dialed office
code into the operation of a relay in the de-
coder which is individual to the code. This re-

.Jay when operated, causes the operation of a

group of registers in the sender which are adapt-
ed to set a train of selectors into the proper and
respective positions for extending the calling line
to the telephone office of the wanted line. This
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translating device may be of any character and
may be located anywhere. That is, it may be

-an independent entity, as it is for the type of

sender herein used, or it may be an integral part
of the sender where the number of codes to be
translated does not justify the use of an inde-
pendent translator. However, for the purposes
of illustrating the present embodiment of the
invention, a sender was chosen which is capable
of recording a large number of codes and hence
requires a corresponding number of translations.
For this purpose a separate translator or decoder
is used, such as the one disclosed in the said
Raymond-Scully patent and shown in Figs. 25
to 34, inclusive, therein. At the proper time,
that is, when a code has been dialed into the
sender and that code is to be translated into the
setting of means for controlling the proper se-
lection of a trunk leading in the wanted direc-
tion, the decoder is connected to the sender
through the medium of a sender connector as
above {ndicated.

Briefly, the specific embodiment of the de-
coder disclosed in the above mentioned patent
comprises a set of Receiving Registers for re-
cording the dialed code as received from the
sender, a set of Decoding Relays selectively oper-
ated in accordance with the setting of the Re-
ceiving Registers, a group of Route Relays one of
which is operated for each call as determined by
the translation of the dial code through the se-
lective operation of the decoding relays, and a
set of Outgoing Registers electrically intercon-
nected with all of the route relays for trans-
mitting back into the sender the “translation” as
determined by the route relay operated by the
recelving registers.

The decoder, or any equivalent translating de-
vice, is not a part of this invention and the var-
lous registers mentioned above, therefore, are
but schematically shown in Fig. 22. 'This speci-
fication is limited to the description of the oper-
ation of such parts of the decoder as are neces-
sary to a complete understanding of the inven-
tion, referring again to the above Raymond-
Scully patent for a more complete and detaifled
description thereof.

As soon as relays 2101 and 2104 are operated,
the receiving registers in the decoder are ready to

receive from the sender a record of the dialed code :

as registered on the operated relays of registers
900, 910 and 920. Since the office register code
consists of digits 4-—2—5, relays 906, 915 and 8271
have been operated in each of the above registers,
respectively. The following circuit paths there-
fcre will be closed: From ground, right front
contact of relay 906, conductor 936, through the
decoder connector to a completing circuit in the
receiving register of the decoder to record the
digit 4; from ground at the right front contact
of relay 918, conductor 945, through the decoder
connector to another completing circuit in the
recelving register to record the second digit 2:
from ground at the right outer front contact of
relay 927, conductor 957, through the decoder
connector to another completing circuit in the
receiving registers of the decoder to record the
third digit 5.

It will be remembered that relay (407 was oper-
ated from the link circuit to identify the class of
service to which the calling line 100 is entitled.
Relay (407 now closes a circuit from ground over
its right front contact, conductor 967, -through
the decoder connector to another completing cir-
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cuit in the decoder for recording the class of serv-
ice to which the subscriber is entitled.

Setting sender control rcaistérs from decoder
Now, in accordance with the operation de-

scribed for the decoder in the above mentioned
Raymond-Scully patent, after the code and class -

of service records have been set. up in the appro-
priate recelving registers, circuits are closed there-
by through the decoding relays to decode this
registration and results in the operation of a

_route relay corresponding to the code. For the

purpose of illustration it will be assumed that this

route relay is relay 3205. ~ As already Indicated,

the contacts of all the route relays are cross-
connected through a terminal rack to the appro-
priste windings of a group of outgoing registers
which, in accordance with the particular route

-relay operated, operates in different combinations
" for grounding conductors which connect with the

selection regist,ers of the sender, shown in Figs.
18 and 19. These registers are designated 1800,

1816, 1820, 1980, 1910 and 1920. The relays in

each selection register are operated in the appro-
priate combination called for by the combination
of outgoing registers responding to route relay
3208, and each of the selection registers sets up
the necessary circuit conditions to guide and
position the train of selectors for extending the
calling subscriber’s line to the office of the called
subscriber’s line. Since the manner in which

‘these registers are operated is no part of this

" invention, and may be easily obtained from the
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above mentioned Raymond-Scully patent, it will

e assumed for the purposes of future operation

that the following relays are operated in each
selection register by the outgoing registers in the
decoder which responded to the operation of
route relay 3205:

Selection register Relays operated
1810 1812
1900 1901, 1902
1910 1912, 1914
1920 1924, 1025
1310, 1321—local zone

It will. be observed that-two of the operated
relays of the selection register, namely, relays 13 10
and 1821 are, for convenience, located on Fig. 13
of the drawings. Relays 1128, 1121, 1123, 1322 and
§504 are also parts of the selection register and
are located in different figures for reasons of con-
venience but are not operated in the combination

‘required for the proper disposition of the call
under consideration, that is, the call to the office-

was. coded 426.
When all of the registers are operated and the
decoder has made appropriate tests to determine

that only the proper registers have responded to-

the circuits closed by the outgoing registers in the
decoder, a circuit is closed from ground in the

decoder, conductor 858, upper winding of relay

122, to battery. Relay 122 operates and closes a
locking circuit for itself from battery over its in-
ner lower front contact and lower winding to
grounded conductor 1288. Relay 122 also con-
nects relay 723 to battery in parallel with its lower
winding. Relay 1283, at its upper contact, pre-
pares the fundamental circuit for making selec-
tions and, at its lower contact, connects ground
to conductor 1371 to provide a locking circuit for
stations delay relays 1120 and (121, talking se-
lection relays 1310 and 1321, two-wire office relay
1322, class register relays 1801, 1802 and 1803, and

11

the compensating resistance register relays 1921

to 1928, all of which comprise parts of the send- .

er selection register. In addition, this ground

extends over the right contacts of cam 1704 in

positions 1 to 3 of sequence switch 1700 to form
the locking circuit for the district brush register
relays 181t to 1843, the district group route reg-
isters 1901 to 1904 and the zone relays 1504 and
1585, while it further extends said ground over
the lower contacts of cam 1104 in positions 2 to 7
of sequence switch 1108 to form the locking cir-

1823, office group register relays 1941 to 1914 and
the skip office relay {123.

In addition, relay 123 disconnects battery from

start conductor 930 which causes the sender
connector relay 2100 in the decoder connector to
release. This relay, in turn releases multi-con-
tact relays 2181 and 2104 thereby completely dis-
connecting the sender from the decoder, while
other circuits are responsive in the decoder as
described in Raymond-Scully patent, to restore
the decoder to normal.

Recapitulating the operation in the sender
which results from the connection thereof with
the decoder, and assuming the calling subscriber’s
line is to be extended to a panel type office in
the local zone, the following relays have been
operated in the selection register of the sender
as a result of the code translation by the decoder;
relay 1924 to indicate that a short trunk needs
considerable compensating resistance in the
fundamental loop for positioning the various
selectors; relay 1928 to indicate that marginal
trunk guard relay 1314 is to be used; no relays
of class register 1800 have been operated, which
fact indicates, by circuits controlled through
their back contacts, that a full mechanical type
call is to be established; relay 1812 to indicate
that the third district brush is to be. selected;

. relays 1310 and 1321 to indicate that the district

selector is to be advanced to the second talking
position, that is, that the call is to be completed
in the local area; relays 981 and 1962 to Indi-
cate the selection of the fourth group of office
selectors; no relays of the office brush register
1820 being operated to indicate the selection of
the first or zero brush; relays 1912 and {914 to

‘indicate the selection of the eighth group of

trunks outgoing from the office selector; and re-
lays 1120 and 1121 to indicate that the call is
to an office employing neither stations digits nor
five digit numbers. In the meanwhile, with
switch 17180 in position 2, the previously traced
circuit is closed for relays 2305 and 2306 in paral-
lel and these relays operate, relay 2306 locking
over its upper winding and inner upper front
contact, back contact of relay 2304 to ground
over conductor 2312, Relay 2305 closes a circuit
from ground through its upper outer contacts,
winding of relay 2381, winding of relay 2309 to
battery. Both of these relays operate, but all
of the relays so far operated perform-no useful
function at this time, their operation being mere-
ly in advance of the function they perform sub-
sequent to distrlct group selection as described
hereinafter.

District brush selection

When relay 128 operates to release the decoder,
the fundamental circuit is completed for making
district brush selection. The circuit for this
purpose may be traced as follows: . From bat-
tery through the right winding of relay 228, left
lower contact of cam 210, left upper contact of

|11
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cam 213, conductor 248, brush 408, through the
lnk to conductor 748 as already described, upper
front contact of relay 123, right contacts of cam
1722, winding of relay 1384, right winding of re-
lay 1228, back contact of relay 1220, inner left
contact of relay 228, resistance (230, left back
contact of relay 1508, conductor (814, upper left
contact of cam (189, upper right contact of cam
1708 to ground. Relay 22§ operates in this cir-
cult, locking over its right outer front contact
and the left upper contact uvf cam 210 to the
fundamental circuit as traced. Relay 22§ closes
a circuit from battery through the winding of
sequence switch magnet 208, left lower contact
of cam 224, left tront contact of relay 22§, middle
back contact of relay 22§, left lower contact of
cam 209 to ground, advancing sequence switch
200 to position 4. In this position the operating
circuit of relay 228 is open but the relay re-
mains operated over its locking circuit. Relay
228 also closes a circuit from battery through
the winding of up-drive magnet 2481 of district
selector 2410, right lower and left upper contacts
of cam 2185, left front contact of relay 228 to
ground as above traced. Magnet 240( causes
the district selector to move upwards in a brush
selecting movement. In this movement it closes
a circiit from ground over the right contacts of
cam 288, orush 2402, commutator strip 2483, up-
per right contact of cam 213, to the fundamental
circuit, closing a substitute locking circuit for
relay 228 and shunting relay 1300. This circuit
is closed each time that brush 2462 encounters
a conducting segment of the commutator strip
and is opened each time that it passes over an
insulating segment.

Relay (300 also operates in the fundamental
circuit but the direction of current flow is such
that relay 1228 does not. The operation of re-
lay (300 closes a circuit from ground over the
top contacts of cam 1708, conductor 1320, front
contact of relay 1300, conductor 1130, lower con-
tacts of cam (7107, conductor 1735, left contact
of cam (720, left upper contact of cam (719, left
back contact of relay 1813, outer left front con-
tact of relay 1812, conductor 842, back contact
of relay (216, winding of relay (21§, inner lower

front. contact of relay 122, to battery. Relay -

1215 operates in this circuit and locks through
the winding of relay 1218, front contact of relay
1218, outer left contact of relay 1226, lower right
contact of cam 1709, right upper contact of cam
1708 to ground. Relay 1216 can not operate at
this time, however, because its winding is shunted
by the operating circuit of relay 12{6. When
commutator brush 2402 makes contact with the

first conducting segment of strip 2403, it closes .
the shunt around the winding of relay (380 and

said relay releases thereby permitting relay 1216
to operate. When brush 2482 again reaches an
insulating segment, relay 1300 reoperates and
the circuit closed over its contacts is extended
over the front contacts of relay 1218, back con-
tacts of relay 1218, winding of relay 1217 to bat-
tery. Relay (217 operates and locks through the
winding of relay 1218 and its own front contact,
right back contact of relay 1228, lower left and
upper right contacts of cam (788 to ground, but
relay (218 does not operate until brush 2404
reaches the next conducting segment. When
brush 2462 leaves this segment relay 1300 re-
operates and the circuit is extended over the
front contact of relay {218, conductor 1840, left
contacts of cam 1713 to the winding of relay 1219
and battery. When brush 2402 reaches the third

2,118,051

conducting segment, shunting relay 1300 for the
third time, reluys 1220 and 1229 operate in the
locking circuit of relay i2198.

The operation of relay (220 opens the funda-
mental circuit releasing both relays 1300 and
228. The release of relay 228 opens the circuit
of up-drive magnet 2401 and brings the selector
to rest in position to select the third set of
brushes. It also closes a circuit from battery
through the winding of sequence switch magnet
200, upper contacts of cam 219, left back con-
tacts of relay 225, middle back contacts of relay
226, left lower contact of cam 289 to ground ad-
vancing sequence switch 200 to position 5. In
this position a circuit is closed from battery
through the winding of trip magnet 2404, right
lower contact of cam 212 to ground on the right
upper contact of cam 258, rotating the trip rod
to trip the selected set of brushes when the
selector next moves upward.

When relay (229 operates as previously de-
scribed, it closes a circuit from battery through
the winding of relay (228, right upper and left
lower contacts of cam (718, right back contact
of relay 1235, front contact of relay 1228 to
ground.- Relay 1228 locks over its inner right
contact to _ground over the lower left and upper
right contacts of cam (785 and closes an obvious
circuit for relay- 1227.
and 1227 operate the circuit of relay 228 is
opened and this relay releases. The operation
of relay 1228 .opens the locking circujt for the
odd pairs of counting relays, while the release
of relay 1226 opens the locking circuit for the
even pairs of counting relays including that of
relays {219, 1220 and 1229. The release of relay
1229 closes the circuit from ground over its back
contact, outer right front contact of relay 1228,
lower left contact of cam 1181, winding of se-
quence switch magnet (700 to battery, advancing
sequence switch 1700 to position 3. As soon as
sequence switch 1700 leaves position 2 the locking
circuit of relay 1228 is opened at the right upper
contact of cam (708 and this relay releases.
When relay 1228 recloses its back contact, relay
1226 reoperates in a circuit from ground on right
lower contact of cam (716, conductor 1126, left
back contacts of relay 1228, winding of relay 1226,
to battery through the left upper and right lower
contacts of cam 1724,

District group selection

The release of relay 1220, the reoperation of
relay. 1226 and the advance of sequence switch
1700 to position 3 causes a reclosure of the funda-
mental circuit. Relays 225 and (308 again oper-
ate, relay 225 advancing sequence switch 200 to
position 6 in which position relay 225 is locked to
the fundamental circuit over a previously de-
scribed path, the up-drive magnet is again oper-
ated under the control of relay 225 and an inter-
mittent circuit prepared from ground as above
traced to brush 2405, commutator strip 2406,
upper contacts of cam 210, to the winding of re-
lay 225 and in shunt of the winding of relay
1300. As the district selector moves upward in its
group selecting movement, this circuit is inter-
mittently closed, releasing relay (300 in the
manner above described. With sequence switch
1700 in position 3, the counting relay circuit ex-
tends from ground over the contact of relay (300
to conductor 1738 as above traced and thence
over the right lower contact of cam 1718, right
front contact of relay 1980(, right front contact
of relay 1962, conductor 1843, back contact of

When both._ relays. 1228 -
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winding of relay 1213 to battery.
The counting relays function to count four cio-
sures of the intermittent circuit and then the

operation of relay 1220 opens the fundamental

circuit. Relay 228 releases bringing the district
selector to rest with the brushes engaging the
first trunk in the fourth group. It also advances
sequence switch 200 to position 7 in the manner
above described. ‘

Trunk hunting by district selector

With sequence switch 208 in position 7, relay
2286 is reoperated over a circuit which may be
traced from battery through the left winding
of relay 225, right lower contact of cam 220,
left upper contact of cam 263, commutator seg-
ment 141 of the line-finder, brush 118 to ground.
Relay 228 operates in this circuit and advances
sequence switch 200 out of position 7 and into
position 8. When sequence switch 200 reaches
position 7%, the testing circuit for the first
outgoing trunk is closed over the sleeve of that
trunk, sieeve brush 2401, right lower and left
upper contacts of cam 221, right outer front
contact of relay 228, right winding of relay 228
to battery. Therefore, if the first outgoing trunk

sleeve terminal, relay 226 is held operated. Up-
drive magnet 2481 is again operated and the se-
lector moves upward in search of an idle trunk.
Relay 228 is held operated between trunks in a
circuit through its left winding, right contacts of
cam 220, commutator strip 2408, brush 2408, top
contacts of cam 218, left front contact of relay
225, bottom inner back contact of relay 226, left
lower contact of cam 209 to ground. )

“When an idle trunk is found and the brushes
are properly centered, relay 228 releases, ad-
vancing sequence switch 280 to position 9. In
position 9 relay 225 is operated In a
battery through its left winding, right lower con-
tact of cam 220, right contact of cam 283, bot-
tom contacts of cam 222, front contact of relay
229, left lower contact of cam 212 to ground on
cam 285. Relay 225 operates and advances Se-
quence switch 200 to position 10 in which position
relay 226 is held operated under the control of
relay 228. In this position the tip ‘of the funda-
mental circuit is extended from conductor 248,
right outer back contact of relay 231, left lower
and right upper contacts of cam 204, to brush
2423 and thence to the tip conductor of the office
selector. The ring of the fundamental circuit is
extended from conductor 247, right contacts of
cam 205, and brush 2411 to the ring conductor
of the office selector. At the office selector, the
tip and ring conductors extend to battery and
ground, respectively, as hereinafter described but
not shown.

In the sender, the operation of relays 1220
and 1229 perform the same function as above
described, advancing sequence switch 1100 into
position 4. With sequence switch 1700 in posi-
tion 4, a circuit is closed from battery through
the winding of relay 1602, lawer left and upper
right contacts of cam 710 to grounded conductor
{319. Relay (602 in operating, with neither re-
lay 1804 nor relay 1505 operated, closes a circuit
from battery through resistance 1803, inner left
front contact of relay 1602, right back contacts of
relays 1504 and (505, right winding of relay 1506
to ground. With relay 1506 operated, the circuit

for testing the office selector is closed. This cir-

cuit extends from battery in the office selector

.(not shown) over the fundamental circult to

circuit from-

conductor T48 as previously traced, upper front
contact of relay 123, left back contact of relay
(804, through resistance 1126, left contacts of
cam 1103, conductor 1734, right front contact ot
relay 1588, conductor 1810, right front contact
of relay 1928, winding of relay 1314, right wind-
ing of relay 1228, back contact of relay 1220, in-
ner left contact of relay 1226, bottom contacts
of cam 1117, back contact of relay (921, through
resistances 1927 and 1926, back contact of relay
1922, left contacts of cam 714, back contact of
relay 1281 to conductor 141 and then to ground
in the office selector. If the circuit is properly
completed at that point, relay 1314 operates but
relay 1228 does not. The presence of resistance
1728 also prevents the premature operation of
the control relay of the office selector. * Relay
1314 closes an obvious circuit for relay 1387 which
locks to ground over conductors 1134 and the
lower left contact of cam 1109. Relay 4307 closes
a circuit from ground at its left front contact,
left contacts of cam 1706, through the winding
of sequence: switch magnet 1700 advancing the
switch to position 5. As socn as the switch leaves
position 4 the locking circuit of relay (307 is

. d. Tht advance I jtion 4
is busy, as indicated by ground connected to & - opene ance from position 4 also opens

the testing circuit and, as soon as position 5 is
reached, the fundamental circuit is closed from

. conductor 148:to the upper right contact of cam
. 1722, lower right contact of that cam, through

the winding.of relay §300 to the back contact
of relay 1220 and thence as traced for the test-
ing circuit to the fundamental ring conductor
141. During the time that office test is being
made, that is, with sequence switch 1700 in posi-
tion 4 a circuit is closed for the magnet of switch
2300 extending from battery through its wind-
ing, upper left and lower right contacts of cam
2318, upper front contacts of relay 2307, con-
ductor 2312, to ground through the lower right
and upper left contacts of cam 1745. The se-
quence switch magnet operates and advances

switch 2300 to position 5. Also, another circuit:

is closed for relay 23801 extending from battery
through its winding, back contact of relay 2302,
back contact of relay 2303, conductor 2313, back
contact of relay 1803, left contacts of cam 1745

to ground. Relay 2301 operates and connects:

the winding of relay 23i4 to conductors 151 and
182 in preparation of a circuit for relay 2314 at
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the time when the tape recorder circuit, shown -

in Figs. 25 to 27, inclusive, is ready to receive a
record of the called number, as more completely
described hereinafter.
tion 5, relay 2305 is locked over its inner upper
front contact and the right contacts of cam 2330
to ground on conductor 2312,

- Seizure of tape register

In the meanwhile when sequence 200 reaches

position 7 a circuit is closed for operating relay
2412 extending from battery through the wind-
ing: of said relay, right lower and left upper con-
tacts of cam 293 to ground. Relay 2412 operates
and prepares a locking circuit over its bottom
contacts, bottom contacts of relay 2413, left con-
tacts of cam 283 when switch 200 reaches posi-
tion 9, to ground. Relay 2412 remains so locked
through position 10 of sequence switch 200 so
that when the switch reaches position 10, a cir-
cuit is completed for relay 2414 extending from
ground through the top contacts of cam 283, top
middle contacts of relay 2412, upper winding of
relay 2414, common conductor 2426, back contacts
of relay 2415 to battery. Relay 2414 operates and

With switch 2300 in posi-
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locks over its lower winding and bottom inner
front contact through the bottom inner back con-
act of & similar relay 2414 In every other district
selector of the group serving the same line-finder
frame, winding of relay 2415 to battery. Relay
2418 operates in this locking circuit and opens the
operating circuit of all relays 2414 in each of the
districts of the group so that none of these other
relays may operate so long as one relay in the
group is operated.

Now a relay 2414 is provided in each district
whereby, upon its operation, the district is con-
nected to a common tape register circuit, such as
that shown in Figs. 25 to 27, inclusive, there be-
ing one such circuit for each group of district
selectors serving one line-finder frame contain-
ing four hundred subscribers’ lines. The locking
circuit of each of the relays is controlled through
& preference lockout path running through the
back contacts of each of the relays in each of
the district selectors of the group in order to
make certain that only one district at a time is
connected to the common tape register circuit.
When, therefore, relay 24i4 has operated and
switch 208 has advanced to position 10, a circuit
is closed from battery through the bottom con-
tacts of interrupter 2417, left winding of relay
2429, resistance 2424, No. 3 contact-set of relay
2414, lower contacts of cam 266 to ground. Relay
2429 operates and a clircuit is thereby completed
over its right winding to ground through cam
188 s0 that when interrupter 2417 breaks its bot-
tom contact, relay 2429 will hold over its locking
circuit. When, after a brief interval of time, in-
terrupter 2417 makes its top contact, a circuit
is completed from battery, top contacts of said
interrupter, left contacts of relay 2429, left wind-
ing of relay 2436 to battery. Relay 2430 operates
and closes a locking circuit over its right winding
and right inner front contact to the holding cir-
cuit of relay 2428. Relay 2430 operated closes a
circult from ground on its left contact, over a
conductor which extends in parallel to the upper
left contact of cam 287 in each district of the
group, upper top left and right contacts of cam
281 of the district whose relay 2414 has been
operated and locked, bottom outer contact of re-
lay 2414, conductor 282, brush |14 and cooperat-
ing terminal on line-finder frame (I8, right in-
ner back contact of line relay 101, winding of
relay (13—AA to battery. Relay |73—AA oper-
ates and closes through the identifying circuit
of the particular subscriber’s line as more par-
ticularly described hereinafter. )

The reason for delaying the closure of the cir-
cuit to relay |73-—AA until relays 2429 and 2430
have operated through the timing interrupter
2417 is to make sure that the district is not really
in tell-tale position or simply rotating through
position (8 on its way to normal.

With the district sequence switch In position
18 and relay 24i4 operated and locked, said dis-
trict is connected with the common tape register
for registering thereon: first, the identifying
characters of the calling subscriber’s line and,
secondly, the number of the called line.

Recording the new call identification

With reference to the calling line character
identification, Fig. 1 shows the manner in which
subscribers’ lines are divided into groups for this
purpose. This figure shows the division of the
entire main group of four hundred lines on a
line-finder frame into twenty minor subgroups

2,112,951

of twenty lines each, making twenty subgroups
in all, each group being identified by one letter
of the alphabet, the first group by the letter A
and the last or twentieth group by the letter T.
Each line in each group has an identifying relay,
like relay 113, connected through the back con-
tact of its associated line relay as, for instance,
relay 10l. Now, when one registering apparatus
is to be used for recording all calls made by the
lines on a line-finder frame of the panel type
that normally accommodates a main group of
four hundred lines, said lines can be subdivided
into twenty subgroups of twenty lines each, as
done in this instance. However, if the number
of calls originating from so large a group is ex-
cessive, it may be found that the use of one regis-
tering apparatus for the entire group will unduly
add to the holding time of the district selector
since each of said selectors will be held in posi-
tion 10 until it will have become connected to
the register for registering the calling and called
line numbers of a connection in the process of
being established. Hence while it was thought
desirable to illustrate this part of the invention

by the use of one register with one line-finder

frame, the invention should not be construed to
be so limited as the number of registers that may
be used and the necessary subdivision of a8 main
group of lines into the required number of sub-
groups that can be made are both purely a func-
tion of the number of calls which may be origi-
nated from said frame and the amount of delay
permissible for the district selector. Conse-
quently in the present embodiment of the inven-
tion, the main group of four hundred lines is
divided into twenty subgroups of twenty lines
each, all used in connection with one register.
Each of the lines in each of the subgroups is
assigned an identifying letter marks its position
in its own subgroup, the first line in all sub-
groups being identified by the capital letter A
and the last or twentieth line in each subgroup
being identified by the capital letter T. From
which it follows that any line in the main group
is completely identified by (1) a letter marking
the subgroup in which the line belongs and (2)
by another letter marking the particular posi-
tion of the line within the subgroup itself. Thus
the first line in the first subgroup would be desig-
nated by the letters AA and the last line by the
letters AT. In the same way the first line in the
last subgroup would be marked by the letters TA
and the last line by the letters TT. Interme-
diate subgroups and lines therein are marked
accordingly.

The identification of each of the lines in the
main group of four hundred lines on a line-finder
frame is accomplished by perforating on a tape
or other impressible medium associated with the
perforator 180, a punch code of an appropriate
number of units for each of the two separate
characters which mark a line. For this purpose
an identification circuit is provided for the main
group of four hundred lines comprising a group
of ten relays 130 to 139, inclusive, and an aux-
iHary relay 140 for the code of each of the identi-
fying letters of the twenty subgroups, and an-
other group of ten relays 158 to 159, inclusive,
and an auxiliary relay 160 for the code of each
of the identifying letters of each of the twenty
lines in each of the subgroups. Each of the ten
relays in each group marks a particular letter up
to and including the letter J. For all letters from
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as were operated for the preceding tenth letters
except for the fact that the auxiliary relay (48
or 168 is operated in addition. Thus for the sub-
scriber whose group is marked by the letter A,
relay 130 is operated as described hereinafter,
but for a subscriber in group K, relay 138 and
relay (40 are operated. In the same way the
first subscriber in any group is marked by the
letter A and hence by relay 158, whereas the
eleventh subscriber in any group and marked
by the letter K would be marked by the operation
of relays 150 and 160. In the same way for all
other groups and all other subscribers, each group
and subscriber beyond the tenth would be marked
by the same relay that marks the group or sub-
scriber in the first ten plus the auxiliary relay.
Hence one of the armatures of each of the line
identifying relays 113—AA, etc. is connected to
the winding of that relay in the first group (30
to 139 assigned to the letter marking the sub-
group of the line and the other armature is con-
nected to the winding of that relay in the second
group of relays 150 to 159 assigned to the letter
marking the line itself.

Obviously any system of codes will do de-
pending on the type of tape punching apparatus
used and the type of registering circuit cooperat-
ing therewith. For instance, it is possible to use
a régistering circuit comprising two groups of
twenty relays each, one relay for each identifying
character of the subgroup and one relay for each
identifying character of the line. Also, it would
be possible to use specially constructed tape
punching apparatus to operate in conjunction
with such a register. However neither appears
desirable or necessary. The preferred embodi-
ment of the invention as herein disclosed and de-
scribed makes use of standard tape punching ap-
paratus of the “printer” type commonly used in
printing telegraph systems such as, for instance,
the commercial tape perforator disclosed in
Patent 1,309,745 to L. M. Potts and granted July
15, 1919 and modified to operate with a six-unit
code instead of a five-unit code. This perforator
comprises, in part, six punch magnets 21 to 26,
inclusive and a start magnet 21, the first men-
tioned six magnets operating during six equal
impulse periods generated by a distributor 182
as it revolves into contact with each of the seg-
ments to which the conductors {1 to {8, inclusive,
are connected. Since the perforator, as such,
forms no part of the invention except as an ele-
ment thereof in combination with other ele-
ments, and is & well known piece of commercial
apparatus, it is not thought necessary to en-
‘cumber this specification with any further de-
scription thereof. The code used, both in the
registration of the line identifying character as
well as for the registration of other items relat-
ing to the complete identification of completed
calls, whether local or toll, is the so called “six-
unit” code shown in the following table:

Printer code for use with automatic billing system

Opr. code Linedes.etc.] 1 2 3 4 5 6

1 X XX XX

2 X X X X

3 X X X X

4 X X X

5 X X X X

6 X X X

7 40X X X

8 X X '

[ X X X X

1 2 3 4 5 6
10 X X
11 X X X
12 4 X X
13 X X X
14 X X ’
4X X
X
X XXX
X XX
X X X
X X
X XX
X X
X X
X
XXX
X X
X X
x .
X X
X
x B
X XXXXX
X XXX X
X X X- X
X X X X
X X X X X
X X X X
X X X X
X X X
X . X
XXX XX
X X X X
X X X
X X X
°X X
X XXX
X XX
X X

‘In adapting the use of the above code to the
invention, six conductors are used; namely, 11 to
16 as shown therein and a starting conductor 17,
not shown in the table. Each of these conductors
are connected to the winding of a correspondingly
numbered punch magnet in the perforator 180;

15

10

15

conductor No. 17 being connected to the winding -

of the starting magnet. When the circuit of each
of these conductors is closed in the combination
required by the code of the character to be reg-
istered, the magnets operate in the well known
manner and record the code of the character by
punch, dot or other means well known to the
printing telegraph art. .

Referring to the above code table, it will be ob-
served that there is one column headed “Line Des.
Etc.” and another column headed “Opr. Code”.
Under the first column is to be found the twenty
alphabetical characters used for subgroup and
line designation together with three additional
characters designated as “Sw. Char.” as an ab-
breviation for ‘“switching character”, another
designated “new call” and yet another “opera-
tor”. The use made of the last three codes will
be described later on, but for the present it is
sufficient to note.that each character is rep-
resented by a particular combination of six con-
ductors as indicated by the £ under the number
of the conductor and that the codes for said
alphabetical characters will be used for line
identification characters only. :

The other column, designated “Opr. Code” con~
tains such characters as are likely to be used by
a toll or long distance operator in registering the
complete record of a toll or long distance call for
billing purposes. Each of these characters like-
wise has its own code made up of a combination
of from one to six conductors and, when grounded
or circuits are otherwise completed thereover, will
cause the responsive telegraphic perforating ap-
paratus 180 or other equivalent device to record
the code of the corresponding character. These

_ characters, however, will be used also for record-
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ing local call information except the calling llne iz in an intermediate position within this group,

characters.

Returning, now, to the description of the line
identification circuit and apparatus shown in Pig.
1, the winding of each of the six punch magnets
is arranged to be extended through distributor
182 to a conductor common to the two groups of
relays 130 to 144, inclusive, and (58 to (69, in-
clusive; conductor (1 being connectable to mag-
net 21, conductor 12 to magnet 22, etc., con-
ductor 11, the starting conductor, is connected to
starting magnet 21. These conductors I{ to 1T,
inclusive, may also be extended to the magnet
coils in the telegraph printing mechanism 170
shown in ‘Fig. 1 and to the windings of register
relays of the tape register circuit shown in Fig.
25. The reason for each of these separate con-
nections will become apparent when the opera-
tion of their respective circuits is described.

It must net be supposed that the specific ar-

-ranggment of line grouping as outlined above is

intended to limit the scope of this part of our
fnvention to the example herein described and
disclosed. The example illustrated simply typifies
the gist of this part of our invention which is an
arrangement of apparatus and controlling cir-
cuits for transmitting a group of signals to the
tape perforator for identifying the calling line.
Obviously the recording apparatus is necessarily
dependent on the grouping arrangement of the
lines, the character of the telephone system of
which they form a part and the kind of identify-
ing characters to be recorded or transmitted.
Therefore while the subscriber identifying cir-
cuits and apparatus shown in Fig. 1 are merely
typical and illustrative of one suited to a panel
telephone system with a known arrangement and
subdivision of lines, any identifying characters
and the means of transmitting the same that is
best adapted to the character of the telephone
system to which the invention is applied is to be
understood as coming within the scope of our
invention.

Referring, now, to the detailed operation of
the line identifying circuit, let it be supposed that
subscriber 100 is the first line in the first sub-
group. Since, according to the code adopted,
each of the twenty subgroups of lines is identified
by a letter character and each of the twenty lines
therein is also identifled by a letter character,
the complete line terminal designation of line
180 will be AA. Accordingly, the inner contact
of relay {T3—AA is connected to conductor (67
while the outer contact is connected to conductor
168. Now the inner armature of relay [13—AA
is connected to one of ten conductors, each of
which is connected to the winding of one of the
ten relays 138 to 139 of the group register. - Since
the subgroup containing the calling line is as-
sumed to be the first or subgroup A, said arma-
ture is connected to the conductor which is con-
nected to the winding of the first relay, that is,
relay 130. Also, there are ten other conductors
each of which connects with the winding of one
of the ten relays 150 to 159 comprising the sig-
naling circuit of the line terminal itself. Since
it has been assumed that the calling line is the
first in the group and, therefore, designated by
the character A, the outer armature of relay
1713-—AA is connected to that conductor of the
second group of conductors which in turn is con-
nected with the first relay of the subgroup, that
is, relay 150. If the line in question is within
another subgroup say, for instance, the last or
twentieth group identified by the letter T, and

for example, the fourteenth and hence marked
by the letter N, then the inner contact of relay
{13—TN of said line would be connected to con-
ductor 189 while the armature making with said
contact would be extended to the conductor
which 1s connected to the winding of relay 138,
and then the outer contact of relay 113—TN
would be connected to conductor (1! while the
armature making therewlth would be connected
to the conductor extending to the winding of re-
lay (83 (not shown). This line, then, would
have the combined group and line characters of
TN. In the same way, the contacts and arma-
tures of all other relays 178 would be connected
to the appropriate conductors in the two groups
of ten conductors of the group and line registers
while their cooperating contacts would be con-
nected to conductor {67 or 169 and 168 or 111,
respectively, depending on whether or not the
group or line had a character lower than 10 or
higher than 10.

The line identifyingcircuit being thus prepared,
now walts before closing the circuits of relays 130
and (80 for printing the line code character
until a “switching character” is printed ahead
of it as more clearly described hereinafter.

In the meanwhile, at the time the district
celector advanced to position 10 and caused there-
by the operation of relay 2430, a circuit was

- closed for relay 2501 extending from ground

through the lower contacts of cam 256, the No. 3
contact-set of relay 2414, resistance 2424, right
outer contact of relay 2430, conductor 248i,
winding of relay 250( to battery. Relay 250( op-
erates and closes a circuit from ground over its
bottom contact, left upper contact of cam 2531,
uprer contact of cam 2832, winding of switch
magnet 2500 to battery. Magnet 2500 operates
and advances the switch to position 2.

Now in the recording and billing system of this
invention, the various items of information relat-
ing to a particular call are registered on the re-
cording tape at different periods in accordance
with the time when such information is available.
Since the tape perforating mechanism (80 and
the tape register shown in Figs. 25 to 27, inclusive,
are both common to a main group of four hun-
dred lines, serious loss of time would be incurred
if the tape perforator and the register were to be
tied up with one line from the instant that the
called number is registered in the sender until
the connection is completed. The tape perfo-
rator and the register, therefore, are connected
to a calling line or the extension thereof for a
succession of intervals during each of which some
one item of information available for registration
and relating to the call is first recorded in the
register and then punched on the tape. In be-
tween said intervals the tape perforator and reg-
ister are available to any other calling line in the
main group for which this apparatus is common
for the purpose of registering and punching what-
ever items of information relating to this other
call. That is, the register may be at first con-
nected to a calling line extension at that stage of
the connection when the only items of informa-
tion are the calling line identification number
and the called line number, as in the example
under consideration. As explained hereinafter,
the tape perforator and the register will remain
operatively connected to the line and its exten-
sion only for the time interval necessary to punch
the code of the letters or the numbers which
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make up these two items of information. There-
after the tape perforator and register will be dis-
connected from the calling line even though the
connection is still partly set up, said tape perfo-
rator and register being then available to any
other calling line in the main group at any stage
of the connection for registering and punching

‘the item of information avallable at that stage.

For instance, the tape perforator and register,
after disconnection from a calling line for which
the calling line and called line number have been
obtained and punched, may become connected
to another calling line in the group at the instant
when the connection on this latter line has been
completely established and talking is to com-
mence thereover; and this for the purpose of ob-
talning a record of the time when conversation
ensues, such record again being punched on the
Thereafter the tape perforator and regis-
ter are free’again for attachment to other lines,
as for instance, some line for which the called line
number has been dialed and the district selector
advanced to position 10; or again to some other
line on which conversation has just terminated
and the record of the time of such completion
must be obtained and punched on the tape.

. Thus the tape associated with the perforator 180
will contain a series of entries relating to calls
originated from the main group of lines, but each
of the successive entries will not necessarily relate
to a call from the same line but may relate to
different calls from different lines, the entries
having to do with one call being interspersed with
entries having to do with other calls.

