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This invention relates to telephone systems and more
particularly to dial or keyset controlled systems for
enabling the establishment of toll connections on a
nation-wide basis.

One of the essential requirements for enabling any
subscriber’s line within the nation to be selected by
automatic switching equipment under dial or keyset con-
trol is that the number of dialing or keying operations
on any one call be held to a minimum. Present toll
dialing methods require that a three-digit code be used
to secure a trunk to the proper toll line group every time
a call must be switched. Since some toll calls require
as many as four intermediate switchings it is readily
apparent that a three-digit code for each switching in
addition to a seven-digit subscriber’s number for making
the final terminating connection would be intolerable.
When to this are added the facts that the originating
operator must find out what the proper code for each
point is, that the code would vary for different points of
origin, that permitting a choice of alternate routes would
multiply the number of codes to be ascertained and that
all this information must be posted and kept up to date,
the technical difficulty of doing nation-wide dialing by
present methods becomes obvious.

To overcome this difficulty it therefore became evident
that a nation-wide numbering plan that would in effect
give each subscribed an exclusive number using a mini-
mum number of digits would be essential. This has been
done by using the subscriber’s listed number as the basis
and adding to it whatever digits are necessary for toll
switching purposes. This does not require any change
in directory listings or in local dialing practices, the sub-
scriber remaining entirely ignorant of any toll directing
codes until such time as he may be offered the opportunity
to use them for dialing his own toll calls.

As exemplified for use in the United States and
Canada the former country has been divided into about
seventy numbering areas with a distinctive code assigned
to each area. These codes are known as area codes.
For ultimate extension of nation-wide toll dialing service
to Canada that country will be divided into about ten
numbering areas. There is also a possibility that the
service may be extended to Mexico. Within a given
numbering area each central office has been given a
routing code of three digits. Where the office is in a
seven-digit area, the office code is identical with the
office designation listed in the directory for local dialing.
In other areas the office code used for toll routing must
be made up wholly or in part of digits not comprising
part of the listed number, but an effort has been made
to relate those digits to place names to whatever extent
it is feasible and advantageous to do so.

For example, the number for a subscriber in New
York City for nation-wide dialing purposes might be-
come 315-CH3-1000. The number listed in the local
directory is of course CHelsea 3—1000 and the 315 would
be the code for the numbering area including New York
City. The number of a subscriber in Podunk, Massa-
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chusetts, might be 417-P0O3-2345. Of this number only
the 2345 would be listed in the local directory, the PO3
would identify the Podunk local office only for toll rout-
ing purposes and 417 would be the code for the number-
ing area in which Podunk is located. .

It would, of course, be possible in this exemplary case
to use only two digits in the area code since there are
fewer than one-hundred contemplated numbering areas,
and thus keep the total number of digits down to ten
instead of eleven, eleven being required for a possible
stations digit or in cases where the numerical line desig-
nation comprises five digits. However, if only a maxi-
mum of ten digits were used, the first three digits of the
number would frequently coincide with the code for a
local office, and to avoid false routing it would be neces-
sary to either dial the full ten digits on all calls or adopt
some mechanical method of distinguishing toll area codes
from local office codes. For example, if a complete
toll number were 23-P03-2345, and seven digits were
dialed for calls in the same numbering area, it would be
impossible to tell whether the digits 23—-P were the area
code digits “2” and “3” plus the first digit of a local
office code or the complete code for a local office such
as BErkley unless a distinctive means or. method identi-
fied the pulsed digits “2” and “3” as a toll code. Since
a call to be completed to a point in the same numbering
area with the point at which the call is received requires
only seven digits, and many calls are in that category, it
is desirable to make a distinction between the two types
of codes but the simplest and most satisfactory way of
doing this is to insert an extra distinguishing digit in the
area code.

Three digits are therefore to be used in toll area codes,
the middle digit always being “1” or “0” and being used
as an index to identify the code as of that type. Such
means of identification can be used because these digits
are never used in the first two places of office codes.
With this coding plan in effect it is possible to assign a
distinctive number of reasonable length to each sub-
scriber in the country with the assurance that there will
be plenty of room, without conflict, for a telephone
population many times that of tocday. This coding plan
is universal in its nature and the office codes within any
area take on a national significance.

The size of any basic numbering area is determined
in part by the number of national office codes available
which is 640, as determined by first and second code
digits each of which can have any value from 2 to 9 or
eight digit values each and by a third code digit which
can have any value from 1 to'0 or ten digit values, thus
8X8x10 or 640 office codes. Of these, about 500
can be used for codes based on office names and the
other 140, containing combinations which either do not
spell the abbreviations of anything or spell abbreviations
of names easily misunderstood, are available for arbi-
trary numerical codes. For administrative reasons no
area has been made larger than a state and some states
have been divided into two. or more areas.

The 140 national codes may be used as service codes
for identifying toll centers as distinct from local offices.
They will be used when required for reaching operators
and will precede service and TX codes used to call in
operator on delayed calls. There are also nine codes
available for calling operators such as information and
so forth, Each of these codes utilizes a first and a third
digit “1” and a middle digit which may have any value
from 2 to 9, inclusive. There may also be from 9 to
900 TX codes for which the first two digits are “1” and
“1” followed by one, two or three digits each of which
may be of any value. These codes are universal and
are used to identify operator teams, which operators
may render assistance on calls which cannot be completed
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by the originating operator without considerable delay.

States which contain a single area have been given area
codes with “0” as the middle digit. The first digit may
be any digit except “0” or “1,” the digit “0” being omit-
ted since it might be confused with the digit “0” cus-
tomarily dialed by a subscriber to reach a toll or assist-
ance operator and the digit “1” being omitted to avoid
the possibility of the false transmission of a first digit “1”
through switchhook fumbling and to avoid confusion if
the first two digits of an area code were “1” with the uni-
versal TX codes in which the first two digits are also “1.”
The last digit of an area code may be any digit. Central
office codes never use “1” or “0” for the middle digit.

In addition to the division of the country into number-
ing areas, switching areas will also be established which
will be independent of the numbering areas as a matter
of convenience but some coincidence of switching and
numbering area boundaries will be provided and they will
be made to coincide where it is possible.

The classes of toll offices in ascending order of im-
portance will be the ordinary toll centers (TC’s) each
of which may serve one or more offices in its toll center
area, which includes an economically determined number
of cities or towns; primary outlets (PO’s) which in addi-
tion to serving toll centers in their toll center areas also
serve as switching points for calls to and from all toll
centers in their areas; sectional centers (SC’s) which in
addition to serving toll centers in their toll center areas
also serve as switching points for calls to and from all
toll centers and primary outlets homed thereon; and re-
gional centers (RC’s) which in addition to serving toll
centers in their toll center areas also serve as switching
points for calls to and from all toll centers, primary out-
lets and sectional centers homed there. Each primary
outlet has circuits to all toll centers which it serves and
has high-grade circuits to at least one sectional center.
Each sectional center has circuits to all toll centers which
it serves and has high-grade circuits to at least one re-
gional center. Likewise, each regional center has circuits
to all toll centers which it serves and all regional centers
are interconnected by toll circuits of the best possible
design.

The primary outlets, sectional centers and regional cen-
ters are known as control switching points and it is esti-
mated that a total of about 120 of such points will be
required for the entire country. At a later time an addi-
tional switching area may be established to be known
as a national center (NC) and which will be connected
by high-grade trunks to all regional centers. Every num-
bering area will have one or more of these control switch-
ing points serving the switching areas contingent thereto,
the magnitude of the switching area with respect to traffic
determining whether the switching point is a primary
outlet, a sectional center or a regional center.

It is a primary object of this invention to provide ap-
paratus and circuits for use in each of the control switch-
ing points to enable the switching of toll connections
whereby toll service may be reliably and speedily given.

To accomplish this object, each control switching point
in accordance with the present invention is provided with
incoming frames of cross-bar switches on which terminate
toll trunks incoming from other control switching points,
from outward operator’s switchboards at toll centers
served by the control switching point or from other oper-
ators’ position switchboards and with outgoing frames of
cross-bar switches on which terminate intertoll trunks
outgoing to other control switching points, toll complet-
ing trunks extending to local offices of the toll switching
area served by the control switching point and trunks to
toll service, TX and other operator switchboards.

The switches on the incoming and outgoing frames may
be divided into two trains, one of which serves as an
intertoll train and over which intertoll connections are
established and the other of which serves as a toll com-
pleting train and over which connections are completed
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to local dial or manual offices, to specific outward TX
toll team positions which handle delayed calls to other
toll centers and to special operators’ positions, route desk,
test tone and so forth. Incoming trunks may terminate
in switches of both trains and certain outgoing trunks, as
for example, overflow, master busy and reorder trunks
may terminate in switches of both trains. In the smaller
control switching points a single train may be used known
as a combined switch train.

For receiving data dialed or key-pulsed into the con-
trol switching point for enabling the switching of toll
calls, two types of senders are provided, one type respon-
sive to incoming dial pulses and the other type responsive
to incoming multifrequency pulses pulsed thereto under
keyset control. All senders of both types are arranged
to pulse out on dial pulse, multifrequency key pulsing or
direct-current key pulsing bases.

All incoming trunks are arranged to be connected over
a sender link, comprising primary and secondary switches
of the cross-bar type, with an idle sender of one or the
other type depending upon whether the incoming trunk
is arranged to receive dial pulses or multifrequency
pulses.

For the purpose of translating the information pulsed
into a sender with respect to a desired call into the direc-
tive information necessary to cause the connection of the
calling incoming trunk with an idle trunk over which the
call may either be completed or extended to another con-
trol switching point and to thereafter transmit further
directive information over the selected trunk, three main
groups of control apparatus are provided: decoders of
which there may be a maximum of ten; translators of
which there are two individual to each decoder, known
as the home area and decoder foreign area tramslators,
and a maximum of twenty translators common to all of
the decoders one of which latter translators may be held
in reserve for emergency use and the other nineteen of
which serve as foreign area translators; and markers of
which there may be a maximum of cighteen.

All senders have access to an idle decoder and also to
any marker which has been taken into use by a decoder
over decoder-connectors of the multicontact relay type.
Initially when a sender is taken for use on an incoming
call it becomes associated with an idle decoder over cer-
tain of the multicontact relays of a decoder-connector and
later when a marker has become seized by a decoder such
marker becomes associated with the sender over other
of the multicontact relays of the same decoder-connector
to enable the marker to give the sender the directive in-
formation which it has received from the decoder and an
associated translator, which information the sender will
require in setting up a desired connection.

Each decoder is in a general sense an assembly of con-
trol circuits for enabling the seizure of a translator which
can translate the information, concerning the destination
of a desired call received from a sender, into the directive
information required by a marker and the sender to ex-
tend the desired connection. The decoder is also cquipped
to receive all of the directive informaticn transmitted
from a translator, sending certain of the items of the in-
formation to a selected marker and registering other items
of information for controlling some translation functions
conducted within the decoder.

Connections between a decoder and the two translators
individualized thereto are made over multicontact con-
nector relays individual to the decoder and connection
from the decoder to the comon translators are made over
translator connectors of the multicontact relay type. The
decoder foreign area translator of any decoder and the
nineteen foreign area translators common to all decoders
are selectable through the translator connectors in re-
sponse to directive information transmitted to the decoder
from a home area translator previously taken into use
upon the initial seizure of a decoder by a sender.

The markers at the larger control switching points are
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divided into two groups, those of one group for control-
ling connections over the intertoll train of switches and
known as intertoll (IT) markers and those of the other
group for controlling connections over the toll complet-
ing train of switches and known as toll completing (TC)
markers, In the smaller control switching points the
functions of both types of markers may be combined in
a single group known as intertoll completing (ITC)
markers. Each marker is arranged to receive informa-
tion from a decoder and the translator associated with
such decoder for enabling it to select an idle trunk of
the desired outgoing group, to control the operation of
the switches of the required switching train to intercon-
nect the calling incoming trunk and the selected idle
outgoing trunk and to transmit other directive informa-
tion received from the decoder and translator associated
with the marker tc the sender to enable the sender to
pulse out over the connection established by the marker
through the switch train the digital information required
to further extend or to complete the conmnection. The
marker is also equipped to reroute calls to an idle re-
order trunk or master busy trunk in the event no idle
trunk of a desired group is found to be available. The
marker is also arranged to transmit certain control sig-
nals to the decoder.

An idle marker of one or the other type is selected by
a decoder in accordance with information received there-
in as to whether the incoming calling trunk has a termi-
nation in a switch of one or the other of the switch trains.
The connection of a selected marker with a decoder is
over a marker-connector of the multicontact relay type.
The operation of a marker-connector to connect a de-
coder with an idle marker of the required type is also
instrumental in causing the connection of the selected
marker with the calling sender over the decoder-connec-
tor thus enabling the marker to transmit information to
the sender after the decoder and the translator associated
therewith have completed their functions and have been
disassociated from the marker.

To enable the translation of items of information con-
cerning the destination of a desired call into items of
directive information for enabling the selected marker
and calling sender to control the establishment of the
desired call some form of translator is necessary. A
translator of the well-known relay type could be used
whereby, in response to a code of three digits a series
of relays would be selectively operated as a relay tree
to select any one of a thousand code points connected
respectively to route relays corresponding to trunk groups
over which calls using the associated codes are selected.
The route relays in turn could have contacts which would
give the marker all the information it might need con-
cerning the trunk group and concerning outpulsing over
a selected trunk of the group. A translator of this type
is disclosed, for example, in Patent No. 1,862,549,
granted June 14, 1932, to R. Raymond and W. J. Scully.

The limitations of the translating equipments of this
type for nation-wide dialing are, however, rather serious.
When a new office is opened or an office designation is
dropped in one area, changes must be made in every con-
trol switching point that has a translator for that area,
perhaps in a dozen or more points. With relay type
translators the changes must be made by changing cross
connections, so slow and costly as to be impracticable.

In accordance with a generic but not the most generic
scope of this invention a new type of translator is in-
corporated into the system. Functionally, most of the
translating operations may be accomplished with any of
several varieties of translator; hence, from its most
generic aspect the invention comprehends within its scope
any suitable translator.

From a sub-generic aspect, the invention comprehends
any one of several possible types of translators having
selectable indicia, which may be changed quickly and
which may be recorded in such manner as to be select-
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able and readable almost instantly, for furnishing a
variety of switching information for control of the
switching apparatus. .

To this end the information may be recorded as read-
able indicia in any one of a variety of manners and may
be selected electromagnetically or otherwise for selec-
tive reading by electrooptical or other means.  Sub-
generically, therefere, the invention comprises as a part
of its operative means any one of a variety of possible
translators in which readily changeable recorded indicia
are selectively scanned and the registration established
incident to scanning is utilized to perform or control
switching fuactions. From a generic aspect, these indicia
may be applied to the bodies or to the surfaces of scan-
nable media by cutting, punching or other modifications
such as magnetic or optical modifications. Changes may
be effected by modifying the body or surface or replacing
it by a substitutedly medified body or surface. The
translator disclosed is exemplary of a class of which one
or more embodiments not disclosed herein have been or
may be evolved.

In the exemplary embodiment or species disclosed in
detail, the indicia are perforated into magnetic sheets
called cards, which are readily and quickly replaceable
by other cards. The cards are assembled into stacks in
translator instruments known as card translators each of
which may include up to a maximum of about 1000 to
1200 cards, any one of which may be selected by coded
combinations of digits and read individually by electro-
optical means to supply necessary switching information
and control of switching apparatus thereby. More than
one translator may be required at a switching point hence
these aggregations of translator cards are supplied in
suitable numbers at each switching point and the trans-
lators are sometimes referred to as “boxes”, Means are
provided as hereinafter disclosed in detail whereby a
translator containing a card needed for the specific call
may be identified and seized. Selection of a card is de-
termined by code-wise cutting of tabs along its edge to
permit one and only one card to move, and the informa-
tion to be derived from it is provided by enlarging certain
groups of holes in it in a code-wise manner to permit
light to pass through to the associated electro-optical
reading means. More detajled information as to an
exemplary embodiment of such a translator and its mode
of operation is found in the copending application of
Brown-Hampton-Thiel, Serial No. 286,374, filed May 6,
1952, which became Patent No. 2,774,821, on December
18, 1956.

The selection of a translator and reading of a card
in such a translator is controlled by coded combinations
of digits received by and stored in a sender which causes
the seizure of a translator through a decoder or more
properly a decoder comnector. Ordinarily a card is se-
lected and read when the sender is supplied with the first
three digits. If the routing over the next trunk ter-
minates in a switching control point within the area where-
in the called station is located, the area code is
ordinarily skipped and not transmitted and only the
office code is transmitted. If the proper route out of
the office can be selected with but three digits only, three
digits are translated and used but if theré are choices of
route for reaching different offices in the area identified
by the first three digits then six digit translation is nec-
essary. Six digits may be régistered in the sender when
the translator is seized, in which case if necessary the
sender is instructed to seize and utilize the same or an-
other translator having the necessary card, otherwise the
translator notifies the sender to “come again” with six
digits when available, in which case the subsequent se-
quence of operations upon reseizure are the same as if the
six digits had been available in the first instance. In
such cases the routing is accomplished under the control
of the translation of six digits. : ’

Translator cards may furnish a variety of information,
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Index holes, one in each side of a card, cut the light
therethrough off entirely and signify that a card has been
selected and completely moved (dropped); uatil this is
done no output registration can cccur. Other groups of
holes, enlarged on a selective basis, furnish information
of a nature such as the following: (¢) that three digits
are sufficient and translation will proceed or io come
back again with four digits, or five digits, or six digits, if
and when available, (&) in an office with a plurality of
switch trains, to identify and seize a marker connectable
to the proper train, (¢) for control of trafiic meters, (d)
in area code cards the numbers of proper translators in
which individual cards for a called area are to be found
for a six digit translation, (e) to indicate the type cf
signaling required on an outgoing trunk group, (f) to
send or not to send forward an area code registered in
the sender or to supply an area code when none is
registered, (g) to indicate an order of choosing possible
alternate routés, (/1) to indicate disposition of calls when
no circuits are available on any route, (i) tc replace code
digits on calls routed through step-by-step toll centers with
other digits and send forward one, twe, or three digits
on a dial pulse basis as required, (j) to control the
skipping or spilling of no digits, three digits, or six digits
as required, (k) and to identify the location of test leads
for trunk groups over which the call will be routed; the
derivation of additional information from the same or
added holes in the translator cards in conjunction with
appropriate output circuits is not excluded. When
changes of whatever kind are necessary, they may be
conveniently and quickly effected by removing translator
cards and replacing them with new cards suitably coded.
In general, all cards are so coded that calls will not be
routed reentrantly, i. e., they will nct proceed out cf a
switching point and then back to the same point but
will always advance over trunks leading them toward
the point of ultimate destination of the call.

One feature of the invention is the provisicn of a
plurality of senders, decoders, translators and markers
interconnectable by connectors whereby any sender may
become connected to an idle decoder, the seized decoder
may become connected with one of the translatcrs where-
upon items of information concerning the destination of
a call transmitted to the translator from the sender are
translated into items of directive information for enabling
an idle marker associable with the decoder and sender
to control switches and the sender in the establishment
of the desired call.

Another feature of the invention is the provision of a
decoder-connector which upon its initial operation is
cperative to connect any calling one of & group of senders
with an idle one of a group of decoders and is thereafter
operative to connect the same sender with a marker
which has been taken into use by the selected decoder.
In the event the decoder has trouble in connection with
any attempted call, a trouble release signal is transmit-
ted to the decoder-connector to cause the release of such
decoder and the seizure of a different decoder for a sec-
ond -trial. Further means in the decoder-connector is
responsive to a trouble release signal from a marker to
cause the release of ihe decoder and marker used on a
first trial and the seizure of a new decoder for a second
trial. Provision is also made in the decoder-connector
of means responsive to a signal from a decoder seized by
the connector cn a first trial, if a card is not properly
selected in a home translator, to cause the release of the
decoder and translator, the seizure of a gifferent decoder
and the home translator individual therets for a second
trial and to signal the latter decoder that a card selsc-
tion failure has cccurred on the first trial, whereby if a
second card failure eccurs a trouble record is taken and
the call is completed or is routed to a reorder trunk.

One of the main features of the invention is the pro-
vision of means for enabling six-digit translations to be
made.

10
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A foreign area six-digit translator must be provided at
a control switching point for any area when the control
switching point does not handle all of the calls to that
area in exactly the same way. For the selection of a
foreign area translator, the translation of more than three
digits dialed into a sender is required and this is known
as six-digit translation aithough the number of digits to
be translaied may be four, five or six. Some of the con-
ditions making a six-digit translation necessary are as
follows: direct trunks to two or more points in a foreign
area; direct trunks to one point in a foreign area but a
split as to terminal and common or terminal and via
grade trunks; direct trunks to one point in a foreign area
but with a group of terminal trunks to a cross-bar tandem
office in the same city; direct trunks to one point in a

- foreign area with one point having step-by-step equip-
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ment and code conversion therefor being required at the
centrel switching point; direct trunks to one point in a
foreign area but a toll center in that area being homed
on a control switching point in a different area; direct
trunks to one point in the foreign area but traffic registra-
tions are desired on traffic to a place reached through
one point in the area; and where there are no direct
trunks to a foreign area, but two or more different routes
into that area.

Conversely, when all of the traffic to a foreign area is
handled in exactly the same way, no foreign area transla-
tor is required and all calls to that foreign area can be
routed by the area code, that is, by three-digit transla-
tions in the home area translator.

The home area translator contains cards for the home
toll numbering area including local office, toll center and
service codes, cards for toll area codes, arbitrary toil
codes, TX codes and in some cases cards for foreign areas
to which there is a high volume of traffic. It also con-
tains cards for aliernate routes and cards for routes hav-
ing more than forty trunks.

The foreign area translators will have cards only for
the local office and toll center codes of their correspond-
ing areas.

The method of operation of the translator equipment
may be explained by censidering various conditions
that may be involved in completing a call to a subscriber
who, for example, is identified for national dialing pur-
poses by the number 315-ABX-1234. If the called sub-
scriber is in the local toll center numbering area of the
control switching point the number received by the in-
coming sender will usually be ABX-1234. As soon as
the ABX is received the sender will be connected to a
decoder through the sender-decoder portien of a decoder-
connector and will present those digits to the home area
translator individual to the decoder thereby causing the
dropping of the card identified by that code. The infor-
mation punched in the card for enabling the call to be
established is stored in the decoder. The decoder than
connects to a marker of the required type through a
marker-connector and forwards the stored information
to the marker. The sender is then connected to the
selected marker through the sender-marker portion of
the decoder-connector. The decorder, unless it has addi-
tional information for the marker, will release and be
free to serve a call over another connector. The marker
will select the trunk to the local cffice ABX, set up the
connecticn to it, tell the sender to drop the office code
ABX and to send forward only the numerical digits
1234, and be dismissed. The marker is now free to take
another cail. The sender will transmit the digits 1234
to the local office and will then be dismissed.