Obviously, each entry must be distinguished
from all the others in order that, finally, all en-
tries relating to a call from one-line and other
entries relating to succeeding calls from the same
line may be grouped together and separated from
the entries relating to calls from each of the dif-
ferent lines. This distinction is carried out first
by. perforating ahead of any item of information
“switching character” which controls the opera-
tion of other apparatus that assembles all items
relating to calls made from a subgroup of lines
and later from one line in the subgroup, secondly,
by perforating the code of the calling line identi-
fying characters, and thirdly by then perforating
the code of another character which indicates
whether the entry which follows thereafter is an
item of information for a new call or an old
call for which other entries have already been
made. -

To revert, now, to the call under consideration
and remembering that the register is operatively
connected to the calling line extension after the
called line number has been registered in the
sender and the line indication registers have been
partially prepared to transmit into the perforator
the code of the two characters marking the calling
line, it becomes necessary to record the code of
the switching character ahead of the code of the
line indication and, later, the code of the char-
acter indicating & new call. By referring to the
table of codes, it is seen that the code of the
switching character is a six-unit code; that is, it
calls for circuits to be completed over each one of
the six conductors i1 to 16, inclusive, extending
to the punch magnets 21 to 26 of the tape recorder
180 while the new call character is a five-unit
code which calls for circuits to be completed over
conductors 11, 12, 13, {4 and (8, and in both in-
stances, of course, a circuit for the starting mag-
net 27 over conductor 11. Consequently when
switch 2500 reaches position 2, ground is con-

nected to conductors (1 to 16, inclusive, from
ground on cam 2504, contacts of cam 2608, to con-
ductors 11 and 12, respectively, contacts of cam
2507 to conductors 18, 14, 16 and 16, respectively.
The grounding of these conductors connects
ground to the six separate right-hand segments 1

to 6, inclusive, of commutator 184, the windings

of the separate punch magnets 21 to 26, inclusive,
being connected to corresponding left-hand seg-
ments of the commutator. At the same time an-
other circuit is completed from ground over the
right contact of cam 2505, conductor {1, winding
of start magnet 27 of the tape perforator to bat-
tery. The operation of the start magnet releases
the distributor clutch and the motor (not shown),
causes the said distributor 182 to make one revolu-
tion during which contact is made with each of

the grounded segments 1 to 6, inclusive, and cir-

cuits are successively completed thereby with the
winding of each of the punch magnets. - As each
magnet operates, it punches a hole transverse the
tape in the position on the tape fixed by the tape
feed (not shown) in relation to the position of
the separate magnets. Since the entire six seg-
ments of the commutator are grounded, the six
magnets will be operated in succession and six
holes are punched across the face of the tape as
the code of the switching character. When the
distributor 182 engages segment 7, a circuit is
closed from ground over conductor (83, the upper
right contact of cam 2529, winding of magnet 2500
to battery. Said magnet operates and advances
the switch to position 3. As it revolves out of po-
sition 2, the circuit of the printer start magnet 27
is opened causing said magnet to release and re-
engage the start latch of the distributor clutch to
prevent said distributor from making & second

revolution while, at the same time, ground is dis-'

connected from the commutator segments in
preparation for the next code. With switch 2500
in position 3, a circuit is closed from ground over
the left contacts of cam 2504, conductor 161, inner
contact of relay (13—AA, winding of relay 130 to
battery. Relay 130 operates and closes all of its
contacts to ground thereby closing the circuit of
the start magnet of the perforator and also
grounding commutator segments 2, 3, 4 and 5 to
cause the operation of the four corresponding
magnets 22, 23, 24 and 25 in the tape perforator
which, in accordance with said code, causes a com-
bination of punches to be recorded which desig-
nates the letter A of the calling line subgroup.
When distributor 182 again engages segment 7,
the previously traced circuit is closed to advance
switch 2500 into position 4. As the switch re-
volves out of position 3, the circuit for relay 130
is broken at the left contacts of cam 28604 and re-
lay 130 releases, thereby releasing the start mag-
net 27 and removing ground from the commutator
segments as already described. When the switch
reaches position 4 another circuit is closed from
ground on the right upper contact of cam 2504,
conductor 168, outer contact of relay 1T13—AA,
winding of relay 180 to battery. Relay 150 oper-
ates and grounds the same four conductors and
the start conductor as were grounded by relay 130
since the code of the character to be perforated in
this case is that of the first subscriber within the
subgroup and identifled by the letter A. The per-
forator now functions as before in punching the
four properly spaced holes for the second letter A
and advances sequence switch 2500 into position 5.
As the switch leaves position 4, the circuit of relay
150 is opened, ground is removed from the com-

mutator segments and the start magnet is re-
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leased, thereby causing the perforator to come to
rest preparatory to punching the next code.

Having recorded the designation of the calling
subgroup and the designation of .the calling line
therein, the next code to be perforated is that
relating to the status of the call. Since the call
going through is a new call, the code of the “new
call” designation is perforated. This code, as
already explained, calls for the grounding of con-
ductor i1, 12, (3, |4 and 8. Consequently when
switch 2800 reaches position 5, ground is con-
nected through the contacts of cam 2619, and the
number 1, 2 and 3 contact-sets of relays 2881, to
conductors ti, 12 and (3, respectively; ground
is further connected through the right contacts
of cam 2888 and contact-sets 4 and 6 of relay
2801 to conductors 14 and {7 respectively, and
ground is connected through the left lower con-
tact of cam 282{, No. 2 contact-set of relay 2801
to conductor 1§. The perforator now operates as
described to punch the code of the new call desig-
nation, to advance switch 2880 into position 6 and
to restore when switch 2508 has passed beyond
position 5 at the time that the circuit of the start
magnet is opened.

After the code of the new call designation has
been punched and switch 2500 has advanced to
position 6, the next item of information to be re-
corded on the tape is the called office and the
called line number. It will be observed that this
information is recorded in the sender on registers
800 to 1116, and before it can be recorded on the
tape it must be transmitted to the registers of
the tape register.

Transfer of registration of called line ofice and
number to tape register

As soon as the sender is ready, which is to say,
as soon as the district selections are completed
and the district switch 200 is in position 10, a cir-
cuit is closed for relay 2609 extending from bat-
tery through its lower winding, top back contact
of relay 2611, conductor 2624, No. 6 contact-set
of relay 2414, conductor 24(8, brush 466, brush
468 and cooperating terminal, conductor 715,
bottom front contact of relay 2301, winding of
relay 2314, top front contact of relay 2301, con-
ductor 182, brush 469 and cooperating terminal,
brush 461 and cooperating terminal, conductor
2419, No. 5 contact-set of relay 2414, conductor
2621, bottom contact of relay 2611, upper winding
of relay 2609, to ground. Relays 2609 and 2314
both operate, the latter operating relay 23(6 over
an obvious circuit. Relay 2316 locks over the top
upper contact of relay 2306, back contact of relay
2304 to ground on conductor 2312. Relay 2609
operated, closes an obvious circuit for relay 2612
which also operates and locks to ground on cam
2521. Relay 2612, over its lower contact closes s
circuit to the winding of relay 270{ which oper-
ates and closes ground over its several contacts
to a number of holding conductors for the pur-
pose of holding a number of register relays which
are to be operated as described hereinafter. Over
its bottom outer contact relay 2101 further closes
an obvious circuit for relay 2611 which operates
and performs two functions, namely, first to dis-
connect the circuit of relay 2609 which hitherto
has been in series with relay 2314 and, second,
to connect conductors 2621 and 2624 over its
front contacts and the top outer back contacts
of relay 2705 to the windings in series of the im-
pulse responding relays 2702, 2703 and 2184 which
are now connected over the loop to the sender
and in series with relay 2814. Relay 2314 now

2,119,061

releases and closes a circuit from ground on its
back contact, top contact of relay 23(6, winding
of relay 2302 to battery. Relay 2302 operates,
opens the circuit of relay 238! which releases
and further connects conductors 2337 and 2338
over the inner front contacts of relay 2302 and
the back contacts of relay 2381 to conductors 15
and 762, respectively. A circuit is now closed
from ground at cam 2340, upper contact of cam
2321, lower contact of relay 2382, upper contacts
of cam 2318 to the winding of magnet 2300. The
magnet operates and revolves the switch through
one revolution during which a series of impulses
are transmitted over conductors 181 and 752 in
accordance with the registration of the called
subscriber’s office code as recorded on the regis-
ters of the sender.

The designation of the called office and number
is transmitted to the tape recorder register in the
form of a well known impulse code which is used
In transmitting numerical designations from au-
tomatic offices to manual offices in the completion
of a call from one office to another and is known
in the telephone art as the “call indicator” puise
code. The details of the particular code for each
Jetter and number as hitherto used can be ob-
tained from a detalled description of it contained
in Patent No. 1,438,743 to E. H. Clark, granted
December 12, 1822, Only such part of said code
will herein be described as will be actually used
in transmitting the impulse code of the number
dialed and recorded in the sender which has been
assumed to be Halifax 3678.

The call indicator code consists of light positive
impulses and light or heavy negative impulses
under the control of the registers containing the
record of the called number. The light positive
impulses are generated over the impulse loop by
connecting ground to the ring conductor and bat-
tery through a high resistance to the tip con-
ductor of said loop while the light negative im-
pulses are generated by ccnnecting ground to the
tip conductor and ground through a high resis-
tance to the ring conductor, the heavy negative
impulses being generated by connecting battery
through a low resistance in parallel with battery
through a high resistance to the ring conductor.
Now, according to the code described in the above
mentioned patent to Clark, the impulse code for
each of the letters and numbers, the designation
of which Is to be transmitted and recorded in the
tape recorder is as follows:

H 4 blank light negative  positive light negative
A 2 blank heavy negative blank light negative
L 5 blank light negative blank heavy negative
3 positive light negative blank heavy negative
8 positive light negative blank heavy negative
7 blank  heavy negative blank  heavy negative
8 positive heavy negative blank heavy negative

Hence, when the impulser switch 2300 is in
position 5, the sender is ready to transmit into
the tape recorder register the impulse code of
the called office and number to which impulses
relays 2102, 2703 and 2704 will respond depending
upon whether the impulses are heavy negative,
light positive or light negative, respectively.

The first code impulse of the letter H, as shown
above, is blank. The second impulse is light
negative and is transmitted during the time that
switch 2300 is revolving through positions 53
to 6%. At this time, therefore, a circuit is com-
pleted from battery through the high resistance
2329, right lower and left upper contacts of cam
2328, conductor 2337, inner contact of relay
2302, bottom back contacts of relay 2301, con-
ductor 751 and previously described loop includ-
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ing relays 2702, 2103 and 2104, back over con-
ductor 782, top back contact of relay 2301, mid-
dle contacts of relay 2302, conductor 2338, upper
left and right lower contacts of cam 2321, left
upper and right lower contacts of cam 2326 to
ground. Since, as already stated, this impulse is
light negative, relay 2704 responds while relays
2702 and 2103 remain unoperated. Relay 2704,
in operating, closes a circuit extending from
ground on the No. 3 contact-set of relay 2101,
contacts of relay 2104, inner back contact of
relay 2108, bottom inner back contacts of relay
2828, winding of relay 2626, lower winding of

relay 2028, to battery. Relay 2626 operates and .

closes & short-circuiting path to the upper wind-
ing of relay 2628 through its inner bottom con-
tact and ground on relay 210( whereby relay
2828 remains unoperated. Now so long as the
impulse circuit above traced remains in effect,

the impulsing circuit of the tape recorder reg--.

ister also remains as above described,- that is,
with relay 2704 operated, relay 2228 operated
and relay 2625 short-circuited. As the impulser
switch, however, passes beyond position 6%, the
above described impulsing circuit is opened as a
result of which relay 2704 releases, the short
circuit around the upper winding of relay 2625
is removed and this relay now operates in series
with relay 2626, both relays now holding over
a circuit extending from battery through the
lower winding of relay 26285, winding of relay
2626, upper winding of relay 2625, inner con-

tacts of relay 2626 to ground. A circuit is now,

completed for relay 2629 extending from battery
through the winding of said relay, inner back
contact of relay 2628, bottom outer contact of
relay 26825 to ground. Relay 2629 operates and
establishes a locking circuit through the wind-
ing of relay 2628, bottom inner contacts of relay
2629, No. 2 contact-set of relay 2101 to ground.
Relay 2628 does not operate at this time, how-
ever, due to the operating ground for relay 2629
short-circuiting its winding through the inner
back contact. As the impulser circuit advances
to position 634, the impulsing circuit is again

closed for the transmission of the third impulse
of the impulse code of the first office letter. This -

impulse, as noted above, is a positive pulse and

the impulsing circuit, therefore, is closéd from.
battery through high resistance 2336, left con- .

. tacts of cam 2323, conductor 2034, left outer

. front contact of relay 906,

60
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left lower and top
outer contacts of cam 2324, bottom outer front
contact of relay 2305, right lower and left upper
contacts of cam 2327, middle contacts of relay
2302, top back contact of relay 230(, conductor
752 and loop including relays 2702, 2703 and
2104, back over conductor 781, bottom back con-
tacts of relay 2301, inner front contact of relay
2302, inner contacts of relay 2309, bottom con-
tacts of cam 2328, to ground. Relay 2708 oper-
ates in this circuit and closes a path extending
from ground on the No. 3 contact-set of relay
2701, contacts of relay 2103, bottom outer front
contact of relay 2626, middle back contacts of
relay 2628, left winding of register relay 2622,
to battery. Relay 2622 operates and locks over
its windings in series and front contact to ground
on the top front contact of relay 2710{. When the
impulser switch has advanced beyond position
7Y% the above impulsing circult is opened and
relay 2703 releases. The last impulse of the code
for the first digit of the office code is a light neg-
ative impulse. Therefore, as soon as the se-
quence switch has advanced to position 7%, the

'3 contact-set of relay 2701,

19

circuit prevlously traced when the switch was in
position 53 will again be reclosed and cause
thereby the operation of relay 2704. Relay 2704
now operates and closes a ground from the No.
contacts of relay
2104, inner back contacts of relay 2705 to the
bottom inner.front contact of relay 2625, shunt-
ing relay 2626 and holding relay 2628 locally on
said ground. As the switch passes position 8%,
the ahove impulse circuit is opened and relay
2104 .releases, thereby causing the release of
relay 2625 and the‘removal of the short circuit
around the winding of relay 20828 which now
operates in series with relay 2629.

The code of the second digit is a blank impu]se
a heavv negative impulse, a blank impulse and &

light negative impulse, all of said impulses being

t:ansmitted in positions 9 to 12, inclusive, of the
sequence switch. Consequently, when switch
2300 advances to position 83 the blank impulse
is transmitted, which means, of course, that the
loop previously described is open. As the switch
advances to position 934 the loop is closed for
the transmission of the heavy negative impulse
and this circuit is as follows: Ground through

v

18

28

the right lower and left upper contacts of cam

2326, outer contacts of relay 2309, middle con-
tacts of relay 2302, top back contacts of relay
2301, conductor 152, over the previously -de-
scribed loop including the: pulsing relays, back
over conductor 15(, lower back contact of relay
2301, inner front contact of relay 2302, inner
contact of relay 2308, bottom contacts of cam
2328, high resistance 2329, to battery. It will
be observed that this is the impulse circuit for
the light negative impulse and consequently
would only cause the operation of relay 2704 as
previously described. At the same time, however,
another circuit is closed in parallel with it ex-
tending from battery through low resistance

‘2819, right lower and left upper contacts of cam

2320, conductor 2032, left back contact of relay
917, left outer front contact of relay 915, right
contacts of cam 2325, bottom inner front contact
of relay 2305, resistance 2329 to battery. Now
resistance 2319 is a very low resistance and when
rlaced in parallel with resistance 2329, causes a
current flow through the impulsing loop'which is
sufficient to cause the operation of relays 2704
and 2702. Relay 2104 in operating causes a cir-
cuit to be closed from ground on the No. 3 con~

tact-set of relay 2101, contact of relay 2704, inner-

contact of relay 2705, bottom inner back con-
tact of relay 2625, winding of relay 2626, lower
winding of relay 2625 to battery. Relay 2028
operates as before and short-circuits relay 2628
while relay 2102, in operating, closes another
circuit extending from ground through its con-
tacts, top back contact of relay 2628, top outer
front contact of relay 2629, top outer back con-
tact of relay 2631, left winding of relay 2623, to
battery. Relay 2623 operates and locks over its
windings in .series and front contact to ground
on the top front contacts of relay 27801. When
the impulser switch has advanced beyond posi-

tion 10%, th# above impulsing circuit is opened’

causing thereby a release of relays 2702 and 2704.
The release of relay 2104 causes the operation of
relay 2625 in series with relay 2626 as previously

~ described which, in turn, causes an operating

circuit for relay 2631 to be closed extending from
battery through its winding, top inner back con-
tact of relay 2630, top inner front contact of
relay 2628, bottom outer front contact of relay

2626 to ground on the No. 3 contact-set of relay T8
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270{. Relay 2631 operates and locks in series
with the winding of relay 2638 to ground through
the bottom inner contacts of relay 2831, relay
2630 being short-circuited in the meanwhile by
ground on its top inner back contact. As the
switch advances through positions 1034 to 1114,
no impulse is sent. The fourth impulse is a
light negative impulse and is transmitted from
positions 1134 to 12¥ of impulser switch 2308
over a previously described circuit except for
the different positions of the switch. As before,
relay 2184 operates and closes a previously de-
scribed circuit for shunting relay 2626 which
thereupon releases, relay 2625 holding over a
local circuit to ground through the contacts of
relay 2108. As the switch passes position 121,
the impulse circuit is opened, relay 2704 is re-
leased whereupon relay 2628 is released and the
short circuit is removed from relay 2630 which
now operates in series with relay 2631 to ground
on the No. 3 contact-set of relay 2601.

The next group of impulses is that which is to
be transmitted for the third digit of the office
code and consists of a blank impulse, light nega-
tive impulse, a blank impulse and a heavy nega-
tive impulse. These impulses are transmitted
as switch 2300 passes through positions 13 to 16,
inclusive. Accordingly, when the switch ad-
vances from position 1234 through position 131

the blank impulse is transmitted which, of course, .

means that the impulse circult is open. The
next impulse transmitted hetween position 1334
and 14%; is a light negative pulse. The pre-
viously traced impulse circuit for a light nega-
tive impulse including resistance 2329 and the
impulse relays in the tape recorder circuit is
again effective causing thereby the operation of
relay 2104 which, in turn, closes a circuit pre-
viously traced from ground through its contacts
and bottom inner back contacts of relay 2625
to operate relay 2626. The next impulse is a
blank impulse and is transmitted from position
1434 to position 15% and causes the release of
relay 2704 and the operation of relay 2625 in
series with relay 2626 as previously described. A
circuit is now closed for relay 2715 extending
from battery through its winding, top inner back
contact of relay 2714, top inner front contacts of
relays 2630 and 2628, bottom outer front con-
tact of relay 2625 to ground. Relay 2715 oper-
ates and closes a locking circuit through the
winding of relay 2714. Relay 2714 does not oper-
ate at this time due to the short-circuiting ground
on its inner back contacts. The last impulse in
this series is a heavy negative impulse and is
transmitted between positions 1534 to 16%;. As
soon as switch 2300 reaches position 1534 the
impulse circuit for the light negative impulse is
closed as previously described. ' In addition
thereto a parallel circult is closed from battery
through low resistance 2319, right contacts of
cam 2320, conductor 2035, right inner front con-
tact of relay 927, left back contact of relay 925,
lower contacts of cam 2325, lower inner front
contact of relay 2308, resistance 2328, to battery.
The current flowing through the impulse cir-
cuit by virtue of these two resistances in paral-
lel is sufficient to operate relays 2702 and 2704
as previously described. Relay 27104 in operating
now causes the release of relay 2626 while relay
27102, in operating, closes a circuit from ground
through its front contact, top front contact of
relay 2625, top outer front contacts of relays
2628 and 2630, top outer back contact of relay
2114, left winding of relay 2724 to battery. Re-
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lay 2124 operates and locks over its winding in
series and front contact to ground on the top
contact of relay 2101. When the switch passes
position 16%; the above impulsing circuit is
opened whereupon relays 2102 and 2704 release,
the latter, in releasing, causing the release of
relay 2828 and which, upon releasing, opens the
short circuit around relay 2714 causing it to
operate in series with relay 27118.

The impulse code for each of the three letters
or digits of the called office code has now been
transmitted and has resulted in the operation
and locking of relays 2622, 2823 and 2724 in the
tape register circuit. The next group of impulses
to be transmitted are those relating to the four
digits of the called subscriber’s number. In this
connection, if the called subscriber’s number in-
volved a station’s digit, the impulses of this sta-
tion’s letter would be transmitted in positions
17Y, to 20, inclusive, of the first revolution of
the impulse switch 2300. Hpwever, the assumed
number does not contain a station’s digit, and
the impulse codes are only those of the thou-
sands, hundreds, tens and units digits of the
called number. For this reason the stations im-
pulse cuttings have been omitted at the switch
cams and the switch registers eliminated in Fig.
27. - Should it be desirable, however, to include
the stations digit then the impulse cuttings and
necessary registers may be easily added.

In the meanwhile, when switch 2300 has ad-
vanced past position 17, the locking circuit of
relay 2308 is opened at cam 2330 whereupon this
relay will release provided sequence switch 1700
has passed beyond position 6, thus opening the
initial operating circult of relay 2305. It is to be
noted in this connection that following the com-
pletion of district selections and office trunk test,
office selections are made as hereinafter de-
scribed, following which sequence switch 1700
advances into position 7. Relays 2307 and 2309
remain operated after the release of relay 2305
over a locking circuit extending over the inner
top contact of relay 2307, the upper contacts of
cam 2330 to ground on conductor 2312. When
switch 2300 reaches position 1 g circuit is closed
from ground through the bottom right contact of
cam 1745, conductor 2312, top outer front con-
tacts of relay 2307, contacts of cam 2318, winding
of sequence switch magnet 2300 to battery. The
magnet operates and advances the switch out of
position 1 and into position 2 of its second revo-
lution whereupon, in position 2, another circuit
is closed through the left contacts of cam 2318
to revolve said switch out of position 4 and into
position 5. In position 5 the previously traced
circuit from ground on cam 2321 -is thereafter
operative to keep the switch advancing through
another revolution until it reaches position 1
again. ]

It will be recalled that the called subscriber’s
number has been assumed to be 3678 and that
the impulse code for the thousands digit 3 com-
prises a positive, a light negative, a blank and
a heavy negative impulse. Consequently when
the switch has advanced to position 2034 the
impulse circuit is closed as follows: From bat-
tery through resistance 2336, lower contacts of
cam 2323, conductor 2031, right middle front
contact of relay 1005, left outer back contact of
relay 18007, right contact of cam 2334, right con-
tact of cam 2335, lower back contact of relay
23085, lower right and upper left contacts of cam
2321, middle contacts of relay 2802, top back
contact of relay 2301, conductor 152 over the
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previously described loop including the impulsing
relays in the tape register circuit, conductor 181,
bottom back contact of relay 2381, inner front
contact of relay. 2802, left contacts of cam 2328,
to ground through the bottom contacts of cam
2328. Relay 2103 operates in this circuit and
closes a circult extending from ground through
its contacts, outer back contact of relay 2826,
inner front contacts of relays 2628, 263 and
2115, inner back contact of relay 2717, left wind-
ing of relay 2128 to battery. Relay 2128 operates
and locks over & circuit through its windings in
serles and front contact to ground on the top
contact of relay 2781. The next impulse is a

8 Mght negative impulse and is transmitted during

the time that sequence switch 2300 is passing
through positions 13 to 2%. During this time
the previously traced impulse circuit for the light
negative impulse 1s closed but in the aforesaid

# positions of the switch, causing thereby the oper-

ation of relay 2704. Relay 2704 in operating
closes a previously traced ground to the back
contact of relay 28628 and therefrom through the
winding of relay 2626 as previously described,
causing sald relay to operate. The next impulse
is a blank impulse and, of course, the impulse
circuit is open between positions 23 to 3%.
During this time relay 2704 releases, causing re-

lay 2625 to operate and lock in series with relay -

2826 as already described. A circuit is now closed
for relay 2111 extending from battery through
its winding, inner back contact of 2718, inner
front contacts of relays 2714, 2630, 2628 in suc-
cession, bottom outer front contacts of relay
2625 to ground. Relay 2717 operates and closes
a locking circuit through the winding of relay
2118, bottom inner contacts of relay 27117 to
ground on the No. 1 contact-set of relay 2701.
Relay 2716 however, does not operate at this time
as it is short-circuited by the operating ground
for relay 2717 at its inner back contact. The next
impulse, a heavy negative impulse, is transmitted
in positions 33 to 4%. Therefore, in addition
to the closure of the previously described impulse
circuit for the light negative impulse a parallel
circuit is closed thereto from battery through re-
sistance 2319, right contacts of cam 2320, con-
ductor 203§, right inner contact of relay (004,
right outer back contact of relay 1087, bottom
contacts of cam 2332, bottom inner contacts of
relay 2805, to resistance 2328. Relays 2702 and
2704 now operate as before, the latter closing a
circuit to release relay 2626 and to hold relay
2625 while the former closes a circuit from
ground through Its front contact, top front con-

tact of relay 2625, top outer front contacts of -

relays 2628, 2630 and 2714, top outer back con-
tact of relay 2718 to the left-hand winding of
relay 2723 to battery. Relay 2723 operates and
locks in a circuit over its windings in series and
front contact to ground on the top front contact
of relay 270{. At the end of the impulse, that is,
after the switch has revolved beyond position
4Y,, the above impulse circuit is opened causing
thereby the release of relays 2162 and 2704, the
latter, on releasing, causing the release of re-
lay 2628 and the consequent operation of relay
2716 in series with relay 2641.

The next group of impuises to be transmitted
is that of the digit 6 and consists of & positive
impulse, a light impulse, & blank impulse and a
heavy negative impulse. Each of these impulses
will be transmitted, respectively; as the switch
passes through positions 5 to 8. Consequently

98 when the switch reaches position 434, the impulse

21

circult is again closed as follows to transmit a
positive impulse: Battery through resistance 2336,
bottom contacts of cam 2323, conductor 2081, left
outer front contact of relay (014, left back con-
tact of relay 1016, bottom contact of cam 2334,
right contact of cam 2335, bottom back contacts
of relay 2308, right lower and left upper contacts
of cam 2321, conductor 2338, middle contacts of
relay 2302, top back contacts of relay 2301, con-
ductor 182, over the pulsing loop back to con-
ductor 151, bottom back contacts of relay 230l,

inner contacts of relay 2302, left contacts of cam-

2828, to ground through the bottom contacts
of cam 2326. Relay 2703 operates in the above
circuit and closes a circuit extending from ground
through its front contact, the outer back con-
tact of relay 2626, inner front contacts of relays
2629, 2631, 27(5 and 2711, top inner back con-
tact of relay 2748, left winding of relay 2722 to
batiery. Relay 2122 operates and then locks over
its windings in series and front contact to ground
on the top inner contacts of relay 2701. As the
impulser switch passes beyond position 5% the
above traced impulse circuit is opened causing
thereby the release of relay 2103, The next im-
pulse is a light negative impulse and is trans-
mitted between positions 534 and 6% and causes
the operation of relay 2704 as previously de-
scribed. The operation of relay 2704 causes the
operation of relay 2626 as previously described.
At the termination of the impulse, when the switch
has passed position 6%, relay 2704 releases caus-
ing the operation of relay 2625 in series with re-
lay 2626. A circuit is now closed for relay 2719
extending from battery through its winding, inner
back contact of relay 2718, inner front contacts
of relays 2716, 2714, 2630 and 2628 in succession,
bottom outer contacts of relay 2625 to ground.
Relay 2719 operates and closes a locking circuit
through the winding of relay 2718 to ground on
the No, 1 contact set of relay 2701. Relay 2718
does not operate at this time as it is short-
circuited by the operating ground of relay 2719
at its inner back contacts. The next impulse is
a blank impulse and is transmitted betweén po-
sitlons 63; to 7%. The impulse circuit is opened
during this time. The next and last impulse of
this group is a heavy negative impulse and is
transmitted during the time that switch 2300 {s
passing positions 734 to 8%. In addition to the
usual impulse circult for the light negative pulse
there is closed in this position another circuit in
parallel therewith extending from battery through
resistance 2319, right contacts of cam 2320, con-
ductor 2035, right outer front contact of relay
1011, left outer back contact of relay 10185, left
upper and right lower contacts of cam 2332, bot-
tom inner back contact of relay 2305, resistance
2329 to battery. Relays 27102 and 2704 operate in
the above traced circuit, the latter causing the
shunting of relay 2626 and the holding of relay
2625 while the latter closes another circult ex-
tending from ground through its front contact,
top front contact of relay 2625, top outer front
‘contacts of relays 2628, 2630, 2714 and 2718, top
outer back contact of relay 2118, left winding of
relay 2113 to battery. Relay 2713 operates over
its left winding and locks through both of its
windings in series and front contact to ground
on the top front contact of relay 2101. When the

- switch has passed beyond position 8%, the above
‘mentioned impulse ecircuit is opened causing

thereby the release of relays 2702 and 2704.
When relay 2604 releases, relay 2628 also re-
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leases, in turn causing the operation of relay 2718
in series with relay 2719. .

The next group of impulses is that of the tens
digit or 7. The code of this digit, as above men-
tioned, consists of a blank, heavy negative Im-
pulse, a blank, another heavy negative impulse.
Therefore when the switch has reached position
834 the first of these impulses will be transmitted
which, of course, being a blank impulse, means
that the above mentioned impulse circuit will be
open. When the switch has advanced to position
934 the second impulse will be transmitted and
the impulse circuit already traced for the light
negative pulse will be closed, but in the position
last mentioned. Another circuit is closed in par-
allel therewith extending from battery through
resistance 2319, through the lower contacts of
cam 2320, conductor 20371, left outer front con-
tacts of relay 1021, left outer front contacts of
relay 1025, lower left contact of cam 2233, right
lower contact of cam 2332, bottom inner back
contact of relay 2305, to resistance 2329. This
circuit causes the operation of relays 2702 and
2704 as before, the latter causing the operation
of relay 262§ while the former closes a circuit
extending from ground through its contacts, top
back contacts of relay 2628, top outer front con-
tacts of relays 2629, 2631, 2715, 27IT and 2719,
top outer back contacts of relay 2721, left wind-
ing of relay 2712 to battery. Relay 2112 operates
over its left winding and locks through both of
its windings in series and front contact to ground
on the top contacts of relay 270f. At the ter-
mination of the impulse, after the switch has
passed position 10%4, the Impulse circuit is opened
thereby causing the release of relays 2702 and
2704. The release of relay 2604 removes the
short-circuit around 2625 which latter relay now
operates. A clrcuit is now closed for relay 2721
extending from hattery through its winding, top
inner back contact of relay 2120, top inner front
contacts of relays 2T{8, 2716, 27i4, 2630, 2628,
bottom outer front contact of relay 2625 to
ground. Relay 2721 operates and closes a locking
circuit through the winding of relay 2720 and
bottom inner front contacts to ground. Relay
2728 is prevented from operating at this time
due to the short-circuiting ground at its top inner
back contact. The next impulse {s a blank im-
pulse and, of course, during the time that the
switch is passing through positions 103 to 11%
the above traced impulse circuit is open. The
last impulse is & heavy negative impulse and is
transmitted during the time that the switch is
passing through positions 1134 to 12%. Hence
as soon as the switch reaches position 1134, the
impulse circuit for the light negative impulse is
closed as before and, at the same time, another
circuit is closed in parallel therewith extending
from battery through resistance 2319, lower con-
tacts of cam 2320, conductor 2031, left outer front
contact of relay 1021, left outer front contact of
relay 1025, bottom contacts of cam 2333, right
lower contact of cam 2332, bottom inner back
contacts of relay 2308, resistance 2328 to battery.
This heavy negative impulse circuit again causes
the operation of relays 2702 and 2104, the latter
causing the release of relay 2626 and the holding
2625, while the former closes another circuit ex-
tending from ground through its front contact,
top front contact of relay 2628, top outer front
contacts of relays 2628, 2630, 2714, 27186, 2718, top
outer back contact of relay 2120 to the left wind-
ing of relay 2711 to battery. Relay 2711 operates
and locks over its windings in series and front
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contact to the top contact of relay 2781. At the
termination of the impulse, when switch 2300
reaches position 12%, the above traced impulse
circuit is opened thereby causing the release of
relays. 2702 and 2704, the latter releasing relay
2625 and causing, in turn, the operation of relay
2120 in series with relay 272f.

The next and last group of impulses is that for
the units digit 8 and consists of a light positive
impulse, a heavy negative impulse, a blank, and
& heavy negative impulse. These Impulses are
transmitted from positions 13 to 16 inclusive of
the switch. Consequently when the switch
reaches position 1234, a circuit is closed from
battery through resistance 2336, bottom con-
tacts of cam 2323, conductor 2031, left outer front
contact of relay (104, left outer back contact of
relay {108, upper left contact of cam 2334, right
contact of cam 2338, bottom outer back contact
of relay 2385, lower right and upper left contacts
of cam 2321, middle contact of relay 2302, top
back contact of relay 2301, conductor 7152 over
the previously described loop including the im-
pulsing relays in the register circuit back to con-
ductor 15f, bottom back contact of relay 230f,
inner front contact of relay 2302, left contacts
of cam 2328, to ground through the lower con-
tacts of cam 2326. Relay 2703 operates in the
above circuit and causes a circuit to be closed
from ground through its contacts, outer back
contact of reiay 2628, top inner front contacts
of relays 2628, 2631, 2115, 2Ti1, 2119 and 2721,
left winding of relay 2710 to battery. Relay 2710
operates over its left winding and locks over
both of its windings in series and front contact
to ground on the top front contact of relay 2701.
When the switch has passed position 13%; the
above traced impulse circuit is first short-cir-
cuited ahd then reversed for the following im-
pulse which is negative and causes among other
things, the release of relay 2763. The next im-
pulse is heavy negative and is transmitted as
the switch passes from position 13% to 1414 in-
clusive. Consequently when the switch advances
to position 133 the above traced impulse cir-
cuit for the light negative impulse is again closed
and in parallel therewith another circuit is closed
from battery through resistance 2319, bottom
contacts of cam 2320, conductor 2037, left outer
front contact of relay 1107, left outer front con-
tact of relay I 108, right contact of cam 2333, right
lower contact of cam 2332, bottom inner back
contact of relay 2308, to resistance 2329. Relays
2702 and 2704 again operate as before, the latter
causing the operation of relay 2626 and the
former closing a circuit from ground through its
front contact, top back contact of relay 2625, top
outer front contacts of relays 2629, 2631, 2715,
2U1T, 2719 and 272{ to the left winding of relay
2709 to battery. Relay 2709 operates over its
left winding and locks over both of its windings
in series and front contact to ground on the top
front contact of relay 210f. At the termination
of the impulse, as switch 2300 leaves position
144, relays 27102 and 2704 release, the latter

causing the operation of relay 2625 in series with-

relay 2628 as previously described. When relay
2628 operates a circuit is closed from battery,
through the winding of relay 27108, top inner
front contacts of relays 2702, 2718, 2116, 27i4,
2630, 2628, bottom outer front contact of relay
2625 to ground. Relay 2708 operates and closes
a locking circuit through its winding, the wind-
ing of relay 2705 and its inner contact, but re-
lay 2708 is short-circuited for the time being.
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The next impulse is a blank impulse and is de-
livered in positions 14% to 15%, of switch 2308
during which time the impulse circuit is open.
The next and last impulse is delivered in posi-
tions 15% to 16% and comprises & heavy nega-
tive impulse. The impulse circuit now closed 18
the one which was described immediately above
and agaln causes the operation of relays 2102
and 2104, The operation of relay 2104 causes
the release of relay 2828 in the described man-
ner, holding relay 2628 locally operated while re-
lay 2702 closes circuit from ground through its
front contact, top front ‘contacts of relay 2628,
top outer front contacts of relays 2628, 2630,
2714, 2116, 27i8 and 2720, inclusive, to the left
winding of relay 2108 to battery. Relay 2708
now operates and locks over both of its wind-
ings in series and front contact to ground on the
top contacts of relay 2101. When the switch
has passed position 16% the above impulse cir-
cuit is opened thereby causing the release of re-
lays 2702 and 2704, the latter causing the release
of relay 2625 and thereafter the consequent op-
eration of relay 2705 in series with relay 2706.

The entire impulse code has now been trans-
mitted from the sender into the tape recorder
register and therein set up on relays 2622, 2623,
2124, 2723, 2125, 2722, 2718, 2711, 2712, 2708,
2709 and 2710 all of which have been operated.
As switch 2300 passes beyond position 10 and back
into position 1, relays 2307 and 2308 release,
after which a circuit is closed from ground on
conductor 2812, top outer back contact of relay
2807, contact of cam 2381, winding of relay 2304,
to battery. Relay 2304 operates and opens its
back contact to release relays 2306, 2316 and
2302. The release of relay 2306 further removes
the holding circuit from ground through its bot-
tom front contact, conductor 183, to the left
upper contact of cam 1105, thereby opening the
holding circuit for relays 1219 and 1220. With
the release of relays 1219 and 1220, the sender
switch 1700 proceeds to advance and make the
remaining fundamental selections as more de-
scribed in the above mentioned patent to Ray-
mond-Scully. :

The tape impulse switch 2300 has now com-
pleted its function of transmitting the impulse
code of the called subseriber’s office and number
to the tape register. The switch is now normal,
the tape register has recorded within it the
called office and number and the sender now
proceeds with the numerical selections.

Recording of office code and number of called
line by tape perforator

Returning now to the operation of the tape
register circuit, at the time when relay 2631 op-
erates, signalizing the reception of all of the im-
pulses of the code of the A digit as well as two
impulses of the B digit code, a circuit is closed
from ground on its bottom outer contact, right
upper contact of cam 2531, through the winding
of magnet 2500 to battery, thereby advancing
switch 2500 to position 7, in which position the
register is ready to ground the proper combina-
tion of the perforator conductors for perforating
the code of the A digit.
that the impulse code of
the letter H of the office code or the number 4 of
the actual number dialed, resulted in the opera-
tion of relay 2622, Consequently with the switch
2500 in position 7, a circult is closed extending
from ground on the bottom contacts of relay 2631,
right upper contacts of cam 2528, left back con-
tact of relay 2634, left inner back contact of relay

1t will be remembered
the A digit, that is, for:

23

2620, left outer front contact of relay 2622, con-
ductor 2619, winding of relay 2844 to battery.
Relay 2884 operates in this circuit and connects
ground to conductors 12, 14, 18 and 17, the first
three of which cause the operation of ‘the tape
punch magnets 2, 4 and 6 in accordance with the
code for the digit 4 as shown in the operator’s
code of the printer table, while the last closes the
circuit of the start magnet 27 for the operation
of the perforator. Hence with the operation of
relay 25664, the code of the numeral 4 is perforated
on the tape. When distributor 182 engages seg-
ment 7 & circuit is closed from ground over con-
ductor (83, the upper right contact of cam 2529
and to battery through magnet 2500. Switch
2800 is advanced into position 8.

It will be observed that during the time the reg-
ister is recelving the impulses of the B digit and
part of those of the C digit, switch 2500 remains
in position 7 for the perforation of the code of
the A digit on the tape. When the switch passes
out of position 7 the circuit for relay 2544 is
opened at the upper contacts of cam 2528 and said
relay releases and disconnects ground from. con-
ductors 12, (4, 16 and IT.

After the code of the B digit and two impulses
of the code of the C digit are received relay 27148
operates, and with sequence switch 2500 in posi-
tion 8, a cipcuit is closed extending from ground
on the lower front contacf of relay 2115, the low-
er contacts of cam 2528, left front contact of relay
2628, left outer back contact of relay 2632, left
outer back contact of relay 2633, conductor 2618,
winding of relay 2542 to battery. Relay 2652 op-
erates and grounds conductors 11, 12, 18, 16, and
11, the first four thus grounded being the appro-
priate conductors for operating the proper com-
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bination of magnets in the tape perforator to.

punch the code designation
the grounding of conductor 17 closes a circuit of
the start magnet 21 in the usual manner. When
distributor 182 engages segment 7, the previously
traced circuit is closed to advance switch 2500
into position 9.

While the impulse code of the B digit is thus
being registered the impulse code of the C digit 5
and two impulses of the code of the thousands

of the digit 2 while

set upon the C and thousands registers, after
which relay 2717 operates as described. When
switch 2500 leaves position 8 the circult of relay
2542 is opened at the lower contacts of cam 2528
causing this relay to release and disconnect
ground from the tape perforator conductors.
With the switch in position 9 and relay 27124 op-
erated in résponse to the code of the third office
digit, a circuit is closed extending from ground,
lower contacts of relay 2717, the left contacts of
cam 2515, left back contacts of relay 2126, left
inner front contacts of relay 2724, left inner back
contacts of relay 2727, left inner back contacts of
relay 2128, conductor 2617, winding of relay 2545
to battery. Relay 2545 operates and grounds
conductors 15, (6 and (1, the first two thus
grounded being the appropriate conductors for
operating the proper combination of magnets in
the tape perforator to punch the code designa-
tion of the digit 5 while the grounding of conduc-
tor 17 closes the circuit of the start magnet 27.
The magnets of the tape perforator now operate
to perforate two holes in the tape in accordance
with the code of the digit 5. When distributor 182
engages segment 7, the previously traced circuit is
closed to advance switch 2500 into position 11.
After the impulse code of the thousands digit 3
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and two impulses of the code of the hundreds
digit 6 have been received, relay 2719 operates as
described. When switch 2800 advances beyond
position 9 the circuit of relay 2845 is opened at
the left contacts of cam 2515 causing thereby the
release of relay 2548 which, in turn, disconnects
ground from tape perforator conductors. With
switch 2500 in position 11 and relays 2125 and
2123 operated in response to the impulse code of
the thousands digit 3, a circuit is closed from
ground over the bottom contacts of relay 2119,
through the right contacts of cam 2518, left back
contacts of relay 2729, left inner front contacts
of relay 2723, left inner back contacts of relay
2730, left inner front contacts of relay 2724, con-
ductor 2616, winding of relay 2543, to battery.
Relay 2543 operates and grounds conductors 11
and 16 in accordance with the code of the digit 3
and also grounds conductor (7 to the start mag-
net 27 thereby causing the punching of two holes
in the tape in accordance with the code of the
digit 3. When distributor 182 engages segment 7
the previously traced circuit is closed to advance
switch 2500 into position 12.