If the subscriber above referred to is in the same toll
numbering area but in a different toll center from the
control switching point handling the call, the control
switching point would again receive only ABX-1234 and
the operations would be as previously described except
that the deccder would in most cases give the sender dif-
ferent information as to what digits should be spilled -or
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pulsed forward. Generally the full designation digits
ABX-1234 would be spilled forward.

If the subscriber above referred to is in a different toll
numbering area the complete number 315-ABX-1234
will be received. As soon as the digits 315 are received
in the sender, it will cause the seizure of a decoder and
will transmit the digits 315 to the home area translator
individual to the seized decoder. If the control switch-
ing point has no direct access to the 315 area, it will treat
the call as above described but the sender may be in-
structed to spill forward the entire designation 315-
ABX-1234. 1If there is a translator for the area the
decoder will be given information from the card dropped
in the home area transiator that additional information
will be required to enable the selection of the translator
that has a card for the foreign area 315. The trans-
lator passes this information back to the decoder. If at
that time the sender has already received the office code
digits it tells the decoder to restore the card dropped in
the home area translator, to dismiss such translator and
to cause the selection of the required foreign area trans-
lator in accordance with information which the decoder
has received from the card which was dropped in the
home area translator. With the office code digits now
available the card is dropped in the selected foreign area
translator as selected by the six digits 315—-ABX. How-
ever, in the event that the office code digits ABX have
not been received by the sender at the time the decoder
requested the additional information the card dropped
in the home area translator is restored, the translator is
dismissed and the decoder is also dismissed. As soon as
the office code digits are received in the sender, the sender
will again connect with a decoder and its home area
translator and will cause a card to be dropped therein as
selected by the code 315, this card now giving the
decoder the information necessary for the selection of
the translator that has a card for the foreign area 315.
Thereupon the card is restored and the home area trans-
lator is dismissed. The decoder is held, however, and
the required foreign area translator is now selected. The
six-digit information is now transmitted from the sender
to the selected foreign area translator and the card
therein is dropped. In this case, through the dropping
of the six-digit card, the sender will be instructed to spiil
forward the required digits.

The cards for the foreign area 315 may be in a foreign
area translator as above assumed, in the home area trans-
lators of the decoders, or in the home foreign area trans-
lators of the decoders dependent upon traffic require-
ments. If the cards are in the home area translator,
means is provided to prevent movement of the three-digit
pretranslation card for the 315 area upon the seizure of
the home area translator following the availability of six
digits. This is done by always moving one pair of code
bars of the translator in addition to the code bars for
the three-digit code when a three-digit translation is being
made and by moving another pair of code bars of the
translator in addition to the code bars for the same three-
digit code upon a six-digit translation. It will be noted
that a call requiring six-digit translation involves one or
two decoder usages and two or three translator operations.

Service calls, such as to information or inward op-
erators, will be received in various forms depending upon
the destination. If the call is to terminate in the toll
center area of the control switching point itself, it will
be received in the form 1X1, the middle digit X being
of any value. This code will be translated like an
office code as previously described, causing a card to be
dropped in the home area translator. If the call is for
another toll center in the same toll switching area the
digits received will be ABX-1X1, the toll center code
being ABX. Only the digits ABX will be translated,
the 1X1 being spilled forward to the called toll center.
If the call is for a toll center in a foreign numbering area
it will be received in the form X1X-ABX-1X1. The
treatment of this call will be as described for the call to

10

10

a subscriber in a foreign numbering area with the 1X1
being treated like the numerical portion of a subscriber’s
number,

TX codes may be 11X, 11XX or 11XXX, depending
on the size of the toll center of destination. For the
purposes of this discussion they will be designated 11X
The various forms in which TX calls may be received cor-
responding to conditions outlined for service calls, are,
11X+, ABX-11X+4, XIX-ABX-11X-L. A call for the
home foll center received in the form 11X+ will be
handled by a single three-digit translation in the home
area translator if there are fewer than ten TX teams
in the center and the selected card will direct the marker
to select a trunk to the toll center TX switchboard. If
there are more than ten teams, the first three digits 11X
will be submitted to the decoder first and will cause a
pretranslation card to be dropped in the home area
translator. This card will tell the sender to come again

" when it has a total of either four or five digits, depend-
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ing on the type of TX ccde used in this particular toll
center. When the remaining digits are in, the sender will
submit the 11X+ to the decoder. Although there can
be only four or five digits in such a TX code, the code is
treated as a six-digit translation, all code tabs on TX
cards beyond the significant places being cut away. The
proper TX card will then be dropped and the connection
completed in the normal manner. Such TXX and TXXX
cards are also in the home area translator. If the call
is for another toll center and is received in the form
ABX-11X+ it will be treated as previously described
for service calls or for calls to subscribers with the
11X+ being spilled forward as if it were the numerical
portion of a subscriber’s number.

A further feature of the invention is the provision of
means for enabling the comversion of registered codes
into other codes and the skipping of the out pulsing of
certain of the code digits registered in the incoming
sender.

In the setting up of connections, it is necessary in some
cases for the sender at a control switching point to pulse
out or spill forward to the next point in the connection
all digits registered in the sender, on other calls to pulse
out only a part of them and in some cases to pulse out
extra digits that are not even registered. This procedure
is called code conversion and variable spilling.

The principal use of code conversion will be for reach-
ing tributaries of toll centers using step-by-step toll dial-
ing equipment. For example, to reach Harleysville,
Pa., a tributary of Lansdale, the digits received in the
incoming sender at a control switching point in Philadel-
phia might be HA7-2345. If those digits were pulsed
from Philadelphia to Lansdale they would direct the
call to a Lansdale local subscriber, instead, the Phila-
delphia control switching equipment would convert the
HA7, for example, into 165 in accordance with the
assignment of the Harleysville trunk group in the step-
by-step switches at Lansdale. The number pulsed for-
ward would then be 165-2345.

Of the digits registered in the incoming sender, the
sender may be instructed by information provided in the
card dropped by the translator to transmit all of the
digits as, for example X1X-ABX-2345 in cases where
the office ABX is in a remote foreign area to be reached
through an intermediate control switching point; to skip
the pulsing out of the first three registered digits X1X
if the office ABX is in the switching area of the control
switching point reached over trunks selected at the orig-
inating control switching peint and to thus pulse out only
the digits ABX-2345 or to skip the pulsing out of the
first six digits if the office ABX is local to the switching
area of the originating control switching point and to
thus pulse out only the digits 2345. :

The incoming sender may als¢ be directed by the card
dropped by the translator to pulse out prefix digits ahead
of the digits registered in the sender. Such prefix digits
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may be in the form of a numbering area code X1X or
X0X, in the form 1XX or 0XX or in the form X or XX.
Any one of the skipping instructions may be demanded
in combination with any one of the prefixing instruc-
tions. By this procedure, the equipment used for code
conversion can be used to advantage for variable spilling.
For example, if ABX-XXXX is received and the call is
for a six-digit toll center so that it is desirable to trans-
mit BX-XXXX, instead of telling the sender to skip
one digit it may be told to skip the first three digits and
to furnish as a prefix the same two digits BX as those
registered in the sender as the second and third digits.
For this purpose of supplying the decoder with the code
conversion data needed eon a call, the card for such a
call will be punched with three groups of holes of six
holes each, the holes of any group being selectively
enlarged to supply the required information to the de-
coder which may be transferred to the marker and then
to the incoming sender. For supplying the incoming
sender with the information with respect to the number
of digits to be outpulsed, each card is provided with
three holes which may be selectively enlarged.

A further feature of the invention is the use of the
decoder to cause a connmection to be established to a
reorder trunk if through error an operator has dialed
digits that are unnecessary to establish the desired con-
nection.

TFor example, an operator at a distant point with a
trunk to a control switching point in the multiple might
dial ABX-1X1 for a call terminating in the control
switching point, the ABX being its own toll center code.
Since the toll switching code ABX was unnecessary this
is an operator error but the cail must be disposed of.
In this case the ABX will be submitted to the home area
translator asscciated with the decoder taken for use by
the incoming sender. The transiator, however, will not
be supplied with a card for this call and, no card dropping,
a card failure signal will be sent to the decoder-connec-
tor which will thereupon dismiss the decoder and trans-
lator and make a second trial attempt to complete the
connection with ancther decoder and its home area
translator. Since no card will drop in the seccnd trans-
lator, a card failure signal will be sent to the decoder-
connector which will thereupon dismiss the second de-
coder and translator and seize another decoder which
will call in a marker and cause a connection to be set up
to a reorder trunk. A signal is then transmitted from
the reorder trunk to the originating operator to apprise
her of the fact that she has made a dialing or keying
error.

A similar procedure would be followed if an operator
through error had transmitted X1X-ABX-1X1 when
only 1X1 is required. This is a situation which is also
incident in the handling of calls to subscribers when the
operator erroneously dials the area code in which her
own control switching point is located. This type of
call is handled in the manner previously described, no
area card for such a call being supplied in the translators.

A further feature of the invention is the provision of
means in the decoder for deriving routing instructions
from a card dropped by an associated translator and for
signaling the marker in accordance with such instructions
as to the procedure which should be foilowed in establish-
ing the call.

Provisicn is made for ten definite routing instructions
although initially only eight instructions are utilized which
eight are: card to card; card to relay; relay to relay;
follow with second trial; follow with overflow; follow
with master busy; follow with reorder; and no principal
city routing. A call to be handled on a card-to-card
basis is one in which the desired trunk group of the
route indicoted by the first card dropped by the home
area translator comprises more than forty trunks and up
to a maximum of 16Q trunks and sgparate cards are pro-
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vided for the additional forty-trunk increments of the
trunk group as hereinafter set forth as one of the features
of the invention. On a call to be handled on a card-to-
relay basis the first card dropped tells the decoder that
the first route may be set up by the marker in accordance
with information supplied from the card and that there
are alternate routes which may be set up in accerdance
with instructions received from additional cards which
may be selected under the control of an “alternate route
tree” in the decoder, as hereinafter set forth as a further
feature of the invention. On a call to be handled on
a relay-to-relay basis, the first card dropped instrucis the
decoder to look for the first availabie route in accordance
with infoermation secured from the “alternate route tree”
and to then instruct the marker to set up the connection
in accordance with the first card dropped or a card
dropped in response to the route tree. This procedure
will be discussed hereinafter as another feature of the
invention. In the first two types of route instruction the
marker is given the further instruction that it will be
held by the decoder since the decoder has further route
information for the marker in the event the marker finds
no trunk available in the first route tested. If on u
call handled on a relay-to-relay basis no idle trunk is
found the card last dropped may instruct the marker to
follow with a second trial.

If the marker receives the follow-with-overflow in-
struction it proceeds to test for am idle trunk in the
desired trunk group in accordance with information trans-
mitted from the dropped translator card and if it fails
to find an idle trunk, it should then proceed to lock for
and establish a connection with an idle trunk in a group
of overflow trunks allocated to the trunk group. If the
marker receives the follow-with-master-busy instruction,
it proceeds to test for an idle trunk in the desired trunk
group in accordance with information transmitted from
the dropped translator card and if it fails to find an idle
trunk, it shouid proceed to lock for and establish a
connection to an idle master-busy trunk. If the marker
receives the follow-with-reorder imstruction it proceeds
to test for an idle trunk in the desired trunk group in
accordance with information transmitted from the
dropped translator card and if it fails tc find an idle
trunk it should proceed to look for and establish a con-
nection to an idle reorder trunk.

If a marker, upon receiving the follow-with-reorder
instruction and proceeding to test for an idle trunk in
the desired trunk group in accordance with information
transmitted from the card which has been dropped by
the operated ftranslator, fails to find an idle overflow
trunk, it proceeds to look for and establish a connection
to an idle reorder trunk. In any of thesc three latter
cases, provision is made to cause the marker to lcok for
a master-busy trunk and then a reorder trunk if no
overfiow trunk is available, to look for a reorder trunk
if no master-busy trunk is available and to transmit a
reorder busy signal to the calling sender in anv case
when no idle reorder trunk is available.

The decoder when given the principal city routing is
arranged to cause the restoration and dismissal of a
translator seized for a six-digit translation of a foreign
area code if such translator fails to drop a card for the
route and to then cause the reconnection of the home area
transiator to the decoder and the dropping of a card for
the principal city route. In the principal city route in-
struction the decoder may also select that one of a plural-
ity of paired foreign area translators which has a card
for a desired route which is not duplicated in the mate
translator. This enables a more ecfficient use of the
paired translators. If there is no principal city routing
instruction, the paired translator functions in the manner
previously described.

A further feature of the invention is the provision of
automatic alternate routing features to insure the maxi-
mum efficiency in the use of the toll lines. The impor-
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tant aspect of this feature is that it enables an orderly
progressicn in the choice of routes from first to inter-
mediate and lightly engineered route choices to a final
cheoice route always liberally engineered. A maximum
of six choices of alternate routes can be provided al-
though in the disclosure of this application only five
are shown. As disclosed, the choice of alternate routes
will proceed first to the distant primary outlet having
access to the desired toll center, then in the following
order: to the distant sectional center, distant regional
center, home regional center and home sectional center.

To implement this choice of routes each decoder is
provided with a maximum of one hundred route choice
relays which may be interconnected in a so-called “alter-
nate route tree.” There are three conditions imposed
upon this method of alternate routing, namely: a control
switching point connects to not more than one hundred
other control switching points by direct trunks; the alter-
nate route paths run only between control switching
points, and the initial alternate route group determines
the subsequent alternate routes in a fixed and limited
pattern. There are two general alternate route pro-
cedures, the first when there is a direct route and, in
addition, one or more alternate routes to a point, and
the other when all the routes to a point are in the alter-
nate route pattern.

In the establishment of a call in accordance with the
first procedure, an incoming sender connects to a decoder
when it has received three code digits and the decoder
by means of these code digits selects a card in the home
area translator. If by means of information taken from
the card three digits are found to be sufficient to deter-
mine the route, the decoder proceeds to complete the
call. If the card indicates that more than three code
digits are required for a route and if they are not present
by the time the decoder determines this fact from the
card, the decoder is dismissed with a signal to the sender
which tells it to reseize a decoder. When six digits are
available in the sender at the time the decoder deter-
mines that they are needed, decoder reseizure is not per-
formed and instead the decoder proceeds by restoring
the three-digit card and then selecting a six-digit code
card in which the information for the first route will be
obtained for the desired call. This is in accordance with
the procedure previously outlined. This information is
passed to a marker which in turn connects to a trunk
block connector and looks for an idle trunk in the first
route. During this time the same translator card primes
the alternate route tree which causes the decoder to
select an alternate route trunk group which has an idle
trunk, if there is one. This latter action is controlled
by a two-digit number punched in the first route card
representing the “alternate route pattern number” and
proceeds simultaneously with the trunk hunting opera-
tion of the marker in the first group in order to save
holding time on those calls which require an alternate
route,

As formerly stated, the alternate route tree has a
maximum of one hundred alternate route relays capable
of establishing a maximum of one hundred alternate route
patterns if each pattern is limited to a single alternate
route. Each relay is arranged to cut in four trunk sub-
group chain leads capable of determining if there is an
idle trunk in any one of four subgroups of trunks, mak-
ing up a route choice or capable of determining if there
is a trunk available in a route having as many as 160
trunks, Fach route relay also is arranged to operate
the succeeding route relay of the pattern if all subgroups
of a route are found to be busy. Once an initial alter-
nate route relay has been operated, the pattern is ad-
vanced until a subgroup of trunks in some alternate
route of the pattern is found with an available trunk.
It stops at this point to await a signal from the marker
which meanwhile is testing the first choice trunk group.
If this signal indicates that all the first choice trunks
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are busy, a card corresponding to the subgroup of trunks
of the alternate route in which there is an idle trunk
is dropped in the home area translator and the routing
information on this second card is passed to the marker
which then proceeds to select an idle trunk in this sub-
group. If all trunks including alternate trunks are busy,
a reorder or master-busy signal is sent to the marker
which then proceeds to select an idle reorder or master-
busy trunk.

In the establishment of a call in accordance with the
second procedure, that is, when all routes to a desired
point are determined in the alternate route tree, a first
card will be selected which will have two-digit informa-
tion for selecting a route relay for the first route of the
alternate route pattern, but no marker will be called in
until a determination has been made by the decoder that
there is an idle trunk in a subgroup of some route of
the pattern. When such a subgroup has been found, if
it is the first subgroup the original card is read or if it
is another subgroup, then the original route card is
restored and a new card is dropped in the home area
translator corresponding to the subgroup of trunks of
a route in which an idle trunk is available and the rout-
ing information from this second card is passed to the
marker which then proceeds to select an idle trunk in
the subgroup.

As an additional feature of the invention, provision is
made in the decoder to enable the establishment of calls
over trunk groups comprising a large number of trunks.
In the cross-bar system the trunk block connectors are
arranged to give the marker access for testing to trunks
in groups some of which may have a maximum of forty
trunks.

To enable the marker to select as many as four of such
subgroups of forty trunks, each home translator may have
four cards for the route. On a call involving such a multi-
subgroup route the decoder when seized connects with a
translator and a card is dropped on which there is the
directive information for enabling the marker to gain
access for testing the first subgroup of the group of trunks
over which the call may be completed. If the marker
finds no trunk available in the first subgroup, it signals
the decoder to that effect and the decoder causes the
marker to be held and the card to be restored. The de-
coder then causes a new card to be dropped which pro-
vides the marker with the necessary information to gain
access for testing the second subgroup of trunks of the
same group. Similarly, two additional cards can be
dropped and information sent to the marker for testing
in two additional subgroups. If no trunk is found to be
available in any subgroup of the group, provision may be
made by a punching in the last card dropped to give the
marker information to attempt to establish the connection
to an idle overflow or reorder or master-busy trunk.

A further feature of the invention resides in the provi-
sion of means in the decoder for checking to determine if
the operator in dialing the digits for establishing a call
through a control switching point has so dialed that the
translator card dropped will have the directive informa-
tion necessary for selecting a marker of the type that has
access to the switching train in which the incoming trunk -
terminates.

As previously set forth, the cross-bar switches on the
incoming and outgoing frames are divided into two switch
trains, one for establishing toll completing calls and one
for establishing intertoll calls. Incoming trunks may have
terminations in switches of either or both switch trains
and outgoing trunks may have terminations in switches of
either or both switch trains. Each incoming trunk is
arranged to transmit a signal to a decoder following the
association of an incoming sender with the trunk and the
association of the decoder with the sender indicative of
the type of switch train in which the calling trunk termi-
nates. Also, when a card relating to the routing of a
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desired call is dropped in the selected translator, the card
transmits a signal to the decoder indicative of the switch
train termination of the required outgoing trunk. These
two indications should be in agreement and if they are,
the decoder causes the selection of an intertoll or toll
completing marker depending upon whether the incoming
trunk has a termination in the intertoll or in the toll com-
pleting switch train. If the two indications do not agree
the decoder causes the selection of a marker of the type
having access to the incoming switch train in which the
calling incoming trunk is located and the control of such
marker to cause the establishment of a connection from
the incoming trunk to a reorder trunk whereby the
originating operator may be given a reorder signal to
apprise her of the fact that she has dialed or keyed
erroncously. In the event the desired outgoing trunk
group terminates in both switch trains the card, dropped
in the translator in response to the call destination in-
formation registered in the incoming sender, directs the
decoder to select a marker of the type which has access
to a switch of the switch train in which the calling incom-
ing trunk terminates. Also, if the incoming trunk and the
trunk of the desired outgoing group terminate in both
switch trains, the decoder is directed to select a marker
of a preferred type.

A further feature of the invention is the arrangement
whereby certain foreign area translators may be paired
with duplicate cards to safeguard against failures in
establishing toll connections.

In accordance with this feature each decoder is ar-
ranged so that in response to the seizure thereof by a
sender and the transmission of directive information
thereto from the card dropped in the home area trans-
lator, one of a pair of duplicate foreign area translators
may be selected which has a card for the route to the
desired destination. On the next seizure of the same
decoder, if the card dropped in the home area trans-
lator directs the scizure of the foreign area translator
selected in the preceding decoder seizure, the mate to the
previously selected foreign area translator will be selected
whereby the two translators of a pair will be alternately
selected upon successive seizures of a decoder. Provision
is aiso made for rendering any translator unselectable by
a decoder but if either one of a pair of translators is
rendered unavailable the other translator of the pair will
be made available on any seizure of a decoder. Further
provision is also made in case both translators of a pair
are inadvertently rendered unavailable at the same time,
to make both translators selectable by any decoder.

When a decoder selects a translator of a pair and the
required card does not drop, the decoder and translator
are dismissed and another decoder is seized on a second
trial. On the second trial seizure of a decoder and the
receipt of information from the card dropped in the home
arca transiator associated therewith that a foreign area
translator of the pair was selected on the previously at-
tempted first trial, the mate translator of the pair is
selected. If the required card does not drop in the mate
translator, such translator and the second trial decoder
are dismissed, another decoder is seized which causes the
selection of a marker and the marker is directed to con-
trol the establishment of a connection from the calling
incoming trunk to an idle reorder trunk, so that the
originating operator may be informed of the failure of the
control switching point to establish the desired connection.

A further feature is the provision of means in the de-
coder for informing the incoming sender through the
marker that the code digits of the home numbering area
in which the control switching point through which the
call is originated should be pulsed out as prefix digits
when an alternate route is selected which extends to a
destination in the home numbering area through another
numbering area. On a call of this type the card for the
alternate route would signal to the decoder that such
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alternate route extends through a foreign area and then
back into the home area and, as a result of such signal,
code conversion digits for the home area code would be
transmitted to the marker for retransmission to the calling
sender as prefix digits.

Another feature of the invention is the provision of
means in the decoder which is jointly respomsive to in-
formation registered therein concerning the input side
of any connection transmitted thereto from the incoming
sender and to information registered therein concerning
the output side of the same connection as transmitted
thereto in accordance with the card dropped in the asso-
ciated translator, for operating traffic separation registers
to inform traffic engineers concerning the division of ex-
penses in connection with the revenues as between com-
panies which use the switching facilities for handling the
calls. In addition to this, the translator sends as a part
of the directive information furnished to the marker,
registrations to enable the operation of the trunk-group
peg count registers allocated to trunk groups and asso-
ciable with the truck block connectors, and to enable the
operation of other trunk-group-busy peg count registers
allocated to trunk groups and associated with the trunk
block connectors for giving data as to the number of times
a trunk group is seized and the number of times when
seized a trunk group is found to have no available trunks
therein. The operation of these peg count registers pro-
vides additional information to the traffic engineers to
enable them to determine if additional trunk facilities
are required.