After the tape register has received the im-
pulse code of the hundreds digit 6 and two im-
pulses of the code of the tens digit 7, relay 27121
operates as already described. When switch 2500
advances beyond position 1! the circuit of relay
2543 is opened, thereby disconnecting ground
from conductors If, 16 and 17. In position 12 a
circuit is closed from ground over the bottom
contacts of relay 2121, the left contacts of cam
2530, back contacts of relay 2131, left inner front
contacts of relay 2113, left inner back contacts
of relay 2132, left inner front contacts of relay
2722, conductor 2615, winding of relay 2546 to
battery. Relay 2546 operates ana grounds con-
ductors [{, 13, 15, 16 and 17, the first four in
accordance with the code of the digit 6 and the
last for the operation of the start magnet 27 of
the perforator which result in the perforation of
holes in positions 1, 3, 5 and 6 of the tape in con-
formity with the impulse code of this digit. When
distributor 82 engages segment 7, the previously
traced circuit is closed to advance switch 2500
into position 13.

After the tape register has received the impulse
code of the tens digit 7, and two impulses of the
code of the units digit 8, relay 2106 operates as
described. When the switch passes beyond posi-
tion 12 the circuit of relay 2456 is opened at the
right lower contact of cam 2515 thereby causing
the release of relay 2546 and the consequent re-
moval of ground from the conductors to the tape
magnets. In position 13, with relays 27111 and
2112 operated in response to the impulse code of
the tens digit 7, a circuit is closed from ground
over the lower contacts of relay 2706, the right
contacts of cam 2530, left front contact of relay
2112, left outer back contact of relay 2733, left
outer front contact of relay 2111, conductor 2614,
winding of magnet 2541, to battery. Relay 2547
operates and grounds conductors if, 12, 13 and
16 in accordance with the impulse code of digit 7
and also grounds conductor {71 to the winding of
the start magnet 21, thereby causing the oper-
ation of the perforator to punch four holes
in the tape in accordance with the code of the
digit 7. When distributor 182 engages segment 7,
the previously traced circuit is closed to advance
swit~h 2500 into position 14.

When the impulses of the units digit 8 are re-
ceived, relay 2105 operates as already described
and closes a circuit extending from ground on
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the bottom outer contacts of relay 2629, bottom
contacts of relay 2105, winding of relay 2107 to
battery which operates and locks through its top
contacts to ground on the middle contacts of relay
2708. When switch 2500 passes out of position
13 the circuit of relay 2547 is opened at the right
contacts of cam 2530 thereby causing the dis-
connection of ground from the tape perforator
conductors. With the switch in position 14, and
relays 2708, 2709 and 2710 operated in response
to the impulse code of the digit 8, a circuit is
closed extending from ground, bottom contact
of relay 2707, the right lower and left upper con-
tacts of cam 2558, left front contact of relay 2709,
lett outer front contacts of relay 2710, left middle
front contacts of relay 2708, conductor 2607, wind-
ing of relay 2848, to battery. Relay 2548 operates
and grounds conductors (2, (3, 16 and (1 the
first three in accordance with the code of the
digit 8 and the last for operating the start mag-
net 27 to cause it to punch the three holes on
the tape in the required position for the code.
When distributor 182 engages segment 7, the
previously traced circuit is closed to advance
switch 2500 into position 16.

The entire called subscriber’s number has now
been recorded in seven separate rows of punches
transverse the tape. As the switch 2500 advances
beyond position 15, the locking circuit of relay
2612 is removed, causing said relay to release and
open the circuit of relay 2101. Relay 2701 re-
leases, opens its contacts and removes groundg
from all the locking conductors which have held
the various register and control relays in the
tape register circuit in an operated position.
These relays now release. With the release of
relay 2101 the circuit of relay 2611 is likewise
opened, causing said relay to restore to normal

-and again connect relay 2608 across the pulsing

conductors. But inasmuch as these conductors
are now opened at the tape impulser circuit since,
with the advance of switch {160 beyond position
4, relay 2301 can not operate, there is no circuit
to reoperate relay 2608.

In position 16 of switch 2500 a circuit is closed
extending from ground through the bottom con-
tacts of relay 2501, left upper contacts of cam
2531, cam 2532, winding of magnet 2500 to bat-
tery. Magnet 2500 operates and advances the
switch beyond 16 to its normal position thereby
restoring the entire tape register to normal.

However, when switch 2500 reaches position 19,
a circuit is closed from ground through the bot-
tom contacts of cam 2504, conductor 2551, con-
tacts of cam 258, winding of relay 2413 to bat-
tery. Relay 2413 operates and opens its contacts
through the bottom set of which it unlocks relay
2412, The release of relay 2412 now unlocks
relay 2414 which releases, opens the circuit of
relays 2415, 2429 and 2430. With the release of
relay 2414, the connection between the district
selector and the tape register is opened, causing
the release of relay 2501 and the removal of the
starting circuit for switch magnet 2500,

It will be observed that the tape register cir-
cuit is connected to the district only for the time
necessary to record on the tape whatever item
of information is available for registration at the
time the connection between the two circuits is
made. Although the calling line has not yet
been completely extended to that of the called
subscriber’s line, the tape register is dismissed
for the interval during which the sender s occu-
pied in completely establishing the call, During
this interval, the tape register circuit is free for
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connection with other district selectors in various
stages of establishing connections and which at
this time may have items of information which
may be available for perfération on the tape with
respect to calls originated over said districts.
"The tape register circuit is now in & position to
be seized by some other district regardless of the
character of the information which it may have
ready for registration and perforation. If it is
s new call, then, after its seizure consequent
operation of relay 2881 and the transmission
thereafter of the switching character code, the

calling line character identification codes and

the new call code, it proceeds to advance to posi-
tion 5 in readiness .to receive from the sender
and then transmit to the perforator the series
of impulse codes of the called number as already

- described. However, the fact that relay 2501

always reoperates on a new call and thereafter
causes the transmission of the new call code indi-
cates that the codes which follow subsequently,
that is, the called number codes, bear no rela-
tion to other codes which may have been perfo-
rated previously on the tape and that the in-
formation which follows up to the perforation
of the next switching character belongs to a call
which has no relation to any other previous call.
Consequently, when switch has advanced beyond
position 5 and into position 6, the register pro-
ceeds with operations already described for re-
cording and punching the code of the called num-
ber ot the connection relating to the next district
with which the tape register is operatlvely 8580~
ciated.

The tape register, of course, will have other
functions to perform in connection with the
measurement of conversation time and also in
connection with operators’ calls. But since these

functions will be better understood when illus-’

trated with respect to the call here being traced,
the description of this portion of the tape register
operation will be postponed until the connection
between the two subscribers has been completely
established and conversation between them be-
gins.

. Setting office selector

The operations in making ‘office selection are
similar to those already described for making
district selections. . The counting relay circuit for
making office brush selection may be traced from
ground over the front contact of relay 1300 to
conductor 1135, left contact of cam 1720, lower
left contact of cam 1119, back contact of relay
1821, left back contact of relay 1822, right back
contact of relay (823 to conductor 1840, left
contacts of ' cam (713, to the winding of relay
1218 and battery. Therefore, a single revertive
impulse from the office selector satisfies the re-
corded condition of the sender and the first office
brush set is selected. Relays 1220, 1228, 1228,
1227 and 1228 operate as previously described to
advance sequence switch (100 to position 6 where
office group selection is made. In this position,
the reoperation of relay 1228 awaits the release
of relay 1221, which is slow to release. The fun-
damental circuit is the same as that for office
brush selection but the counting relay circuit ex-
tends over the right lower contact of cam (720,
right back contact of relay 1911, outer left front
contact of relay (912 to conductor 1842, back
contact of relay (218, winding of relay 121§ to
battery. Two revertive impulses, therefore, cause
the operation of relays 1215 to 1218. With relay
1218 operated the circuit now extends over con-

" the operation of relay 100f.

25
dictor 1840, bottom contacts of cam 1713, right
front contact of relay 1914, conductor 1845, the

" back contact of relay 1202, winding of relay 1201

to battery. The following five revertive impulses
cause the operation of relays 1201 to 1219, inclu-
sive, and the operation of relay 1210 extends the
counting circuit to the winding of relay (219 so
that the eighth revertive impulse causes the oper-
ation of relays 1220 and 1219, resulting in the
opening of the fundamental circuit and the ad-
vance of sequence switch 1700 to position 7 where
a test i1s made of the selected trunk outgoing to
the incoming selector at the wanted office.

Until the impulser switch 2300 has completed
sending code impulses to the tape register, ground
is connected over conductor 183, the left contacts

of cam (708, the inner right front contact and

winding of relay 1228, thus holding relays $228
and 1227 operated, relay 1227 holding the circuit
of relay 1226 open. Relay 1226 being released,
holds the fundamental circuit open to prevent
trunk test from being made. As soon, however,

. as switch 2300 completes the transmission of

code impulses and relay 2308 releases, the lock-

ing circuit of relay 1228 is opened, in turn releas-"

ing relay 1227 and permitting relay (226 to re-
operate and close the fundamental circuit.

As soon as sequence switch {700 left position
3, after district brush selection, the locking cir-
cuit for the relays of registers 1810 .and 1800 was
opened at the right upper contact of cam (704
and relays (981, 1902 and 1812 released. - When

- sequence switch 1700 reaches position 7 a. circuit

is closed extending from battery over the inner
left back contact of relay 1804, conductor (850,
through the winding of relay (50f, conductor
1511, right contacts of cam {715, conductor 1732
and thence over the inner left front contact of
relay 1001 to grounded conductor 1817. There-
fore, relay 1681 can not operate until the thous-
ands digit has been recorded as indicated by
Relay 1501, in oper-
ating, connects the thousands register 1000 to
the district brush register 1810 which now be-
comes the incoming brush register. Relay (930
is now included in this register. Since the thous-
ands digit of the called subscriber has been as-
sumed to be 3, relays 1004 and 1005 of register

-1000 have been operated as previously described

and a circuit is now closed extending from
ground over the middle right contacts of relay
1004, outer right front contact- of relay 1501,
winding of relay 1830 to battery. A second cir-
cuit is also closed extending from ground on con-
ductor 1732, inner right contact of relay (008,
middle right contact of relay 180f, conductor
1041, right winding of relay 181{ to battery.

In position 7 of sequence switch 1780, trunk
test of the distant (or local) incoming selector
is made and the trunk test circuit is the same
as that traced in position 4 of switch 1760 for the
office selector except that the quantity of com-
pensating resistance included in the trunk test
circuit is now controlled by relays 1923 and 1924
and the circuit, therefore, extends from the upper
right contact of cam (7i4 to the upper right
contact of cam 1717 by way .of the right front
contact of relay 1924, resistance (92€ and the
right back contact of relay (923 so as to include
only resistance 1926 instead of both resistances
1927 and 1926. Relays.1602 and 1506 are again
operated in positions 6 and 7 to complete the
testing circuit as previously traced. As before,
the completion of the circuit at the incoming
selector permits the operation of relay 1314, in
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turn operating relay 1387 which locks to ground
through the left lower contact of cam 1709 as

. long as sequence switch 1788 is in position 7. Re-

lay 1307 closes a circuit extending from ground
through its outer left contact, left lower and
right upper contacts of cam (708, right back con-
tact of relay I804 to the winding of sequence
switch 1700 advancing sequence switch from po-
sition 7 to position 8. The advance of sequence
switch (780 opens the locking circult of relay
1387 which releases. It also opens the locking
circuit for the relays of registers (820 and 1910

at the lower contact of cam (704 causing the reg-

ister relays 1912 and 1814 to release.
Incoming selections

In position 8, incoming brush selection takes
places in a manner similar to the other selections,
the fundamental circuit extending as for office
selections except that resistance {928 is included
alone in the fundamental circuit. The counting
relay circuit for this selection extends from
ground through the contact of relay {300 to con-
ductor 17138, inner left back contact of relay
1236, upper contacts of cam 1719, left back con-
tact of relay 1813, left back contact of relay 1812,
right front contact of relay 18f{1 to conductor
1841, back contact of relay 1216, and thence to
the winding of relay (211. Two revertive pulses
are recelived and the second brush set of the in-
coming selector is chosen, at which time relays
1218, 1217, 1219, 1220 and 1229 will have operated.

The operation of relay 1229 closes a circuit
extending from ground over its front contact,
right back contact of relay 1238, left contacts
of cam {118, winding of sequence switch magnet
1708 to battery, advancing the sequence switch to
position 8. In position 8 a circuit is closed from
battery over the back contact of relay 1884, con-
ductor 1880, winding of relay (802, conductor
1512, left upper and right lower contacts of cam
1721, conductor 1142, inner left front contact of
relay I811, to ground at the front contact of relay
1030.
under the joint control of the thousands and hun-
dreds registers 1600 and 1010 and, therefore, can
be made only after the hundreds digit has been
recorded as indicated by the operation of relay
10(1. With relay 1802 operated, a circuit is
closed from ground over the middle right front
contact of relay 1502, upper right contact of
cam (701, to the winding of sequence switch mag-
net 1700, advancing the sequence switch to posi-
tion 10 in preparation for making incoming group
selection. Relay 1802 also connects the hundreds
register (010 with office brush register 1820 which
now becomes the final brush register and with
relay 1901 the district group register 800 now
becomes the incoming group register. Under the
assumption that the called subscriber’s called
number contains the hundred’s digit 6, relays
1014 and 1017 are to be operated. A circuit is
now closed extending from ground at the right
contact of relay 1014, outer right front contact
of relay (802, conductor 1031, right winding of
relay 1821 to battery. A circuit is also closed from
ground over the right inner contact of relay 1017,
inner right contact of relay 1502, conductor 1081,
right winding of relay (80f to battery. Since
relay 1830 was operated, a circuit is closed ex-
tending from ground through the left middle
contacts of relay 1801, right front contacts of
relay 1830, right back contacts of relay 1813, right
winding of relay 1902 to battery.

With the sequence switch 1788 in position 10,

Incoming group selection is now made-
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the fundamental circuit is established for in-
coming group selection and is the same as that
for incoming brush selection. The counting re-
lay circult extends as for incoming brush selec-
tion to the right lower contact of cam 1719, and
thence over right front contact of relay 901,
right front contact of relay 1882, conductor 1843,
back contact of relay 1214 to the winding of re-
lay 1213 and battery. Therefore, four revertive
impulses are required to satisfy the sender and
the fourth group of final selectors is selected.
The incoming selector hunts for an idle final se-
lector in the usual manner and extends the
fundamental circuit to the line relay of the final
selector. The operation of relay 1229 advances
sequence switch (788 to position 11. When se-
quence switch 1700 leaves position 10, relay 1581
releases since its circuit is opened at the right
upper contact of cam IT15. With the release
of relay 1501, the relays of register (810 release.

Final selections

In position 11 of switch 1708 the fundamental
tip is connected to the fundamental ring to dis-
sipate any charge due to cable capacity which
may have accumulated on the cable before start-
ing final selections. The circuit for this purpose
extends from conductor 748 to the back contact
of relay (804, through resistance 1125, left lower
and right upper contacts of cam 17103, resistance
1728, right back contact of relay 123! to con-
ductor 7147. Since relay 1502 is operated, sequence
switch 1700 is immediately advanced to position
12 in a circult extending from ground on the
right middie contacts of relay 1502, right upper
contact of cam 1701, winding of magnet 1700 to
battery. The fundamental circuit is now re-
closed for final brush selection. The counting
relay circuit for final brush selection extends
from ground over the right contacts of cam 1708,
conductor 1730, front contact of relay 1300, con-
ductor 1320, right contacts of cam {101, con-
ductor 1135, inner left back contact of relay 1236,
upper right and lower left contacts of cam 119,
front contact of relay (821, back contact of relay
1822, conductor 1841, to the winding of relay
{2171 so that the second brush set of the final
selector is taken for use. As before, the opera-
tion of relay 1229 advances sequence switch 1700
to position 13. The advance of the sequence
switch releases relay 1502 and the relays of reg-
Isters 1820 and 1900.

In position 13 a circuit is closed extending from
battery over the back contact of relay {804, con-
ductor 1850, through the winding of relay (503,
conductor 1513, left contacts of cam 1115, con-
ductor 1743, inner front contact of relay 1021 to
ground at the front contact of relay 1030. Relay
1503 operates and connects the tens register 1020
with the relays of register (810 which now be-
comes the final tens register. Since relays 1025
and 1027 are operated for the tens digit 7, cir-
cuits are closed from ground over the right con-
tact of relay 1025, inner left contact of relay
1503, conductor (082, winding of relay {912 to
battery, and from ground over the inner right
contact of relay 1027, outer right contact of re-
lay 1803, conductor (0%4, winding of relay .1914,
to battery. Relay 1503 also connects ground to
the winding of magnet (700 advancing the se-
quence switch to position 14 in which position
final tens selection is made. The counting relay
circuit for final tens selection may be traced
over the contact of relay 1308 to conductor 1738,
inner left back contact of relay 1236, upper right
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contact of cam (719, lower right contact of cam
1120, back contact of relay 1811, left front con-
tact of relay {812, conductor 1842, back con-
tact of relay 1216, winding of relay {218 to bat-
tery. Two revertive impulses operate relays (218
to 1218 when the circuit is extended over the
front contact of relay 1218, conductor 1840, bot-
tom contacts of cam 1718, front contacts of relay
{914, conductor 1848, back contact of relay 1202,
winding of relay 1201 to battery. Five more im-
pulses operate relays 1281 to 1219, inclusive, when
the circuit is extended to relay 1218. Therefore,
elght revertive impulses are necessary to satisfy
the setting of the sender. The operation of relay
1229 advances sequence switch 1780 to position
15, releasing relay 1503 and relays 1912 and 1918
of register 1910. : :

" In position 15 a circuit is closed extending from .

battery over the left inner back contacts of re-
lay 1804, conductor (880, the winding of relay

1801, conductor (604, left lower and right upper

contacts of cam (721, conductor (744, inner right

. front contact of relay 1(081, to ground at the front
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contact of relay 1030. Therefore, relay 1881 can
only operate after the units digit has been com-
pletely recorded. Relay 1801 connects the units
register 1108 with the relays of registers 1889,
which now serve as the final units register. Since
the units digit has been assumed to be 8, relays
fi04, 1105 and 1107 will have been operated.
Consequently, circuits are closed from ground
over the right contact of relay §(04, inner leit
contact of relay 1884, conductor 1081, winding
of relay 1901 to battery; from ground over the
right contact of relay {108, outer left contact of
relay 1601, conductor 1082, winding of relay 1902
to battery, and from ground over the outer right
front contact of relay (107, middle right con-
tact of relay (601, conductor 1084, right winding
of relay 1804 to battery. Relay 1601 also closes
a circult from ground on conductor 1238, right
outer contacts of relay 1801, outer right contact
over the upper right contact of cam 1181, through

the winding of sequence switch magnet 1700, ad-

vancing the sequence switch to position 16 in
which position the fundamental circuit is rees-
tablished for making final units selection.  With
relays 1901 and 1802 operated, the counting relay
circuit extends from the contacts of relay 1380 to
conductor 1788 as previously traced, left middle
back contacts of relay 1238, right contacts of

.cam 1119, front contact of relay 981, front con-

tact of relay 1902, conductor 1843, back contact
of relay 1214, winding of relay 1213 to battery.
Three revertive impulses operate relays 1213 to
1218 when the circuit is extended over front con-
tact of relay 1218, conductor 1840, upper right
contact of cam 1713, front contact of relay 1904,
conductor 1845 to the winding of relay 1201.
Five more revertive impulses result in the oper-
ation of relays 120¢ to 1210, inclusive, while the
ninth revertive impulse operates relays (218, 1220

and (229. In position 16 of sequence switch 1700,

the operation of relay 1229 causes the operation
of relay 1228 in a circuit extending from ground
on the front contacts of relay 1229, back coutacts
of relay 1235, left lower and right upper contacts
of cam (18, winding of relay 1228 to battery.
Relay 1228 operates and closes a circuit for relay
1221 which also operates to release relay 1226.
The counting relays now release as previously de-
scribed. With relay 1229 released and relay 1228
operated, sequence switch 1700 is advanced to po-
sition 17 releasing relay 1601 and relays (801,
1902 and (904 of register 1900. In position 17 the
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- fundamental circuit is reestablished for receiv-

ing reversed battery from the incoming selector

as soon as relay 1226 reoperates following the re-

closure of the back contact of relay 1227.
After the wanted line has been found, the In-

coming selector is advanced to a position in which |

reverse battery is connected to the fundamental
circuit. Therefore, relays (300 and 122§ are both
operated at this time. Relay 122§, in operating,
.closes a circuit extending from ground at its con-
tact, left contacts of cam (111, through the left
winding of relay (228 to battery holding the re-
lay operated. It also closes a circuit over the
lower contacts of cam 11{1, winding of relay 123§
to battery. With relay 1288 operated, the opera-
tion of relay 1388 closes a circuit extending from
ground over its front contact to conductor 173§
as previously traced, inner left front contact of
relay 1288, winding of relays 1218, 1220 and 1229
to battery on the winding of relay i{219. Relay
1219 operates and locks as before described but
relays 1220 and 1229 remain short-circuited from
ground on cam 1716 and right upper contact
thereof, right back contacts of relay 1232, left
outer contacts of relay 1238 to the other side of
the windings of relays 1220 and 1229 in parallel.

A relay in the incoming selector also .operates

over the fundamental circuit and advances the

“incoming selector to a position where the reverse

battery is removed, at which time the funda-
mental circuit is opened. Relay 1308 releases and
the short circuit is removed from relays 1220 and
1229 allowing both of these relays to operate in
series with relay §219. Relay (225 is locked,
holding relay i238 operated.. Relay 1229 closes
a circuit from ground over its front contact,
right front contact of relay 12385, winding of relay
1281 to battery. Relay 1231 operates, locking
over its inner left contact to grounded conductor
1238. Relay (231 opens the fundamental ring
conductor at its right contact. Relay 1229 also
closes a circuit from ground at its front contact,
over the right front contact of relay (238, lower
contacts of cam 1712, top contacts of cam 816 of
switch 800 which has been advanced to position
15, as described in the above mentioned patent to
Raymond-Scully, winding of relay 1232 to bat-
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tery. Relay 1232, in operating, closes a circuit: -

from battery through the winding of relay 1228

right front contact of relay 1232, upper right eon-:'5q

tact of cam (718 to ground. Relay 1228 locks
over the left lower and upper right contacts of
cam 1705, inner right front contact and winding
of relay 1228 to battery.” It further operates re-
lay (227 and releases relays 1226, 1219, {220 and
1229. When relay 1229 releases it closes & cir-~

cuit extending from ground over its back con-

tact, front contact of relay 1228, cam 1181 to
magnet (700, advancing the sequence switch to

65

position 18. Relays 1226 and 1235 now release; ...

relay 1231 remaining locked and holding relay

1232 operated. Relay 1228 also releases, reclos- .

Ing the circuit of relay 1226 over the right lower
contact of cam 1716 to ground.

The operation of relay 1232 opens the shunt
around the high resistance winding of relay 1306,
including this resistance in the circuit of relay
229 at the district selector. Relay 229 can not
remain operated in series with this resistance and
therefore releases, in turn.releasing relay 22%

which advances sequence switch 200 from posi-

tion 10 to position 11. ‘In position 11 a circuit
is closed for reldy 2412 extending from battery
through the winding of said relay, right lower and
left upper contacts of cam 293 to ground. Relay
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2412 operates and locks over its lower contact,
lower contacts of relay 2413, left contacts of cam
293 to ground. Relay 2412 in operating, partially
prepares a circuit to reseize the tape register as
more completely described hereinafter. A circuit
is now provided extending from ground on the
right contact of cam 288, right lower contact of
cam 209, left back contacts of relay 228, top con-
tacts of cam 218, winding of sequence switch
magnet 200 to battery. The magnet operates and
advances the switch to position 12, Before the
switch leaves position 11, however, a circuit is
also closed from ground on the right upper con-
tact of cam 288, left upper contact of cam 212,
left contacts of cam 2(1, winding of relay 22%
to battery. Also, in position 11 ground is ap-
plied to conductor 245 through the left upper con-
tact to cam 212 to conductor 245 for advancing
the sender, as described hereinafter, before bat-
tery through relay 229 is disconnected from said
conductor.

Now if the calling subscriber still has the re-
ceiver off the switchhook, relay 23! is held op-
erated in the dialing circuit previously traced and
a second circuit i{s closed for relay 229 through
resistance 289, front contact of relay 231, left
upper contact of cam 212, to ground on the
right upper contact of cam 285 over which it is
held operated through position T of the se-
guence switch 200 under the control of the call-
ing subscriber. A circuit is also closed from
ground over the right contacts of cam 25§ top
contacts of cam 215, left lower contact of cam 224,
winding of switch magnet 200 to battery, operat-
ing said magnet and advancing switch 200 to
position 12. When the sequence switch leaves
position 11, relay 229 is disconnected from con-
ductor 248,

In the sender the disconnection of battery from
conductor 245 opens the circuit of relay 1306
which releases, in turn releasing relay 1234. With
relay 1234 released, a circuit is closed from ground
over its outer right back contact, left contact of
relay 1233, winding of relay (308 to battery.
Relay (305 operates and locks over its outer right
front contact to conductor 745 which is now
grounded through the left upper contact of cam
212. It also connects ground through its left
inner contact in shunt of battery through re-
sistance 1304 so that relay 1233 also releases.

Talking selection

With relay 1234 released, the circuit for making
talking selection is completed as follows: Bat-
tery through the right winding of relay 225, left

lower contact of cam 210, left upper contact of.

cam 213, conductor 248, through the link circuit
to conductor 148, front contact of relay 7123, right
contacts of cam (122, winding of relay 1300, right
winding of relay (225, back contact of relay (220,
front contact of relay (228, resistance 1230, inner
right back contact of relay 1234 to ground. Re-
lay 1300 closes a counting relay circuit from
ground as previously traced to the left contact of
cam (120, right upper contact of said cam, right
inner back contact of relay 1224, front contact
of relay 1310, front contact of relay (321, con-
ductor 1841, lower back contact of relay (218,
winding of relay {2171 to battery. Relay 225,
in operating, closes a circuit from battery through
the winding of sequence switch magnet 200, left
lower contact of cam 224, left front contact of
relay 228, right lower contact of cam 209, to
ground on the right upper contact of cam 2885.
As sequence switch 200 advances out of positiorn.
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12 through positions 123% and 13% ground is
connected over the upper contacts of cam 221,
left vpper contact of cam 218 left upper contact
of cam 213, to conductor 248 in shunt of the
winding of relay 1308. Relay 1300 releases twice
thereby permitting relays 1217, 1218, i219, {220
and 1229 to operate. Relay 1220 opens the op-
erating circuit for relay 228 which now releases,
holding sequence switch 288 in position 14 in
which a charge is made,.

When sequence switch 200 advanced beyond
position 11%; the dialing circuit was opened at
cams 201 and 202, and in position 113% the call-
ing subscriber’s talking circuit is completed from
ground through the upper left winding of re-
peating coil 234, upper contacts of cam 2601, top
outer contact of relay 284, brush (1{ and coop-
crating terminal, subscriber’s loop, brush {12 and
cooperating terminal, top inner contact of relay
284, winding of relay 281, bottom contacts of
cam 202, left lower winding of repeating coil 234
to battery. The cutting between the left upper
and right lower contacts of cam 202 overlaps
sufficiently to prevent the release of relay 231.
The .opening of the dialing circuit releases re-
lay 7124 which, in turn, releases relays TI§, Ti3,
Ti4 and 718.

The operation of relay 1228 as described, closes
u circuit extending from ground over the front

contact of relay 1229, back contact of relay 123§, :

bottom contacts of cam 1718, winding of relay
{231 to battery. As an emergency means of
clearing out the link and sender in case relay
1229 fails to operate relay (231, as for instance,

on an abandoned call or the failure of the sender -

to count impulses in talking selection, the latter
relay is operated over the fundamental ring
conductor 247 when the district reaches posi-
tion 18 over a circuit extending from ground on
cam 285, bottom left and contact of cam 209,
middle bottom contacts of relay 226, left back
contact of relay 228, right contacts of cam 219,
conductor 247, through the link circuit to con-
ductor 147, left back contacts of relay 1234, top
contacts of cam 17123, winding of relay 1231 to
battery. The operation of relay (237 opens the
circuit of relay (301, connects battery through
the resistance 1302 over the inner right front
contact of relay 1305 to conductor T145. The con-

nection of battery to conductor 148 reverses the :

direction of current flow through the upper
winding of relay 424 so that the relay now op-
erates, closing a circuit from ground over its
lower front contact, lower contacts of cam 824,
upper winding of relay 422 to battery. Relay 422

‘operates and locks in a circuit from battery

through its upper winding and upper front con-
tact to ground over the lower contacts of cam
625. Relay 422 further closes a circuit from
ground at the lower back contact of relay 428,
inner lower front contact of relay 422, right con-
tacts of cam 623 to the winding of. sequence
switch magnet 600 and battery, advancing se-
quence switch 600 to position 6. In this posi-
tion conductors 143, T44, 146, 14T and 148 are all
d’sconnected from the corresponding conductors
of the district selector, the connection of con-
ductor 145 being maintained at the top contacts
of cam 621 until the sequence switch moves out
of positicn 515, at which time relay 424 releases.
In position 6, the locking circuit of relay 422 is
held closed if the sender selector is within pre-
determined distance of the top of its bank. This
is deterrmined by the use of commutator seg-
ments 463 gnd 484, Segment 484 extends over

[

10

20

40

45

60

65

70

75



2,118,001

the top ten terminals and segment 463 over the
next ten terminals, 50 that, according as segment
483 alone or both 483 and 484 are used, the lock-

ing circuit of relay 422 is maintained over the

right contact of cam $I8 if the sender selector

" is engaging one of the top ten or one of the top
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twenty terminals. With relay 422 held operated
in position 6, a circuit is closed from battery
through resistance 821, winding of relay 428, up-
per left and lower right contacts of cam §i8,
outer lower front contact of relay 422, lower left
and upper right contacts of cam §18 to ground.
Relay 428 closes a circuit from battery through
the winding of down-drive magnet 488, upper
contacts of cam €11, lowermost front contact of
relay 420 to ground. The sender selector is
thereby driven to its lowermost position where a
circult is closed from ground over commutator
strip 460, brushes 489 and 488, commutator seg-
ment 461, lower contacts of cam 6(§ to resist-
ance 421 in shunt of the winding of relsy;_' 420,
releasing that relay and opening the circuit of
the down-drive magnet 468, leaving the sénder
selector in the lowermost position ready to hunt
for another sender. As soon as brush 488 leaves
segments 464 and 483, relay 422 releases. If the
sender selector is engaged in any set of terminals
below the eightieth, relay 422 releases when
switch 600 leaves position 5% and the sinder
selector remains in engagement with the get of
terminals last used. -
When relay 422 falls back, the magnet of se-
quence switch 600 is energized over the upper left
contact of cam 68, lower back contact of gelay
422, lower left and upper right contacts of cam
618 to ground advancing sequence switch 600 to
position 7. In this position, the link is ready
to associate itself with another idle . district.
When a district is ready for association with a
link circuit, its sequence switch is advanced to
position 1 and a circuit is closed similar to that
traceable from ground over the upper contacts
of cam 212, left upper and right lower contacts
of cam 2{1, contacts of jack 230, conductor 249,
contacts of jack 622, contacts of jack 814, lower
contacts of cam 618, upper back contact of relay
424, lower left and upper right contacts of cam
849 through the winding of relay 423 to battery.
Relay 423 operates and closes a circuit from bat-
tery through the upper winding of relay 422 to
ground on the back contacts of relay 424 and
also closes a circuit from battery through the
middle winding of relay 424, left contacts of
cam §24, lower winding of relay 424, to ground
at the front contact nf relay 423. At the same
time, a circuit is closed from ground at the inner
upper front contacts of relay 423, through thelow-
er winding of relay 424, lower left and upper right
contacts of cam 624, upper winding of relay 424,
back contact of relay #20, upper left and lower
right contacts of cam 628, contacts of jack
814 to brush 404 to test for a district selector at
the waiting link condition. With relay 422 op-
erated, the circuit of the up-drive magnet 413 of
the district finder is closed in a path extending
over the lower left and upper right contacts of
cam 623, inner lower front contact of relay 422 to
ground at the lower back contact of relay. 420.
In position 1 of the district selector sequence
switch 280, battery through a predetermined re-
sistance is connected to the terminal to.which
brush 484 has access over a circuit similar to
that traceable from battery, through resistance
241, right contacts of cam 218, contacts of jack
230 and conductor 248. When the district finder

reaches a set of terminals marked in this man-
ner relay 428 operates, releasing relay 422 and
thus opening the circuit of up-drive magnet 413.

If the district finder 480 reaches the top of its
bank without finding a district ready for asso-
ciation with the link, a circuit is closed from

-ground over commutator strip 410, brushes 408

and 408, commutator segment 41§, lower left
and upper right contacts of cam 60, winding of
relay 420, resistance 421 to battery. Relay 420
operates and locks over its inner lower contacts
and upper left and lower right contacts of cam
$25. The district finder is restored to normal in
this circuit since a circuit for the down-drive
magnet 414 is now closed extending from ground
on the bottom outer front contacts of relay 410,
left right and left lower contacts of cam 8{{,
winding of magnet 414 to battery. Relay 420 also
opens the testing circuit extending to brush 404
to prevent the false operation of relay 424, When
the finder has reached normal, ground is con-
nected over segments 410 and 411, and brushes
408 and 409, upper right and lower left con-
tacts of cam @18, through resistance 421, shunt-
ing and releasing relay 4280 which restores the
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testing circuit as well as the circuit of up-drive -

magnet 413 after which the hunt for a district
selector continues.
‘When a district is found standing in position

1, relay 424 operates, opening the circuit of relay

423 which now releases and closes a circuit ex-
tending from battery through sequence switch
magnet 600, lower left contact of cam €13, con-
tacts of jack 801, lower back contact of relay
423, upper front contact of relay 424, lower con-
tacts of cam 618, contact of jack 814, contact of
jack 622 to ground over conductor 248, Se-
quence switch 600 is advanced. to position 8 in
this circuit. In this position relay 424 remains

locked under the control of battery from the dis-

trict selector. In position 8 a circuit is closed
extending from ground over the upper right and
lower left contacts of cam 648, upper front con-
tact of relay 424, left contacts of cam $08, brush
401, to the tip conductor of the district selector
engaged by finder 400 when the circuit is similar
to that traceable over conductor 243, lIower left
contact of cam 213, lower left contact of cam 210,
right winding of relay 228 to battery. This re-

lay operates and locks over its right outer front .

contact and top contacts of cam 221 to ground
and advances sequence switch 200 to position 2.
As the sequence switch leaves position 1, relay
225 releases and the sequence switch comes
to rest in position 2. The advance of switch
280 out of position 1 disconnects battery from
conductor 246 thus permitting relay 424 to
release and close a circuit from battery
through sequence switch magnet 600, upper
right contact of cam 613, back contact of relay
424, lower left and upper right contacts of cam
618 to ground, advancing the sequence switch to
position 8. The link remains in this position
until the link next to it in the chain has been
taken for use and advanced to position 2. As-
suming that the link represented by cams 63t to
636, inclusive, is the next link, then, when this

link reaches position 2, a circuit is closed ex-.

tending from ground over the left contacts of
cam 638, right contacts of cam 636, contacts of
jack 807, left contacts of cam 606, right contacts
of cam 608 to the winding of sequence switch
magnet 600, advancing the sequence switch to
position 10 which is the equivalent of position 1
and making this link ready for use in connection
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with the next incoming call in this group of
lines.

Returning now to the sender, the disconnec-
tion by the link of the conductors extending to
the district selector results in the release of re-
lay 1305. When relay {305 releases, as well as
relay Ti4 as above described, a circuit is closed
from battery through the winding of sequence
switch magnet 1700, lower right contact of cam
1181, lower back contacts of relay 714, back
contacts of relay 1233, back contacts of relay
1305 to ground. Sequence switch 1700 advances
in this circuit to position 1 thereby disconnect-

ing battery at cam (724 from the various con- -

ductors associated therewith, and disconnecting

ground at cam {Ti6 from conductor {238, which

in turn releases relay 1303. With sequence switch
1700 in positien 1, a circuit is closed for return-
ing sequence switch 2000 to position 1 if it should
be off-normal. The disconnection of ground
from conductor (238 releases relay 826 which

controls the time measure switch 800, thereby-

closing a circuit from ground at its back con-
tact, lower left contact of cam 808, lower right
contact of cam 802, left winding of relay 827 to
battery. Relay 827 closes a circuit for advanc-
ing sequence  switch 800 which is maintained
until sequence switch 800 reaches position 1 at
which time relay 827 also releases and brings the
time measure switch to rest, thereby restoring
all parts of the sender to normal including the
switch TM.

In the district selector, when. the sequence
switch 200 comes to rest in the talking position
selector, that is, in positionn 14, the outgoing end
of the talking circuit is established from tip
brush 2423, top contacts of cam 204, right upper
winding of repeating coil 234, left contacts of
cam 203, winding of relay 233, right lower wind-
ing of repeating coil 234, bottom contacts of
cam 205, to the ring brush 241{1.

Sequence switch 800 and the apparatus of Fig.
8 serve to time the various stages of the opera-
tion of the sender and to control the restora-
tion thereof if it fails to function properly. It
will be remembered that when ground was con-
nected to conductor 1238, relay 826 operated
over contacts of cam 812 and locked to con-
ductor 1238 independent of cam 812. Relay 826
closes a circuit extending from grounded con-
ductor 1238 over the middle contact of relay 826,
lower right contact of cam 808, lower right con-
tact of cam, 802, to the left winding of relay 821
and battery. Relay 821. operates, connecting
ground to the winding of sequence switch mag-
net 800, advancing the sequence switch from po-
sition 1. In position 2, relay 827 releases and the
sequence switch comes to rest. In position 2 the
timing operation is started. An interval of
twenty-seven to fifty-seven seconds is measured
by interrupter 82t in positions 2 and 3 for the
registration of the first digit. On the first
closure of the interrupter, after the switch
reaches position 2, a circuit is closed for relay
828 extending from battery through the winding
of said relay, left lower and right upper contacts
of cam 815, interrupter 821, ground on the right
contacts of relay 8271. Relay 828 operates and
closes a locking circuit through the right wind-
ing of relay 827 but this relay does not operate
at this time due to ground from interrupter 821
being connected to the other side of its winding.
When the interrupter gets to an insulating seg-
ment, the shunt is removed causing relay 827 to
operate in series with relay 828 and close an
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obvious circuit to the winding of switch magnet
800, advancing the switch to position 3.

If a call progresses normally, the operation of
relay 801 to indicate that the first digit has been
dialed, closes a circuit from battery, through the
left winding of relay 8271, lower contacts of cam
801, right front contact of relay 901 to grounded
conductor 1238. Relay 827 advances sequence
switch 800 to position 4 and releases. When the
units digit has been recorded, a circuit is closed
from battery through the left winding of relay
827, bottom contacts of cam 892, conductor (143,
left front contact of relay (104, inner left front
contact of relay 1021 to ground at the left con-
tact of relay 1030. If the call has been for an
operator, reached by dialing either zero, or a
three-digit code as described hereinafter, relay
1803 will have been operated from the decoder
and the circuit above traced will extend from the
lower contact of cam 802, conductor 1748, over
the inner left front contact of relay (803 to
grounded conductor 750. Relay 8271 advances
switch 800 to position 7 when either of these
circuits is closed.

The units digit having been dialed in the time
allowed, then if there is any reason to expect
that a station’s or a fifth digit will be dialed, an
interval of about four seconds is measured by
interrupter 820 in positions 7 to 10. The opera-
tion of advancing switch 800 through these posi-
tions is the same as above described. When the
switch is advanced by position 10 the operating
path of relay 1112 is opened at the right lower
contact of cam 816 thus preventing any regis-
tration, false or otherwise, on the station’s reg-
ister relays 1§10 afterwards. If another digit is
dialed before the switch advances to position 10,
the operation of relay 1ill operates relay 821
over a circuit extending from battery through
the left winding of said relay, right lower con-
tacts of cam 802, left upper contacts of cam 808,
inner left contacts of relay Iill to ground as
previously traced.

Should the dialing of the fifth numerical or
station’s digit start while the switch is in posi-
tion 10, the release of relay Ti6 and the opera-
tion of relay 718 extends ground over the hottom
contacts of relay T8, front contacts of relay 118,
right contacts of cam 8(5, winding of relay 828
to battery, operating this relay and connecting
ground to one side of the winding of relay 8271
so that, on the opening of interrupter 820, relay
827 will not operate to advance the switch. When
relay 120 reoperates after the completion of the
dial pulses, ground is connected over the top
front contacts of relay 7120, left contacts of relay
[i11 to the winding of relay 821 as previously
traced, causing said relay to operate and close
the circult of magnet 800 to advance the switch
to position 11.

A local circuit for relay 827 is now closed be-
tween positions 11 to 14, inclusive, extending from
ground on the left contacts of cam 807, left wind-
ing of relay 827 to battery operating said relay
which, in turn, closes a circuit for magnet 808,
operating said magnet and advancing the switch
to position 8.

From position 15 onward, intervals are meas-
ured by interrupter 821 for the sender to com-
plete its work and be released. For any call
routed through a distant office selector, the inter-
val is measured in positions 15, 16 and 17 and
varies from sixty to ninety seconds. For any
other call, the interval is from thirty to sixty

" seconds except that on calls to a distant man-
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ual omce requiring the .transmission of the -im-.

pulse codes of the wanted number, if position 17
is' not ' reached before:trunk test is completed,-

switch 800 is turned-through position 17 to allow

. an extra thirty seconds for the operator to assign _

the trunk;
‘On the first cycle of intermpter lll after the

swltch ‘reaches position- 15, relays 827 and 828

operate in the described manner- and advance
switch 800 to position 16.  On the second cycle
it is advanced to position 17. If the call is to
be completed to a mechanical office and through
a two-wire office selector, then relays 1228 and
1322 are both normal, whereupon a circuit is
completed for relay 827 extending from ground
through the right back contacts of relay (2283,
left back contacts of relay 1822, right upper con-
tact of cam 808 and thence as previously traced
to the left winding of relay 821, causing thereby
the advance of the switch to position 18, If
either of them is operated, relays 827 and 828

. operate on the third cycle of the interrupter and

advance the switch to position 18.- The switch
stops in 18 and a flashing lamp signal (not
shown) is given to the monitor operator to indi-
cate that the sender has not cleared out in the
prescribed time,

Such, in brief, is the description of the operation
of the time measure switch 800. The operation .of
relays 835, 836 and 838 which function upon oper-
ating irregularities of the sender is herein omitted
for brevity together with circuits and apparatus
for making coin test when the sender is used to
extend connections originating from coin lines.
These operations are amply 'described in the
Raymond-Scully patent mentioned above and
since they do not form a part of this invention,
reference is made thereto for more extended
descriptions.

Recording response of called subscriber

In the meantime, the incoming selector con-
nects ringing current in the known manner to
the called subscriber’s line and when that sub-
scriber responds, the current flowing through
relay 233 is reversed so that relay 233 operates
and closes a circuit extending from ground on
the right upper contact of cam 255, right upper
contact of cam 209, front contact of relay 283,
left contacts of cam 220, bottom contact of inter-
rupter 235, winding of relay 226, to battery.
Relay 226 operates and locks over its bottom
inner contact, right contact of cam 268, left lower
contact of cam 220, front contacts of relay 233
to ground. When tlie interrupter 285 closes its
top contact a circuit is closed from battery
through the winding of relay 237, top contacts
of cam 218, bottom middle front contacts of
relay 226, top contacts of interrupter 238, to a
previously traced ground. Relay 237 operates
and locks to ground through its right inner con-
tact, right lower contact of cam 209 to ground.
The operation of relay 237 is the signal to the
district, after the interval measured by the inter-
rupter 235 to allow for line disturbance, that the
called subscrlber ‘has answered and indicates the
instance from which the conversation period is
to be measured.’ Consequently, after the opera-
tion of relay 2371 it becomes necessary for the
district selector again to become connected to
the tape register circuit ‘and associated tape re-
corder. Therefore, as soon as relay 281 operates,
relay 2412 having been operated and locked as
already described, a circuit is closed from ground
on the right middle front contact of relay 231,

top middle contacts of relay 2412, upper- windjng
of relay 2444, back contacts of relay 2415 to bat-
tery.. . At  the same time a parallel . circult is

closed over the top inner contacts of relay. 2412,

lower winding of relay 2421, contacts of cam 26(
to battery. Both relays operate, relay 2421 lock-

ing up in a circuit over its top winding and inner

31

left upper and right lower contacts of.cam. 260,

#

contact to the bottom outer back contact of relay -

254 which is normal, while relay 2414 locks over
its bottom winding and inner lower contact to
the winding of relay 2418 to battery if, at this
time, its locking, circuit is not cut off at the back
contacts of any other relay 2414 of a district
selector in the group connected to the common
tape ‘register, in which event the district waits
until the previous district has discharged, where-
upon relay 2414 locks and relay 2415 operates as
previously described. The operation of relays
2414 and 2415 now closes a circuit extending
from ground on the front.contact of relay 2415,
lower contacts of cam 257, bottom outer contact
of relay 2414, conductor 252, brush {14 and co-
operating conta.ct inner back contact of relay
101, winding of relay {13—AA to battery. Relay
I13—AA operate$ in preparation for perforating

. the calling line indication characters in advance

of the code perforations of the starting time of
the conversation as more completely described
hereinafter,

‘The operation of relay 2414 again reconnects
the district to the tape register and causes there-
by the operation of relay 2516 in said recorder
over a circuit extending from battery through
the winding of relay 2516, conductor 2552, No. 1
contact-set of relay 2414, top outer contacts of
relay 2412, left contacts of cam 256 to ground.
Relay 2516 operates and closes a circult for relay
2514 extending from ground over its left con-
tacts, back contact of relay 2517 if not operated

by interrupter 2506, winding of relay 2514, to-

battery. -Relay 2516 also closes another circuit
extending from ground over its right contacts,
left lower contact of cam 2531, cam 2532, winding
of magnet 2500 to battery. Magnet 2500 operates
and advances the switch from position 1 to posi-
tion 2 when the circuit is interrupted at cam
2531 causing sald switch to rest in said position.
When the switch reaches position 2, however, the
seven punch magnet conductors | to 1, inclusive,
are grounded, as already described when the tape
register was first connected to the perforator and
to the sender for recording the called line num-
ber, and the code of the “switching character” is

perforated on the tape in advance of anything ;

else. When distributor 182 of the perforator en-
gages segment 7, the previously traced circuit is
closed over the right contact of cam 2529 for ad-
vancing switch 2500 into position 3. When the
switch reaches position 3 ground is connected
to conductor (67 and since relay 113—AA is now
operated again, as already described, the pre-
viously traced circuits for the calling line sub-
group identification registers in Fig, 1 are closed

causing thereby the punching of the line sub-

group character code immediately after that of
the switching character code. The distributor
182 again closes the circuit over the right con-
tact of cam 2529 advancing switch 2500 into
position 4. Conductor 168 is now grounded and
the previously traced circuits for the registers
cf Fig. 1 identifying the particular line in the
subgroup are closed, causing thereby the punch-
ing of the remainder of the line identification
code. Distributor 182 again closes the ecircuit
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over the right contact of cam 2§29 for advanc-
ing switch 2800 into position 5. In this way,
the line designation character codes are used to
identify the codes which follow recorded thereon
as belonging to the line with other codes which
may have been recorded previously in connection
with the same line. As the switch passes into
position 5 the circuit previously traced from the
right contacts of relay 2518, over the lower left
contact of cam 2831 is again effective to advance
switch 2500 into position 16. When the sequence
switch 2508 reaches position 16, the tape register
is ready to record upon the tape the start of the
conversation time. This is done as follows:

It will be observed from Fig. 25 that the circuit
of relay 2817 is constantly interrupted over an
operating circuit from interrupter 2606 which
makes its contact every six seconds. When the
tape register circult is disconnected from any
district, the operation of relay 28171 causes a
circuit to be closed extending from ground on its
middle contact, bottom contacts of relay 25(4,
bottom back contact of relay 2820, conductor
2884, winding of rotary magnet 2838 of the step-
ping switch 2640 to battery. This switch is of
the well known step-by-step type structure used
in machine switching telephony and comprises
two arcs with separate cooperating brushes 2603
and 2632. Every six seconds therefore, magnet
2638 operates and advances the brushes one ter-
minal. Since the switch takes but one step every
six seconds it is clear that the brushes, in ad-
vancing from one terminal to the next, count off
one-tenth of a minute. But since, due to the
construction of the switch arcs but ten terminals
are provided therein, it is also evident that when
the brushes have taken ten steps or made one
complete circuit of the arc, sixty seconds or one
minute will have been counted off. Hence at the
end of the minute, and on the next closure of
the relay 2517 thereafter, that is, when brush
2603 is in contact with the tenth terminal of the
arc, a circuit is closed for rotary magnet 2638
in the usual way but another circuit is also closed
extending from ground on the brush 2632 and
cooperating contact, to the winding of rotary
magnet 2631 of switch 2610. This switch is of
similar construction to switch 2648 and, at the
termination of the interrupter pulse, will have
advanced its brushes 2602 and 2606 one terminal
while, at the same time, the release of magnet
2638 causes the brushes of the associated switch
2640 to make contact again with the first ter-
minal of their respective arcs. Thus for every
half revolution of the brushes of switch 2640, a
rotation of whose brushes over the entire arc
measures one minute, causes the minute switch
2610 to advance its brushes one terminal and
thereby register one minute. Since the minute
switch 2610 also has ten terminals on each of its
arcs, a complete rotation of its brushes around
their respective arcs is equivalent to measuring
ten minutes. After the ten-minute interval has
terminated and the brushes of switch 2610 are
again on their tenth terminal, with the brushes
of switch 2640 also on their normal terminal, the
next closure of relay 2517 causes the operation of
magnet 2638 as already described, and another
circuit is also closed for switch magnet 2637 as
already described, while the fact that switch
brush 2608 of switch 26190 is resting on its normal
terminal causes another circuit to be closed ex-
tending from ground on brush 2808 and co-
operating terminal, winding of rotary magnet
2636 of switch 2600 to battery. Switch 2608 is
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similar in construction to switches 2618 and 2640,
has two arcs of ten terminals each with cooper-
ating brushes and advances the brushes one cer-
minal over thelr respective arcs for every half
revolution of the brushes 2662 and 2808 of switch
2810. These three switches comprise the timing
register and, together, are capable of measuring
of one hundred and eleven minutes, one hundred
minutes being recorded by switch 2680, ten min-
utes by switch 2610 and one minute by switch
2640. These timing operations continue regard-
less of whether the tape register circuit is being
engaged or idle so that, at the moment of its sei-
zure for recording the start of conversation time,
each of the brushes of each of the above switches
will be on some one terminal of their respective
arcs and the beginning of the conversation will
be recorded in terms of ‘the particular ierminals
on which brushes 26085, 2602 and 268( will be
standing at the time the tape register is con-
nected to the district selector.

Consequently when the tape register circuit is
seized by the operation of relay 258(6, which in-
dicates that the beginning of conversation time
is to be recorded for some district selector, then,
at the instant when relay 25(71 is normal, a cir-
cuit is closéd from ground on the left contacts of
relay 2816, outer contacts of relay 2811, to the
winding of relay 28134 to battery. Relay 2514
operates and locks over its No. 1 contact-set to
ground through the left contacts of cam 2808.
With relay 2814 operated a circuit is now closed
extending from ground on the interrupter con-
tact 2802, which contacts are closed for two-

-tenths of a second and open for three-tenths of a

second, No. 4 contact-set of relay 2514, back con-
tacts of relay 2527, winding of relay 2526 to bat-
tery. Relay 28528 operates and closes a locking
circuit for itself through the winding of relay
2821, inner contacts of relay 28526 to ground on
the No. 2 contact-set of relay 28(4; rélay 2527
not operating in the meanwhile as it is short-
circuited by said ground and also by the ground
which causes the operation of relay 25268. With
relay 2526 operated, a circuit path is now par-
tially prepared extending from ground on the
No. 2 contact-set of relay 25(4, right contact of
relay 2821, outer contact of relay 2526, conductor
250!, to brush 2601 of the ten-minute switch
2600. Now, depending upon the terminal upon
which brush 2601 is resting at the time the above
path is closed, the circuit will be completed to
the winding of one of the relays 2540 to 2549,
inclusive, since each one of the conductors ex-

tending to a winding of one of these relays is mul- i

tipled to a corresponding terminal on the arcs of
switches 2600, 2610 and 2640 with which brushes
2601, 2602 and 2603, respectively, engage; the
winding of relay 2540 being connected to termi-
nals 0 that of relay 2%4( to terminals 1, etc. up
to and including the winding of relay 2549 which
is connected to terminals 9. For instance, if at
the time the path to brush 2601 is completed,
said brush is resting on terminal No. 2 of the arc
of ten-minute switch 2600, then the circuit is
completed to the winding of relay 2542, to bat-
tery. Relay 2%42 operates and grounds conduc-
tors i1, 12, 15, 16 and 1T of the perforator, the
first four being the appropriate combinations
for the code of the digit 2 and the last for the
operation of the start magnet 21. The code of
the digit 2 is thus punched on the tape immedi-
ately following that of the calling line char-
acters. This indicates that at the time conver-
sation was started on the call originated by the

10

20

25

30

40

45

75



10

70

L]

2,119,001

calling line bearing the calling line character im-
mediatey ahead of the code perforations of the
digit 2 the ten-minute switch 2600 had each of
its brushes connected to terminal 2 of its respec-
tive arc. When interrupter 2682 opens its con-
tact at the end of the two-tenths of & second in-
terval the short-circuit around relay 2827 is
removed and this relay now operates in series
with relay 2628, locking to ground on the No. 2
contact-set of relay 28i4 and opening the cir-
cuit of relay 2842 which, on releasing, discon-
pects ground from conductors (1, 12, 15, I8 and
1.

In the meanwhile it will be remembered that
interrupter 2688 operates once every six sec-
onds and, at the time the tape register is con-
nected to the district it may be anywhere in its
‘cycle of operation. It is important, however, that
during the interval when the beginning of con-
versation time is being recorded on the tape, any
pulse count from interrupter 2606 is preserved
since, with relay 2814 operated, the circuit to
magnet 2638 is opened and no movement of the
switches can take place to record that count. The
reason for keeping an accurate notation of all
pulse counts is due to the fact that interrupter
28506 is used for measuring the interval between
the beginning and end of conversations for all
districts in the group for which the tape register
is common. Should a pulse count equivalent to
a tenth of a minute be lost, therefore, during any
registration, then succeeding registrations of the
termination of conversation time would be in er-
ror by a tenth of a minute. Consequently if the
tape register is connected to a district when the
contacts of interrupter 2608 are open, then should
they close during the interval of registration and
cause the operation of relay 2611, a circuit will
be closed extending from ground on the middle
contacts of relay 2811, bottom front contacts of
relay 2814, lower winding of relay 2818, to bat-
tery. Relay 2518 operates and locks in a circuit
over its upper winding and contacts to ground on
the No. 2 contact-set of relay 28{4. The way in

which relay 2818, when operated as described, -

preserves the pulse count is described hereinafter.

At the next closure of interrupter 2602 a cir-
cuit is again closed extending from ground on said
interrupter contacts, No. 4 contact-set of relay
2514, left front contact of relay 2524 to battery.
Relay 2524 operates and closes a locking circuit
for itself through the winding of relay 2525, in-
ner contacts of relay 2524, to ground on the No. 2
contact-set of relay 2514; relay 2525 being held

short-circuited in the meanwhile by ground.

through the contacts of relay 2524 and also by the
ground through its own left back contacts. A
path is now prepared extending from ground on
the No. 2 contact-set of relay 2814, right contacts
of relay 2628, outer contacts of relay 2524, con-
ductor 2518 to brush 2882 and cooperating ter-
minal of the minute switch 2810. Depending on
the terminal on which brush 2602 is resting at the
time the above path is closed, the circuit is fur-
ther extended to the winding of any one of the
relays 2540 to 2549, inclusive. If, for example,
the brush is resting on terminal -No. 7 then the
circuit is completed through the winding of relay
2547 to battery. Relay 2547 operates and
grounds the conductors 11, 12, I3, 16 and {1 to
operate the magnets of the perforator for punch-
ing the code of the digit 7. When interrupter
2802 opens its contacts at the end of the two-
tenths of a second interval the short circuit

around relay 2526 is removed and this relay now
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operates in series with relay 2824 in the cirouit
above described. The circuit for relay 2841 is
opened and the tape perforator magnetis are re-
Jeased in preparation for punching the code of the
next digit.

At the next closure of the interrupter 2942
a circuit is closed extending from contacts on
sald interrupter, No. 4 contact-set of relay 2814,
left front contacts of relays 2827 and 2628, left
back contacts of relay 2623, winding of relay
2822 to battery. Relay 2§22 now operates and
closes & locking circuit for itself through the
winding of relay 2623, inner contact of relay 2§22
to ground on the No. 2 contact-set of relay 2814,
relay 2628 being short-circuited in the meanwhile
by said ground and also by the ground which op-
erated relay 2§22. With the operation of relay
2822, a path is closed extending from ground on
the No. 2 contact-set of relay 28i4, right back
contacts of relay 2523, outer contacts of relay
2822, conductor 2889, to brush 2803. Depending
upon the terminal upon which said brush rests
at the time the above path is closed, the circuit
s completed to the winding of any one of the
relays 2540 to 2849, inclusive.. If, for instance,
thebmshlsrestlngonthefourthtermmﬂ.the
circuit is extended to the winding of relay 2844

‘to battery. Relay 2844 operates and grounds

conductors 12, {4, 16 and (7 of the tape perfora-
tor which now operates and causes the punching
on the tape of the code of the digit 4. When
interrupter 2582 opens its contacts the circuit
of relay 2844 is opened and the ground to the
tape perforator magnet conductors is discon-
nected thereby, releasing said magnets in prepa-
ration for succeeding functions. The tape, there-
fore, has had recorded thereon the codes of the
number 274 immediately following the codes of
the calling line characters as an indicatfon that
the conversation time has started at the time
when the tens switch 2600 was at position 2,
the minute switch 2610 at position 7 and the
tenths of & minute switch 2649 at position 4.
This information is later utilized to compute the
total conversation time as more particularly de-
scribed hereinafter.

When relay 2523 operates, which is the signal
that the three digits comprising the notation of
the start of the conversation time have duly
been recorded, a circuit is closed extending from
ground on the right outer contacts of relay 2823,
bottom contacts of relay 2518, conductor 2684,
winding of magnet 2838 to battery,
switch 2640 to operate and advance its brushes
2603 and 2632 one terminal in registration of the
one pulse count which occurred during the reg-
istration - period as above described. Another
cireuit is also closed extending from ground on
the middle contacts of relay 2623, No. 3 contact-
set of relay 2514, left lower contact of cam 2808,
winding of sequence switch magnet 2§08 to bat-
tery. Magnet 2880 operates and advances the
switch to position 17. In position 17 a circuit
is closed extending from ground on the right con-
tacts of relay 2518, left lower contacts of cam
2531, winding of sequence switch magnet 2500
to battery. The switch magnet operates over this
circuit and causes the switch to be driven back
to position 1.
positions 19 and 20 a circuit is closed extending
from ground through the bottom contacts of cam
2504, conductor 2551, contact of cam 288, wind-
ing of relay 2413 to battery. Relay 2413 operates
and, by opening its bottom contacts, causes the
release of relay 2412. Relay 2412, in releasing,

causing -

As the switch revolves through
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opens the circuit of relay 2414 which, it will be
recalled, is locked up in series with relay 2418;
The release of relay 2414 opens the circuit of
relay 28518 which releases and restores the tape

§ register circuit to normal in readiness for con-
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nection with any other district which may be in
& position to have information recorded therein.
With the release of relay 2818 and with switch
2508 past position 17 the locking circuit of relay
2514 i3 now opened, causing this relay to release,
in turn releasing the counting relays 28§22 to
. 2821, inclusive, and also relay 25(8. With the
tape register normal, the timing relay 287 con-
tinues to be responsive to the periodic closures
of interrupter 2806. : .
At the end of the conversation, when the called
subscriber restores his receiver to the switch-
hook, the direction of the current flowing through
relay 233 is reversed and the relay releases, in
turn releasing relay 226. When the calling sub-
scriber restores his receiver, relay 231 releases,
in turn releasing relay 229. With relay 229 re-
leased, a circuit is closed extending from ground
over interrupler 238, back contact of relay 228,
left Jower and right upper contacts of cam 208,
top winding of relay 284 to battery. Relay 234
operates and locks through its lower winding and
bottom inner contact to ground over the left low-

. er and right upper contacts of cam 288, relay
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2421 not releasing in the meanwhile due to a
supplementary holding path over the top back
contact of relay 24i8 to ground on the left con-
tacts of cam 288. Relay 284 further disconnects
the tip and ring conductors of the line-finder
district selector trunk from the tip and ring
brushes of the line-finder but ground through
resistance 283 is still connected to brush (i3
through the left middle contact of relay 237.

In positions 13 and 14 of sequence switch 200
and after relay 254 has operated, a circuit is
closed extending from ground on the No. 3 con-
tact-set of relay 284, middle contact of relay
2421, top winding of relay 2414, back contact of
relay 241§ to battery. Relay 2414 now operates
and Jocks in serles with relay 2415 and recon-
nects the district selector to the tape register
circuit if no other district is connected to it at
this time. With the reclosure of the contacts
of relay 2414 a circuit is now closed extending

50 ground on the No. 2 contact-set of relay 254, up-
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per contacts of relay 2421, No. 2 contact-set of
relay 2414, conductor 2856, winding of relay 2512
to battery. Relay 2512 operates and over its in-
ner contacts closes a circuit extending from
ground, right lower contact of cam 2531, winding
of switch 2500, to battery. Switch magnet 2500
operates and causes the switch to advance from
position 1 to position 2. When the switch reaches
position 2 the code of the switching character is
punched on the tape by the perforator as already
described, and then advances through positions 3
and 4 in the manner previously described for
perforating the codes of the calling line char-
acters also as previously described. When switch
28080 reaches position 5 it is advanced into posi-
tion 17 over the circuit controlled by relay 2512.

The reason for recording the switching charac-
ter and calling line characters at this time is,
of course, the same as for recording them in
advance of the registration of the called line code
and the start conversation time code, that is, in
order to identify the code of the information

~ which follows with the information relating to

%

this call already perforated upon the tape since
between the last item of information so punched

2,113,051

and that to be punched presently, the codes of
various items of information belonging to calls
from other lines in the group may intervene.

As soon as relay 2817 is in its normal position,
a circuit i{s closed from ground on the outer
contacts of relay 2812, inner contacts of relay

2811, winding of relay 2520 to battery. Relay

2820 operates and locks over its top Inner contact
to ground through the left contact of cam 2508.
As soon as interrupter 2582 closes its contacts a
circuit is then closed extending from ground over
said contacts, No. 4 contact-set of relay 2820 to a
previously traced circuit for relay 2528. Relay
2826 now operates and extends ground from the
No. 2 contact-set of relay 2§20 to brush 268( as
previously described in connection with the regis-
tration of the start of the conversation time. De-

10

18

pending, now, upon the terminal to which brush -

2601 is connected, the circuit is completed to one
of the relays 2640 to 2549, inclusive, as previously
described. The operation of the particular relay
then grounds the appropriate combination of con-
ductors to the perforator and causes the punch-
ing of the code of the number of the terminal on
which brush 2681 is connected at this time. When
interrupter 2582 opens its contacts, relay 2523
operates as previously described, opening the cir-~
cuit of the relay of the groups 2540 to 2549, caus-
ing the release of the operated perforator mag-
nets,

In the same way, on the second closure of the
Interrupter 2502, a circuit is completed for relay
2524 and the ground is then extended to brush
2602 over a previously described path, and from
brush 2602 the circuit is completed to one of the
relays 2640 to 2549, inclusive, depending upon
the terminal to which brush 2602 is connected.
The operation of one of sald relays grounds con-
ductors connected to the windings of the tape
perforator magnets to cause thereby the punching
of the code of the digit number of the terminal
upon which brush 2602 is resting. When inter-
rupter 28802 opens its contacts, relay 2525 oper-
ates and opens the circuit of the relay of the
groups 2540 to 2849 as previously described, caus-
ing the operated perforator magnets to release.

On the third closure of interrupter 2502 a pre-
viously described circuit is closed for relay 2522
which, upon operating, causes ground to be ex-
tended over a previously traced path to brush
2803. Depending upon the terminal to which
said brush is connected at this time, sald ground
is extended to one of the relays 2540 to 2549, in-
clusive, and the operation of the particular relay
again causes the grounding of the conductors in
the combination called for by the code of the
digit of the terminal to which said brush is con-
nected, whereupon the perforator operates as de-
scribed to punch said code. When the interrupter
opens its contacts, relay 2823 operates as previ-
ously described and opens the circuit of the relay
in the group 2548 to 2849, causing the release of
the operated tape perforator magnets. It also
closes a circuit extending from ground on its
inner front contact, No. 3 contact-set of relay
2520, left upper contact of cam 2503, winding of
sequence switch magnet 2508 to battery, causing
the switch to be advanced out of position 17 into
position 18. In position 18 the previously traced
circuit through the bottom inner contacts of re-
lay 2512 and the lower right contacts of cam 2531
causes the switch to be advanced to position 1.
As the switch passes through positions 19 and 20
a previously described circuit through the bottom
contacts of cam 2504 causes the operation of re-
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Iay 2443 iIn the district which, upon operating,
causes the release of relay 2421,
releasing, opens the circuit of relay 2414, the re-
lease of which causes the disconnection of the dis-
trict from the tape register and the release of
relay 2812 therein,

The finish of the conversation time is, like the
start of the conversation time, recorded on the
tape by codes indicative of the position of each
of the registers 2600, 2610 and 2649 which are in
continual operation under the control of inter-
rupter 2508. The manner in which both records
are used for obtaining the conversation time of
the call is described hereinafter in connection
with the description of the computor.

The release of relay 242( now causes a circuit
to be closed extending from ground on its back
‘contact, No. 4 contact-set of relay 284, left upper
and right lower contacts of cam 223, right lower
contacts of cam 224, winding of magnet 288 to
battery. Magnet 200 operates and advances the
switch to position 17. As the sequence switch
passes through positions 15 to 17, the locking cir-
cuit of relay 237 is held closed through the right
lower contact of cam 208. In position 17 a cir-
cuit is closed extending from ground on inter-
rupter contact 236, left contacts of relay 229,
bottom contacts of cam 208, winding of relay 128
to battery. Relay 226 operates and locks over its
bottom inner contact, contacts of cam 283, com-
mutator segment {41, brush |18 to ground. With
relay 226 operated, a circuit is closed extending
from ground on the left bottom contact of cam
209, bottom next to inner contacts of relay 22§,
top left contact of cam 224, winding of switch
200 to battery thereby causing the switch to
advance from position 17 to position 18. In posi-
tion 18 a circuit for the down-drive magnet 2422
of the district selector is closed extending from
battery through the winding of said magnet, right
lower and left upper contacts of cam 219, right
outer buck contact of relay 226, top contacts of
cam 221 to ground. The operation of the down-
drive magnet now causes the restoration of the
two sets of district selector brushes to normal.
In position 18 another circuit is closed for re-
storing the line-finder elevator to normal. The
circuit extends from battery through the winding
of the down-drive magnet 106, right lower and
left upper contacts of cam 218, next to the inner
contact of relay 226, lower left contact of cam
209 to ground. When the line-finder elevator
restores to normal, brush (18 leaves commutator
segment 141 thereby removing ground from the
holding circuit of relay 228 causing it to release
and, in turn, opening the circuit of the down-
drive magnet 108 causing said magnet to release
also. When magnet 2422 has returned the dis-
trict elevator to normal, ground on brush 2409
now becomes connected to commutator segment
2431 and a circuit is thereupon closed extending
from said segment, right lower contact of cam
224, winding of sequence switch magnet 260 to
battery causing said switch to be restored to posi-
tion 1. In position 1, battery through 270 ochms
is again connected to the conductor 244 which
leads to the link circuit as an indication of an
idle condition and as already described.

Recording data for a toll call

Having described the formation of the perfo-
rated tape record for a call between two local
subscribers, the formation of a similar tape rec-
ord for a toll or long distance call which has to
be established through the intervention of an

Relay 2421, in -

operator at the toll or the recording position will
now be described.

In the case of a long distance call to be made
by a calling subscriber in a full mechanical office,
the subscriber is usually instructed to dial a spe-
cial code which, for a three-digit area, comprises
& three-digit code. This code is registered in the
sender in the usual way and is later translated
by the decoder. As a result of the translation,
the sender guides the district selector to a group
of trunks extending to the recording position
from which it selects an idle trunk. The opera-
tion of the sender with respect to receiving the
impulses of the “long distance” code on the im-
pulse register 700 and recording them on the
impulse registers 908, 818 and 929 is the same as
previously described for the dialing of the three-
digit office code of an office located in the local
area except that, in the case of an operator’s class
of call, no thousands, hundreds, tens and units
digits are dialed. These operations, therefore,
need not be described again. The operator’s code
is transferred to the decoder in the same man-

‘ner as the office code digits of a local call and

results in the translation of said code into the
operation of a route relay which, in turn, causes
the operation of a number of relays in the selec-
tion registers of the sender with which to control
the selection of the proper brush in the district
selectcr and the proper group of trunks in the
district frame extending to the recording posi-

tion from which the call is to be routed. In addi-

tion, the decoder also causes the operation of re-
lay {803 which in turn causes the operation of
relay 1884. The operation of relay 1803 permits
the trunk test to be made immediately without
walting for additional digits. The trunk test
further causes the operation of relays 1308, 1308
and (307 in the same manner previously described
for a local call. However, relay 1301 now closes
8 circuit extending from ground at its left outer
front contacts, left lower and upper right con-
tacts of cam 1706, right front contact of relay
18084, back contact of relay 1802, winding of relay
1221 to battery. Relay (221 operates and locks
to grounded conductor (238 and extends ground
over its inner left contact, upper left contact
of cam 1702 to the winding of sequence switch
magnet (700 and battery, advancing the sequence
switch to position 10. As the sequence switch
passes through position 934, a circuit is closed
extending from batltery through the winding of
relay 1231, left lower and right upper contacts
of cam (112, outer left front contact cf relay
1221 to grounded conductor 1238 operating relay
1231 which also locks to conductor 1238. Relay
1231 advances sequence switch 1700 to position 17
in which position relay 1232 is operated as pre-
viously described, in turn operating relay 1228

and advancing sequence switch 1708 to position -

18. In this position talking selection takes place.
Since this call is for an operator, neither relay
1310 nor 1321 will have been operated and the
circuit controlled by relay (308 at this time is
a8 previously traced to the lower left contact of
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cam {720, upper right contact of cam 1720, right .

inner back contact of relay 1224, right back con-
tact of relay 1310, back contact of relay 1216 to
the winding of relay 1245 and battery. Sequence
switch 200, in advancing from position 12, closes
ground in shunt of the winding of relay (308 in
positions 1233, 1333, and 143; whereupon the
circuit of relays (360 and 228 is opened and se-
quence switch 200 is brought to rest in position

15. In this position, the incoming and outgoing
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ends of the talking circuit extend as previously
described to repeating coil 234, the outgoing end
including the winding of polarized supervisory
relay 233, but is now further extended over tip
brush 2423, top back contact of relay 2800, top
winding of relay 2801 of the operator’s trunk to
battery. On the ring side the circuit is com-
pleted through ring brush 2411, bottom contacts
of relay 2800, lower winding of relay 2801 to
ground. Relay 2861 operates in this circuit, but
relay 233 does not. Relay 28801 now closes an
obvious circuit for lamp 2802 which lights to ap-
prise the operator that a call is waiting and fur-
ther connects ground to sleeve brush 2407 to hold
the district selector.

The operator, on noting the signal, answers
the call by inserting the calling end of a toll cord
into the trunk jack, causing the operation of cut-
off relay 2800 which disconnects relay 2881 from
the trunk conductors and supplies reverse talking
battery to the trunk (not shown), all in the well
known manner. Relay 233 now operates, closing a
circuit which extends from ground over the upper
right contact of cam 209, front contact of relay
233, bottom contacts of cam 228, left winding
of relay 225 to battery. Relay 228 operates, clos-
ing a circuit extending from battery through the
winding of sequence switch magnet 208, left lower
contact of cam 224, left front contact of relay 228,
right lower contact of cam 209 to ground. Se-
quence switch 200 is advanced to position 16 and
relay 2285 releases. In position 16, the talking
circuit extends from tip brush 1i{ of the line- .
finder 110, top outer back contacts of relay 254,
upper left and lower right contacts of cam 201
to the tip brush 2423 of the district selector, and
from the ring brush (12 of the line-finder, top
inner back contacts of relay 254, winding of relay
231 lower left and upper right contacts of cam
202, to the ring brush 2411 of the district selec-
tor. Battery and ground are supplied from the
operator’s cord so that relay 231 is held operated,
in turn holding relay 228 operated. The re-
lease of the sender takes place as for other calls.
Since relay 233 is not operated in positions 13
or 14, relay 237 can not operate and no charge
is made.

From this point on the call is completed to
the wanted subscriber in the toll or long distance
area by inserting the calling end of the cord into
the jack of the trunk going in the wanted direc-
tion. Since the establishment of this part of the
connection is no part of the invention it is omit-
ted for the sake of brevity. The operator fur-
ther makes note of all items relating to billing
information, such as the name of the city, the
called office and number therein and, during the
period of conversation, times the call. When the
call is completed and the operator receives the
disconnect signal she proceeds to record the bill-
ing information on the telegraph keyboard 2810
leccated at her position.

This keyboard is the ordinary telegraph type-
writer equipped with a number of keys, one per
character, the depression of any one of which
grounds certain commutator segments in ac-
cordance with the code called for by the char-
acter of the key depressed and further closes the
circuit of the start magnet 2808 for rotating the
distributors 2813 and 2814 about the surface of
the commutator 2812. The distributor 28i4, as
it advances, closes an impulse circuit whenever
it comes into contact with a grounded segment,
all in accordance with standard printing tele-
graph practice. Since the code used with this
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invention comprises a six-unit code, the six con-
ductors from the segments to the individual keys
are so wired that the depression of each key
grounds the conductors in the required combina-
tion as called for by this code, as exemplified in
the code table hereinbefore given.

As soon as the operator has received the dis-
connect signal and is ready to transfer the call
record to the primary tape, key 2882 is depressed.
A circult is now completed extending from
ground on said key, sleeve brush 2428 of the low-
er group of brushes on the district selector,
right upper and left lower contacts of cam 268,
upper winding of relay 24i4, back contacts of
relay 2418 to battery. If no other district at
this time has its relay 2414 locked to the wind-
ing of relay 241§, the above circuit is completed
in which relay 2414 operates and is later locked
through the winding of relay 2415 which now op-
erates as already described. The operation of
relay 2414 closes a previously described circuit
for relay (T13—AA operating sald relay and fur-
ther connecting the district selector with the tape
register circuit after which a circuit is completed
extending from ground through the left lower
and right upper contacts of cam 28§, No. 4 con-
tact-set of relay 24i4, conductor 2683, winding
of relay 2853 to battery. Relay 2513 operates
and closes a circuit extending from ground
through its right front contacts, left upper con-
tact of cam 2829, winding of sequence magnet
2500 to battery causing said switch to advance
from position 1 to position 2. As the switch ad-
vances through position 2 all of the conductors
I to 1, inclusive, are grounded to cause the per-
forator 180 to operate and punch. the switch-
ing character as already described. When dis-
tributor 182 of the perforator engages segment 7,
the previously traced circuit is closed over the
right contact of cam 25298 for advancing switch
2500 into position 3. With switch 2508 in posi-
tion 3, and assuming that the toll call has been
originated by the same subscriber’s line (08
which has been considered for a local call and
whose line identifying relay I13—AA has been
operated, the line registers now reoperate as pre-
viously described to punch the one code which
designates the calling line character subgroup.
Switch 2500 is then advanced to position 4 and
a second code is punched which designates the
position of the line in the subgroup. Switch
2500 is then advanced into position §. When
switch 2580 reaches position 5, a circult 1s closed
extending from ground through the left outer
contacts of relay 2513, lower left and upper right
contacts of cam 2538, winding of relay 250{ to
battery. Relay 2881 now closes its upper group
of contacts and connects ground to conductors
if, 12, 13, 14, 18 and 1T causing thereby the op-
eration of the perforator 182 to punch the code
of the new call designation after which the
switch 28500 s advanced into position 6. As the
switch passes out of position 5, the circuit of re-
lay 2581 is opened, ground is disconnected from
the conductors 11, 12, 13, (4, 16 and (T and the
perforator is restored to normal. From position
6, switch 2500 is advanced into position 18 over
the circuit traced from the right contact of
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relay 23513 and the upper left contact of cam

2529. When the switch reaches position 18, a
circuit is closed extending from ground on the
left inner contacts of relay 2513, conductor 255§,
No. 8 contact-set of relay 2414, ring brush 2428 of
the second group of brushes of the district se-
lector, winding of relay 2883 to battery; operat-
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ing this relay which then closes a local circuit

to light lamp 2884. The lighting of the lamp is
a signal to the operator to write up the call in-
formation on the telegraph key board. And it
will be noted that the signal is furnished only
after the codes of the switching character, the
calling line character and the new call designa-
tion have been punched on the tape for this call.