In addition, the cards of the translators furnish markers
with additional directive information such as the number
of the trunk block connector and the relay therein which
must be operated by the marker to gain access to any
desired trunk group; the start and end appearances of
the trunks of a trunk group on a trunk block relay in
cases where the trunk group has fewer trunks than the
forty trunk capacity of a trunk block relay; the class of
the connection to be transmitted to the incoming sender,
that is, whether the call being established is to be termi-
nated in a manual office, or is to be extended under direct
current pulse control, multifrequency pulsing, loop dial-
ing or simplex dialing, whether delayed dialing is to be
expected, whether a stop-go signal is to be expected from
the outgoing trunk or delayed locp closure and whether
the sender should transmit 20-cycle or simplex ringing
over the outgoing trunk; and the digit control information
which the marker forwards to the sender to enable the
sender to control the interdigital timing as the pulses
are being registered in the sender after the code digits
have been dialed and registered.

Other features of the invention will be apparent upon
the consideration of the following detailed description
when read in connection with the accompanying draw-
ings, of which:

Fig. 1 shows a multifrequency incoming intertoll trunk
appearing in the toll completing switch train;

Fig. 2 shows a dial pulsing incoming intertoll trunk
appearing in the intertoll switch train;

Figs. 3 to 10, 17 to 24, 33 to 40, 49 to 56, 68, 69 and
84 show a dial pulse incoming sender;

Figs. 11 to 14, 25 to 28, 41 to 44, 57 to 60, 73 to 75,
87 to 90, 102 to 105, 116 to 119, 130 to 133, 144 to 147,
158 to 161, 170 to 175, 183 to 187, 193 to 200 and 202
show a decoder circuit;

Fig. 15 shows incoming link switches and outgoing
link switches forming parts of the toll completing switch
train together with a schematic showing of the sender
link, a multifrequency sender, a marker and other equip-
ment employed therewith;

Fig. 16 shows incoming link switches and outgoing
link switches forming parts of the intertoll switch train
together with a schematic showing of the sender link
and associated control circuits;
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Fig. 29 shows a toll switching trunk outgoing to a
panel or cross-bar office; )

Fig. 30 shows a master busy trunk and a reorder trunk;

Fig. 31 shows an outgoing intertoll trunk;

Fig. 32 shows the group busy circuit associated with
the trunk circuit of Fig. 31 and an overflow trunk;

Fig. 45 shows a dial pulsing toll switching trunk;

Figs. 46, 61, 76 and 91 show trunk block relays for
giving the intertoll marker access to outgoing trunks;

Figs. 47 and 48 show two half trunk block connectors
for connecting the marker with trunk block relays;

Figs. 62 to 67, 77 to 83, 92 to 99, 106 to 113, 120 to
127, 134 to 141, 148 to 155, 162 to 169, 176 to 182 and
188 to 192 show a marker adapted for use as either an
intertoll marker or a toll completing marker;

Figs. 70 to 72, 85, 86, 100, 101, 114 and 115 show the
decoder-connector;

Figs. 128, 129, 142, 143, 156 and 157 show the marker
connector;

Fig. 201 shows in schematic form the trouble recorder
and associated connectors; )

Figs. 203, 204, 206 and 207 show the route transfer
arrangement for the “alternate route tree”;

Fig. 205 shows the traffic control for paired translators;

Figs. 208 to 220 show translator connectors;

Figs. 221 to 223, 231 to 233, 240 to 242, 249 to 251
and 258 show one of a plurality of foreign area transla-
tors;

Figs. 224 to 226, 234 to 236, 243 to 245, 252 to 254
and 259 show a home area translator;

Figs. 227 to 229, 237 to 239, 246 to 248, 255 to 257
and 260 show the emergency translator;

Fig. 230 shows in schematic form a plurality of other
translators; :

Figs. 261 and 262 show in schematic form the elements
of a card translator;

Fig. 263 shows one of the translator cards;

Figs. 264 to 270 illustrate a plurality of call routings;

Fig. 271 is a diagrammatic showing of the equipment at
a control switching point, and .

Fig. 272 is a block diagram indicating the location of
the figures with respect to the various elements of the
system. )

In the drawings functional designations are used and
in the subsequent detailed description, the location of the
equipment is indicated by annexing to the functional desig-
nation the number of the figure in which the equipment
may be found, set off by parentheses. Where a number
of conductors extends between remote figures, the con-
ductors are bracketed and the brackets identified by
designations made up of the numbers of the two figures
involved.

ALTERNATE ROUTING PLAM

In order to illustrate more clearly the toll dialing system
previously outlined and in which the detailed circuits of
the present invention are designed to function, reference
will first be made to Fig. 270 which shows a typical alter-
nate routing arrangement. In this figure ordinary toll
centers are designated TC. The coatrol switching points
at which the toll dialing equipment is located, are classed,
according to their importance to the system as a whole,
as primary outlets PO, sectional centers SC 'and regional
centers RC. In addition there may be a national center
which has not been indicated in the diagram. If a sub-
scriber, whose toll center is 276%0 in dialing area 716,
wishes to call a subscriber whose toll center is 27081 in
dialing area 315, the toll center will connect with its
primary outlet which is located in Buffalo and transmit
thereto the national dialing number of the wanted sub-
scriber. Assuming that Buffalo has direct trunks to toll
center 27001, it will first test these direct trunks. At the
same time a test will be made of the alternate routes in-
cluding the trunks leading to the primary outlet at Syra~
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cuse, the trunks to the secticnal center at Albany, the
trunks t6 the regional center at New York, the trunks
to the regional center at Pitisburgh and then the trunks
to the sectional center at Cleveland, until a group of
trunks including an idle trunk is found. If all of the
direct trunks are busy, one of the trunks of the idle
alternate route trunk group will be used. Buffalo, there-
fore, has six routes which it may use in reaching toll center
27061. The routing arrangement in the switching equip-
ment at Buffalo is such that these groups of trunks will
always be tested in the same order.

To reach Boston, Buffalo uses the trunks to New York
as its first route and then may try the trunks to Pitts-
burgh and Cleveland, but may not use the trunks to
Albany, even though Albany may also have direct trunks
to Bosten. Similarly, to reach Toledo, Buffalo uses the
trunks to Cleveland and since these trunks are the last
of an alternate routing pattern .are the only ones which
may be used.

DESIGNATION TRANSFER

Figs. 264 to 269 illustrate the treatment previously de-
scribed of the national designation as it is transmitted
from office to office. Where a call is directed to a local
office within the dialing area of the CSP, the designation
received will normally take the form ABX-1234, in which
ABX represents the local office code and 1234 represents
the numerical designation of the subscriber. As shown
in Fig. 269, if direct trunks are “available the call will
be extended to the local office ABX and the numerical
designation 1234 only will be transmiited. If it is neces-
sary to use an alternate route through a tandem office,
the designation received, ABX-1234, will be transmitted
to the tandem office which will complete the connection,
transmitting only the numerical designation 1234. How-
ever, if the alternate route is by way of a CSP in a different
dialing area, as shown in Fig. 268, the first CSP, in addi-
tion to sending the received designation ABX-1234, also
sends its area code 316 so that the alternate route CSP
may correctly perform its switching function. Similarly,
as shown in Fig. 264, if the first CSP receives the desig-
nation ABX-1234 of an office within its dialing area, to
which it has no direct trunks and for which the primary
route is by way of a second CSP in another dialing area,
the translator will furnish the home area code 316 which
will be transmitted along with the received designation to
the second CSP.

For calls to be extended through a CSP in area 316 to
an office in a different dialing area, for example area 317,
the designation received will take the form 317-ABX-
1234, As shown in Fig. 266, if CSP-A in area 316 has
direct trunks to the wanted office, it will set up the con-
nection and will transmit only the numerical digits 1234.
If the wanted office is reached through CSP-B in area 317,
CSP-A will set up the connection to CSP-B, trans-
mitting thereto the local designation ABX-1234, CSP-B
extending the call to office ABX and transmitting the
numerical designation 1234. If, as shown in Fig. 265, the
direct trunks are busy and an alternate route is chosen
using CSP-C, also in area 317, CSP-A will again transmit
only ‘the local designation ABX-1234 to the CSP-C.
CSP-C will also transmit the local designation ABX~1234
to CSP-B. ‘

Where a call requires a number of switching steps, for
example as shown at the top of Fig. 266, the designation
received at CSP—A will be that of the called subscriber, in
the form 318-ABX-1234. The area code 318 will be
used to select the next switching point CSP-B in area 317
and the complete designation will be pulsed forward.
At CSP-B the area code will be used to select CSP-C in
the desired area and the local designation ABX-1234
will be pulsed forward., CSP-C then selects office ABX
and transmits the numerical designation 1234 to that
office. ‘
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EQUIPMENT AT A CONTROL SWITCHING POINT

Fig. 271 shows in diagrammatic form the equipment
at a control switching point. Calls are switched through
a control switching point by means of two sets of cress-bar
switch frames, namely incoming link frames 27186 to
271063 and outgoing link frames 27104 to 27107. Each
frame has a set of primary switches and a set of secondary
switches, connected by means of frame links in the usual
cross-bar pattern. The incoming and outgoing link frames
are connected by means of junctors in accordance with
traffic distribution requirements. In small offices both
intertoll traffic and toll completing traffic are handled over
the same link frames. In large offices, the frames are
divided into two trains, one for intertoll traffic and the
other for toll completing traffic. As shown, frames 27168,
27101, 27164 and 27195 are part of the intertoll train,
while frames 27162, 27193, 27166 and 27107 are part of
the toll completing train.

Calls which come into a CSP, may originate at local
subscribers’ stations 271688, 27109 and be extended through
the lccal office 27116, 27111 to an outward toll operator’s
switchboard 27112, 27113. Calls may also come in from
a remote operator’s position 27114 through another con-
trol switching point 27i15. In addition, calls may be
originated at the No. 5 or delay operator’s switchboard
27116.

These ‘calls reach the CSP over three types of trunk
circuits, namely, one-way multifrequency incoming
trunks 27117, 27118, such as that shown in Fig. 1, two-
way multifrequency incoming trunks 27119 and one-way
dial pulse incoming trunks 27120 such as that shown in
Fig. 2. These trunks appear in the incoming frames of
either one or both of the trains, depending on traffic re-
quirements. The two-way trunks also appear in an out-
geing frame,

When a call is received by a multifrequency trunk, the
trunk seizes a sender link control circuit 27122 by means
of a control connector 27121, and the control circuit
operates the sender link 27123 to connect an idle multi-
frequency sender 27124 with the trunk. A similar link
control circuit, control connector and sender link are pro-
vided to connect an idle dial pulse sender 27125 with an
incoming dial pulse trunk. When a sender has been con-
nected with a trunk a signal is sent over the trunk to
indicate that pulsing may proceed.

The wanted line designation is then pulsed into the
sender. For a toll completing call this designation will
take the form of ABX-1234, while for an intertoll call
it will be preceded by the area code which will be of
the form AOX or A1X. For calls to a toll switching
operator the code is 11X, 11XX or 11XXX depending on
the number of toll switching operator positions in the
area. As soon as three digits have been registered by
the sender, it operates the decoder-connecter 27126 which
connects an idle one of the decoders 27127, 27128 with
the sender.