The operator now proceeds to depress the key-
board keys in the order called for by the nota-
tions on the call ticket which may involve the

name of a city, the called office in that city, the -

called number therein and the cost of the call in
dollars and fraction thereof. It is not neces-
sary to make an additional record of the calling
number since that is already recorded in the
form of the calling line characters.

Let it be assumed that the calling line is ex-
tended to the city of Chicago and to a sub-
scriber therein identified by the exchange and
number Dearborn 6927 and that the charge for

the call is $8.75. The information may be re- ..

corded in any order required by the practices of
the operating company but, for simplicity, it
may be assumed that the name of the city will
be transmitted first, the exchange next, the num-
ber thereafter and the cost last. The name of

the city may be recorded either in toto, or by

abbreviation. If it is assumed that the entire
name is to be recorded then the operator will
depress the required keys of transmitter 2810 in
the order of succession necessitated by the let-
ters C——H—JI—C—A—G—O0. On the depression
of the key for the letter C, segments 2, 3 and 4
of commutator 2812 are grounded in accordance

with the code of the letter C and the circuit of .,
the start magnet 2808 is closed in the known

manner. The operation of the start magnet un-'
latches the distributors 2813 and 2814 which now
revolve around the commutator drum. As soon
as distributor 2813 leaves the first segments 2881
the circuit of the magnet 2888 is opened so that

-when both distributors reach their normal posi-

tion, the distributor 2813 is again latched to ar-
rest any further rotation. When the distributor
2814 reaches segment 2888, the circuit of relay
116 of the receiver 178 is closed from ground
through the segment 2808 and distributor 2814,
continuous segment 2808, conductor 2811, tip
brush 2427 of the lower pair of brushes on the
district selector, No. 7 contact-set of relay 2414,
conductor 2428, winding of relay (18 to battery.
Relay (15 operates and closes the circult of start
magnet {18 of the receiver 118 from ground over
its outer contacts, the normal segments of the
receiver commutator through the winding  of

magnet 118 to battery. Start magnet (1§, on

operating releases the distributor 107 and causes
it to make one revolution around the face of the
associated commutator. The ground through
the outer contacts of reiay 118 is further ex-

tended over conductor 7. through winding of .

magnet 21 of the perforator (80 causing said
magnet to operate which, in turn, unlatches its
own distributor 182 for one revolution around
its commutator. As soon as distributor 2814 of
transmitter 2810 leaves segment 2808, relay 118

releases and with distributor 187 now off nor-:

mal, magnets 116 and 27 release and the re-
ceiver 110 and perforator (80 will therefore stop
dafter distributors 107 and 182 have made one
revolution. The separate motors which drive the
distributors of the transmitter 2810 of the re-
ceiver 170 and of the perforator (80 are all in
synchronism so that said distributors all reach
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corresponding segments at the same time.
Hence, when the distributor 2814 of the trans-

mitter 2818 has reached segment 2, the distribu- -

tor 191 of receiver 170 has likewise reached seg-
ment 2 and so will the distributor 182 of the
perforator 180. But inasmuch as segment 2 of
the transmitter is grounded by the depression
of the key for the letter C, a circuit is completed
extending from ground on segment 2 to con-
ductor 2428 as previously traced, winding of re-
lay 118 to battery. Relay (1§ operates and
through its inner front contact extends ground
through segment 2, winding of relay 2’ to bat-
tery. Relay 2’ operates and connects ground to
conductor 12 extending to the perforator (88 and
since, at this time, distributor 182 of said perfo-
rator is likewise in engagement with its segment
2, a circuit is completed for magnet 22 which
controls the perforating punch in the second
punch position on the tape. When the brush of
the transmitter has passed segment 2, the circuit
of relay 118 is opened, thereby removing ground
from the front contact of sald relay. In the
same way, as the brush of the transmitter con-
nects with segments 3 and 4, the above circuit
is closed again, relay 118 is reoperated twice and
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conductors |3 and 14 extending to the perforator -

are grounded. Thus the code of the letter C is
transmitted from the recording position and per-
forated in the primary tape.

It 18 not believed necessary to describe the
sending of the code impulses of each of the other

- chardcters. It is the same as that already de-’

scribed for the letter C so that the tape will have

“a code punched thereon for each character of
‘the information “Chicago Dearborn 6927 $8.75”,
..which comprises all of the information necessary
for billing purposes.

Any other lntormation
which is thought desirable may, of course, also
be included.

‘When the operator has finished transmitting
the above data, key 2802 is released whereupon
relay 2414 is released, thereby releasing the con-
nection between the tape register and the posi-
tion and between said position and receiver 170.
The release of relay 2414 opens the circuit of
relay 2513 which, upon releasing, opens the cir-
cuit of relay 2808 at the position to extinguish
lamp 2804 and further closes a circuit extending
from ground on the right back contacts of relay
28483, left lower contact of cam 2829, winding of
sequence switch 2880 to battery causing the
switch to advance from position 18 to position 1
thereby restoring the register to normal.

Section 2.—The preparation of the individual
tape: Figs. 29 and 30

The primary tape record, the making of which
has just been described, contains a series of per-
forated entries in the form of codes representing
certain characters, each series preceded by the
code of the switching character.
entries are notations relating to completed or
partially completed calls originated from a main
group of calling lines to which the perforator

and tape register are common, and completed
" (or not completed, as the case may be) within

the local area or to the toll or long distance
area. It now becomes necessary to break down

-‘this primary tape into a series of individual tape

records, one for each subscriber’s line, and con-
taining thereon all code entries relating to calls
completed from that line. Since it has been as-

_sumed that the main group of lines consists of

These code -
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four hundred subscribers’ lines, it is clear that
the primary tape will have to be resolved into
four hundred separate individual tape records.

In order to do this, use is made of the appara-
tus and circuit arrangement shown in Figs. 29
and 30 which is known as the tape subdivider.
The equipment consists of a telegraph distributor
unit designated 2908 which is capable for re-
sponding to tape punches and setting up tele-
graph impulses in response thereto such as are
used in printing telegraph systems, a printing dis-
tributor, also of the type used in printing tele-
graph systems and designated as 3809, a group of
twenty separate reperforators A to T, of a well-
known construction designated 3818, a register
circuit 3860, and a switch 3070 by means of which

_a series of connections can be made between the

distributor unit 2088 and each of the twenty re-
perforators. .

The distributor unit 2908 and the printing dis-
tributor 3000 are well known telegraph pieces of
apparatus and are not described herein except
insofar as such equipment has been modifled for
operation with the present invention, while each
of the reperforators A to T is similar to the tape
perforator 180 except for the fact that the usual
normally operated line relay is provided to respond
to a blank pulse for starting purposes by a closure
of its back contact, and to line pulses over its
front contact as is the standard practice in start-
stop printing telegraph systems.

With the above equipment and cooperating cir-
cuit arrangement, the primary tape record can
be resolved, first, into a series of twenty second-
ary group tapes, one for each subgroup of lines
as divided on the line-finder frame for identifi-
cation purposes and, secondly, into an individual
tape for each line by running each of the separate
secondary tapes through the distributor unit 2900.
Hence if each of the twenty secondary tapes is
run through the distributor 2900, four hundred
individual tapes, one for each line, will be pro-
duced.

It i1s necessary to bear clearly in mind that the
object of breaking down the primary tape record
into a tape record for each line is to assemble
on each of said individual line tapes the record
of all entrles appertaining to all calls originated
from said line. It will be recalled that each en-
try on the primary tape is preceded by a switch-
ing character, that is, a character whose code is
designated by the perforation of six holes trans-
verse the tape. For a purpose made clear by the
description proceeding hereinafter, before the
primary tape is run through the distributor unit
2800, an auxiliary tape containing twenty switch-
ing characters and twenty alphabetical codes
from A to T, each switching character being suc-
ceeded by one of the twenty alphabetical char-
acters, is run through the distributor ahead of
the main tape. Such a tape is shown in Fig.
29—B. It has as its first perforation the switch-
ing character code of six perforations transverse
the tape; the second entry is the code of the let-
ter A of the line subgroup designation codes, the
third is that of the switching character, the
fourth the code of the letter B, and so0 on up to
and including the code of the letter T.

As soon as the auxiliary tape is placed in the
tape receiving slot (not shown) of the distributor
unit 2908 and the unit is made ready for opera-
tion by closing the circuit of the motor 2908, a
key 2906 is operated by means of which a circuit
is closed extending from ground on the contacts
of relay 3081, conductor 3082, left contacts of key
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2908, winding of magnet 2004, to battery. Mag-
net 2984 operates and unlatches the clutch plate
7911 to cause the distributor shaft to be rotated
by the motor, during which time distributor
brush 290082, keyed to the shaft, sweeps over the
commutator segments of commutator 2003 and
makes contact with each of them. The shaft also
carries cam 284 and 2812, the latter having an
extension rod 2943 for depressing the selecting
fingers of the distributor away from the record
tape. As soon as the auxiliary tape has traveled
to the point where the selecting fingers are co-
incidental with the code holes of the first switch-
ing character, all the fingers pass through the
holes and close two sets of contacts carried on the
lower extremity of each of the flnger rods. A
contact in each set of the lower pair is connected
to a commutator segment corresponding to the
number of the finger while the mates of sald con-
tacts are grounded. That is to say, the normally
open contact on the lower contact-set of finger 1
is extended to commutator segment 1, that of
finger No. 2 to segment No. 2 and so on up to
and including that of finger No. 6 which is ex-
tended to segment No. 6.

The upper set of contacts on each of the fin-
gers are connected in a series chain from inter-
rupter 2901 over conductor 2908 to the left wind-
Ing of relay 3887 for the purpose of operating the
relay at the end of one shaft revolution, the con-
tacts of the interrupter 2861 being closed at that
time. ’

In the meanwhile, as the time key 29808 is oper-
ated, ground is connected from its right contact,
over conductor 3003, the back contacts of relay
3004 to the brush 3071 of switch 3070. Now switch
3070 is a well known switch structure of the back
stroke type and is provided with two brushes 3011
and 3072 and two cooperating terminal arcs con-
sisting of twenty-one terminals each. Each of
twenty terminals on the bank cooperating with
brush 3071 is extended to the winding of a relay
associated with one of the reperforators in the
group 3010, terminal No. 1 being connected to the
winding of relay 30f1 of reperforator A, terminal
No. 2 to the winding of relay 3012 reperforator
B and s0 on up to and including the twentieth
terminal which is connected to the winding of
relay 3030 associated with reperforator T. The
terminals of the arc accessible to brush 3072 are,
in turn, extended to the common conductors of
the group of relays 3081 to 3068, inclusive, said
relays comprising the register 3060; the first ter-
minal being connected to the first or lowest con-
ductor and the twentieth to the uppermost.
Now, depending upon the terminal to which brush
3011 is connected at the time ground is connected
to conductor 3003 when key 2906 is operated, a
circuit will be completed to any one of the twenty
relays 301 to 3030.

Let it be assumed that the switch brushes are
resting on the nineteenth set of terminals at
the time key 2906 is operated so that a circuit is
completed through the winding of relay 3029 to
battery. This relay, therefore, now operates and
by closing of its contacts, connects the impulser
magnet 3048 of reperforator S to the common
conductors 3005 and 3006. Therefore, when all
of the selecting fingers of distributor 2900 are
extended through the six holes of the code of the
first switching character in the auxiliary tape
and the distributor brush 2902 is making con-
tact with the blank segment of the commutator,
the pulsing relay 3049 of reperforator S which,
prior to the operation of relay 3028, is held nor-
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mally operated from battery supplied over the

* normal contacts of relay 3028 (as is the case with
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the pulsing relay in each of the other reper-
forators) now releases and closes the circuit of
the start magnet (not shown) of the reperforator
8 and causes thereby the rotation of the com-
mutator brush of said reperforator over the asso-
ciated receiving segments. Since the motor of
each of the reperforators is synchronized with
motor 2088 of the distributor 2900 in accordance
with standard telegraph practice, the commu-
tator brush of reperforator 8 will reach its first
segment at the time distributor brush 2982
reaches segment No. 1. Thefefore a circuit is
closed extending from ground on the lower con-
tacts of selecting finger No. 1, segment 1 of com-
mutator 2008, distributor brush 2802, inner com-
mutating ring of commutator -2803, conductor
2081, top back contacts of relay 3088, conductor
3008, top contacts of relay 3029, winding of line

relay 3049 of reperforator 8, bottom contacts of

relay 3029, conductor 3088, bottom inner back
contacts of relay 3888 to battery. So long as the
distributor brush 2802 is in contact with segment
1, the commutator brush of the reperforator is
likewise in contact with segment 1 of its commu-
tator, and since the line relay is operated during
this time, the front contact of the line relay is
extended through the brush and No. 1 segment
to close a circuit to the first receiving magnet
in the reperforator; the other terminal of said
magnet being connected to ground. The receiv-

ing magnet operates on the pulse and causes the -

first tape punch controlled by it to be set for
perforating the tape in the well known manner.
When the distributor brush 2802 has left seg-
ment 1 and is in contact with the insulating
segment which separates commutating segment
No. 1 from commutating segment No. 2, the cir-
cuit of the line relay 3049 is opened and the
receiving magnet is released. When the com-
mutator brush has traveled to the point of mak-
ing contact with commutating segment No. 2, the
commutating brush of reperforator 8 has also
advanced to contacting position with commutat-
ing segment No. 2 to which the winding of the
second receiving magnet i8 connected. A cir-
cuit, therefore, is closed from ground on the
lower contacts of selecting finger 2 to commuta-
tor segment No. 3 of distributor 2800 and thence
as previously traced through the winding of the

- reperforator line relay 3049, reoperating said

relay and causing thé operation of the second
recelving magnet to set the reperforator to
punch a hole in the second position of the tape.

In the same manner, as distributor brush 2002
travels over commutator segments 3, 4, 5 and 6,

four other impulses are similarly transmitted to

line reiay 3049 of reperforator S, thereby causing
each of the six receiving magnets in sald reper-
forator to operate and punch six holes across the
tape indicative of the switching character.
During the time that the distributor brush
2882 is in contact with the blank segment be-
tween commutating segment No. 6 and commu-
tating segment No. 1, interrupter 2804 closes its
contacts and causes a circuit to be completed
from ground on the interrupter contacts, the
upper set of contacts on each of the selecting
fingers, conductor 2908, left winding of relay
30071 to battery, operating said relay and caus-
ing it to lock over its right winding and inner
contacts to the normal contacts of interrupter
3009. Relay 3007 further closes a circuit rex-
tending from ground on its outer contact to the
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winding of relay 3008 to battery. Relay 3008
operates and transfers conductors 3008 and 3008
to a battery and ground supply over its middle
contacts to reoperate line relay 3048 of reper-
forator 8 and thus prevent the reperforator dis-

tributor brush from falsely taking another revo-

lution during the time that relay 3028 is oper-
ated. Relay 38008 further closes an obvious cir-

cuit for relay 3084 which operates and locks over .

its own outer contacts to ground on the top con-
tacts of relay 3088 and opens the circuit of relay
3028 which releases. Relay 3029 disconnects the
pulsing conductors 3008 and 3088 from the per-
forator line relay 3049 and supplies local battery
and ground to said line relay to maintain its
operated position. Relays 3007, 3008 and 3004
are fast operating relays and perform the cir-
cuit functions above described before the dis-
tributor brush 2962 comes to its resting posi-
tion on the blank segment, at which time inter-
rupter contacts 2801 are opened and the oper-
ating circuit of relay 3807 is opened. Relay 3007
however, does not release because it is locked
over its outer winding to interrupter contacts
3008 which are normal at this time. Rod 2813
1s also depressed at this time to lower the select-

.ing fingers out of the tape holes and permit the

tape advancing mechanism (not shown) to ad-

‘vance the tape to the next group of perforations.

The auxiliary tape is advanced to the next set
of holes which, it will be remembered comprises
the code of the letter A. Since nothing has hap-
pened to disturb the circuit of start magnet
2984, the brush shaft will now make another

revolution and the selecting fingers which are-

coincidental with the holes perforated for the
character A, that is fingers 2, 3, 4 and 5 will now
pass through them and cause the closure of their
associated contacts. o '
When relay 3608 operated, the circuit which
holds the line relay 3062 of the distributor 30600
permanently energized is opened. Relay 3052
releases and completes a circuit for the distribu-
tor start magnet 3083 extending from ground
over the back contacts of relay 3082, segment 0
of the distributor commutator 3084, distributor

‘brush 3088, winding of start magnet 3888 to bat-
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tery. The magnet operates,.unlatches the dis- -

tributor brush clutch and causes said distributor
brush to revolve into contact with all commuta-

. tor segments. The motor driving the brush is,,

of course, in synchronism with the one driving
distributor 2900, but segment 0 of commutator
3054 is smaller in length than the blank Insu-
lating segment of commutator 2803 so that dis-
tributor brush 30868 will reach its commutating

segment 1 at the same time that brush 2802
reaches its own commutating segment 1. There- -

fore, when the brush 2802 makes contact with
commutator segment 1 no pulse is transmitted
since the ground connected to this segment is
controlled by selecting finger 1 which is normal

for the code of the letter A. Hence line relay -

3652 will remain on its back contact during the

time that both distributor brushes are on their .

respective segments 1. When the distributor
brush 2902 reaches segment 2, however, ground
is connected to said segment over the lower con-
tacts of selecting finger 2 so that a circuit is
completed extending from ground over the lower
contacts controlled by said finger, commutator
segment No. 2, distributor brush 2883, commu-
tator ring and conductor 2807, top front con-
tacts of relay 3008, winding of line relay 3952,
inner front contacts of relay 3008 to battery.
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Relay 3082 operates and closes a circuit extend-
ing from ground over its front contacts, con-
tinuous segment of commutator 3884, distributor
brush 3088, segment 2, top winding of relay 3062
to battery, operating this relay which then locks
in a circuit over its bettom winding and con-
tact to ground on the bottom contacts of relay
3086. In the same way impulses are transmit-
ted when brush 2982 is making contact with the
third, fourth and fifth segments of commutator
2903 causing, in turn, the operation of relays
3063, 3064 and 308§, respectively, all of which
then lock to ground on the bottom contacts of
relay 3086. In the meanwhile, when the shaft
carrying distributor brush 308§ started from its
position of rest, interrupter 3009 was operated
by cam 3087 making its contacts and opening

" the locking circult of relay 3607 which now re-
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leases. At the same time, however, an auxiliary
locking circuit for relay 3088 was closed over the
make contacts of this interrupter which does not
reclose until the end of the distributor brush
cycle. At the end of the cycle, interrupter con-
tacts 3009 restore to normal, opening the circuit
of relay 3008 which releases and restores the
permanent energizing circuit for relay 3882 which
now operates and prevents magnet 3053 from
reoperating and starting another cycle.

When relay 3088 releases, a circuit is closed
for relay 3001 extending from battery through
its winding, top inner contacts of relay 3084 to
ground on the bottom outer front contacts of
relay 3008, operating said relay and opening the
circuit of start magnet 2904 thereby preventing
brush 2902 from making another revolution.
Distributor brush 2982 is held from advancing
any further until the brushes of switch 3070
have been moved to the No. 1 set of terminals as
described herelnafter. Hence as soon as relay
3008 releases and relay 3881 operates, a circuit
is completed extending from ground on the bot-
tom outer back contact of relay 3008, inner con-
tacts of relay 3004, interrupter contacts of switch
magnet 3073, winding of saild magnet to battery.
Switch magnet 30713 now operates and steps
brushes 3072 and 3073 over the successive termi-
nals on their respective arcs until brush 30672
reaches a terminal which has been grounded by
the combination of relays 3061 to 3065, inclusive,
operated In accordance with the code of the per-
forated character which succeeds the switching
character, which in the case under illustration,
is that of the letter A and resulted in the oper-
ation of relays 3062 to 3065, inclusive. Hence &
circult is established from ground over the lowest
contact-sets of relays 3062, 3063, 3064 and 3065,
respectively, the No. 1 terminal on the arc
accessible to brush 3072, winding of relay 3056
to battery. Relay 3056 operates, opens its
contacts, releases the register relays 3062 to 3065,
inclusive, and further releases relay 3804 which,
on releasing, opens the circuit of switch magnet
3013 causing the latter to stop, releases relay 3081
which reestablishes the circuit to the start mag-
net 2904 of distributor 2900. With the release of
relay 3004 a circuit is now completed extending
from ground on the right contacts of key 2806,
conductor 3003, back contacts of relay 3804, brush
3071, the No, 1 terminal on the arc accessible
thereto, winding of relay 3011 to battery. Relay
3811 operates, opens the operating circuit of line
relay 3031 of reperforator A and connects the
winding of said relay to conductors 3085 and
3006. With relay 3008 released, conductor 3005
1s connected to conductor 2987 over the top con-
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tacts of relay 3008 and conductor 3886 is con-
nected to battery over the inner bottom contacts
of relay 3008. With line relay 38(1 of reperfo-
rator A released, the circuit of the associated
reperforator start magnet is closed.

It will be observed that the first switching
character ahead of the first letter character was
perforated on the tape associated with any one of
the twenty reperforators on the terminal of
whose switching relay brush 303! was connected,
and that the code of the letter A following the
switching character caused the selection of re-
perforator A. The auxiliary tape is now ad-
vanced to the next switching character which is
interposed between the code of the previous letter
character and the succeeding code of the next
letter character or B. Therefore, upon the third
revolution of distributor brush 2902, that is, when
the selecting fingers have passed through the
holes comprising the code of the switching char-
acter, the six impulses generated by the connec-
tion of ground to the six commutator segments
of commutator 2803 are then transmitted over
conductor 2907 and top contacts of relay 3008 to
the line relay 303! of reperforator A, causing
thereby a perforation of the switching character
on the tape associated with said perforator in
the manner already described for the perforation
of the switching character on the tape of re-
perforator S. )

At the end of the distributor brush cycle, in-
terrupter 290f again makes its contacts and
closes the previously described circuit of relay
3807 while, at the same time, the tape is ad-
vanced one notch to the place where the select-
ing fingers are in position to pass through the
tape holes of the next character following the
switching character. The operation of the cir-
cuit now continues as before; that is, the im-
pulses of the code, which in this case would be
those of the letter B with holes perforated in
positions 2, 3 and 4 of the tape, will cause the
operation and locking of relays 3062, 3063 and
30684 in the same manner as previously described
for the code of the letter A. These relays oper-

. ate and lock as before and switch 3070 is caused

to take another step since the terminal on the
arc of brush 3072, grounded for the letter B,
is the one immediately succeeding that for the
letter A. The advance of brush 3072 to the
terminal grounded by the operation of relays
3062, 3063 and 3064 causes the operation of relay
3086 and the succeeding operations following
thereafter, as already described, whereby re-
perforator A is disconnected and reperforator B
is connected to the pulsing conductor 2907. The
tape is next advanced to the next group of holes
where the selecting fingers pass through the six
holes of the switching character code. The pre-
vious operations are now repeated and the
switching character code is perforated on the
tape associated with reperforator B. In this
manner, a switching character code is perforated
as the first entry on each of the tapes associated
with each of the twenty reperforators A to T,
inclusive, except that the tape of the reperforator
to which the distributor 2900 was first connected
as, for Instance, perforator S will have two
switching character codes perforated in succes-
slon thereon. It will be shown, however, that
the entry of two successive switching characters
between which no code entry is perforated will
In no way influence the proper operation of the
cirtuit.
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After the auxillary tape has been completely :

run through and a switching character has been
thereby perforated on each of the tapes associ-
ated with each of the twenty reperforators, the
master tape is run through the distributor unit
2000 for the purpose of making twenty separate
secondary tapes, one for each subgroup of sub-
scribers, on each of which will be perforated
the entries of all calls originated from the lines
within the subgroup.

-.It will be recalled that the primary tape is
produced by perforating in advance of all entries

- relating to a call both the code of the switching
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character and those of the two letters which
identify the subgroup of the calling line and the
line ' itself, except that on the first entry, the
code of the “new call” designation or the oper-
ator’s code is perforated in addition but after
the perforation of the switching characters.
Following these entries is the code of the par-
ticular entry relating either to the series of codes
making up the called subscriber’s number or toll
call information or the code indicating the start-
ing time or the finishing time of a local connec-
tion. In any event there are, at least, three
entries made upon the primary tape in advance of
an entry relating to the details of a call, namely,
the switching character, the code of the group
letter and the code of the subscriber’s identify-
ing letter. Hence, when the primary tape is in-
serted into the tape slot of the dlstributor unit
2900, the first group of holes to become coin-
cidental with the selecting fingers will be that
of this first switching character which, in ac-

~

cordance with the operations previously described .

for the auxiliary tape, causes a switching char-
acter code to . be perforated as an entry on the
tape assoctated with the last reperforator on
which the rushes of switch 3070 were left; that
is, on the tape of reperforator T. Hence, before
any call entry is made on any secondary tape,
there will be two tapes that will have two switch-
ing characters recorded thereon, in the case un-
der consideration the secondary tapes of reper-
forators S and T.

The first entry after the switching character
is, as already mentioned, the code of the letter
indicating the subgroup in which the calling
line belongs. Since there are twenty subgroups
and each one of them is characterized by some

letter from A to T, inclusive, that character may

be any one of these twenty letters depending on
the subgroup in which the line making the call
belongs and to which call the succeeding entries
appertain. Therefore, when the primary tape
has been advanced to the point. where the se-
lecting fingers are coincidental. with the holes
indicating the code of the subgroup letter, switch
3070 is caused to advance its brushes, in the
manner already described, to select the reper-
forator marked by the operated combination
of relays 3061 to 3085 inclusive responding to
the letter code impulses received by distributor
3000. The reperforator switching relay in the
group of relays 3011 to 3030 inclusive then oper-
ates to connect the associated reperforator with
the pulsing conductors 3606 and 3006. The tape
is then advanced to the next entry which, in this
case is the code of a letter marking the posi-
tion of the calling line within the subgroup,
and the code of this letter is now perforated on
the tape associated with the reperforator whose
switching relay has been operated. If, for in-
stance, the calling line belonged in the nineteenth
subgroup and marked by the letter 8, relay 3028

.wlnbeomtedendtheeodeofthelettermrk-

ing the position of the calling line within the -

‘subgroup is then perforated on the tape associ-

" ated with reperforator 8, this entry following

the entry of the last switching character pre-
viously made by running the auxiliary tape
through the distributor unit 2900. 1If, on the
other hand, the line belongs in the first or A
group as for instance, line {00 herein used for
illustrating the operation of the ipvention,
switching relay 301( will have been "operated,
the pulsing conductors 3088 and 3006 will be
connected to the line relay 3031 of reperforator
A and the code of the calling line character,
which would be A for line 108, is then perforated
on the tape of reperforator A.

The primary tape is now advanced to the next .
entry which may be either the code of the new

call designation or, if it is an entry relating to a
call' for which other entries have already heen
made, may be a series of entries either apper-
taining to the starting time or the finishing time
of a connection. If the entry is the code of the
new call designation then the entries which fol-
low the new call entry are those of the called
subscriber’s number or the “operator” code. For
the simplicity of illustration it will be assumed
that the next entry is that of the new call desig-
nation which is later followed by the entries of
the called office and number. Since, therefore,
relay 301! is operated and remains operated,
eight pulse groups will be sent from the distribu-
tor 'unit 2800 over conductors 2807 and. 3005
through the winding of relay 8031, conductor
3006 to battery, the first of which will be that
of the new call designation code while the seven
that follow will be those of the called office and
number. The line relay 3081 of reperforator A
will respond to the pulses and with each dis-

tributor cycle of the reperforator will cause the

code represented by the pulse combination re-
ceived during the cycle to be perforated on the

10

16

secondary tape. Since the called subscriber’s

number of the call originated by line 108 has been.

assumed to be Halifax (425) 3678, the secondary
tape of reperforator A will then have recorded
thereon in succession; (1) one switching char-
acter; (2) the code of the letter A; (3) the new
call designation code; (4) the three digits of the
called-office and (5) the four digits of the called
number. Wheh all these entries have been made
on the secondary tape, the primary tape will
have been advanced to the next switching char-
acter which has been perforated after the eode
of the units dlgit

In Tesponse to the next switching chuacter
relay 3087 is operated, the reperforator A: is dis-

connected from the pulsing line conductor 2907

and the register 3060 is prepared to take the set-
ting called for by the code of the subgroup char-
acter of the line involved in the succeeding group
of entries on the primary tape, whereupon switch
3070 is stepped to select the reperforator called
for by the operated combination of relays in the
register 3060. It will be assumed that this code
is for a call from a line in subgroup K.

The succeeding code character on the primary
tape is assumed to be one marking the calling
line T within subgroup K and the code of this
character is therefore perforated upon the sec-
ondary tape associated with the reperforator K
(not shown) selected in accordance with the code
of the letter K preceding the one now being con-
sidered. Following the perforation of the code

70

-of the line letter, the primary tape 15 advanced .
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and pulses of the code pertaining to whatever
entry follows thereafier are transmitted. The
next entry on the primary tape may be & new
call designation followed by-a series of entries

identifying the called subscriber’s line, or, again,’

it may be an entry indicating the start of con-
versation time, or, again, it may be an entry re-
lating to the fAinish of a conversation. As illus-
trated in Fig. 20A the three entries on the pri-

mary tape following the entry for the code letter

T are assumed to indicate the codes for the start-
ing time of a conversation between the line iden-
tified by the preceding code letters K and T and
a line called thereby. After impulses have been
transmitted in accordance with these entries the
primary tape is advanced to the next switching
character which, of course, is perforated on the
same secondary tape, after which the pulsing
conductors are switched again to any other re-
perforator called for by the code character of
the next line subgroup. In this way all entries
relating to calls originated by the different lines
in each subgroup are assembled on one secondary
tape for each subgroup, there being one such tape
for each subgroup, one such representative tape
taking on the appearance shown in Fig. 29—-C.

Each of the secondary tapes contains, there-
fore, code entries of the calling line letter, new
call designations, called subscribers’ numbers,
start and finishing times of connections, offices in
different cities and called numbers therein and
also the actual toll charge iIn money units for
any particular toll or long distance connection.
Each of these entries, or group of entries is, of
course, both preceded and followed by the switch-
ing character. For a new local call, the first
entry following the line designation will be that
of the new call designation and for a toll or long
distance connection will be the new call designa-
tion followed by the operator’s code. Each of the
tapes is now marked in any suitable manner to
distinguish them from each other.

The next step in the process of making an in-
dividual tape for each line is to take each sec-
ondary tape and run it through the subdivider.
Bearing in wind that the secondary tape contains
all entries for the twenty lines of a subgroup and
also the calling line letter of each line making a
call therein it is clear from the operations of the
subdivider already described that the first
switching character appearing at the head of the
tape will be perforated on the tape of the reper-
forator to which the brushes of switch 3070 are
connected at the time pulsing operations begin.
The next entry on the secondary tape is the code
of the letter of the calling line the effect of which
is to set the relays of register 3060 and cause the
selection thereby of the similarly lettered reper-
forator, after which the new call designation (if
there is one); the call entries and the switching
character are perforated on the tape in succes-
sion, one after the other, in the same order as
they appeared on the secondary tape. The next
entry following the switching character will be
the letter code of another line in the same group
or the same line just considered. If it is the same
line register 3060 will be reset in the same way
and switch 3070 will not move. The entries fol-
lowing thereafter will be perforated in succession
on the same tape after the switching character
and in the same order as they appear on the sec-
ondary tape. If it is a different line, then the
code of that line will set the register 3088 accord-
ingly and switch 3070 will select the reperforator
called for by the line code, after which it will

2,113,081

record the succeeding entries and the following
switching character; the operation continuing
until the entire secondary tape has been ad-
vanced through the subdivider.

Thus all the entries on the secondary tape, ex-
cept the line entries, are dispersed among twenty
separate and individual tapes, each of sald in-
dividual tapes containing all the entries relat-
ing to a particular line and in the order in which
such entries succeed one another for any par-
ticular call, each complete entry being followed
by a switching character. In other words, not
only are all the entries for one line now entered
on a tape individual to that line, but, of neces-
sity, all entries relating to one call are collated
together in the sequence called for by the process
of setting up and completing that particular call
itaelf, although each complete entry is separated
from the next complete entry by the code of the
switching character, the last entry on the tape
not being followed by the switching character.

Section 3—The computer: Figs. 31 to 43

The next step in the operation of the invention
is to take each of the individual tapes thus made
and pass it through a computer which will make
up the final tape that will be passed through an
ordinary page printer or similar device for print-
ing the bill. This tape will contain the code of
the called office and number of each’call, the
charge in money units for the call and, as a final
entry, the total charge of all the completed calls
recorded on the tape.

Before considering the detailed description of
the operation of the computer, it is advisable to
have clearly in mind the sequence of entries per-
forated on the individual tape of one line and
from which the final tape is to be made. The
individual tape contains a switching character
entry followed by an entry relating to an item of
information concerning a completed call followed,
in turn, by another switching character which is
succeeded again by another entry also relating
to the same call. But whereas the primary tape
from which the individual tapes are made con-
tained all of the separate entries for separate
calls more or less dispersed throughout the tape,
the individual tape for a particular subscriber in
any group, not only contains the separate en-
tries for all calls made from that line, but con-
tains them in the correct succession of time in
which such entries would have been made for the
particular call if the primary tape had been
made continuous for one connection from the
instant the call was initiated to the time it was
terminated. In other words, while each group
of entries on the individual tape is interposed be-
tween two switching characters, yet all of the
entries within the group are the entries of one
call only. For instance, immediately succeeding
the first switching character will be the new call
designation after which come the entries of the
called subscriber’s line followed immediately
thereafter by the code of the switching character
and then by the entries of the beginning of the
conversation time and followed again by another
switching character and then by the entries of
the end of the conversation time. Although each
of these separate entries may have been sep-
arated from each other on the primary tape by
other entries relating to different calls initiated
from different lines in the main group, yet, on the
individual tape, they are all assembled together
with respect to the call to which they appertain.
Hence when the individual tape is passed through
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‘the computer, all entries relating to successlve

calls - have been correla.ted ‘to their respective
places on the ‘tape m the succession ln which
they were made, ‘

The individual tape is now. passed through the

distributing mechanism 3100 ‘of the computer

which is similar in construction to the distributor

2800 except for the fact that interrupter 3122 is-

driven by the same shaft that drives distributor
brushes 3145 and 3149 and has a set of contacts
which make at the beginning of the distributor
brush revolution, that is, In the blank interval

immediately preceding segments 1 and remains
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closed for the entire revolution, that is, until
the brushes have cleared segments 6.

After the tape Is inserted in the tape-slot (not
shown;. kcy 8{43 is depressed whereupon a cir-
cuit Inr the start magnet 3144 is completed ex-
tending from battery, resistance 3154, contacts
of key 3143, distributor brush 3145 and the two
normal segments of commutators 3123 and 3146,
winding of magnet 3144 to ground. Magnet 3“4
operates, unlatches the distributor brushes which
now traverse along the segments of their respec-
tive commutators, brush 3145 supplying impulse
ground to the segments of commutator 3{46 as
the brush comes into contact with the segments
of commutator 3123 which are grounded in the
manner described hereinafter. As the tape ad-
vances, the selecting fingers become coincidental
with the six holes of the first switching character
as a result of which the six segments of the com-
mutator 3123 are grounded by the bottom set of
contacts carried on each selecting finger of the
mechanism 3100, As the distributor brush 3145
revolves - around the commutator said brush
grounds in succession the six conductors 313{ to
3186, inclusive. Commutator brush 3148 also
receives these impulses and transmits them to
commutator bar 3148 but inasmuch as this bar is
connected to the top middle armature of relay
3128 which is normal at this time, the impulses
transmitted by brush 3149 will have no effect.

For reasons stated hereinafter, the brushes of
switch 3118, which are of the usual rotary back
stroke type, may be standing on any set of tér-
minals. Let it be assumed that the  switch
brushes are resting on the second terminal set;
that is, the terminal set immediately succeeding
the normal N terminal set. Hence, when the dis-
tributor brush 3145 reaches segment 1 and
a circuit is completed
extending from ground on conductor 3131, No. 1
contact-set of relay 3152, brush 3116 and second
cooperating terminal, upper winding of relay 340(
to battery. Relay 340f operates and locks over
its lower winding and No. “a” contacts, conduc-
tor 3121, bottom. back contacts of relay 8112, bot-
tom inner contacts of relay 3111, to ground. The

grounding of conductor 3132 when the distributor’

brush 3135 reaches the second segment causes a
circuit to be completed over the No. 2 contacts of
relay 3152, brush 3118 and cooperating terminal
which, in this case, is assumed to be the second,
upper winding of relay 3402 to battery. Relay
3402 also operates and locks over its bottom wind-
ing and No. “a” contacts to ground on conductor
3121. When the brush reaches the third seg-
ment, ground is connected to conductor 3133
which is extended over the No. 3 contacts of re-
lay 3152, brush 3117 and the second cooperating
terminal, upper winding of relay 3403 to battery.
Relay 3403, like relays 3401 and 3402, operates
and locks over its lower winding and No. “a”
contacts to ground on conductor 3127. When

,43
the dlstrlbutor brush makes contact wlt.h the

“fourth segment ground is connected to conductor
'SIM and a'circuit is thereby completed over:No. 4

contacts of relay 3182, brush 3139 and second co-
operating terminal, upper winding of relay 3404,

"to_battery. "Relay 3404 likewise operatés and:

locks over its lower winding and No. “g” contacts
to -ground on conductor 3121, "When the dis-
tributor brush reaches the fifth segment ground
is connected to conductor 3136 ‘and a circuit is
completed over the No. 5 contacts of relay 3I52

brush 3121 and second coopereting terminal, up-
per winding of relay 3405 to battery, operating
this relay and locking it in a circuit over its lower
winding and No. “a” contacts to ground on con-
ductor 3127. Likewise, when the brush makes
contact with the sixth segment, ground is con-
nected to conductor 3136 and a circuit is thereby

completed to relay 3406 over the No. 6 contacts

of relay 3152, through brush 3{19 and second co-
operating terminal, upper winding of relay 3488
to battery, operating said relay and locking it in a
circuit through its lower. winding and No. “a”
contacts to grounded conductor 3127,

Hence it is seen that the effect of the first

switching character perforations ahead of the

call entries of the first call is to cause the op-
eration of any group of registers shown in Figs.
34 to 37, inclusive, with whose terminals on
switch 8115 the brushes of said switch may. be
connected at that time. It will be remembered,
however, that interrupter 3122 closed its contacts
at the beginning of the revolution of the dis-
tributor brushes so that, at that time, a circuit
was completed from ground on said interrupter,
bottom contacts of relay 3126, winding of switch
magnet 3114 to battery. The switch magnet op-
erates and breaks its interrupter contacts but
since the brushes are advanced on the release or
back stroke of the switch magnet, the brushes
of the switch are held on the terminals with
which they are in engagement so long as the mag-
net circuit is maintained. At the end of the
revolution, the contacts of interrupter 3122 are
opened, the circuit of switch magnet 3114 is
broken, the magnet releases and the brushes are
advanced to the next terminal set. When the
brushes have been disconnected from the preced-
ing group of terminals the register relays which
had been previously locked up do not release. -
On the tape, the next series of perforations
will be those of the new call designation which,
it will be remembered, consists of five holes
punched transverse the tape, one in each posi-

tion except the fifth. Therefore when the select-

ing fingers pass through these holes @ circuit-is
completed from ground on the middle set of con-
tacts of operated selecting finger 1, similar set of
contacts of operated selecting fingers 2, 3, 4 and
6, off-normal contacts of the terminal arc acces-
sible to brush 3120, winding of relay 3112, to
battery. Relay 3112 operates, opens ground to
conductor 3127 causing thereby the release of the

register relays previously operated and locked as-

the result of the switching character and, over
its top contacts connects ground to the other
side of resistance 3151, short-circuiting. start
magnet 3(44 and preventing it from operating

again at the time brush 31485 reaches its normal

segment. In the meanwhile relay 3112 closes a
self-interrupting circuit for magnet 3(i4 ex-
tending from ground on the inner contacts of.
relay 3111, bottom front contacts of relay 81(2,
interrupter contacts of magnet 3114, to battery.
The magnet now operates on self-interruptions
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until brush 3120 is advanced to the normal ter-
minal N whereupon relay 3112 is released and the
switch is stopped from further rotation. With
the release of relay 3112, the short-circuiting
ground for start magnet 3(82 is removed and this
magnet now operates to cause another revolution
of brushes 3{4§ and 3(49. Inasmuch as the se-
lecting fingers are still in the holes of the tape
designating the new call designation, segments
1, 2, 3, 4 and 6 are grounded while, at the same
time, the previously described circuit for magnet
3114 is again closed from the contacts of inter-
rupter 3122, causing said magnet to operate and
prepare the advance of the switch brushes. How-
ever, due to the fact that at this time the brushes
of the switch 3118 are resting on vacant ter-
minals, the consequent grounding of conductors
3131,3132,3133, 3134 and 3138 will have no effect.