Each decoder has an individual home area translator
and an individual decoder foreign area translator and
has access in common, by means of translator connectcrs
27129 with a plurality of foreign area translators 27130,
27131, and an emergency translator 27132,

As soon as the decoder is connected with the sender,
it activates its home area translator and passes the three
digits registered in the sender to the home translator. The
hcme translator uses these three digits to select a card
on which information concerning the registered route is
punched.

The first three digits may or may not be sufficient to
determine the routing. If they are not sufficient, the
first card selected will inform the decoder that more
digits are required and the decoder will instruct the
sender to release it and call in another decoder when it
has the additional number of digits, for example six
digits.
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When the new decoder is seized it will also call in its
home translator, which will again select the three-digit
card. This card will tell the decoder where the six-digit
card is located. This card may be in the home trans-
lator, the decoder foreign area translater or in one
of the common-translators. Assuming that it is in the
common translator 27131, the decoder will restore the
home translator and operate that one of the translator
connectors 27129 giving access to translator 27131.

The decoder will pass the six digits to translator 27131
which will select the six-digit card. From this card the
deceder will be informed as to the type cf marker re-
quired, -whether a toll completing marker 27133 or an
intertoll marker 27134 and will operate the proper
marker connector 27135, 27136 to select an idle marker
of the required type. As soon as the marker connector
is operated, additional multicontact relays in the decoder-
connector 27126 are operated to connect the selected
marker with the sender.
~The decoder and marker read the information pro-
vided by the six-digit card, the decoder passing its in-
formation to the marker. When the marker has re-
ceived all of the information provided by the card,
the decoder may release, leaving the marker connected
with the sender. However, if there are additional
groups of trunks or alternate routes available, the de-
coder indicates to the marker that it has such informa-
tion and remains connected with the marker.

The marker, from the information provided by the
card, connects with a group of trunks and tests for an
idle trunk, and having found an idle trunk identifics
the outgoing frame on which it is located. It also identifies
by way of the sender and sender link the incoming frame
on which the incoming trunk is located, operates the in-
coming link connector 27137, 27138 and outgoing link
connector 27139, 27140 and then tests for an idle
channel connecting the incoming trunk with the selected
outgoing trunk. It then operates the link switches, tests
the connection for continuity and absence of trouble
conditions. The marker passes to the sender informa-
tion, some of which is received from the translator, to
be used by the sender in completing the call and then
releases.

Outgoing trunks may be either intertoll trunks 27141,
such as shown in Fig. 31, outgoing toll switching trunks,
manual trunks to a toll switching operator’s position
27143 or signaling trunks such as overflow trunk 27144
shown in Fig. 32, reorder trunk 27145 shown in Fig. 30,
or master-busy trunk 27146 shown in Fig. 30. Intertoll
trunks always appear in the intertoll train and extend
to another control switching point 27147, which may
further extend the connection or may complete it through
a local office 27148 to the called line 27149. 3witching
trunks appear in the toll completing train and complete
calls through a local office 27156 to a called line 27151.

In addition, trunks such as shown in Fig. 29 are used
to give access to local offices requiring revertive pulsing.
Such trunks are connected by means of a sender link to
an outgoing sender, which is set by D. C. key pulses
from the sender and in turn responds to revertive pulses
from the selected office.

The signaling trunks are used, when a call cannot be
completed, to so inform the originating office and are
selected either under the instruction of the translator
or as a result of marker operation. A reorder trunk pro-
vides a tone which tells the originating operator to rc-
lease the connection and try again. Overflow trunks are
individual to an asscciated group cf cutgeing trunks.
They provide an overflow tone which is changed to a
reorder tone as scon as one or more of the outgeing
trunks become idle. Master busy trunks alsc provide a
characteristic tone. An originating cperator hearing
this tone may ring and obtain access to a delay desk
where information may be obtained as to the probable
delay.
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DETAILED DESCRIPTION

Call No. 1
INTERTOLL CALL—THREZ-DIGIT TRANSLATION

For the purpose of obtaining a general -picture of the
operation of the system, the first call to be described will
be one directed to a subscriber in a state having a single
numbering area, reached from the local control point
through a remote control point located in a still different
numbering area, there being direct trunks available be-
tween the two control points, as illustrated at the top
of Fig. 266. The wanted line designation may be as-
sumed to be 605-CE4-7891.

Assume that a call is set up to the control point in any
well-known manner by an operator located at a toll
center equipped with dials. Such a call will appear on a
trunk circuit such as the trunk circuit of Fig. 2. Con-
ductors 200 to 203 are provided for the talking circuit,
while conductors 204 and 205 extend to a composite sig-
naling circuit of well-known type. Conductor 206 shown
as leading to the trunk is used to control the inclusion
or removal of pads from the trunk circuit.

When the trunk circuit of Fig. 2 is seized, ground is
connected to conductor 204, thereby completing a cir-
cuit over contact 2 of relay C0(2) to battery through
the winding of relay SV(2). A parallel circuit is also
completed from ground on conductor 204, contact 9 of
relay C8(2), contact 6 of relay LC(3) in parrallel with
resistance E(2) to battery through the winding of relay
LC(2). Relays SV(2) and LC(2) operate in these
circuits.

Relay SV(2) at its contact 1 disconnects ground from
conductor 205 and at its contact 2 extends conductor 205
to battery through resistance lamp A(2), as a signal to
the calling office that the toll office is not ready to receive
pulses.

Relay LC(2), at its contact 1 connects ground to con-
denser TM(2) to insure that it is completely discharged,
and at contact 2 closes a circuit from ground to battery
through the upper winding of relay IN(2) operating the
latter relay. At its contact 6 relay LC(2) opens the shunt
around resistance E(2), remaining operated in series with
resistance E(2). At its contact 3, relay LC(2) connects
ground over contact § of relay C0(2) to start conductor
207 leading to the sender link.

Relay IN(2) locks over its contact 5 to ground, inde-
pendent of relay LC(2), at its contact 2 connects the wind-
ing of relay LC(2) to conductor 204, independent of re-
lay CG(2) and connects a supplementary ground over its
contact 6 to start conductor 207 leading to the sender
link.

The sender link 1600 comprises a plurality of cross-
bar switches, operated under the control of a link control
circuit 1601, which selects an idle sender for use and is
associated with the sender link by a control connector
1602. These circuits are shown diagrammatically since
they are essentially the same as shown in Patent No.
2,293,191 granted to A. J. Busch et al., August 18, 1942,
For convenience in identifying the circuits connecting the
sender with the trunk circuit the conductors leaving the
trunk circuit and entering the sender will be given corre-
sponding numerical designations in the hundred series of
the respective figures, namely, Fig. 2 and Fig. 3.

The link contrel circuit recognizes that the sender
shown is idle by the presence of ground on conductor 300,
to which ground is connected over contact 1 of relay
MB(3), condunctor 301, contact 1 of relay SP1(19), con-
tact 5 of relay FT1(19), conductor 1900, contact 12 of
relay S(3), conductor 392 and contact 1 of relay
FPP(19). After seizing a sender, for example, the sender
shown, the link control circuit then operates the select
and hold magnets of the sender link switches to connect
the trunk of Fig. 2 with the sender, thereby connecting
conductors 210 to 218 with conductors 310 to 318 respec-
tively. When the link hold magnets have operated,
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ground is connected to conductor 303, through the wind-
ing of relay S(3) to battery in the sender make-busy cir-
cuit 334, operating relay S(3).

As soon as the link switches and relay S(3) have op-
erated, a circuit is also closed from ground over contact
2 of relay S1(19), resistance BE(19), conductor 1991,
lower winding of relay SP(17), conductor 1760, contact
7 of relay CTR(51), conductor 5169, upper winding of
relay SP(17), conductor 170%, contact 4 of relay
AVI(18), conductor 1800, contact 4 of relay S(3), con-
ductor 311, through the sender link to conductor 211,
through the winding of relay SP(2) to battery. Relay
SP(17) operates, but its resistance is so high that relay
SP(2) in the trunk circuit cannot operate. Relay SP(17)
closes a circuit from ground at contact 1 of relay
TRL(17), conductor 1702, contact 2 of relay LR(18),
conductor 1801, contact 2 of relay SP(17), conductor
1703, to battery through the winding of relay SP1(19).
Relay SP1(19) operates and, at its contact 6, connects
ground through resistance BE(19) to conductor 1901 to
provide a holding circuit for relay SP(17) independent

~ of relay Si(3).
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In addition, relay SP1(19), at its contacts 7 and 8 con-
nects ground to: conductors 1992 and 1913, completing
circuits through the windings of relays ON(4) and
ON1(4) to battery. At its contacts 5 and 6, relay
SP1(19) connects ground to battery through the winding
of relay S1(19). Relays ON1(4), ON(4) and S1(19)
operate in the above-traced circuits. Relay ON(4) con-
nects ground to conductors 400 to 409, and relay ON1(4)
connects ground to conductors 419 to 416 to supply off-
normal grounds for the sender. Ground on conductor
415 completes a circuit over contact 1 of relay DRL(18)
to battery through the winding of relay DRL1(18) to op-
erate the latter relay. }

Relay S1(19) locks over its contact 4 and conductor
323 to ground at contact 11 of relay S(3). Af its contact
5, relay S1(19) connects ground over conductor 1905,
contact 1 of relay MS(18) to battery through the wind-
ing of relay MS1(18). With relay SP1(19) operated, a
circuit is closed from battery through the winding of re-
lay C8(2), conductor 2190, through the sender link to con-
ductor 310, contact 5 of relay S(3), conductor 384, con-
tact 3 of relay SP1(19) to ground. Relay CO0(2) op-
erates and closes a locking circuit for itself over its contact
7 to ground at contact 6 of relay IN(2). At its contact 8,
relay C0(2) opens the start circuit for the sender link.

When relay S(3) operated as above-described, it also
disconnected ground from conductor 309 to mark the
sender busy to the link control circuit. In addition, relay
S(3) also connects ground over its contact 2, conductor
325, contact 5 of relay ADR(3) and conductor 305 to
interrupter TM(35) to start a timing operation which
will be described hereinafter. Ground on conductor 385
also completes a circuit over contact 4 of relay TM3(35)
and contact 2 of relay TM1(35) to battery through the
winding of relay TM0(35). Relay TMO(35) operates
and locks over its contact 2 to ground on conductor 395
to mark the start of the timing cycle. Further, relay
S(3), at its contact 6, connects 24-volt battery to conduc-
tor 306 to prepare a circuit for relays TRP(34),
TRM(34), TS(34) and RS(50) for receiving class infor-
mation from the trunk.

Ground on conductor 325 extends over contact 3 of re-
lay TMS(51) to battery through the winding of relay
TM9(51). Relay TM9(51) operates and, at its contact
2, closes a circuit for operating relay R8(51) and also
closes a circuit from battery through the winding of relay
CTA(51), contact 3 of relay TM9(51), conductor 322 to
ground at contact 9 of relay S(3).