When the distributor brushes have completed
one revolution and the interrupter 3122 opens its
contacts at the end thereof, the circuit of mag-
net 3114 is opened and the brushes of the switch
are advanced to the first terminals of their as-
sociated arcs.

Thus it is seen that the effect of the switching
character has been merely to operate and lock a
group of registers which are subsequently re-
leased and the effect of the new call character
18 to return switch 3118 to the first set of active
terminals on the switch arc.

If the brushes of switch 3118 are already stand-
ing on the normal terminal when the selecting
fingers pass through the punches of the switch-
ing character, the commutator conductors will
be grounded as already described, but inasmuch
as the brushes to which each of them is connected
are positioned on vacant terminals no register
relays will be operated and the switch will be ad-
vanced to the terminals of the first register 3400.
Further, when the tape has been advanced to the
new call designation character, the previously
described operations following in response there-
to will take place and the switch will be driven
back to the normal terminals.

With the switch in its normal position the com-
puter is ready to give effect to the code of the
next entry on the tape. This entry, it will be
remembered, will be, in the case of a local call,
the code of the first letter of the called office
name. If the call is a local connection, the name
of the office and the number of the subscriber
will have been recorded on the primary tape and
repunched on the individual tape in equivalent
number codes. In our {llustration it has been
assumed that the name of the local office is
Halifax and the number of the called subscriber
8678. The office name, however, like the called
number, has been recorded in the code of nu-
merical characters corresponding to the letters.
The name Halifax, therefore, has been recorded
in the numerical code 425 the first digit of which
is represented by a code comprising a hole per-
forated in the second position of the tape, an-
other in the fourth and another in the sixth;
that of the second digit by a hole in the first, an-
other in the second, another in the fifth and
another in the sixth; while the digit 5 is desig-
nated by a code character consisting of a hole
in the fifth and a hole in the sixth position of the

‘tape. When the distributor start magnet 3144

operates to start the next revolution of the dis-
tributor brushes, interrupter 3122 closes the cir-
cult to the winding of switch magnet 3{(4 over
a path previously traced, causing said magnet to
operate preparatory to advancing its brushes to

- to conductor 3121.
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the second terminal set. Hence when the tape
has advanced to the position where the selecting
fingers are coincidental with the holes represent-
ing the code of the character 4, the second,
fourth and sixth fingers will pass through said
holes and close ground to the conductors con-
necting with commutator segments 2, 4 and 6.
Therefore, when the brush 3148 rotates one revo-
lution, the ground on each of the segments is
extended at the proper time, to conductors 3132,
3134 and 3138 in succession. Ground on con-
ductor 3132 closes the circuit of relay 3482 as
already described causing said relay to operate
and lock to conductor 3127; ground on conductor
3134 causes the circuit of relay 3404 to be closed
as previously described causing said relay to op-
erate and lock to conductor 3127; and the same
is true with respect to relay 3486 whose circult
is closed by ground over conductor 3136, said
relay also operating and locking to conductor
3121. The code perforations of the digit 4, cor-
responding to the letter H of the called office
name, cause, therefore, the operation and lock-
ing of the three above mentioned relays in reg-
ister 3408. At the end of the revolution, cam
3122 opens its contacts thereby releasing magnet
3114 which advances the brushes of switch 3118
one step to the second set of terminals. At the
beginning of the next distributor brush revolu-
tion, interrupter 322 again makes its contacts,
closing thereby a previously described circuit for
switch magnet 3{14 which operates preparatory
to advancing the brushes of the switch 3115 to
the next or third set of terminals. In the mean-
while the tape has been advanced to the next set
of perforations which, in the case assumed, are
those of the digit 2 corresponding to the nu-
merical equivalent of the letter A of the called
office name. The selecting fingers, accordingly,
pass through the holes made in positions 1, 2, 5
and 6, which, in the manner previously described,
cause the grounding of conductors 3131, 3132, 3135
and 3136 as the distributor brush 3145 makes with
the correspondingly numbered segments of com-
mutators 3148 and 3i23. With the brushes of
switch 3115 on the third set of terminals, the
grounding of conductor 3131 causes a circuit to be
closed extending from said ground, No. 1 con-
tacts of relay 3152, switch brush 3116 and second
terminal on its arc, upper winding of relay 3411
to battery, causing said relay to operate and lock
over its lower winding and No. 1 contact to
ground on conductor 3121. The ground on con-
ductor 3132 causes a circuit to be closed extend-
ing from said ground, No. 2 contacts of relay
3182, brush 3118 and second terminal on the arc,
upper winding of relay 3412 to battery, causing
said relay to operate and lock over its bottom
winding and No. 1 contact to ground on con-
ductor 3121. QGround on conductor 3138 likewise
causes a circuit to be closed from said ground,
No. 5 contacts of relay 3182, brush 312 and sec-
ond terminal on its arc, upper winding of relay
3418 to battery. Relay 3416 now operates and
locks over its bottom winding and No. 1 contact
Lastly, the ground on con-
ductor 3136 causes a circuit to be.closed over the
No. 6 contacts of relay 3152, brush 3(i9 and
second terminal on its arc, upper winding of re-
lay 3416 to battery, causing said relay to operate
and then lock over its lower winding and No. 1
contact to ground on conductor 3127. Thus the
perforations of the code of digit 2 ha~e resulted
in the operation and locking of four celays in
the group of six relays comprising register 3419,
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At the end of the revolution, cam 8122 opens its
contacts and magnet 3/ {4 releases advancing the
brushes of switch 3118 one step to the third set
of terminals.

At the beginning of the next revolution of the
distributor brushes, interrupter 3122 again makes
its contact and again closes a previously described
circuit to the winding of switch magnet 3114 caus-
ing sala magnet to operate preparatory to ad-
vancing the switch brushes to the fourth set of
terminals. In the meanwhile the tape has been
advanced to “he point where the perforations of
the code of the next entry, which is that of the
numeral corresponding to the third letter of the
office name, have become coincidental with the
selecting fingers of the distributor. Since the
digit is assumed to be 5 and therefore having
perforations in positions 5 and 6 of the tape, the
corresponding selecting fingers 5 and 6 pass
through said holes and cause the grounding of
conductors 3(3% and 3136 when the commutator
brush 3145 comes into contact with commutator
segments 5 and 6, respectively. With the switch
brushes on terminal 4 of their respective arcs,
the grounding of conductor 335 causes a circuit
to be closed over the No. 5 contacts of relay 8152,
brush 3121 and third terminal of its arc, upper
winding of relay 3428 to battery, causing said
relay to operate and lock over its lower winding
and No. 1 contact to conductor 3121. The
grounding of conductor 3{36 then closes a circuit
extending over the No. 6 contacts of relay 3152,
brush 3i{9 and third terminal of its arc, upper
winding of relay 3428 to battery, likewise causing
sald relay to operate and lock over its lower

- winding and No. 1 contact to ground on con-
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ductor 3121. Thus the code of the digit 5 has
resulted in the operation and locking of two
relays in the third register 3420 so that registers
3400, 3410 and 3420 have now locked on some of
thelir respective relays the code of each of the
three digits corresponding to the office-name of
the called subscriber’s number. At the end of the
revolution cam 3122 opens its contacts to release
magnet. 3{f{4 which thereupon advances the
brushes of switch 31I8 to the fourth set of
terminals.

At the beginning of the next distributor brush
revolution the interrupter 3122 again closes the
circuit of magnet 31 14 preparatory to the advance
of the brushes of switch 3115 to the fifth set of
terminals in the same manner as previously de-
scribed - while the tape is correspondingly ad-
vanced to the next entry, which, in this case, is
a set of perforations corresponding to the code of
the thousandths digit of the called subscriber’s
number. Since the called subscriber’s number
has been assumed to be 3678, the first set of

. perforations will be that of the digit 3 and, ac-

60

65

76

cording to the code, comprises holes perforated in
the first and sixth positions of the tape.
causes conductor 313t to be grounded when the
commutator brush 3145 makes with its first seg-
ment, whereupon a circuit is closed from grouhd
on conductor 3131, No. 1 contacts of relay 3152,
brush 3i16 and the fourth terminal of its: arc,
upper winding of relay 3501 to battery, causing
relay 3501 to operate and lock over its lower wind-
ing and No. “a” contacts to ground on conductor
31271. When the commutator brush reaches the
sixth segment a ground is likewise extended to
conductor 3136 and a circuit is thereupon com-
pleted over the No. 6 contacts of relay 3162, brush
3119 and fourth terminal of its arc to the upper
winding of relay 3508 causing said relay to oper-

This .

.conversation time.

ate over its upper winding and lock over its lower

- winding and No. “a” contacts to ground on con-

ductor 3127, - The switch is now advanced to-the
fifth set of terminals and the tape is advanced to

.the next set of perforations in the manner previ-

ously described so that, for the perforations of the
code of the digit 6, ground is extended to con-
ductors 8131, 3133, 3135 and 3136 in succession,
causing thereby the operation of relays 3511, 3513,
3515 and 3516 over circuits similar to those which’
have been previously traced. - With the advance
of switch 31 {5 to the sixth set of terminals and the
tape to the perforations of the code of the digit 7
ground is connected to conductors 3131, 3182,

3133 and 3136 which, over the appropriate paths,
completes circuits for operating relays 3521, 3522,

3523 and 3526 all of whlch lock to ground on con-
ductor 3121, .

The switch is next advanced to the seventh set
of terminals and the tape to the next set of perfo-
rations so that, for the perforations of the code of
the units digit 8 ground is extended to conductors
3132, 3133 and 3136 in succession, causing thereby
the operation of relays 3532, 3533 and 3536 over
circuits similar to those already traced, which
relays, upon operating, lock to ground over their
lower windings and No. “a” contacts to ground on
conductor 31217,

The tape is now advanced to the code of the
next entry and the switch to the eighth set of
terminals. The code of the next entry is that of
the switching character and, it will be recalled,
ground will be connected to each of the six pulsing
conductors in succession. - However, switch 3118
has been advanced to the eighth set of terminals

and inasmuch as these terminals are blank, the

pulsing grounds will be ineffective at this time
and the switch is advanced to the ninth set of
terminals by means of interrupter 3122 in the
usual manner.

The reason why this “pass-by” position is pro-
vided is to make certain that the entries previously
recorded are actually the entries of a completed
call and not those of an incompleted one. It will
be remembered that the tape register is con-
nected to the district selector after each register-
able item of information is available for registra-
tion regardless of whether the call is completed
or not. The calling subscriber may disconnect
after dialing the called number and said num-
ber may be recorded on the primary tape. But if
it does not form a part of the record of a com-
pleted call the entry is valueless and must be dis-
carded. If,therefore, the preceding entries which
have just been recorded in the registers shown in
Figs. 34 and 35, are simply entries of an incom-
pleted call, the next entry after the switching
character will be that of the new call designation
and will cause the operation of relay 3112 as
already described and result in the disconnection
of ground from conductor 3127 and allow the reg-
isters to release. The switch is restored to nor-
mal, as described in preparation to begin another
cycle of operations with the entries following the
new call designation.

Assuming the entries so far made to be those of
the completed call described above, the tape is
advanced to the code of the next entry and the
switch is advanced to the ninth set of terminals.
This next entry is the code of the first digit of
the three digits representing the beginning of
It will be recalled that the
code of the starting time is divided into three sepa-
rate - designations, the first being a code rep-

resenting tens of minutes, the second representing
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from one to ten minutes inclusive and the third
the tenths of a minute. Each of these registra-
tions, as contained on the individual tape, will be
recorded successively on the relays of registers
3600, 3610 and 3629. It will further be remem-
bered that, for the call initiated by line 108, the
positions of the time switches 2600, 28618 and 2840
in the tape register circuit were, at the time con-
versation began, 2, 7 and 4; that is, the tens
switch 2600 was in position 2, the minute switch
26810 in position 7 and the fenths of a minute
switch 2640 In position 4. Consequently when
the brushes of switch 3113 advance to the ninth
set of terminals and the selecting fingers have
passed through the set of holes representing the
code of the Arst digit 2, commutator segments 1,
2, 5 and 6 will be grounded whereupon con-
ductors 3131, 3132, 3138 and 3138 will also be
grounded. In the course of the distributor brush
revolution, the connection of ground to each of
these conductors causes the operation of relays
3601, 3602, 3605 and 3806 in register 3800, the cir-
cult for each of said relays being traced in the
same manner as those for previous registers ex-
cept that the separate and respective paths are
traced through the ninth terminal sets of switch
3115, These relays lock over their bottom wind-
ings and No. “a” contacts to ground on conductor
3121. Thereafter switch 3115 advances to the
tenth set of terminals while the tape is ad-
vanced to the next set of perforations which com-
prises the code perforations of the digit 7. This
code consists of a hole in the first, second, third
and sixth positions of the tape. On the next
revolution of the distributor brush and with each
of the switch brushes resting on the tenth ter-
minal of their respective arcs, conductors 3131,
3132, 3133 and 3136 are grounded, causing there-
by the operation of relays 3611, 3812, 36{3 and
3616 in register 3610. These relays operate over
their upper windings and lock over their lower
windings and No. “a” contacts to ground on con-
ductor 3127. The tape is then advanced to the
next set of perforations which comprises those of
the code of the digit 4 and switch 3115 is ad-
vanced to the eleventh set of terminals. The
perforations for the code of the digit 4 consist
of a hole in position 2, another in position 4 and
another in position 6 of the tape causing there-
by, during the revolution of the distributor brush,
the grounding of pulse conductors 3132, 3134 and
3136. With the brushes of switch 3118 resting on
the eleventh terminal set, the ground on each said
conductors causes the operation of relays 3622,
3624 and 3626 in register 3620. These relays
operate over their upper windings and lock over
their lower windings and No. “a” contacts to
ground on conductor 3121. Thus the starting
time of the call as contained on the individual tape
is recorded on registers 3600, 3610 and 3820.

Switch 3115 is now advanced to position twelve
and the tape to the code of the next switching
character. All the pulse conductors are now
grounded, but inasmuch as the twelfth terminal
set on switch 3(15 is vacant, the pulses are in-
effective. At the end of the distributor brush
revolution, switch 318 is advanced to the
thirteenth terminal set by interrupter 3122.

In the same way, the finishing time of a con-
versation is likewise registered in terms of the
position of the three switches in the tape register
clrcuit. If it is assumed that at the time the
conversation is finished the time switches 2680,
2610 and 2640 in the tape register are set on
terminals 4, 6 and 2, respectively, then the fol-

8,113,051

lowing three entries on the individual tape will
be those of digit 4 for the tens switch, digit 6
for the minute switch and digit 2 for the tenths
of a minute switch. The successive passage of
the tape for every one of these sets of perfora-
tions will then cause the operation of the re-
quired combination of relays in registers 3180,
3710 and 3720, respectively. The code of digit 4
will cause the operation and locking of relays
3702, 3784, and 3708 after which switch 31185 is
advanced to its fourteenth terminal set; the code
of digit 6 will cause the operation and locking
of relays 3711, 3113, 3715 and 371§ in register
3710 after which switch 3115 is advanced to its
fifteenth terminal set, while the code of digit 2
causes the operation of relays 3721, 3722, 3728
and 3726 in register 37120 after which the switch
is advanced to its sixteenth terminal set. With
the switch in position 16, a circuit is closed for
relay 3124 extending from ground on the top
back contacts of relay 3112, brush 3128 and six-
teenth terminal on its arc, top winding of relay
3124 to battery. Relay 3124 operates and con-
nects ground to conductor 3183.

After the last entry has been recorded on
register 3120 the tape is advanced to the next
switching character.” With switch 3(I8 on the
sixteenth terminal set and the six pulse con-
ductors grounded as a result of the selecting
fingers passing through the six perforations of
the switching character code, circults are com-
pleted in succession to the top winding of each
of the six relays 3181 to 3106, inclusive. The re-
lays operate and then lock over their respective
bottom windings and contacts to ground on the
top contacts of relay 3124. A circuit is now com-
pleted from ground on the top contacts of relay
3106, through the serles contacts of relays 3108
to 3101, inclusive, winding of relay 3109 to bat-
tery. Relay 3109 operates but nothing further
happens until interrupter 3122 has advanced the
tape to the next set of perforations and switch
3115 has advanced to the seventeenth set of
terminals. During the time that the switch ad-
vances from the sixteenth to the seventeenth
terminal set, relay 3124 does not release due to
the fact that it is “slow-release” so that when
brush 3128 makes with the seventeenth termi-
nal, a locking circuit is furnished for relay 3124
extending from battery through its lower wind-
ing, bottom contacts of said relay, brush 3128
and cooperating terminal to ground on the top
contacts of relay 3112, A circuit is now com-
pleted for relay 3110 extending from battery
through its winding, bottom contacts of relay
3124 to the aforetraced ground on the back con-
tacts of relay 3112. Relay 3110 operates, con~
nects shunting ground to start magnet 344 over
the top back contacts of relay 311( to prevent the
distributor commutator brushes from taking any
further revolutions and, over its top contacts,
extends ground on the bottom outer contacts of
relay 3til, front contacts of relay 3109 to con-
ductor 3138. This conductor further extends to
the commoned contacts of the register relays of
Fig. 34, to the winding of relay 4002 by way of
the back contacts of relay 4081 and, in parallel
therewith to the winding of relay 4281 to battery,
operating both of these relays to perform func-
tions noted hereinafter. -

The reason why a check is made for the switch-
ing character following the last code entry of a
completed call is to make certain that there is no
irregularity in the successive entries on the tape.
The last entry should be followed by a switching

10

15

20

30

35

40

45

50

55

60

65

70

76



o

35 lower winding of relay 3128.

) - ~ 9,118,981 .

character. If it is not and is followed instead,
say, by the new call designation, then relay 8112

will reoperate, connect shunting ground to. the

start magnet 3144 and connect self-interrupting

s ground to switch magnet 3114, opening the lock-.

ing circuit to the register relays in Figs. 34 to
37, inclusive, thereby canceling whatever records
are locked therein and, upon the release of relay
3112 after the switch has cleared the sixteenth

10 terminal set, said switch is advanced to normal

in the regular way to start withthe record of a
new call. In this manner if the:switching char-
acter is not properly received after the registra-
tion of a call is complete if is assumed that the

16 registrations are imperfect and al¥of them are

“‘canceled~ for that call. If however, upon the
switching character check, relays«3(01 to 31086,
inclusive, dperate then, when relay 3110 operates,
the circuit is completed for relays 4802 and 4201,

20 the registration record is preserved and the dis-

tributor 8100 prevented from any further ad-
vance ‘until the computer has translated the
record and entered it in translated form upon
the final tape prepared as described hereinafter.

2§ Should the various entries hitherto described,

instead of being local call entries be tcll
call entries, then said entries would have been
preceded by the perforations of the operator’s
code. This character, it will be remembered, is

30 one having a perforation in every position of the

tape except the first so that when the distributor
selecting fingers pass through flve perforations,
a circuit is closed extending over the top set of
contacts of each of the selecting fingers to the
Relay 3128 oper-
ates and locks over its upper winding and inner
contact, bottom back contacts of relay 3112 to
ground on the bottom inner contacts of relay
3111, opens one set of contacts in the eircuit of

40 the switch magnet 3114 and, over its top outer

contacts, completes an obvious circuit for relay
3i82. This relay operates and opens the pulse
conductors to the various registers. Over its
middle upper contacts, relay $(28 further ex-

45 tends ground through the normal segment of

commutator 3141, distributor brush 3148, com-
mutator bar 3148, middle contacts of relay 3128,
conductor 3142, to the winding of the line relay
4122 of distributor 4130, preparatory to receiving

50 impulses set up by the toll entries as 'more com-

pletely described heréinafter. .
Confining our attention for the present to
those operations of the computer which follow

the registration of the called office name and '
85 number as well as the start and finish :time of

8 local connection on the registers as alréady de-
scribed, the computer has to decode the various
. information ‘locked in the registers in terms of
characters which can be recorded on the final

60 tape for printing purposes. For instance, the

called office code having been recorded in ferms
of digits, has to be translated in terms of office
letters and recorded as such on the final tape so
that the office name, as appearing in the tele-

65 phone directory, may be printed on the bill. Pur-

ther, the conversation time has to be translated
in terms of money units so that the assessment
for the call may be printed in terms of the charge
for the call. Hence the subsequent operations of

70 the computer following the record registered in .

the varlous registers of Figs. 34 to 37 inclusive
have to do, first with translating such items of
the record that need translating in terms that
are to be printed on the bill and causing said

- 75 1tems to be recorded in the final tape exactly as

they are to be printed, and second to cause such
items of the record that require no translation to

-be copied into the final tape exactly as they are

registered. : -

The first operation in the computer is the se-
lection of a marking relay individual to the called
office code. For this purpose a translator is used
which is shown schematically in Pigs. 32, 33 and
38 and 39. This translator comprises a group of
multi-contact relays 3202 to 3209, inclusive, the
winding of each of which extends to the contacts
of the relays in register 3400, the winding of re-
lay 3202 extending to the proper combination of
contacts of the relays in said register responding
to the digit 2 and so on up to and including the
winding of relay 3209 which extends to the con-

- tacts of those relays in sald register which re-

spond to the digit 9, there being one such relay
for every digit that may be used as the first digit,
or letter, of the called office name. In prevalent
telephone - practice neither the digit 1 nor the
digit 0 is used as the equivalent of a first office
letter so that, instead of providing ten multi-

- 4T

10.

15.

contact relays, one for each possible digit, only

eight are provided, one for each digit from 2 to 9,
inclusive. Each of these multi-contact relays
contains one hundred pairs of contacts, one con-
tact of each pair being extended, or strapped, to
& corresponding contact of a similar pafr in each
of the eight relays, each group of ten of said ex-
tensions being carried to the corresponding arma-
tures of a relay like relay 3802 shown on Fig. 39.
Moreover, since there are one hundred such ex-
tensions of the contacts of the multicontact re-
lays divided into ten groups of ten ®each, there is
provided a group of ten relays 3800 to 3908, in-
clusive, the second of which only, namely, relay
3802, is shown in detall, and to the ten armatures
of each of which are extended a group of ten
commoned contacts of the multi-contact relays.
The, corresponding “make” contact .of each pair

"of contacts of the relays 38900 to 3909 are com-

moned to one of ten conductors which, in turn,
extend to.the contacts of the relays of register
3420. The winding of each relay in the group of
relays 3900 to 3909 is connected over a separate

‘eonductor to contacts of the register relays in

the register 3410 and connected thereto in the

-combination required for operating each of said

relays in accordance with the operation of the

' combination of the relays contained in said regis-

ter as more clearly described hereinafter.
Each make contact of the multi-contact relays

3202 to 3209, inclusive, is connected, through ter-
* minal block 3203. to the winding of a code relay

which d'esi‘gnates;_the code of a particular office
within the called area. Five such representative
relays are shown in Figs. 32 and 38 and are desig-

" nated as 3200, 3201, 3202, 3815 and 3816. One of
-these relays, namely 3200, will be assumed to.

represent the code relay corresponding to the
office code of the office dialed in the illustration,
namely the relay which represents the office Hali-
fax. The other relays designate four other offices.

The object in the first operation of the com-
puter following the registration of the office code
in the registers 3400, 3410 and 3420 is to translate
the three-digit registration of the office code, as
registered by the operated relays of said registers,
into the operation of the code relay designating
the called office which, in this case, is relay $200.

- Consequently, after the digit 4 has been recorded
in register 3408 and relays 3402, 3404 and 3406

have been operated in response to the code of
this digit, a circuit is closed extending from the
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ground on conductor 338, No. 4 contacts of re-
lays 3408, 3404 and 3402, conductor 3437, winding
of relay 3304 to battery. Relay 3384 operates and
closes through its one hundred make contacts to
the common conductors of the multi-contact re-
lay group.

The operation of relays 3411, 3412, 341§ and
3416 in response to the code of the digit 2 of the
office code now causes a circuit to be closed ex-
tending from ground on conducior 3138, No. 2
contacts of relays 3416, 3415, 3412 and 34{1, con-
ductor 3427, winding of relay 3902 to battery. Re-
lay 3802 operates and closes through the second
group of ten common conductors to the group of
conductors extending to the relay contacts of
register 3420. Therefore, with relays 3425 and
3428 operated in response to the code of the third
digit 5 of the office code, a circult is closed ex-
tending from ground on conductor 3{38, No. 5
contacts of relays 3426 and 3428, conductor 3428,
No. 5 contact-set of relay 3802, No. 15 contact on
relay 3304, winding of relay 3200 to battery. Re-
lay 3200 operates and marks thereby the code of
the called office.

Relay 3200 and other similar code relays are
each provided with four sets of contacts, the
three left armatures of which are extended to
cam 4006 of sequence switch 4010 and the right
armature of which is connected to ground. The
make contacts of these armatures are extended
to various terminals on terminal block 3204 as
more particularly described hereinafter.

To the terminals of another cross-connecting
block, namely cross-connecting block 3205, are
extended the windings of three groups of relays.
The first group comprises relays 3211 to 3226, one
for each letter of the alphabet; the next group
of relays consists of ten relays, namely relays
3800, 3809, 38083801, inclusive, only relays 3808
and 380f being disclosed, one for each of ten

digits, and a third group of three relays or more, .

namely, relays 3812 to 3814, inclusive, each re-
lay in said last group representing a calling zone,
the area of which includes offices having a defi-
nite initlal and overtime rate which are differ-
ent in either or both respects from those of other
zone areas. Each relay in each of the first two
groups carries a full complement of contact-sets
sufficient for the requisite six-digit code com-
bination called for by the code of each of the
letters and each of the numbers represented
by saild relays. The armatures of these relays
are all grounded and the corresponding contacts
are connected in the proper combination to the
six conductors 3231 to 3137, inclusive, which
extend, through commutator segments, to the
magnets of the perforator 4120, the function of
which is described hereinafter.

The contacts of relay 3200 and those of other
code relays which make with the commoned
armatures of all code relays that are extended
to cam 4006, are cross-connected from block
3204 to block 3208, that is, the left outer con-
tact No. 1 is extended to the winding of the
alphabetical relay of the first letter of the office
name, the left middle contact No. 2 to the wind-
ing of the alphabetical relay of the second let-

ter and the third or inner contact No. 3 to the:

winding of the relay designating the third or
last letter of the office name. Should the last
digit of the office code be designated by a num-
ber instead of a letter, then the third contact
would be cross-connected to the winding of one
of the relays 38003818 depending on the digit.
For instance, if the office Halifax is listed In
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the telephone directory as HAL, the contact
No. 1 would be cross-connected to the winding
of relay H, that is, relay 3218; contact No. 2
would be cross-connected to the winding of relay
3211 representing the letter A, while contact
No. 3 would be cross-connected to the winding
of relay 3222 as representing the letter L. On

the other hand if, as Is now the case in large

metropolitan areas employing three-digit codes,
it becomes necessary to abbreviate the letter
designation of an office name into two letters
and a digit for the purpose of expressing the
last digit of the office code numerically so that
more than one office may have the same name,
then contact No. 3, instead of being connected
to the winding of relay 3222 would be cross-
connected to the winding of any one of the re-
lays in the group 38003801 s0 that the trans-
lation would be HA—I, HA—2, HA—3, etc., in
accordance with the representation of the office
in the telephone directory. The right contact
of relay 3200 is cross-connected to the winding
of relay 3812 or 3813 or 3814 depending upon
the particular zone in which the office Halifax
is located with respect to the calling office.

The code relay, when operated, marks certain
definite information with respect to that code
which is to be used subsequently for printing
the office name on the subscriber’s bill in ac-
cordance with the directory lsting and also
marks the rate of charge to be made for any
particular call completed in the zone which con-
tains the called office. Conseyuently when re-
lay 3200 operates in the manner described, and
assuming that the office designated by said re-
lay is listed in the telephone directory as HAL
and, also, that said office is located in zone 1,
that is, the zone determined by relay 3812, then
the operation of relay 3200 partially prepares
the circult for each of the following relays;
namely, relays 3211,.3218 and 3222 and completes
an obvious circuit for relay 3812.

In the meanwhile with ground connected to
conductor 3138, relays 4002 and 4201 have op-
erated as already described. Relay 40082 closes
a circult from ground over its bottom outer con-
tacts, back contacts of relay 4003, right lower
contact of cam 4005, winding of magnet 4004
of switch 4010, to battery. The magnet operates
and revolves the switch 4010 out of position 1

and into position 2. In position 2 a circuit is:

completed from ground on the inner contacts
of relay 4002, upper right contact of cam 4006,
upper contact of cam 4011, left winding of re-
lay 4003, to battery, operating said relay which
now locks in a circuit over its right winding
and front contact to ground on the outer con-
tacts of relay 4002. Relay 4003, by breaking its
back contact, opens the starting circuit of mag-
net 4004. Another circuit is also closed extend-
ing from ground over the inner contacts of
relay 4002, upper contacts of cam #4806, con-
ductor 4187, No. 1 contacts of relay 3208, jumper
conductor ‘between blocks 3204 and 3205, wind-
ing of reiay 3218 to battery. Relay 3218 now
operates and grounds perforator conductors 3233,
3235 and 3231. Each of the first two conductors
extends to a segment of a commutator associated
with tape reperforator 4128 while conductor 3231
is connected to the winding of the start magnet
4128 of sald perforator. This reperforator, that
is, 4120, is similar in' construction to the tape
perforator 180; that is, the pulsing conductors
extend to commutator segments with correspond-
ing segments in the second part of the commu-
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tstor extending to. perforatlng magnets which .
when.operated on a pulse, cause the correspond-
ing punch levers to be mechanically set to per-

forate the tape. The operation of these magnets

-in response to successive connections between

corresponding distributor segments as the com-

Inutator brush makes one revolution around the

commutator, sets the perforator mechanism to
punch two holes in positions 3 and 5§ of the tape
associated with sald perforator to characterize
the letter H of the called office name.
the distributor brush 4106 engages with and
connects the seventh segments of the commu-
tator together, a circuit is closed for magnet
4004 extending from ground through brush 4106,
conductor 4007, right upper contact of cam 40085,
winding of magnet 4004 to battery. The mag-
net operates and advances the switch to posi-
tion 3 by which time brush 4106 will have again
reached its first segment. As the switch leaves
position 2, the circuit of relay 3218 is.opened,
causing sald relay to release and disconnect
ground from the tape perforator magnets. As

the switch advances into position 3, & circuit is-

completed extending from ground through the
left lower contact of cam 4006, conductor 4008,
No. 2 contacts of relay 3200, winding of relay
3211, to battery. Relay 3211 operates and
grounds conductors 3231, 3232 and 3231. The
corresponding magnets are now operated in the
tape perforator 4120 causing thereby the punch-
ing of holes in positions 1 and 2 of the tape as
code perforations of the letter A. When the dis-
tributor brush 4106 again contacts with the sev-
enth segments of the commutator the afore-
traced circuit of magnet 4004 is again completed

" and the switch is advanced to:position 4. As

40
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the switch moves past position 3, the circuit of
relay 3211 is opened at the left lower contact
of cam 4006 causing said relay to release, which
in turn removes ground from the perforator cori-
ductors and from the commutator segments to
which they are connected. When the switch
reaches position 4 the ground on the upper con-
tact of relay 4002 is extended by way of the
right lower contact of cam 4006, conductor 4009,
No. 3 contacts of relay 3200, winding of relay
3222, to battery. Relay 3222 now operates and
grounds ‘conductors 3232, 3235 and 3237 causing

: thereby the operation of the corresponding mag-

net in the tape perforator 4020 and the punch-
ing of holes in positions 2 and 5 of the tape in
designation of the letter L. *When the brush
4108 again contacts with the seventh segments

- of the commutator the circuit of magnet 4004

is again closed and the switch advanced to po-
sition 5. - As the switch passes beyond position 4
the circuit of relay 3222 is opened and ground
is removed -from the perforator conductors: and

the corresponding commutator segments ln the

perfora.tor

“The office. code having been perfora.ted it
now becomes necessary to punch on the tape the
code of each -of ‘the numbers' representing the
called subscriber’s number. Since, however, the

_ tape now - being made is the ‘one which is to:be

fed into the printing mechanism: for the mak-
ing of the bill, the characters that are to be
printed are to be properly spaced on the tape

. and it is usually desirable to leave a space on

the bill between the office code and called num-
ber. 'For this purpose, it is necessary, therefore,
to interpose a space character on the tape be-
tween the office name and the office number so
that & space will be left between the two on the
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bill at the timeé the two designatlons are prlnted

thereon. Hence, when the switch reaches posi--

tion 5, & circult is closed extending from ground

on the inner contact of relay 4002, right upper

contact of cam #4008, upper léft contact of cam
4017, winding of relay 4018, to battery. Relay
4018 operates ‘and grounds conductors 3238 and
32317, the first of which corresponds to the code
of the space character and the second for clos-
ing the circuit of the perforator start magnet.
The perforator is now operated, the space char-
acter code is punched in position 3 of the tape,
and when the distributor brush reaches the last
or seventh segments a previously traced circuit
for magnet 4004 is closed, causing said magnet
to operate and advance the switch to position 6.
As the switch advances beyond position 5 the
circuit of relay 4018 is opened thereby opening
the circuit of the perforator start magnet and
disconnecting ground from conductor 3233 while
the perforator advances the tape to the next
perforating position in the usual manner. When
the switch reaches position 6 a circuit is closed
extending from ground on the right upper con-
tact of cam 4006 to the right upper contact of
cam 401(, conductor 4012, No. 3 contact-set of
relay 3506 of the thousands register 3500, No. 3
contact-set of relay 3501, conductor 3541, bracket
line 4019, corresponding conductor 3541 in Fig.
30, winding of relay 3803 (not shown) to battery.
Relay 3803 operates and grounds conductors
8231, 3236, and 3237, the first two being those
required for the code of the digit 3 and the third
for operating the start magnet. The perforator
now operates to perforate the code of the thou-
sands digit 3 immediately succeeding the code
of the space character. When the distributor
brush 4106 reaches the last or seventh segment,
the previously described circuit for switch mag-
net 4004 is closed and switch 4010 is advanced
to position 7. As the switch leaves position 6,
ground is disconnected from the path of relay
3803 at the right upper contact of cam 401{ and
said relay releases and disconnects ground from
the perforator conductors.

When the switch reaches position 7, a circuit
is closed extending from ground on cam 4&0({

over the right lower contact thereof, conductor

4013, No. 6 contacts of relays 3516, 3515, 3513
and 35i! of the hundreds register 3510, con-
ductor 3446, bracket line #4018, conductor 3446
in Fig. 38, winding of relay 3808, (not shown)
to battery. Relay 3806 in operating, grounds
conductors 3131, 3133, 3135, 3136 and 3137 for
operating the perforator #120 to perforate the
code of the digit 6. When the commutator brush
of said perforator reaches the seventh segment,
the previously traced circuit of magnet 4004 is
closed and the switch is advanced to position 8.
As it passes beyond position 7, ground is discon-
nected from the path of relay 3806 causing said
relay to release and disconnect ground from the
perforator conductors. ,

When the switch reaches position 8, ground is
extended over the left lower contact of cam 4011,
conductor 4014, No. 7 contacts of relays 3526,
3523, 3522, 352! of the tens register 3520, con-
ductor 3447, bracket line 4018, conductor 3447 in
Fig. 38, winding of relay 3807 (not shown) to
battery. Relay 3807 operates and grounds con-
ductors 3231, 3282, 3233, 3238 and 3237 causing
thereby the operation of associated perforating
magnets and the subsequent punching of holes
in positions 1, 2, 3 and 6 of the tape for the code
of the digit 7 of the called subscriber’s number.
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When the distributor brush of perforator 4128
reaches the seventh segment, the previously
traced circuit of magnet 4084 is closed, operating
said magnet and causing the switch to advance
to position 8. When the switch leaves position 8
the circuit of relay 3807 is opened at the left

‘lower contact of cam 40(( causing said relay to

release snd disconnect ground from the per-
forator conductors.

When the switch reaches position 9, a circuit
is completed from ground over the left upper
contact of cam 4016, conductor 401§, No. 8 con-

" tacts of relays 3538, 3§33 and 3832 of the units

register 3938, conductor 3448, bracket line 4019,
conductor 3448 in Fig. 38, winding of relay 3808
(not shown) to battery. Relay 3808 operates
and grounds conductors 3232, 3233, 323¢ and
3237 causing thereby the operation of associated
magnets in the perforator {28 and the registra-
tion of the code of the digit 8 through the punch-
ing of holes in positions 2, 3 and 6 of the tape.
When the commutator brush reaches the seventh
segment, the circuit of magnet 4004 is closed and

" the switch advanced to position 10. As the switch

advances beyond position 9, the circuit of relay
3888 is opened at the left upper contact of cam
4016 causing said relay to release and disconnect
ground from the perforator conductors.

The called subscriber’s number having been
punched in code form on the tape associated
with reperforator 4i20, a space must again be
interposed between the last digit and the in-
formation that follows which will be the charge
for the call. Consequently, when the switch
reaches position 10 a previously traced circuit
for relay 40(8 is again closed, operating said re-
lay which connects ground to conductors 3237
and 3233 for operating the magnet of the per-
forator to punch the code of the space character.
At the end of the distributor brush revolution,
the aforetraced circuit of magnet 4804 is again
closed and the switch advanced to position 11.
As it advances beyond position 10, the circuit of
relay 4818 is opened and ground is disconnected
from the perforator conductors. In positions 11
and 12 space characters are punched in each of
those positions in the manner already described
for the purpose of advancing the printer car-
riage to the right and to the proper position for
printing the charge characters on the bill form.

In positions 14 to 20 the charge for the call is
perforated In code form on the tape associated
with reperforator 4120. 'This is done as follows:

At the time ground was applied to conductor
3138, relay 4201 was operated as already de-
scribed. This relay, in operating, connects
ground to its outer contact, bottom outer back
contacts of relay 4212, to conductor 4246. This
conductor now supplies ground to the contacts of
the relays in registers 3600, 3610 and 38§20 some
of which, it will be recalled, contain locked there-
in the registration of the starting time of a con-
versation in terms of three digits which, for the
local call under illustration, have been assumed
to be 2714. On its inner contacts relay 4201 closes
a circuit extending over the top inner back con-
tact of relay 4212, top contacts of relay 42085,
inner back contacts of relay 4282, interrupter
contacts and winding of magnet 4203 of switch
4210, to battery. Magnet 4283 operates and ad-
vances its brush 4384 over the terminals of its
arc to the terminals oswluch are connected the
ten conductors from registejs 3600 and 3708, the
conductor connecting with the No. 1 contacts of
the relays in registers 3608 and 3788 being con-
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nected to the first terminal, the conductor ex-
tending to the zero contacts of said relays being
connected to the last terminal while the inter-
mediate conductors are distributed amongst the
remaining terminals in the proper numerical
order.

Since the digit 2, representing the first digit
of the start conversation time, resulted in the
operation and locking of relays 3601, 3602, 3808

and 3806 in register 3680, then the ground on:

conductor 4248 will be extended over the No. 2
contacts of sald relays to the second terminal
of the arc of switch 42(0. Hence when brush
4204 has reached the second terminal of its arc,
a circuit is completed to the winding of relay
42082. Relay 4202 operates, opens the circuit of
switch magnet 4203 and, over its outer contacts,
closes one set of contacts in the circuit path of
relay 4208. The switch brush is now connected
with the second terminal on the arc. At the
same time that a circuit is closed for switch mag-
net 4243, three other circuits are closed as fol-
lows: (1) ground on the inner contacts of relay
4201, top inner back contacts of relay 4212, top
contacts of relay 4208, bottom inner back con-
tacts of relay 4211, botton contacts of relay 4207,
interrupter contacts and winding of magnet 4209
of switch 4228 to battery; (2) ground as traced
to the bottom inner contacts of relay 4211, bot-
tom middle back contacts of said relay, bottom
contacts of relay #4213, interrupter contacts and
winding of magnet 4214 of switch 4230 to battery;
(3) ground as traced to the contacts of relay 4211,
in parallel thereto ovér the bottom inner back
contacts of relay 4212, winding of relay 42(§, to
battery. Magnet 4208 of switch 4220 operates
and steps its brushes over the terminals of their
cooperating arcs until brush 4208 reaches a
grounded terminal whereupon an obvious cir-
cuit for relay 4207 is completed. The conductors
connected to each of the several terminals of
the arc associated with brush 4208 extend to the
contacts of the relays in registers 3610 and 3710,
that is, to the two registers which record the
second digit, respectively, of the start and finish
time of the conversation. Inasmuch as the sec-
ond digit of the start conversation time has been
assumed to be 7, resulting in the operation and
locking of relays 38((, 3612, 3613 and 36{§, the
ground on conductor 4246 is extended through
the No. 7 contacts of said relays to the seventh
terminal in the arc of switch 4228 accessible to
brush #208. Hence when the switch has ad-
vanced brush 4208 to the seventh terminal, a cir-
cuit is completed over said brush, winding of re-
lay 8207 to battery. Relay 4207 operates, opens
the circuit of magnet 4209 preventing the switch
from taking any further steps and closes another
contact-set in the circuit path of relay 4208.
In the same way, magnet 4214 of switch 4238
steps its brushes over successive terminals of
their arcs until brush 4215 makes contact with
a grounded terminal, whereupon a circuit is com-
pleted for relay 4218. The conductors connected
to each of the several terminals of the arc as-
soclated with brush 428 extend to the contacts of
the relays in registers 3620 and 3720, that is, to
the two registers which record the third digit,
respectively, of the start and finish time of the
conversation. Inasmuch as the third digit of the
start conversation time has been assumed to be
4, resulting in the operation of relays 3622, 3624,
and 3628, the ground on conductor 4248 is fur-
ther extended through the No. 4 contacts of said
relays to the fourth terminal in the arc of switch
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4238 accessible to brush 4218. Hence when the

- switch has advanced brush 42{§ to the fourth

10

15

terminal of its arc, a circuit is completed over
said’brush, winding of relay 4213, to battery. Re-

" lay 4213 operates, opens the circuit of magnet

4214 preventing the switch from taking any
further steps and completes a circuit extending
from ground on its top contacts, top inner back

.contacts of relay 4211, top contacts of relay-4201,

bottom contacts of relay 4202, winding of relay
4208 ‘to battery. Relay 4208 operates and per-
forms functions noted hereinafter.

In the meanwhile when relay 4216 operated,
it closed a locking circuit through the winding of
relay 4212, contacts of relay 4218 to ground on
the inner contacts of relay 4201. Relay 4212,
however, is prevented from operating at this time
by the connection of ground to the other side
ot its winding through its own bottom inner back
contacts, top contacts of relay 4208, top inner
back contacts of relay 4212 to ground on the

inner contacts of relay 4201. .

Thus unti] switches 4210, 4220 and 4230 take
settings corresponding to each of the digits of
the start conversation time, relay 424§ is oper-
ated and relay 4212 is short-circuited. When the
setting Is completed, as evidenced by the opera-

tion of relay 4208, the short circuit around relay

4212 is removed causing said relay to operate
and lock In series with relay 4216, Should the
brushes of any or all of the switches be resting on
arc terminals immediately grounded by the ex-
tension of ground on conductor 4246 through the
operated contacts of the relays in the start con-
versation registers 3600 to 3628 inclusive, then
the particular cut-in relays effected; that is, re-
lay 4202 or 4207 or 4213, or all of them, will be
immediately operated and the particular switch
magnet whose circuit is opened by the operation
of the relay will thereby be prevented from tak-
ing any steps. Another circuif is now completed

extending from ground on the inner contacts of -

relay 4201, top inner front contact of relay 4212,
winding of relay 4211, to battery, causing said
relay to operate. Although the operating circuit
of relay 4208 is now opened at the top inner con-

tacts of relay #2¢1. yet the relay will not release

since, by relay 4211 making of its top inner
front contact, a holding circuit is now provided
for relay 4208, said relay being sufficiently slow
in releasing so as to not break its contacts in the

- interval of transition from one circuit to another.

70

When relay 4212 operates, ground is discon-
nected from . conductor 424¢ and, through the
bottom outer front contacts of said relay, ground
is connected to conductor 4282 which, in turn,
extends to the cominoned contacts of all relays in
the finish conversation registers 3700, 3140 and
3120. The removal of ground from conductor

' 4248 opens the circuits of relays 4202, 4237 and

4213 which now release causing, in turn, the re-
lease of relay 4288. The ground on conductor
4282 now extends by way of the operated relays
in registers 3700, 3710 and 3120 to one of the
terminals in each of the switches 4210, 4220 and
4230. Since the finish conversation time for the
call has been assumed to be represented by digits

4,6 and 2, terminal 4 will be grounded in the

arc of switch 42(0, terminal 6 in that of switch
4220 and terminal 2 on that of switch 4238. If
any of the terminals grounded are the same as
those previously grounded for the start of the

. conversation time, any of the relays 4202, 4207

78

-and #4213 will operate.

This, however, i8 of no
eﬂe_ct at the present time except in the case of
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relay 4213 in which, if it operates immediately
upon the connection of ground over conductor
4282 to the contact of the arc to which brush
4218 is moclated the operation of relay 4281 is
preveited as explained herelnafter. On the
other hand, if at the time that relay 421§ oper-
ates and the- self-interrupting circuit for mag-
net 4214 is established, relay 4213 has not oper-
ated, a circuit is completed for relay 4251 extend-
ing from battery through the lower winding of
sald relay, bottom outer contacts of relay 421/,
back contacts of relay 4213 to ground on the bot-
tom next to the inner contacts of relay 4211,
Relay 4281 operates and locks in a circuit over
its upper winding and inner front contacts, con-

- ductor 4247 to ground on the bottom contacts o!

relay 4104.

The purpose of operating relay l!ll if switch
4230 takes a step between the start and finish
conversation time is to indicate the fact that if
tenths of a minute have been consumed as a
part of the conversation time then an additional
minute has to be added to the total conversa-
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tion time for charging purposes since conversa- -

tion time is usually charged for in terms of
minute units or “fractions thereof”.. "

After the operation of relay 4211, a clrcult is
closed extending from interrupter 42” top outer
contacts of relay 4211, bottom contacts of relay
4218, winding of relay #4217, to battery. At the
closure of the interrupter and the consequent
operation of relay 4217, interrupter relays 4238
and 4237 operate, the formger on the closure of
the interrupter over a circuit from ground on
the inner contacts of relay 4211, outer back con-
tacts of relay 4237, winding of relay 4238, to bat-
tery. Relay #4238 operates and closes a locking
circuit for itseif through the winding of relay

4237 and its:own contacts to ground on con-

ductor 4241. Relay 4231, however, does not oper-
ate at this time since it is short-circuited by the
operating ground for relay 4238. However, as
soon as the interrupter opens its contacts, relay
4217 releases and relay 4231 operates in the
above locking circuit.

© It will be recalled that the office Halifax,

marked by relay 3200, was assumed to be lo-
cated in zone 1 which meant, of course, the
operdtion of relay 3812 at the time relay 3200
operated.

“Zone 1” in this disclosure is assumed to mean
that calls completed to any office within the zone
will be charged for at the rate of five cents for
the first five minutes of conversation period and
five cents thereafter for each additional five
minutes or fraction thereof. Consequently, on
the next closure of the interrupter 4208 and the
subsequent operation of relay 4217, a circuit is
closed extending from ground on the outer con-
tacts of relay 4211, inner front contacts of relay
4237, conductor 4248, inner contacts of relay
3812, conductor 4249, left inner back contacts of
relay 4244, winding of relay 424§ to battery. If
the office Halifax had been located in zone 2,
which means that twice the unit charge prevails
for the initial period of conversation and a unit
charge for three minutes of overtime, then the
right contact of relay 3200 would have been
cross-connected to the winding of relay 3813 and

the above circuit would have been traced from

ground on conductor #4248, jnner contacts of re-
lay 3813, conductor 4284, back contacts of relay
4242, winding of relay #4243 to battery. If, on
the other hand, the office had been located in
zone 3 wherein the initial charge is three times
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the unit charge for an initial conversation period
of five minutes and a unit charge for two minutes
of overtime or fraction thereof, the contact of
relay 3200 would have been extended to the
winding of relay 38i{4 and the above circuit
would then be completed over the inner contacts
of relay 3814, conductor 4238, back contacts of
relay 4239, winding of relay 4241 to battery. In
the event that the office is in zone 3 and relays
4239 and 4240 are operated, the two next sets
of pulse interruptions will cause the operation
and locking of relays 4242, 4243, 4244 and 4248.
Should the office be in zone 2 and relays 4242
and 4243 are operated, then on the next set of
pulse interruptions, relays 4244 and 424§ are
operated and locked. Assuming, however, that

ground on conductor 4247, contacts of relay 4248,
winding of relay 4244, winding of relay 424% to
battery. Relay 4244, however, is maintained
short-circuited by the operating ground for re-
lay 4248 so that as long as the interrupter is on
the grounded segment, relay 424§ remains oper-
ated and relay 4244 remains short-circuited.

In the meanwhile, and before relay 4217 re-
leases, another circuit is completed extending
from ground on the inner contacts of relay 4217,
outer front contacts of relay 4231, left outer back
contacts of relay 4244, conductor 4263, upper
back contact of relay 4388, conductor 4348, wind-
ing of switch magnet 4181 of switch 4180, to bat-
tery and in parallel therewith over the lower
back contact of relay 4103 to battery through the
winding of magnet 4028 of the totalizing switch
4030. The magnets 4181 and 4028 operate, and
being of the back stroke type, prepare the
brushes 4108, 4106 and 4134 of switch 4180 and
brushes 4028, 4029 and 4031 of switch 4038 to
advance on the release of the magnets, the
brushes being on their normal resting contacts at
the time the above circuit is closed. Hence, when
the interrupter breaks its contacts and relay
4217 releases, the switch magnets release, ad-
vancing their brushes one step over each of their
separate cooperating arcs while relay #244 oper-
ates and locks in series with relay 4248.

The advance of the brushes of switches 4100
and 4030 one terminal on their respective arcs
marks one charge unit for the call which, at this
time, is merely the charge for the initial period
of conversation and is registered in advance of
marking the actual time consumed as recorded
by the difference in setting of switches 4210, 4220
and €230 in response to the setting of the start
and finish time of conversation registers.

If the office Halifax had been located in zone 2
for which two charges are made for an initial
period, switches 4180 and 4030 would be made to
take two steps because two interrupter cycles of
the interrupter 4208 would be taking place in
the time taken to operate the two counting relay
sets 4242-4243 and 4244—42485 which operate
on the same interrupter cycles. In the same way,
if the office had been located in zone 3 for which
three unit charges are made for the initial period
and for which the circuit for the previously men-
tioned counting relays is completed over con-
ductor 4235 as described, switches 4100 and 4030
would be made to take three steps because three
interrupter cycles of the interrupter 4206 would
be taking place in the time taken to operate the
three counting relay sets 4239—4241; 42424243
and 4244-—4245,

When relay 4244 operates and relay 42(7 re-
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operates on the next closure of the interrupter,
ground on conductor 4248 is now traced as be-
fore to conductor 4249, front contacts of relay
4244, top outer front contact of relay 4212, bot-
tom outer back contact of relay 4288, winding of
stepping magnet 4209 to battery, operating said
magnet and preparing brushes 4208 and 4268
to take a step. At the same time a parallel circuit
is completed extending from ground on conductor
4249, front contacts of relay 4244, outer back
contacts of relay 4282, conductor 4240, outer con-
tacts of relay 3812, conductor 4236, back contacts
of relay 4221, winding of relay 4219 to battery,
causing relay 42(9 to operate and establish a lock-
ing circuit for itself through the winding of relay

. 8221, contacts of relay 4219, left contacts of re-
the called office is in zone 1 then when relay 424§ .
operates, it closes a locking circuit for itself from -

lay 4231, to ground on conductor 4247. Relay
422( does not operate at this time due to the
operating ground for relay 4219 being connected
to the battery side of its winding. When the in-

terrupter 4208 advances to an insulating segment

and relay 4217 releases, ground is disconnected
from conductor 4248 and hence from conductor
4249 thereby causing the operation of relay 4221,
which now locks in series with relay 4218, and
the release of magnet 4289 which now advances
brushes 4208 and 4269 one step.

At the next operation of the lnterrupter
ground on conductor 4249 again completes the
circuit of magnet 4209 while the ground on con-
ductor 4238 is now advanced over the front con-
tacts of relay 4221, back contacts of relay 4223,
winding of relay 4222 to battery for the purpose
of operating the counting relay set 4222—4223.

On the break period of the interrupter relay 4223 3

operates and magnet 4209 releases advancing the
brushes 4208 and 4269 one step.

Thus with each cycle of the operations of in-
terrupter 4208, the minute switch 4228 is ad-
vanced one step and one set of counting relays
in the group of relays 42(9—4229 js operated; the
process continuing until brush 4208 is advanced
to the grounded terminal marked by the oper-
ated register 3710. It will be remembered, how-
ever, that switch 4220 was originally set on the
seventh terminal of the arc in response to the
digit 7 of the minutes setting of the start conver-
sation register 3610 and that the terminal
grounded by the minutes setting of the minutes
conversation register 3718 is 6. This means that
the switch brushes have to take nine steps be-
fore they can be advanced to the sixth terminal
on their arcs. Consequently when, after the
third cycle of interrupter operations, brushes
4208 and 4280 have been advanced to their re-
spective zero terminals, a circuit is completed ex-
tending from ground on the top outer contacts
of relay 4212, brush 4268 and cooperating ter-
minal, winding of relay 426! to battery. Relay
4281 operates and closes an obvious circuit for
switch magnet 4203 of the ten-minute switch
42180. When the interrupter makes with its in-
sulating segment and switch 4228 is advanced
to the first terminals, relay 4281 is released, caus-
ing thereby the release of magnet 4283 and the
advance of switch 42(8 to the next of No. 3 set
of terminals.

In the meanwhile, and at the time switch tm
has advanced to its second terminals and the in-
terrupter has made five cycles of operation be-
ginning with the cycle which first operated mag-
net 4289, the five sets of counting relays 4221 to
4229, inclusive, have been operated. These five
steps are equivalent to the period of conversation
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for which one chnrle hu M been made as
previously described.
It will be noted, however,thatlntheesnbdnx
fllustrated, the start conversation digits are as-
s sumed to be 274 and the finish conversation dig-
its 462 which give a total of nineteen minutes of
conversation time. BSince, however, a charge for
the first five minutes has already been made by
the operation of switches 4180 and 4839 at the
e time the circuit of their respective magnets was
closed through the back contacts of relay 4244
and the release of said switches when relay 4244
operated, it now becomes necessary to make four

other additional charges and count off fourteen.

36 more minutes, each charge being made in ad-
vance of the counting.

At the end of the fifth interrupter period, the

brushes of switch 4220 will be resting on their

respective second terminals, and relays 4228 and

P 4229 will have been operated. With the opera--

tion of rehy 4229 a parallel circuitis closed for
relays 82831 and 4232,
Relay 4282 locks in a circuit over its right
winding and inner front contact to ground on
8 conductor 4247, while the operation of relay 4231
unlocks the counting relay group mo—am
which now releases. The release of relay 4229

releases relay 4231 which, in turn, reestablishes.

the locking circuit of the counting relay group
» 42094229,
- In the meanwhile, the operatlon of relay 4232
causes a set of contacts in the circuit of relay
4233 to be closed at its outer front contact. s
now, overtime is to be charged as is evidenced by
8 the fact that the brushes of switch 4220 have not
yet been stepped to the terminal marked by the
register 3710, the interrupter ground paths re-
main undisturbed and the circuit of relay 4233
is completed on the first ground. pulse which
@ marks the beginning of the overtime count. This
eircuit is completed from ground on conductor
4248, left inner front contacts of relay 4244,
outer front contacts of relay 4232, conductor
4288, right back contacts of relay 4288, right
3 winding of relay 4233 to battery causing this re-
lay to operate and close a path for relay 4288
over its inner contacts to ground on the right
contacts of relay 4231. Relay 4288 does not op-
erate at this time since it is shunted on the other
p side of its winding by ground on conductor 4288.
Over its outer contacts relay 4233 closes the
operating circuit of magnet 4101 extending from
ground on conductor 4288, left contacts of relay
4288, outer contacts of relay 4233, conductor 4283,
8 top inner back contacts of relay 4308, winding of

magnets 4101 and 4028 to battery. The magnets .

operate and prepare to advance their brushes

4105, 4106 and 4107 and 4928, 4029 and 403! one

step. :
® In the meanwhile the 1nt.errupter ground ex-
tending to conductor 4236 has again been effec-
tive in operating the counting relay 4219 while
that on conductor 4249 has likewise been effec- .
tive in operating magnet 4209 over a prevlously

B described path so that, when relay 4217 releases

in response to interrupter. 4206 ‘making with ‘an’
insuylating segment, the following operations take
place: (1) relay 4288 operates in series with relay
4233 and-opens the circuit.of magnets 4181 and

3 0028 which now advance their brushes one step’

to register another charge; (2) relay 4221 oper-,

ates and locks in series with relay 4219 over a

previously described circuit (3) and magnet 4209

releases and advances its brushes to the third
g8 set of terminals,

polntonthecimnt reoperttutooolmtonﬂve
- impulses for an additional five-minute period.
When, however, brush 4208 reaches terminal 6,
s circuit is completed for relay 4207 extending
from ground on conductor 4282, through .the
No. 6 contacts of the operated relays of register
371§ (relays 8711, 3718, 3715 and 3716, which
haverespondedtot.hetem digit 6 of the finish
conversation time), terminal 6 and brush 4268,
winding of relay 4281 to battery. Relay 4201 15
operates and closes a set of contacts in the path
.'of the winding of relay 4208. The switch, how-
-ever, is-not prevented from further stepping since
the clrcuit of the magnet 4209 is, at this time,
independent of relay 4201. When the switch
reaches termina] 7 and relay 4231 operates in
response to the operation of the last set of count-
ing relays 42284229, the counting relays are re-
leased and relays 4233 and 4288 are likewise re-
leased. Relay 4232, however, remains locked to
ground on conductor 4241,

The charge made for overtime is not necesarﬂy
the same as the initial charge either for the same
elapsed period or fraction thereof. For the local
zone the most prevalent practice is to charge for 36
_overtime on the same basis as the initial charge, -
that is, one unit charge for the first five minutes
of..conversation and one unit charge thereafter

10

-for each additional five minutes or fraction there-

_of. The computer herein disclosed and described 36

is arranged for charging on this basis. Relay
" 3812 is the local zone relay whose operation marks

‘the fact that the initial charge should be one
unit for five minutes by virtue of having caused
the operation of counting relays 4244 and 4248 40
and that the overtime shall be charged on the
basis of one unit charge for every five minutes
thereafter by virtue of reclosing the path to
counting relays 4219 and 4221 after the first
‘charge to count off additional increments of five 45
‘minutes thereafter. The overtime charge for the
two other zones, that is, the zones marked by
relays 3813 and 38{4 is made on the basis of
charging one unit for three or two minutes of
overtime where the initial charge is two units for
the first five minutes and three units fer the first
five minutes, respectively. Thus an office located
in the second zone would be marked by the opera-
tlon of relay 3818 and a call to this office would
be' charged on the basis of two charge units for the
first five minutes and one charge unit for every
three minutes of conversation thereafter. Ac-
corﬂlngly, the operation of relay 3814 would cause
‘the operation of counting relays 4242—4243 and
12“—42“ On the first set of pulses that cause
_~the ‘operation of counting relays 4242 and 4243,
?“previously traced circuit from the inner con-
ts of relay 4211, through the back contacts of

1

-rehy 4284, causes the operation of switch mag-

:net.s ‘4181 and 4028, advancing the brushes of said
swiu:hes and recording one charge. On the next

° set of interruptions which cause the operation of

counting relays 4244 and 4245 the same circuit

“to switch magnets 4181 and 4028, is again com-

pleted and the switches, by advancing their 70
brushes to the next set of terminals, register the :
second charge. Thereafter, the charging switch

- 8108 and the totalizing switch 4038 will advance

under the control of relay 4233 as already de-
scribed except that the number of counting re- 75
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lays operated prior to the closure of the circuit

for relay 4232 and that of relay 4233 depends,

of course, on the number of minutes which con-
stitute the overtime period. In the case of the
Zone marked by relay 3813, the overtime period
is assumed to be three minutes. Consequently
the ground on conductor 4288 is carried through
the middle set of contacts of relay 3813, through
conductor 4286 to the back contact of relay 4225
which, on impulses from interrupter 4286 and
consequent operation of relay 4217, causes the
operation of the three sets of counting relays
4224—4225; 4226—4221; and 42284229 _
In the same way, offices in zone 3 marked by
zone relay 38{4 for which charges are made on
the basis of three charge units for the first five
minutes and one charge unit for every two
minutes thereafter, the operated condition of re-
lay 3814 would cause the operation of the three
successive sets of counting relays 4238—424(;
4242—4243 and 4244—4248 with three successive
operations of the charging switch 4100 and total-
izing switch 4030. Ground on conductor 4288 is,
in this case, carried through the middle contacts
of relay 3814 to conductor 4287 which extends to
the back contact of relay 42271 causing thereby

the operation of the two sets of counting relays -

422¢—4227 and 42284229 and the consequent
operation of the charging switch 4100 and the
totalizing switch 4030 thereafter to record one
charge for each interval of two minutes counted
off by the counting relays.

Going back to the charging operations of the
local call under consideration and remembering
that two charges have been registered by switches
4108 and 4030 for the ten pulses already counted,
and further remembering that brush 4208 is con-

-nected to terminal 7 at the time the last charge

is made, two more additional charges are still
to be made for a total conversation time of nine-
teen minutes. With brush 4288 on terminal 7,
the stepping circuit for magnet 4209 and the
counting circuit of the counting relay group re-
‘mains undisturbed so that another full count of
five pulses again takes place, during which time
brush 4208 is advanced to terminal 2, the five sets
of counting relays are again energized and an-
other charge is registered in advance of the count
on switches 4188 and 4830 in the manner de-
scribed, thus making a total charge of three units
for fifteen minutes of conversation. When, how-
ever, brush 4268 has advanced to the zero termi-
nal of its arc (that is, during the third pulse
count) the previously described circuit of relay
426{ 1s again completed, whereupon this relay
energizes and completes the circult of magnet
4283 which, when relay 4261 releases as a result
of brush 4268 leaving the zero terminal, advances
brush 4284 to terminal 4. Terminal 4, it will
be remembered, is the terminal to which the
ground on conductor 4282 has been extended by
the operated combination of relays in register
3700 so that a circuit is now completed for relay
4204. Relay 4202 operates but performs no func-
tion at this time. "

In the meanwhile switch 4228 keeps on stepping
in response to interrupter relay 42171 until it
reaches the sixth terminal, at which time all the
counting relay pairs up to and including relays
42264221 have been operated. Since, how-
ever, the ground from conductor 4252 is extended
to terminal 6 as already described, relay 4201
operates and a previously traced circuit is now
completed for relay 4208, operating said relay
and opening the stepping circuit of magnet 4209.

top outer contacts of relay 4212.
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It will be rermembered, however, that at the time
brush 4289 of switch 4230 advanced from termi-
nal 4, grounded by the tenths-of-a-minute start

. conversation register 3420, to terminal 2, ground-

ed by the tenths-of-a-minute finish conversation
register 3720, sald brush had to pass through the
zero terminal of its cooperating arc. S8ince relay
4281 was operated as a result of the movement
of switch 4230 then, when brush 4259 made con-
tact with the zero terminal, a circult was com-
pleted for relays 4253 and 4254 extending from
battery through the winding of relay 4283, wind-
ing of relay 4254, bottom contacts of relay 428i,
Zero terminal and brush 4289 to ground on the
Both of these
relays operate and lock to ground on conductor
4241 through the contacts of relay 4253. Under
such circumstances the operation of relay 4208
at the time relays 4202 and 4207 operate in re-
sponse to brushes 4204 and 4208 coming to rest
on the terminals grounded by the finish conver-
sation registers, cause a circuit to be completed
for relay 4218 extending from battery through
the winding of said relay, outer contacts of relay
4284, outer contacts of relay 4281, bottom inner
front contacts of relay 4208, top inner contacts of
relay 4212, inner contacts of relay 4201 to ground.
Relay 4218 operates, opens the circuit of relay
4211 which releases and thereafter does not re-
spond to the interrupter 4206, thereby stopping
any further pulse counting. On the other hand if,
at the time switch 4230 advanced from the start
conversation position to the finish conversation
position, brush 4259 does not pass through the
zero terminal of its cooperating arc relays 4283
and 4254 do not operate.
termination of the pulse count as determined by
the operating relay 4205, there is no circuit for
operating relay 4218, relay 4247 will still be re-
sponsive to interrupter 4208 and the pulses con-
tinued for one more count during which time an
additional set of counting relays in the group
4219-—4229 is operated while the circult which
was previously completed to magnet 4209 with
relay 4205 down is now transferred over the bot-
tom outer front contact of relay 4205, inner back
contacts of relay 4284, winding of relay 4283 to
battery. Relay 4283 operates and at the time
that interrupter 4206 is on its insulating segment
relay 4264 also operates and further locks in
series with relay 4253. Relay 4218 then operates
as before.

The reason for the above operations is to in-
sure correct charges in those cases where the
conversation time exceeds chargeable intervals
by any fraction of a minute in which event an
additional minute must be added to the total con-
versation time. For instance, if the total con-
versation time for a zone 1 call is exactly twenty
minutes, four unit charges will be made, each at
the beginning of a pulse count of five. In such
a case switch 4238 will not advance its brushes
between the start and finish conversation regis-
trations and relay 4251 will not have been oper-
ated. Hence at the end of the fourth pulse
count, relays 4207 and 4204 will operate as de-
scribed, in turn operating relay 4205 and a cir-
cuit for relay 4218 is then completed extending
from battery through its winding, top outer back
contacts of relay 425{, bottom inner contacts of
relay 4208 to a previously traced ground on the
inner contacts of relay 4201. With the operation
of relay #4218, relay 4217 is released and further
counting and charging is prevented. On the
other hand if the total conversation time is twenty

Consequently at the.
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and one-tenth minutes, five unit charges will
have to be made. In this case, switch 4230 will
have advanced its brushes one terminal and relay
425t will be operated as already described. At
the end of the fourth count, however, pulse
counting is not stopped since, with the operation
of relay 4281, the circult of reiay 4218 is not closed
until relay 4284 operates after the reception of
the first pulse count of another series after the
fourth. But inasmuch as relay 4233 operates at
the beginning of the first pulse cognt, the circuit
of magnet 4181 is closed to operate said magnet
‘which, in operating, prepares its brushes to ad-
vance a step. At the end of the first pulse count,
relay 4284 operates to stop further counting and
relay 4288 operates to open the circuit of magnets
410( and 4028 which release and advance their
brushes one step to register an additional charge.

The operation of relay 428 further closes a
circult extending from ground through its upper
contacts, conductor 4262, winding of relay 4821
to battery. Relay 4821 operates and closes a cir-
cult for magnet 4004 extending from ground on
its contacts, left lower contact of cam 4808, wind-
ing of magnet 4004 to battery, operating sald
magnet and advancing the switch to position 15.
In this position a circuit is completed extending
from ground on the right upper contact of cam
4088, right upper contact of cam 4818, conductor
4822 to brush 4188 of switch 4110. Now switch
4119 i3 termed the “dollar” switch and if the

total charges accumulated on switch 4100 for.

any one call are less than a dollar, the brushes
of switch 4110 are resting on their zero terminal
for reasons that are explained hereinafter. Con-
sequently with brush 418§ on the zero, or top,
terminal the circuit is f r extended to con-

ductor #1183, bracket line 4819, conductor aiy

in Pig. 38, winding of relay 3800 to battery. Re-
1ay 3880 operates and grounds the perforator con-
ductors in the required combination for causing

" perforator 4120 to perforate the code of the digit

50

>
[

0 on the tape in the manner previously described.
When the distributor brush of perforator 4128

5 reaches its last segments a previously described

path is closed to the right upper contact of cam
4008 and the circuit is now completed to magnet
4004 which, on operating, advances the sequence
switch 4010 to position 16. As the switch leaves
position 15, the circuit of relay 3800 is opened
at the right upper contact of cam 4816 and relay
3888 releases and disconnects ground from the
perforator conductors.

After the dollar designation it is necessary to
perforate the code of the “period” character on
the tape so as to separate the dollar units from
the fraction of a dollar units of the charge. Con-
sequently when the switch reaches position 16, a
circuit is completed for relay 4023 extending from
ground on the right upper contact of cam 4088,
left Jower contact of cam 4011, winding of relay
4023 to battery. Relay 4928 operates and grounds

. conductors 3233, 3234, 3238, 3236 and 3231, the

76

first four being in accordance with the code of
the period character and the fifth for operating
the start magnet of the perforator. The period
character is now perforated in the usual manner
and, when the distributor brush 4186 of the per-
forator makes with the last segments, a previ-
ously described circuit for magnet 4084 is com-
pleted through the right upper contact of cam
4008 and the switch 4010 is advanced to position
17. As the switch passes beyond position 16
the circuit of relay 4023 is opened at the left
lower contact of cam 4817 and relay 4823 is re-
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leasod, thereby disconnecting ground from the
perforator conductors. p

With the switch in position 17 and with brushes
4108 and 413§ of the charging switch 4180 on the
fourth terminal for a call involving a charge of
four charge units or twenty cents if each charge
unit is 'five cents, a circuit is completed from
ground on the right upper contact of cam 4896,
left lower contact of cam 488, brush 4188 and
fourth cooperating terminal, conductor 4&1{4,
bracket line 4818, conductor 4144 in Fig. 38, wind-
ing of relay 3802 (not shown) to battery. Relay
3802 operates and grounds conductors 3231, 3232,
3238, 3238 and 3237 to the perforator, all in ac-
cordance with the code of the digit 2. The per-
forator now causes the code of said digit to be
perforated immediately succeeding that of the
period character and thereafter causes the circuit
of magnet 4004 to be closed whereupon switch
4810 is advanced to position 18. As the switch
passes beyond position 17 the circuit of relay 3882
is opened at the left lower contact of cam 4818
and said relay releases and disconnects ground
from the perforator conductors.

With the switch in position 18, a circuit is com-
pieted extending from ground on the right upper
contact of cam 4008, right lower contact of cam
4016, brush 4188 and fourth terminal on the as-
sociated arc, conductor 4113, bracket line 4019,
conductor 4113 in Mig. 38, winding of relay 3800
to battery. Relay 3800 now operates and grounds
the perforator conductors required to perforate
the digit 0 as already described. . When the dis-
tributor brush 4188 of the perforator reaches the
last segments, a previously described circuit for
magnet 4804 18 closed through the right upper

contact of cam 4088 and switch 4010 is advanced

to position 19. As the switch advances beyond
position 18, the circuit of relay 3808 is opened at
the right lower contact of cam 4818 causing said
relay to release and disconnect ground from the
perforator conductors.

It will be noted that the terminals of the arc
to which brush 4135 has access are divided into
two groups. The first group, consisting of the
odd terminals, are all connected to conductor
4113 for closing the circuit of relay 3800 which,
when operated, causes the zero digit to be per-
forated. The other group, consisting of the
even terminals, are all extended to conductor
4118 which, in Pig. 38, is connected to the winding
of relay 3805 (not shown). Relay 3808 when op-
erated grounds conductors 3235, 3238 and 3237
for causing the perforation of the digit 5. The
reason for this is that since the charge unit is
assumed to be five cents, the total charge for a
call is always expressed in increments of flve
cent units below one dollar, the tens unit of the
total charge being expressible in progressive digits
from 1 to 9 and controlled by the arc cooperating
with brush 4108 while the units digit is expressed
either by 0 or by 5. Should the charge for any

- call amount to one dollar or more, then, when

the brushes of switch 4108 have been advanced to
the next to the last or dollar set of terminals,
relay 4102 operates. On the succeeding closure of

" interrupter 4208 when ground is connected to

conductor 4263, a circuit is completed extending
from ground on saild conductor, top back con-
tacts of relay 4103, inner contacts of relay 4402,
winding of magnet 4112 to battery operating said
magnet and preparing the switch 4118 to advance
its brushes to the next set of terminals. When
the interrupter advances to its insulating seg-
ment, the ground is removed, magnet 4112 is re-
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the one dollar increment for the call. When the
switch has advanced to the normal terminal, re-
lay 4182 is released. Thus every time switch 4108
makes one complete revolution in response to
twenty charge units, switch 4118 is advanced one
step to register said twenty charge units in terms
of one dollar units; the number of such units
which can be registered being limited only by the
capacity of switch 4119 which, of course, can be
extended to any figure desired. The code of the
number of dollars, to be perforated before the
perforation of the period character, is now con-
trolled through brush 4(08 of switch 4110.

In a similar manner if the totalizing switch
4038 has been advanced to the last or dollar set
of terminals relay 4827 operates from ground
over brush 4031 and on the next closure of inter-
rupter 4208 when ground is connected to con-
ductor 4263, a circuit is completed over the lower
back contact of relay 4103, inner contact of relay
4021, winding of magnet 4045 to battery, oper-
ating said magnet preparatory to advancing the
brushes of the dollar totalizing switch 4048. On
the next opening of the interrupter 4206, magnet
4045 releases and the brushes of switch 4040 are

-advanced one step. When switch 4630 has ad-

vanced {0 normal, relay 40271 releases. Thus
every time switch 4930 makes one revolution to
totalize twenty charge units, switch 4040 is ad-
vanced one step to register said twenty units in
terms of one dollar units, When the dollar total-
izing switch has advanced to the last or ten dollar
set of terminals, relay 4032 operates from ground
over brush 4836 and, on the next closure of the
circuit of magnet 4848, a circuit is completed over
the inner contact of relay 4032, winding of mag-
net 4041 to battery operating said magnet pre-
paratory to advancing the brushes of switch 4950
On the next opening of the circuit of magnet
4048, magnet 4041 releases and switch 4050 is ad-
vanced one step. When switch 48048 has ad-
vanced to normal relay 4032 releases. Thus every
time switch 4048 makes one revolution to totalize
ten dollars in charges, switch 4088 is advanced
one step.

Having completed the perforation of the call
charge on the tape, it now becomes necessary to
perforate on the tape the code of each of two
other characters, namely, the character required
to signal the page printer to advance the bill form
to the next line, commonly known as the ‘line
feed” and then another character to return the
page printer carriage to the position originally
occupied by said carriage for printing the first
letter of the office code of the previous call. This
character is commonly known as the “carriage
return” character. Hence when the switch 4810
is In position 19 a circuit is completed extending
from ground on the right upper contact of cam
4006, right lower contact of cam 4811, winding of
relay 4024 to battery, operating said relay which
in turn grounds conductors 3232 and 3231. A
perforation in position 2 of the tape is the “line
feed” code. When the perforation has been
made, switch 4010 is advanced to position 20 over
a previously described circuit and, when said
switch passes beyond position 19, the circuit of
relay 4024 is opened at the right lower contact of
cam 4017 whereupon said relay releases and dis-
connects ground from the perforator conductors.

With the switch in position 20 a circuit is com-
pleted extending from ground on the right upper
contact of cam 40088, right upper contact of cam
4817, winding of relay 4025 to battery and, in par-
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allel therewith over conductor 4026, winding of
relay 4184 to battery. Both relays operate. Re-

lay 4028 grounds conductors 3234 and 3237 for

operating the perforator to punch a hole in posi-
tion 5 of the tape as the code of the “carriage
return” character while relay 4104 operates and
performs functions noted hereinafter. When the
distributor brush of the perforator has reached
the last segments, a previously traced circuit for
magnet 4004 is completed and the switch is ad-
vanced from position 20 to position 1, its normal
position. As it leaves position 20, the circuit of
both relays is opened, causing them both to
release, relay 4828 disconnecting ground from
the perforator conductors.

In the meanwhile the operation of relay 4104

disconnects ground from conductor 4247 as a re-
sult of which all counting relay pairs and relays
4232 and 4281 Jocked thereto are released. Relay
4218, however, does not release when relay 42§51
releases because it-has slow-releasing character-
istics which permit it to remain operated until
after relay 428/ is released whereupon a holding
circult is closed for it over the top back contacts
of relay 428§, bottom inner contacts of relay 4208,
top inner contacts of relay 4212 to ground on the
inner contacts of relay 420i. Relay 4184 further
connects ground to the lower windings of relays
4103 and 4111. Both relays operate. Relay 4103
locks over its top winding and contact to ground
on the arc of switch 4188 cooperating with brush
4134 if the switch is off-normal, as it will be if
there is any call charge registered in the switch.
A self-interrupting circuit is now completed for
switch magnet 410! extending from battery
through its winding and interrupter contacts,

. bottom inner contacts of relay 4183 to ground on

brush 4134. Relay 4183, on its bottom outer con-
tacts further opens the path of magnet 482§ of
the totalling switch 4838 so as to prevent any
totalling operations during the time that the
charging switches 4160 and 4110 are returning to
normal. In the meanwhile relay 4111 has oper-
ated as already described and locked over its top

winding and contacts to brush 4189 if switch 4118 . 4;

is off-normal, and closes a self-interrupting path
for magnet 4112 to the same brush. If the switch
is normal; that is, if the charge for the single call
is less than a dollar, brush 4108 will be resting on
its normal terminal and no self-fnterrupting cir-
cuit is closed for magnet 4112. On the other
hang, if the call charge is more than a dollar, the
above circuit for magnet 4112 is established and
the switch brushes are restored to normal. The
totalizing switches remain in the positions to
which they have been set,.