TRUNK CLASS REGISTRATION

The sender may receive class information from the
trunk over conductors 3312, 313, 316 and 317. At the
time the sender is connected with the trunk, conductor
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312 extends over contact 1 of relay MT(50), conductor
5000, contact 5 of relay OP1(38), conductor 3800, con-
tact 4 of relay RT(50), conductor 5014, through the
windings of relays TS(34), TRM(34) and TRP(34) to
24-volt battery supplied by relay S(3) as above traced.
Conductor 313 extends over contact 8 of relay MT(50),
conductor 5681, contact 3 of relay OP1(38), conductor
3801, contact 8 of relay RT(50), winding of relay
RS(50), conductor 5062, windings of relays TRM(34)
and TRP(34) to 24-volt battery on conductor 306. Con-
ductor 317 extends over contact 6 of relay RT(50), upper
winding of relay LIT(50), winding of relay NV(50), up-
per winding of relay V0(50) to battery. Conductor 316
extends over contact 3 of relay RT(50), to battery
through the winding of relay 5BD(50).

The various trunk circuits are wired to connect class
indications to conductors 312, 313, 3i6 and 317 over
back contacts of the relay corresponding to relay SP(2).
The information received over conductor 317 is provided
by connecting contact 5 of relay SP(2) to ground through

different resistances or leaving it disconnected and relates .

to traffic separation at the switch frames and whether
the trunk requires connection to via or high grade trunks
only or may be used with any type of outgoing trunk.

The information received over conductors 332 and =

313 is provided by connecting the associated contacts of
relay SP(2) to ground through different resistances or
to battery and relates to the type of marker required.
This class indication is supplied to conductor 312 by

trunks arranged for loop dialing and to conductor 313 by

trunks arranged for composite circuit dialing. Assuming
that the incoming trunk of Fig. 1 is restricted to via calls,
that there is traffic separation and that composite circuit
dialing is to be expected, contact 5 of relay SP(2) will

be connected to ground through a resistance of 700 ohms *

and contact 9 of relay SP(2) will will be connected to
48-volt battery through resistance KR. The information
received over conductor 316 is provided by ground con-
nected to conductor 216 over a back contact of a relay

like relay SP(2) and indicates that the trunk originates =

at a particular type of office. Since the trunk of Fig. 2
is not assumed to originate at such an office, no such con-
tact is shown.

Prior to the operation of relay SP(2) contact § of re-
lay SP(2) is connected to conductor 217 and thence to
conductor 317 and, with ground through a resistance of
700 ohms connected thereto, causes the operation of
marginal relay V8(50) and sensitive relay NV (50)
but does mot operate relay LIT(50). Resistance bat-

tery connected fo contact 9 of relay SP(2) is extended

over conductor 213 to conductor 313, causing the opera-
tion of relays RS(30) and TRP(34).

Relay V8(50) locks in a circuit from battery through
its lower winding, and contact 3, conductor 413 to ground
at contact 7 of relay ONi(4). Relay NV(50) closes
an obvious circuit for operating relay NV1(50) which
locks over its contact 3 and conductor 413 to ground at
contact 7 of relay ON1(4).

Relay TRP(34) closes an obvious circuit for relay
CP(34) which operates and locks over its contact 1, con-
ductor 322 to ground at contact 9 of relay S(3). Relay
RS(50) closes a circuit from battery through' the wind-
ing and over contact 2 of relay CRS(34), conductor 5008,
contact of relay RS(50), conductor 5804, contact 1 of
relay LR(18) or contact 2 of relay SP1(19), conductor
1802, contact 10 of relay MT(50), conductor 5005, con-
tact 3 of relay S(3), conductor 318 through the sender
link to conductor 218, contact 12 of relay SP(1), to
ground at contact 4 of relay CO(1). Relay CRS(34)
operates in this circuit and locks over its contact 3 and
conductor 322 to ground at contact 9 of relay S(3).
Relay CRS(34) extends its operating ground over its
contact 1 to battery through the winding of relay FT(34)
causing that relay to operate. Relay FT(34) closes a
circuit from ground over contact 5 of relay CRS(34),
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contact 6 of relay CTS(34), contact 3 of relay FT(34),
conductor 3400, contact 3 of relay ON1(4), conductor
417, to battery through the winding of relay FT1(19),
operating the latter relay. Relay FT(34) closes a lock-
ing circuit for itself which may be traced from battery
through the winding of relay FT(34) over contact 2 of
relay FT(34), conductor 3401, through the winding of
relay RT(50), conductor 5006 to ground at contact 10
of relay S(3). This locking ground extends back over
contact 2 of relay FT(34), contact 1 of relay CRS(34)
to conductor 318 and brings about the release of the link
control circuit and control connector. Relay RT(50)
does not operate at this time, being shunted by the oper-
ating ground for relay FT(34). Relay FT1(19) closes
a locking circuit for relay S(3), which may be traced
from battery in the sender make-busy circuit 334, wind-
ing of relay S(3), contact 7 of relay S(3), conductor
321, contact 2 of relay FT1(19) to ground at contact 4
of relay SP1(19).

Relay FT1(19) also closes a shunt around the high
resistance lower winding of relay SP(17) so that the
circuit above-traced from battery through the winding
of relay SP(1) to conductor 311 now extends over con-
tact 4 of relay S(3), conductor 1800, contact 4 of relay
AV1(18), conductor 1701, low resistance upper winding
of relay SP(17), conductor 5100, contact 3 of relay
FT1(19), to ground at contact 6 of relay SP1(19). Re-
lay SP(2) now operates, removing the class indications
and connecting the trunk conductors to the sender. The
removal of the class indications permits relays NV(50),
TRP(34) and RS(50) to release.

When relay RS(50) releases, the operating circuit of
relay FT(34) is opened, permitting relay RT(50) to
operate in the locking circuit of relay FT(34), previously
traced. Relay RT(50) disconnects the class relays from
the extended trunk conductors.

As soon as relay ON1(4) operates, a circuit is closed
from battery through the winding of relay SV(2), con-
ductor 214, through the sender link 1600 to conductor
314 and thence over contact 1 of relay ON1(4), con-
ductor 418, contact 1 of relay CX(18), conductor 1803,
contact 1 of relay LP(19), conductor 1903, upper wind-
ing of relay L(49), contact 1 of jack L(49), through bal-
last resistance L1(49) to ground, holding relay SV(2)

5 operated, when relay C0(2) operates disconnecting re-

lay SV(2) from conductor 204. At the same time, con-
ductor 204 is connected over contact 2 of relay IN(2),
conductor 215, through the sender link 1600 to conductor
315 and thence over contact 6 of relay ON1(4), con-
ductor 419, contact 3 of relay LR (18), contact 4 of
relay CX(18), conductor 1804, contact 5 of relay
LP(19), conductor 1904, middle winding of relay L(49),
contact 2 of jack L(49), through ballast resistance
1.2(49) to battery.

Relay L(49) is polarized by a circuit from battery
through resistance BL(49), contact 3 of jack L(49),
lower winding of relay L(49), conductor 402 to ground
at contact 3 of relay ON(4). When the above-traced
circuits are closed, relay L{49) is energized to close its
contact 2. When relay RT(50) operates, following the
trunk class registrations as above-described, a circuit is
closed from ground at contact 5 of relay ON1(4), con-
ductor 412, contact 2 of relay RL(50), conductor 5007,
contact 2 of relay L(49), winding of relay 1.A(49), wind-
Relays SR(49) and
LA(49) operate in this circuit.

Relay SR(49), at its contact 1, closes an obvious cir-
cuit for relay SR1(49), which operates, closing a cir-
cuit over its contact 4 and contact 2 of relay LA(49) to
battery through the winding of relay LB(49). Relay
SR1(49) at its contact ¥ connects ground to conductor
304 as a supplementary holding circuit for relay C6(2)
and at its contact 2 connects ground to conductor 4900
in parallel with contact 4 of relay SP(19) as a supple-
mentary holding circuit for relay S(3).
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Relay SR(49) also closes .a circuit from -ground at
its contact 3, conductor. 4901, contact 4 of relay CRS
(34), conductor 3402 to battery through-the winding
of relay CX(18). Relay CX(18) operates in this circuit
to - prepare. the sender to receive composite signaling
pulses, and locks over its contact 2 and conductor 1885
to ground at contact 6 of relay 81(19).

When relay CX(18) operates, it opens the previously
traced circuit for relay SV(2), permitting that relay to re-
lease. At its contact 3, relay CX(18) inserts resistance
BA(18) -and retard coil CX(18) in the circuit previously
traced for relay L(49) to improve the percent make and
break characteristics on composite signaling pulses. Relay
CX(18) also closes a circuit from battery through the
winding of slow to operate relay. FPP(19), conductor
1906, contact 5 of relay CX(18), conductor 1806, con-
tact 2 of relay CTR(51), conductor 5161, contact 2 of
relay SR(49), conductor 410 to ground at contact 2 of
relay ON1(4). Relay FPP(19) prepares the circuit for
counting the pulses as they are received.

DIGIT REGISTRATION

Relay SV(2) on releasing disconnects battery from con-
ductor 205 and connects ground thereto, which causes a
dial start signal at the originating office. In response
to this signal, the wanted designation will be sent out,
causing interruptions of the connection of ground to con-
ductor 204, in response to which relay L(49) releases,
opening the circuit of relays SR(49) and LA(49). Relay
LA(49) follows the operation and release of relay L(49),
as does relay LB(49), but relay SR(49) is slow to re-
lease and remains operated, holding relay SR1(49) op-
erated. At the first release of relay LA(49) a circuit is
closed from ground at contact 4 of relay SR1(49), over
contact 1 of relay LA(49), conductor 4902 to battery
through the winding of relay RA(33). Relay RA(33)
is- made slow to release by its short-circuited lower wind-
ing and remains operated throughout the pulses of each
digit, releasing between digits. Relay RA1(49) is nor-
mally operated in a circuit from battery through its
winding, conductor 4903, contact 3 of relay RA(33),
conductor 403 to ground. at contact 4 of relay ON(4).
When relay RA(33) operates, relay RA1(49) is released,
remaining released throughout each digit and reoperating
when relay RA(33) releases at the end of a digit.

When relay ON(4) operates connecting ground to con-
ductor 405, a circuit is completed over contact 1 of
relay P1A(33), conductor 3300 to battery through the
winding of relay AS(5). Relay AS(5) operates and
locks over its contact 8, conductor 509, contact 9 of relay
BS(6) to ground on conductor 405. With relay AS(3)
operated, circuits are prepared for setting the A register,
comprising- relays A0(3) to A7(5), from the pulse count-
ing relays.

When relay L(49) releases and closes its contact 1
in response to the first removal of ground from conductor
204, it completes a circuit from ground as above-traced,
contact 1. of relay L(49), contact 3 of relay SR1(49),
conductor 4904, contact 3 of relay FPP(19), conductor
1907, contact 1 of relay AV(18), conductor 1867, con-
tact 1 of relay LE(49), to battery through the winding
of relay LC(49). Relay LC(49) operates and locks in
a circuit from battery through its winding, lower wind-
ing of relay LE(49), contact 1 of relay LD(49), con-
tact 1 of relay LC(49), conductor 4905, over the back
contact of relay 1L.B(49) or contact 4 of relay RA(33),
conductor 3301 to ground at contact 4 of relay SR1(49).
Relay LE(49) does not operate in this locking circuit,
being shunted by ground on conductor 1807 until relay
1.(49) reoperates at the end of the first pulse.