When brush 4134 reaches the next to the last
terminal, an obvious circuit is completed for relay
4182 which, on operating, closes a supplementary
ground for relay 4183 and magnet 4101 by means
of which the switch steps the brushes to the nor-
mal terminal.

The operation of relay 4184 further connects
ground to conductor 412 which completes a cir-
cuit to the lower winding of relay 3111 which
locks over its upper winding and contact to
ground on the top contacts of relay 3i24. As soon
as relay 3t operates, ground is disconnected
from conductors 3127 and 3138 causing the regis-
ters in Figs. 34, 35, 36, and 37 and all relays de-
pending upon said grounds to release, and fur-
ther releases relays 4201 and 4002. Relay 4002
unlocks relay 4083 in preparation for the next

call while relay 4201 releases all relays in the
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computer circuit of Fig. 42 which are locked
thereto. ‘

The operation of relay 3111
shunting ground to resistance 315! whereupon
the circult of the distributor magnet 3144 is
again made operative to advance the distributor
brushes 3145 and 3149 over their respective seg-
ments and to advance the tape to the next set
of perforations. If the next call is a local call,
relay 83112 is operated as described releasing re-
lay 3124 which in turn releases relay 3i1l. Re-
lay 8111 now reconnects ground to conductors
31271 and 3138 in preparation for the decoding
operations of the code perforations of the next
call which, of course, will be the same as those
already described.

The individual tape passing through distribu-
tor 3100 contains the records of toll calls as well
as local ones and since the record of the toll
call must likewise appear on the final tape pre-
pared by perforator 4120, its code characters
must likewise be decoded into characters that .
will be printed on the final bill. That is to say,
the name of the city, the office and number there-
in, the total charge for the call, and the date
on which the call was made have to appear on
the bill while the money charges have to be added,
besides, on the totaling switches 4030, 4848 and
4050 so as to be included in the total. .

Let it be assumed, therefore, that the next call
appearing on the individual tape i5 a long distance
call to Chicago, Illinois and completed to a called
subscriber. whose number is Evergreen 3721. The
charge for the call may be further. assumed to
be $3.75 and made on July 31, 1933. The toll
recording operator will then have depressed the
proper keys on the keyboard sender 2810 to record
“Chicago Ill. Evergreen 3721—JL.31'34—$3.75".
The order in which these notations are set down
is, of course, purely arbitrary and may be changed
to suit the routine requirements of any particular
operating company. .

It will be remembered that the group of nota-
tions for a call on the individual tape passing
through distributor 3100 is separated by a switch-
ing character from the group of notations of &
succeeding call and that the notation following
the switching character is either that of a “new
call” designation if the call is a local one or that
of an “operator” if the call is toll or long dis-
tance. If the call succeeding the local call
previously described is a toll or long distance call,
the switching character code becoming coin-
cidental with the six selecting fingers of the dis-
tributor 3100 will be effective in controlling
the operation of circuits to restore the brushes
of switch 3115 to their respective normal ter-
minals as already described. The next code fol-
lowing- that of the switching character will be
the “operator” code which, as noted in the code
table, consists of a hole punched in positions 2 to
6, inclusive, of the tape. Consequently when se-
lecting fingers 2 to 6, inclusive, pass through these
holes a circuit is completed for relay 3128 ex-
tending from ground on the upper contacts of
selecting finger 2 through similar contacts on
the succeeding selecting fingers, lower winding ‘of
relay 8125 to battery. Relay 3(25 operates and
locks in a circuit over its upper winding and upper

inner contacts, lower back contacts of relay 3112, -

inner back contacts of relay 3414 to ground. An
obvious circuit is now closed for relay 3152 from
the top outer contacts of relay 3125, operating
said relay and opening the pulse conductors to
the brushes of switch 3118, At this time, and for

further opens the -

_reasons slready described, distributor brushes
3143 and 3149 are in contact with their normal
segments- 8o that as soon as relay 312¥ operates,
8 circuit is completed from ground through brush
3149, upper middle contacts of relay 3128, con-
-ductor 3142, winding of relay 4122 of commutator
4130 to battery. Relay 4122. operates ‘and,
through its inner contact connects ground to the
normal segment of commutator 4123 and thereby
_completes a circuit through brush 4124, winding
‘of start magnet 4126 to battery. Over its outer
contacts a parallel branch of the same circult is
completed to the winding of start magnet 412%
of distributor. 4130. Both magnets operate and

_since the motor controlling the movement of dis-
tributor ‘brush 4108 is in synchronism with that
controling the movement of brush 4i24, both
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brushes will reach their first commutating seg-

ments at the same time. However, brushes 3148

and 3148 of commutator 3108 have likewise been
simultaneously advancing and since the motor
driving them is also in synchronism with each
of the motors of the commutators 4120 and 4130,
brushes 31486 and 3149 will reach their respec-
tive first commutating segments at .the same

time that brushes 4106 and 4124 will reach theirs. -

By this time the tape has been advanced to the
code of the first letter of the city which, if the call
is completed to Chicago will be “C” the code of
which is & hole punched in the second position of
the tape, another in the third and another in the
fourth. Consequently when the selecting fingers
2, 3 and 4 pass through these perforations, ground

is connected to the conductors extending to seg- -

ments 2, 3 and 4 of commutator 3147 and when -

brushes 3145 and 3148 reach their respective sec-
ond segments, at which time brushes 4186 and
4124 reach thelrs, a circuit is completed from

ground on segment 2 of commutator strip 3147,.

brush 3149, upper middle contacts of relay 3128,
conductor 3142, winding of relay 4122 to battery.
Relay #4122 operates on this pulse and connects
ground over its middle contacts to the upper strip
of commutator 4128, Since, at this time, brush
4124 is in engagement with segment 2 of this
commutator the circuit is completed to conductor
3282, segment 2 .and brush @106 of perforator
4120, punch magnet 2 of said perforator to bat-
tery. This magnet now operates to set the cor-
responding perforator punch to punch a hole in
position 2 of the tape. When brush 3148 has
passed beyond segment 2 relay 4122 is released
and magnet 2 is likewise released. In the same
way when brushes 3145 and 3149 reach seg-
ments 3 and 4, respectively, the above circuit for
pulse relay #4122 is reclosed and inasmuch as
brush 4124 reaches corresponding segments on
its commutator at the same time that brushes
3145 and 3149 reach theirs, a circuit is closed, in

succession, to magnets 3 and 4, respectively, of .

perforator 4120 which will set their correspond-
ing punches to punch holes in positions 3 and 4
of the tape. In this manner the code of the letter
C on the individual tape is transmitted to per-
forator 4120 and caused thereby to be punched on
the final tape. )

In the same manner the code of each of the
other letters or symbols punched in the original
tape is caused to be punched in the final tape.
These operations are all identical, each code being
transmitted and punched during one revolution
of the three sets of commutator brushes above
mentioned. For this reason further description
of the punching of the code of all the other sym-
bols is omitted. < ' .
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of relays 4127 and 4128. These relays now lock
over their inner contacts to ground on interrupter
4i29. This interrupter is carried on the shaft of
distributor brush 4124 and makes its upper
contact during the time that brush 4124 is pass-
ing over the length of the commutator from the
normal, segment to segment 6, inclusive, and its
lower contact during the travel across the insu-
lating segment extending between segment 6 and
the normal segment. Hence when brush 4124
has advanced to segment 6, & circuit is completed
from ground on the outer normal contacts of re-
lay 4121, outer make contacts of relay 4131, outer
back contacts of the relays connected to seg-
ments 3, 4 and 5, outer make contacts of relay
4128, conductor 4132, upper winding of relay 4383,
to battery. Relay 4388 operates, closes and ob-

vious circuit to “dash-pot” slow operate alarm °
relay 4388, locks in the circuit extending from"

battery through its lower winding and bottom
inner contacts, conductor 4384, to ground on the
upper outer contacts of relay 4338, disconnects
ground from brush 4303 of switch 4300 and closes
the path of switch magnet 4381 from battery
through its winding, conductor 4133 to the lower
contact of interrupter 4120. When the commu-
tator brush 4124 is on the insulating segment be-
tween commutating segment 6 and the normal
segment, the upper contact of interrupter 4129
breaks thereby releasing relays 4131 and 4128,
and makes its lower contact whereupon the cir-

cuit of switch magnet 4381 is completed and the

magnet operated preparatory to advancing its
brushes on the release of the magnet. When
brush 4{24 makes its normal segment the lower
contact of interrupter 4129 is opened, the switch
magnet released and the brushes of switch 4300
are advanced to their respective first terminals.

All of the above operations take place, of
course, as a ‘result of the individual tape having
the punch holes of the dollar sign code in coinci-
dence with the distributor selecting fingers.
‘When this tape is advanced to the punch holes of
the next code, that is, the code of the numeral 3
which consists of a hole in position 1 and another
in position 68 of the tape, selecting fingers 1 and 6
pass through aforesaid holes and cause the se-
quential grounding of conductors 3231 and 3238§.
This causes the punching of the code on the tape
associated with perforator 4128 in the described
manner while, at the same time, the grounds on
conductors 3231 and 3238 are extended to brushes
4311 and 43186, respectively, of switch 4388. The
ground on conductor 4311 completes a circuit ex-
tending over the first terminal to which it is con-
nected, lower winding of relay 432( to battery
and operating said relay which then locks in a cir-
cuit over its upper winding and contact to ground
on conductor 4384. In the same way the ground
on brush 43(6 completes a circuit through the
terminal to which it connected, lower winding of
relay 4326 to battery. This relay also operates
and locks in a circuit through its upper winding
and contacts to ground on conductor 4384. At
the same time, relays 4121 and 4128 also operate
and lock as brush 4124 makes one revolution but
inasmuch as no circuits are controlled by these
relays except in the required combination called
for by the code of the dollar sign, that is, relay
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4134 and 4128 operatéd and the rest normal, the -

operation of the six relays connected to the seg-
ments of commutator 4128 in any other combina-
tion is ineffective. :
‘While the brushes of switéh 4388 are connected
to their respective first terminals, a circuit is
closed for reluy 4382 extending from ground on
brush 4384 and the first terminal of the arc, lower
winding of relny 4382 to battery. Relay 4302 op-

“erates and then locks in a circuit over its upper

winding and contact to ground on conductor
4304. This relay performs no function at this
time but is operated in advance to prepare a cir-
cuift at a later time for relay 4305 as described
hereinafter.

At the end of the revolution of brush 4i24 and
also of brushes 4198, 3148 and 3149, interrupter

4120 again closes its lower contact and closes the

previously described circuit of magnet 4381 which
operates and, when the interrupter opens its con-
tact, releases to advance the brushes of switch
4300 to their second respective terminals.

The individual tape is now advanced to the
next set of punchings which is that of a period
since the operator will be required to punch the
period code between the dollar and cents quo-
tation. This code comprises holes punched in
pogitions 3, 4, 5 and 6 and results in the punching
of corresponding positions in the tape controlled
by perforator 4128. In this case, however, switch
4300, having been advanced to the second group
of terminals which are blank, the period code has
no effect on the circuit shown in Pig. 43.

When the individualtape is advanced to the code
of the next digit which is that of the digit 7 the
selecting fingers 1, 2, 3 and 6 are operated, where-
upon the required four pulses are sent in the re-
quired order which causes conductors 323(, 3233
and 323¢ to be grounded in the sequence named
and causes switch 4300 to advance to the third
set of terminals as described. The code of the
digit 7 is punched in the described manner on
the tape associated with perforator 4120 while,
as the punch magnets of sald perforator are op-
erated, brushes 431f, 4312, 4313 and 4318 are
grounded. Successive circuits are therefore com-
pleted from ground on brush 43{{ and the third
terminal of its arc, lower winding of relay 4331,
operating said relay and locking it through its
upper winding and contact to ground on conduc-
tor 4384; ground on brush 43{2 and third ter-
minal of its arc, lower winding of relay 4332 to
battery, operating said relay which locks over its
upper winding and contact to ground on conduc-
tor 4384; ground on brush 4313 and third ter-
minal of its arc, lower winding of relay 4333 to
battery, operating said relay which now locks over
its upper winding and contact to ground on con-
ductor 4384; ground on brush 431§ and third ter-
minal of its arc, lower winding of relay #4338 to
battery, operating said relay which now locks
over its upper winding and contact to ground on
conductor 4384. ’

In the same way, when the individual tape is
advanced to the code of the third digit, which is
that of the code 5, two pulses are sent, one in the
fifth pulse position of the various commutators
and one in the sixth. Bwitch 4388, having been
advanced to the fourth group of terminals in ad-
vance of the relay 4122 responding to sald pulses,
brushes 4318 and 4318 are grounded in the de-
scribed manner whereupon one circuit is com-
pleted from ground on brush 4316 and its fourth
terminal, lower winding of relay 4345 to battery
causing said relay to operate and lock over its
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upper winding and contacts to ground on con-
ductor 4384, and another circuit from ground on
brush 4318, lower winding of relay 4346, to bat-
tery, causing this relay to operate and lock over
its upper winding to ground on conductor 4354.

These two relays now close a circuit extending

from ground on the lower make contacts of relay
4346, lower back contacts of relays 4341, 4342,
4343, 4344, Jower make contacts of relay 4348,
winding of relay 4321 to battery. Relay 4321
operates and performs functions which are de-
scribed hereinafter. :

At the end of the revolution of brush 4124,
switch 4300 is advanced to the fifth set of termi-
nals whereupon & circult is completed extending
from ground on brush 4304, lower contacts of
relay 4302, winding of relay 4306 to battery. Re-
lay 4308 operates and through its lower middle
contacts grounds conductor 4308 which extends
to the upper back contacts of relay 3((l and
short-circuits start magnet 3144 thereby bpre-
venting any further advance of the individual

- tape.
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- conductor 4348, winding

The toll charge figures having been recorded

on the registers shown in Pig. 43, the operation
of circuits are now initiated to pass this regis-
tration to the totalizing switches 4030, 4040 and
4080 in order that the toll charges may be in-
cluded in the total. Hence when relay #4308
operates the path from interrupter 4301 is closed
to the “pick-up” relays 4308 and 4308 so that on
the make period of the {nterrupter a circuit is
completed for operating relay 4308 extending
from ground through said interrupter, top outer
contacts of relay 4305, back contacts of relay
4309, winding of relay 4308 to battery. Relay
4308 operates and establishes a locking circuit
through the winding of relay 4308, contacts of
relay 4308, to ground on the top outer contacts
of relay 4338. On the open period of the inter-
rupter, relay 4309 operates to perform functions
described hereinafter.

In the meanwhile relay 4308 closes an obvious
circuit for relay 4317 which operates. When,
therefore, interrupter 4307 again closes its con-
tacts after relays 4308 and 4309 have operated,
a circuit is closed extending from ground through
said interrupter, front contacts of relay 4309,
4305, front contacts of relay 4309, contacts of re-
lay 4817, back contacts of relay 4318, winding of

parallel therewith over the back contact of relay
4318, bottom outer front contacts.of relay 4305,
of magnet 4045 to bat-
Magnets 4319 and
their respective brushes one

tery.
pare to advance

step. When the interrupter opens its contacts

magnets 4319 and 4045 release and advance their
prushes. On each succeeding pulse the brushes
are advanced to successive terminals in their
arcs In the same manner as described. Thus
with each pulse from the interrupter the two
switches are advanced one terminal for each
pulse. Switch 4040, being the dollar totalizing
switch, by its advance, will add as many dollars
to its previous registration as it takes steps, and
the operation will be stopped only when brush
4329 of switch 4320 becomes connected to the ter-
minal on its arc which makes the digit represent-
ing the number of dollars charged for the call as
explained hereinafter. .

It will be recalled that the code of the first
digit of the toll charge, that is, the digit 3 was
registered on the group of relays 4321 to 4326,
inclusive, and that the particular code caused the

" of switch 4030. On the next

4308, conductor 4349, lower

switch #4320 to battery and in’

4045 operate and pre- .

operation of relays 4321 and 4326. Hence a
ground is caused to be extended to the third ter-
minal of the arc accessible to brush 4329 from
ground over the inner contacts of relays 4326
and 4321, No. 1 back contacts of relays 4328,
4324 and 4323 and the No. 2 back contact of relay
4322 to said third terminal. Therefore, after the
third pulse, and with brushes 4328 and 4329 on
their respective third terminals, a circuit is com-

pleted from ground on brush 4329, winding of re-:

lay 4318 to battery, operating said relay, opening
the circult of magnet 4319, and closing a circuit
for relay 4339 extending from ground on the
bottom inner contacts of relay 4308, outer con-
tacts of relay 4318, winding of relay 4339 to bat-
tery. Relay #4338 operates and closes a path from
the interrupter 4307 to the winding of magnet
4341 of switch 4330 and also, in parallel, to that
ground pulse of in-
terrupter 4307, a circuit is therefore completed
for magnets 4347 and 4025 extending from ground
through said interrupter, front contacts of relay
4309, contacts of relay 4339, bottom contacts of
relay 4331, winding of magnet 4347 to battery
and, in parallel therewith through the back con-
tacts of relay 4337, top inner contacts of relay
back contact of relay
4103, winding of magnet 4025 to battery. The
magnets now operate and prepare to advance
their brushes one step for each pulse interrup-
tion. Switch 4030 however is the totalizing
switch that, for each step, adds one standard
charge unit or five cents to the previous total.
Hence each step now taken in response to the
interrupter pulse will add five cents. to the total
charge, the stepping operations continuing until
the circuit is opened, which occurs at the time
that brush 4381 of switch 4330 comes into con-
tact with the terminal of its arc which marks
the tenths of a dollar to be charged for the call
as explained hereinafter.

Now the tenths of a dollar charge has been
assumed to be 7 the code of which has caused
the operation of relays 4331, 4332, 4333 and
4336 as already described. Consequently, a
ground is extended to the fourteenth terminal
of the arc accessible to brush 435{ extending from
ground on the inner contacts of relay 4336, inner.
contacts- of relay 4334, No. 1 contacts of relays
4335 and 4334, No. 1 front contacts of relay 4333,
and No. 1 contacts of relay 4332 to the four-
teenth terminal of the arc accessible to brush
4351 so that after switch 4330 has taken fourteen
steps and switch 4030 has likewise taken four-

teen steps and added seventy cents thereby to the

total, a circuit is completed for relay 4331 ex-
tending from ground on brush 4351, winding of
relay 4331 to battery. Relay 4337 operates and
opens the circuit of magnets 4025 and 4341, pre-
venting them thereby from further operation
and, through its upper outer contacts, completes
a circuit for relay 4349 if relay 4327 has operated
in response to the last digit of the charge being
a five. Under such ‘circumstances it becomes

necessary to step the totaling switch 4030 an-

other step to register an additional five cents
and this is done by means of relays 4349 and
4350. Therefore, when relay 4337 operates, the
interrupter circuit on the next ground pulse is
now completed as before to the front contacts
of relay 4309, top inner contacts of relay 4337,
inner contacts of relay 4321, inner back con-
tacts of relay 4380, winding of relay 4349 to bat-
tery. - Relay 4349 operates, -establishes a lock-
ing circuit through the winding of relay 4388 and
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its own inner contact to
contacts of relay 4338 and through ita outer con-
tacts extends the interrupter ground to conductor
4349 to operate magnet 4825 as before described.
At the end of the interrupter ground period,
ground is removed from conductor 4349 allow-
ing sald magnet to release and advance its
brushes one terminal to register a unit charge
while relay 43850 now operates in serfes with relay
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If the last digit had been a zero, then relay
4321 would not have been operated and, upon
the operation of relay 4337, a circult would have
been completed for relay 4338 extending from
ground on the bottom inner contacts of relay
430§, top outer contacts of relay 4331, normal
contacts of relay 4321, lower winding of relay
4338 to battery. Relay 4338 now locks over its
upper winding and inner contacts to ground on
the normal contacts of relays 43%¢ and 4357.
When the digit is a five, the operation of relay
4338 is postponed until the additional pulse, con-
trolled by relays #4348 and 4350, is transmitted
over conductor 4349.

When, therefore, relay 4350 operates, an ob-
vious circuit is closed for relay 4338 which now
locks as described. On its upper contact, relay
removes ground from conductor 4354 and there-
by causes the release of all relays locked thereto.
Through its bottom inner contacts, relay #4338
connects ground to brush 4352 and through its
bottom middle contacts to brush 4328. Since all
of the terminals of the arcs to which each of
these brushes are commoned, except the normal
terminals, and connected to the interrupter con-
tacts of magnets 4347 and 4319, respectively, a
self-interrupting circuit is provided for each of
sald magnets by which the brushes of each of the
switches are driven to the last terminals, where-
upon an obvious circult is closed for relay 4357
from ground on brush 4328 and an obvious cir-
cult is also closed for relay 4368 from ground on
brush 4382, These relays now operate and open
the locking circuit of relay 4338 which releases
and restores the entire circuit to normal. Dur-
Ing the time that relay 4338 is operated, a sup-
plementary ground is connected to conductor
4306 to hold distributor 3100 until the circuit of
Fig. 43 has restored to normal, ground having
been removed from sald conductor with the re-
lease of relay 4308 following the disconnection
of ground from conductor 4354.

Relay 4355 is a dash-pot relay of a known con-
struction whose time of operation is adjusted to
be equal to the time taken for the circuit oper-
atlons described above, that is, from the time
that ground is first applied to conductor 4132
to the time that relay 4338 releases. Should the
circult fail to function in the time prescribed,
the operation of relay 4358 will cause an alarm
circult to be closed for the purpose of calling
attention to the irregularity.

When ground is removed from conductor 4306,
the short circuit is removed from start magnet
3144 and the individual tape is now caused to be
advanced for the translation and computation

- of the codes in each of the succeeding calls, local

70

75

or toll, each of sald translations, together with
the money charge, being re-punched on the final
tape by perforator 4128, while the money
charges are successively integrated on the total-
iring switches 4830, 4040 and 4089.

When the individual tape is completely run
through, it becomes necessary to punch the code
of the total accrued charges on the final tape,
sald charges being those indicated by the position

‘to ground on the contacts of relay 4001.

2,118,081
ground on the top outer

of switches 4030, 4040 and 4058. In order to
punch the code of the total charge, key 4042 is
operated which then closes an obvious circult for
relay 4084. This relay, on operating, opens the
circuit of relay 4082 and completes a circuit ex-
tending from ground, right inner contacts of
relay 4801, left upper contacts of cam 4005, wind-
ing of magnet 4004 to ground. Magnet 4004
operates and advances switch 4010 to position 14,

In position 14 ground is connected from the
left outer contacts of relay 4001, left upper and
right lower. contacts of cam 404§ to brush 4037
of switch 4080. Now, depending upon the partie-
ular terminal to which the brush 4037 has been
driven by the successive charge integrations, a
circuit will be completed to any one of the digit
relays 3800—3808 depending upon the terminal
to which sald brush is connected. The relay will
then operate and cause the punching of the code
on the tape associated with perforator 4120 in
the manner described and representing the num-
ber of tens of dollars in the total. - When the
code is punched, switch 4010 is advanced in the
described manner to position 15 in which ground
is then extended to brush 4035 of the dollars
switch 4048 over the left outer contacts of relay
4001, left upper contact of cam 4046, upper con-
tact of cam 4043 to brush 4035. In this case also
the circuit is completed once agaln to the wind-
ing of one of the relays in the group 31800—3809
depending upon the terminal to which. brush
4035 has been advanced by the successive addi-
tions of dollar charges. The relay operates and
causes the punching of the code of the digit
designated by the relay operated, after which
switch 4010 is advanced in the described manner
to position 186.

In this position & circuit is completed for the
“period” code relay 4023 extending from battery
through its winding, lower contact of cam 4044
Relay
4023 operates and causes the Jpunching of the
period code to separate the dollars from the

tenths of a dollar and the cents. After the code’

is punched, switch 48f0 is advanced to position
17 in which position ground is connected to
brush 4028 of switch 4030 by way of the left
outer contacts of relay 4081 and left contacts
of cam 4048. Switch 4040 is the tenths of 8
doilar switch with brush 4028 controlling the
tenths and brush 4829 the units of the dollar
designation. Accordingly, when ground is ap-
plied to brush 4028, a circuit is completed to one
of the digit designating relays in the relay group
38003809 depending on the terminal to which
the brush is connected, The relay operates and
causes the punching of the corresponding code
on the tape immediately succeeding that of the
period code, after which the switch 4010 is ad-
vanced to position 18 in the described manner.
In this position ground is now applied to the
units brush 4828 over a path extending from
ground on the left outer contacts of relay 4001,
left upper contact of cam 4046, left contact of
cam 4044 to brush 4029. In this case, brush 4028
resting on a terminal corresponding to that on
which brush 4028 is resting, completes a circuit
either to the winding of relay 3800 if the total
charges makes the units digit 0 or to relay 380%
if it makes it five whereupon the code of 0 or 5
is punched on the tape after which the switch is
advanced to position 19 in the usual manner.

In position 19 the previously described circuit
for magnet 4004 is. again completed through cam
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{nterval during which it is advancing through
these positions, a circuit is completed for relays
4039, 4033 and 4826 extending from ground at
the left outer contact of relay 4001, upper left
contact of cam 8048, the lower contact of cam
4043 to the.lower windings in parallel of each
of the relays mentioned. These relays operate,
lock over their respective upper windings and
upper contacts to ground on brushes 4838, 4038
and 4031, respectively, and close previously de-
scribed circuits to restore the totalizing switches
to normal in preparation for the adding oper-
ations to be performed on the tape of another
subscriber’s line. o »

After the final tape for a line is completed;
that is, the tape made by perforator 4120, 1t is
passed through the ordinary page printer in ex-
tensive commercial use which, in response to
the codes represented by the various punched
hole sets, will type on a standard bill form the
various characters and numbers designated by the
codes. ’ :

No need is felt to further lengthen this de-
scription by an amplification of the operation

of the printer since this Is a well known piece -

of commercial apparatus such as typified, for
instance, by Patent Re. 18,208 to E. R. ‘Wheeler
dated September 22, 1931. But although not

. described except by -reference to the above pat-
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ent 1t i8 understood to be one of the elements
which enter into the invention.

What is claimed is: :

1. In a telephone system, a tape recording

means for recording items of billable information,

of an established telephone connection, a switch-
ing trunk for extending said connection, & tape
register, means in sald switching trunk respon-
sive to the extension of sald connection for op-
eratively associating sald tape register with said
switching trunk for recording in’said register
items of billable information for said connection,

and means responsive to said registration for.

operating said tape recording means to record
said items in permanent form.

2. In a telephone system, means for establish-

ing a telephone connection to a called line, a tape
recording means for. recording items of billable
information of sald connectfon, said recording
means comprising a group of recording magnets,
a tape register, means responsive to the exten-
sion of said connection for operatively associating
sald tape register with said connection, means
for registering the digits of the designation of the
called line in sald tape register, and means for
operating said recording magnets of sald tape
recording means for making a permanent record
of said registered information. ) :

3. In a telephone system for the automatic
billing of connections, a calling line, a called
Mine, means for identifying said calling line, a
switching trunk, a tape recorder, means including
said trunk for establishing a talking connection
between said calling line and said called lne,
means operatively associated with said trunk for
identifying sald called line, means responsive to
the extension of said talking connection for reg-
istering said called line identity from said called
line identifying means, means responsive to the
response of the called subscriber for registering
the starting time of said connection, means re-
sponsive to the termination of said talking con-
nection for registering the finishing time of said
connection, and means responsive to each of said
successive registrations for recording on said tape
recorder each of said registrations.

a1
4. In s telephonhe system for the automatic bill-
ing of connections, a calling line, & called line,

_an operator’s position, means including sald op-

erator’s position for establishing & talking con-
nection between said calling line and said called
lne, & tape recorder, an impulse receiver, an
impulse transmitter at said position, means re-
sponsive to the extension of said calling line to
said operator’s position for operatively connect-
ing said impulde transmitter and said impulse
receiver to said connection, means responsive to
the reception of a plurality of a series of im-
pulses by said impulse feceiver transmitted from
said transmitter for operatively connecting sald
tape recorder with said impulse recetver to re-
cord said impulses on the tape associated with
said recorder. ‘ .

5. In a telephone system for the automatic
billing of connections, means for establishing &
local connection between lines, means for es-
tablishing a toll connection between lines, means

comprising a tape recorder having & tape, a tape
register, a manually controlled impulse transmit-
ter, an impulse receiver, means responsive to the
extension, establishment and termination of said
local connection for operatively associating said
tape register with said connection ‘for register-
ing the called and calling line identities and the;
start and finish of conversation, means respon-

sive to said registrations for connecting said tape.

register with sald tape recorder to record on said
tape the designations stored in said tape register,
means responsive to the extension, establishment
and termination of said toll ‘connection for op-
eratively connecting said impulse transmitter and
said impulse receiver to said connection for
transmitting and receiving a plurality of series
of impulses indicative of the designation of sald
toll connection, and means responsive to the re-
ception of said impulses for operatively connect-
ing said tape recorder to said impulse receiver to
record the designation of said toll connection on
said tape as characterized by said plurality of
series of impulses. - , '

6. In a telephone system for the automatic
billing of connections, a calling line, a called line,
means for identifying said calling line, means for
establishing a talking connection between sald
Iines including means for indicating the start and
finish of said talking connection, & timing and
registering circuit operably associable with sald
connection before, during and after the com-
pletion thereof and responsive to said calling line
identifying means and said start and finish means
for registering sald line identification, the start
and finish of said talking connection, and the
number of the called line, and a tape recorder
connectible with said timing and registering cir-
cuit after each registration and responsive to
each registration for recording said line indenti-
fication designation, said called line number and
the start and finish time of said connection.

' 7. In & telephone system for the automatic
billing of connections, calling lines equipped with
dials, called lines, means responsive to impulses
from gaid dials for establishing connections be-
tween ‘said calling lines and said called lines, a
registering circuit, means for connecting said
registering circult with said calling lines, regis-
ters in sald registering circuit responsive to im-
pulses from sald. impulse responsive rmeans for
recording the designation of each of sald called
lines, other registers responsive to the start and
finish time of each of said connections, and a
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tape recorder responsive to the registration of

each of said designations for recording on a con-

tinuous tape each of sald designations.

‘8. In a telephone system for the automatic
billing of connections, calling lines equipped with
dials, called lines, means responsive to impulses
from said dials for establishing connections be-
tween sald calling lines and said called lines, a
registering circuit, means for connecting said
registering circult with said calling line, registers
in sald registering circult responsive to impulses
from said impulse responsive means for recording
the designations of each of said called lines, other
registers responsive to the start and finish time
of each of said connections, and a tape recorder
responsive to the registration of each of said
designations for perforating a code of each of
sald designations in a tape associated therewith.

9. In a telephone system for automatic billing
of connections, a calling line, & called line, means
for establishing a connection between sald lines,
means for registering the designation of said lines,
means for registering the start and finish time
of sald connection, tape recording means re-
sponsive to the establishment of said connection
including a tape, means responsive immediately
after the registration of each of said designa-
tions for operably associating said tape recording
means with all of said registering means, and a
group of punch magnets in said tape recording
means operatively responsive in succession of all
of said registers for perforating in said tape a
record of the designation of said calling line, the
designation of sald called line, and the start
and finish time of sald connection.

10. In a telephone system, a tape recording
means for recording items of billable information
of & telephone connection, a tape recording mech-
anism having a tape, a switching trunk for ex-
tending a connection and containing means for

marking items of billable information as the con-

nection is extended, a call registering mechanism,
means responsive to the use of saild switching
trunk as a part of sald connection for operative-
ly associating said call registering mechanism
to sald switching trunk whenever sald switching
trunk has marked an item of billable information
for registering the same in said registering mech-
anism, and means responsive to sald last men-
tioned connection for operatively connecting said
tape recording mechanism to sald registering
mechanism for further recording said item of
billable information on said tape.

11. In a telephone system for the automatic
billing of connections, a main group of lines
divided into a plurality of subgroups, and a line
identification circuit comprising means respon-
sive to a calling line in any one of said subgroups
for identifying the subgroup of said calling line,
other means responsive to said calling line for
identifying the position of said calling line with-
in said subgroup, and means responsive to both
of saild means for recording both of said identi-
fications.

12. In a telephone system for the automatic
billing of connections, a plurality of lines divided
into a number of subgroups and a line identi-
fication circuit for all of said lines comprising
an identifying relay for each line, a group of re-
lays for marking said subgroups, another -group
of relays for marking the position of correspond-
ing lines in each of said subgroups, circuit means
for each of said relay groups, said circuit means
being controlled through the contacts of each of
8aid line identifying relays for closing the circuit
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of a relay in one group to mark the calling line
subgroup and for closing the circult of a relay
in the other group for marking the calling line in
said subgroup, a tape recorder, means responsive
to the extension of a calling line for operating the
line identifying relay of said line to operate the
proper subgroup and line marking relays in said
two groups of relays, and means responsive to the
operation of sald marking relays for operating
said tape recorder to record the identification of
the subgroup and the identification of said calling
line in said subgroup.

13. In a telephone system for the automatic

billing of connections, a main group of iines di--

vided into a plurality of subgroups, a line-extend-
ing switch connectible with any of said lines when
calling, and a line identification circult for sald
lines comprising an identifying relay for each
line, a first group of relays for marking all line
subgroups, 8 second group of relays for marking
the position of corresponding lines in each of
sald subgroups, means responsive to the connec-
tion of said line-extending switch to a calling
line for operating the line identifying relay of said
line, means controlled by said line-extending
switch and by said operated line identifying relay
for operating a relay in said first group of relays
to mark the subgroup of the calling line and to
operate a relay in sald second group of relays to
mark the position of said calling line in said sub-
group, a tape recorder, and means responsive to
the operation of said marking relays for operating
sald tape recorder to record the identification of
said subgroup and the identification of said cgll-
irg line in said subgroup.

14. In a telephone system for the automatic
biiling of connections, a plurality of calling lines,
a plurality of called lines, means for extending
sald calling lines to said cglled lines, a tape re-
cording mechanism provided with a tape for re-

‘cording thereon called numbers and the starting

and finishing times of completed telephone con-

nections, and a tape registering circuit for con--

trolling the operation of said tape recording mech-
anism comprising means for registering a called
number, means responsive to the establishment
of said connection for registering the starting
and finishing time of sald connection, means for
operative connection with any of said lines when
extended for connecting any of said registering
means With said line or its extension to register
the called number or the starting or finishing time
of the connection and means responsive after the
registration of either the called number, or the
starting time or the finishing time of sald con-
nection for operating said tape recording mech-
anism for recording the information so registered
on said tape.

15. In a telephone system for the automatic
billing of connections, & calling line, means for
extending said line for a local connection, means
for extending said line for a toll connection, a
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tape recorder having a tape for recording thereon .

items of billable Information relating to coms-
bleted calls including the calling line identity,
called number, start and finishing time of a con-
nection and the character of the call, a tape reg-
ister for controlling the operation of said tape
recorder, means for connecting said tape register
to either of said calling line extensions, means
for registering in said register items of informa-
tion for said local call extension, means for con-
necting said register with sald tape recorder after
each registration to record said registration on
said tape, and means responsive to the connec~
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for further connecting with said tape recorder
to record on’ sald tape the character of the call

16. In a telephone system for the automatic
billing of connections, a tape recorder having a
tape for recording thereon items of biilable infor-
mation relating to calls including the calling line
identity, called line number and the starting and
finishing time of a call, and a tape register circuit

; - 63

said calling lines to any of sald called lines, said

means including other means for transmitting a

signal for each item of billable information re-
lating to each of said calls,-a tape register circuit,
means for operatively assoclating said tape reg-
ister circuit with any of said connections when
ready to transmit any one of said signals, means
in sald tape register circuit responsive to said
operative association for registering said signal,
and s tape recorder having a tape responsive to
sald registration for recording said signal on said

for controlling the operation of sald recorder - tape

comprising a register for each of said items and a
common group of relays operable by each of said
registers for completing circuits ‘to said tape re-
corder for recording the registered item on said
tape. ’
17. In a telephone system for the automatic
billing of connections, a calling line, a called line,
means for extending said calling line to sald
called line, said means including an impulse con-
trol device for registering said called line number
and for transmitting a plurality of a series of im-~
pulses designating sald number, a tape recorder,
having a tape for recording thereon items of bill-

" able information relating to calls including the

calling line identity, called line number, the start-
ing and finishing time of a call, a tape register cir-
cuit for controlling the operation of said recorder
.comprising means for the connection thereof to
said calling line extension, a group of impulse re-
ceiving registers associable with said impulse con-
trol device and operative by said plurality of a se-
ries of impulses designating the called number to
register said impulses, means responsive to the
registration of said impulses for connecting saild
tape register circuit to said tape recorder, and
means responsive to said connection for oper-
ating said tape recorder in accordance with said
impulse registration to record on sald tape the
-number indicated by said registration.

18. In a telephone system for the automatic
billing of connections, a calling line, a called line,
means for extending said calling line to sald
called line, said means including other means for
marking. the start and finishing time of a con-
nection, a tape recorder having a tape for re-
cording thereon items of billable information re-
lating to calls including the calling line identity,
called line number, the starting- and finishing"
time of a call, a tape register for controlling the
operation of said tape recorder comprising means
for the connection thereof to said calling line ex-
tension, an impulse timing circult responsive to
said starting time marking means to register the
starting time of the completed connection, means
responsive to said registration for connecting said
tape register circuit to said tape recorder for re-

_cording sald registration, means for thereafter
disconnecting said tape register circuit from said
calling line extension and from sald tape re-
gorder, and means responsive to sald finishing
time marking means for reconnecting said tape
register to said calling line extension to register
the finishing time of the completed connection.

19. In a telephone system for the automatic
billing of connections, calling lines, called lines,

means for establishing a connection from any of -

20. In a telephone system having a plurality of
subscribers’ lines, a tape recording means for re-
cording items of billable information of tele-
phone connections established from said plural-
ity of lines, switching trunks for extending said
connections, & registering mechanism, means in
each switching trunk responsive to the extension
of a connection thereover for operatively asso-
ciating said registering mechanism with said
trunk, means for operating said registering mech-
anism to register items .of billable information
for said connection, and means responsive to said
registration for operating said tape recording
means to record said items in permanent form.

21. In a telephone system having a plurality
of subscribers’ lines, means for establishing tele-
phone connections from said lines to called lines,
a tape recording means for recording items of
billable information of said connections, & regis-
ter, means responsive to the extension of a con-
nection from any one of sald lines for operatively
assoclating sald register with said connection,
means for registering the digits of the designa-
tion of the called line in said register, and means
for operating said tape recording means for mak-
ing & permanent record of said registered in-
formation.

29 In a telephone system having a plurality
of subscribers’ lines, means for establishing tele-
phone connections from said lines, a tape record-
ing means for recording items of billable in-
formation of said connections, registering means,
means operative in response to the establishment
of a connection from any one of said lines for
controlling said registering means to register
{tems of billable information for said connection,
and means for operating said tape recording
means for making a permanent record of said
registered information.

23. In a telephone system having a plurality
of subscribers’ lines, means for establishing. tele~
phone connections from said lines, a tape record-
ing means for recording jtems of billable in-
formation of sald connections, registering means,
means operable in response to the establishment
of a connection from any one of said lines for
controlling said registering means for recording
the identification of the calling line, the identifi-
cation of the called line and the elapsed time dur-

‘ing which the connection is in use for conver-

sational purposes, and means for operating said
tape recording means for making a permanent
record of said registered information.
: WARREN W. CARPENTER.
WILLIAM H. MATTHIES.
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