When relay L(49) releases in response to the second
pulse, ground is connected to conductor 1867 as previously
traced- and a circuit is completed over contact 2 of
realy LE(49), upper winding of that relay, upper wind-
ing of relay LD(49) to battery. Relay LD(49) operates
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in this circuit and relay LE(49) is held operated. ‘Relay
1D(49), opens the locking circuit of relay LC(49) and
that relay releases. Relay LD(49) locks in a circuit from
battery through its lower winding and over its contact
2, contact 2 of relay LC(49) to ground on conductor
4%95 to insure that it remain operated long enough to
cause relay LC(49) to release. When relay L(49) re-
operates, relays. LE(49) and LD(49) release. These
operations are repeated for each successive pairs of pulses.
Therefore, at the end:of each odd. pulse relays LE(49)
and 1.C(49) are operated and at the end of -each even
pulse all three-relays are released. ‘With relay LE(49)
operated, at the end of the first .and .each odd pulse,
ground on conducior. 4905 is extended over: contact.3
of relay LE(49) to conductor 4906, which may be termed
the odd pulse conductor. . With relay LE(49) released,
at the end of the second and each even pulse, ground on
conductor 4965 is extended over contact 4 of relay
LE(49) and contact 4 of relay RA1(49) to conductor
4907 which may be called the even pulse conductor.
Therefore, conductors 4906 and 4907 are grounded alter-
nately.

The first time that conductor 4906 is grounded, a circuit
is closed from ground on that conductor, contact 5§ of
relay P4(33), contact § of relay P2(33), contact 2 of
relay P3(33), coniact 1 of relay P5(33), through the
lower winding of relay P1(33) to battery. Relay P1(33)
thereupon operates and locks in a circuit from battery
through its upper winding and contact 3, contact con-
tact 2 of relay P2(33), contact 4 of relay P3(33), con-
tact 2 of relay P4(33), contact 4 of relay P5(55), con-
ductor 3302, contact 3 of relay RA1(49) to ground
over conductor 3381. A branch of this. locking -circuit
extends over contact 3 of relay P1A(33) to battery
through the winding of relay P1A(33). Relay P1A(33)
operates and locks. over its contact 4 to ground on con-
At .its contact 1, relay P1A(33), opens
the operating circuit -for relay AS(5) and at its con-
tact 2 connects ground to conductor 3393, completing.a
circuit over -contact 7 of relay AS(33), contact 8 of
relay OD(5) to battery through the winding of relay
EV(5), operating the latter relay.

When, in response to the second pulse, ground is con-
nected to conductor 4907 with relay P1(33) operated,
a circuit is completed over contact 4 of relay P1(33) to
battery through the winding of relay P2(33). Relay
P2(33) operates and locks over its contact 3 and as
previously traced for the locking circuit of relay P1(33)
to ground on conductor 3362 and opens the locking cir-
cuit of relay P1(33), which relay thereupon releases.

When, in response to the third pulse, ground is con-
nected to conductor 4%06, a circuit is completed over
contact 5 of relay P4(33), contact 4 of relay P2(33) to
battery through the winding of relay P3(33). Relay
P3(33) thereupon operates and locks over its contact 5
and the locking circuit previously traced to ground on
conductor 3302, and at its contact 4 opens the locking
circuit for relay P2(33) which now releases. On the
fourth pulse, when relay LE(49) releases, and applies
ground to conductor 4997, a circuit is established over
contact 6 of relay P3(33) and through the winding of
relay P4(33) to battery. Relay P4(33) operates and
locks over its contact 3 to ground on conductor 3302
and at its contact 2 opens the locking circuit for relay
P3(33) which now releases. At the fifth pulse, when
relay LE(49) again operates and connects ground to
conductor 4996, a circuit is established over contact 4
of relay P4(33) through the winding of relay P5(33)
to battery and the latter relay thereupon operates, locks
over contact 6 of relay P1(33) and contact 5 of relay
P5(33) to ground on conductor 3302 and at its contact
4 opens the locking circuit for relay P4(33) which releases.

At the sixth pulse when relay LE(49) again releases
and connects ground to conductor 4907, a circuit is com-
pleted over contact 6 of relay P5(33) through the lower
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‘winding of relay P6(33) to battery. The latter relay op-
erates, locks through its upper winding and contact
3 to ground on conductor 3302, and over its contact 4
establishes an obvious circuit through the winding of
relay P6A(33) to battery so that the latter relay also
operates. It is to be noted that the operation of relay
P6(33) does not cause the release of relay P5(33).

In response to the seventh pulse, relay LE(49) again
operates and connects ground to conductor 49906, com-
pleting a circuit over contact 5 of relay P4(33), contact
5 of relay P2(33), contact 2 of relay P3(33), contact 1
of relay P6(33) and the lower winding of relay P1(33)
to battery. Relay P1(33) operates and locks over a
circuit which extends as previously traced to contact 4
of relay P3(33) and thence over contact 2 of relay
P1(33) and contact 2 of relay P6(33) to ground on con-
ductor 3302. - Relay P1(33) at its contact 6 opens the
locking circuit for relay P5(33) which now releases.

On an eighth pulse, relay LE(49) again releases, con-
nects ground to conductor 4907 and, with relay P1(33)
operated, completes the previously traced circuit for
operating relay P2(33). Since relay P5(33) has been
released, relay P2(33) locks over its contact 3 and the
locking circuit first traced to ground on conductor 33062
and opens the locking circuit for relay P1(33) which
releases.

On a ninth pulse, relay LE(49) operates, grounding
conductor 4906 and closes the previously traced circuit
for relay P3(33) which operates, locks over its contact
5 to the locking circuit previously traced and at its con-
tact 4 opens the locking circuit for relay P2(33) which
releases. :

A tenth pulse causes relay LE(49) to release, ground-
ing conductor 4907 and closing the previously traced
circuit for relay P4(33). Relay P4(33) operates, locking
over its contact 3 and contact 4 of relay P5(33) to
grounded conductor 3302 as previously traced. Relay
P4(33) opens the locking circuit for relay P3(33) which
releases.

The following table shows the relays operated after
any pulse:

Pulse No. Conductors

Relays Operated
Grounded

3310, 3311
3310, 3312
3311, 3312
3310, 3314
3311, 3314
3312, 3314
3310, 3317
3311, 3317
3312, 3317
3314, 3317

Bl
P5, TG, P6A
PI, P6, P6A
P2, P6, P6A
D3, P6, P6A
P4, P6, PGA

The pulse count will, of course, stop when the digit
ends leaving the pulse counting relays operated as shown
in the preceding table.

When a train of pulses for a digit ends, relay 1(49) and
relay LA(49) remain operated and relay RA(33) re-
leases, thereby causing the reoperation of relay RAI(49).
Relay RA(33) at its contacts 2 and 3 closes paths over
the contacts of relays P1(33) to P5(33) and P6A(33)
to two of the conductors 3318, 3311, 3312, 3314, 3315
according to the pattern in the preceding table. The
operation of relay RA1(49) at its contact 3 disconnects
ground from conductor 3302 and the locking circuit for
the P relays, thereby releasing any operated P relays
and removing ground from the two selected conductors.
During the operate time of relay RA1(49) and the re-
lease time of the P relays, a pair of the A register relays
of Fig. 5 will be operated corresponding to the two
conductors grounded and corresponding to the digit being
registered. The conductors 3316 to 3317 will be extended
to the groups of five relays constituting the other registers
in sequence as will be hereinafter described.

Relay EV(5) connects conductors 3310 to 3317, over
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its contacts 1 to 5 and contacts 1 to 5 of relay AS(5) to
the windings of relays A®(5) to A7(5).

It has been assumed that the first digit of the wanted
number is 6. Consequently at the end of the series of six
pulses, relays P5(33), P6(33) and P6A(33) are operated
and upon the release of relay RA(33) at the end of the
pulse series, ground is applied from conductor 403, over
contact 2 of relay RA(33), contact 2 of relay P5(33),
conductor 3314, contact 4 of relay EV(5), contact 2
of relay AS(5), winding of relay A4(5) to battery, and
ground is applied from conductor 403, over contact 1
of relay RA(33), contact 3 of relay P5(33), contact 2
of relay P6A(33), conductor 3312, contact 3 of relay
EV(5), contact 3 of relay AS(5), winding of relay
A2(5) to battery. Relays A2(5) and A4(5) both operate
and lock over their contacts 1, conductor 409 to ground
at contact 10 of relay ON1(4). Thus the relays of the
A digit register have been operated to register the digit 6.

REGISTRATION PROGRESSION

As above-mentioned, when relay RA1(49) operates at
the end of the impulse series, the pulse counting relays
P4(33), P6(33) and P6A(33) are released. At its con-
tact 1, relay RA1(49) closes a circuit from battery through
the winding of relay AS(5) and its contact 6, contact 9
of relay EV(5), conductor 501, contact 1 of relay
RA1(49) to ground over conductor 405, thereby holding
relay AS(5) operated after the previously traced locking
circuit over a normal contact of relay BS(6) has been
cpened and until the beginning of the reception of the
next digit series. At its contact 2, relay RA1(49) closes
a circuit from grounded conductor 405, contact 2 of
relay RA1(49), conductor 4908, contact 7 of relay EV(5),
contact 9 of relay AS(5), conductor 502, winding of
relay BS(6) to battery. Relay BS(6) operates in this
circuit and locks in a circuit over its contact 10, contact
8 of relay CS(6) to ground over conductor 405 prepara-
tory to registering a second digit.

At the beginning of the second digit series, relay
RA(33) is reoperated and relay RA1(49) released in the
manner described for the first digit, opening the holding
circuit for relay AS(5) and the initial energizing circuit
for relay BS(6). When relay AS(5) releases, the circuit
of relay EV(5) is opened and that relay also releases.
With relay BS(6) operated and relay EV(5) released, a
circuit is closed from battery through the winding of
relay OD(5), contact 8 of relay EV(5), conductor 503,
contact 8 of relay BS(6) to ground over conductor 405.
Relay OD(5) operates in this circuit to prepare the cir-
cuits for registering the second digit.

At the end of the second digit, which is the digit 0,
relays P4(33), P6(33) and PGA(33) will remain oper-
ated and, when relay RA(33) releases, ground on con-
ductor 403 is connected over contact 2 of relay RA(33),
contact 1 of relay P4(33), conductor 3314, contact 4
of relay OD(5), conductor 514, contact 2 of relay
BS(6), through the winding of relay B4(6) to battery. A
second circuit extends from grounded conductor 403
over contact 1 of relay RA(33), contact 6 of relay
P4(33), contact 5 of relay P6A(33) to conductor 3317
and thence over contact 5 of relay OD(5), conductor
517, contact 1 of relay BS(6), to the winding of relay
B7(6) and battery. Relays B4(6) and B7(6) operate
and lock over their contacts 1 to grounded conductor
409 to record that the second digit is the digit 0.

When relay RA1(49) reoperates at the end of the
second digit, it cioses a circuit from battery through the
winding of relay BS(6), contact 6 of relay BS(6), conduc-
tor 8504, contact 9 of relay ODX(5), conductor 581, contact
i of relay RA1(49) to grcunded conductor 405 to hold re-
lay BS(6) operated until the first pulse of the third digit is
received. At its contact 2, relay RA1(49) connects
ground from conductor 463 to conductor 4908, com-
pleting a circuit over contact 7 of relay OD(5), conduc-
tor 505, contact 11 of relay BS(6) to the winding of
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rc;lay CS(6) and battery. Relay CS(6) operates in this
circuit locking over its contact 9 and contact 9 of relay
DS(6) to ground over conductor 405.
At the beginning of the third digit series, relay

RA(33) reoperates, in turn releasing relay RA1(49) and

opening the operating circuits for the B register relays
9f Fig. 6. Relay RA1(49) in releasing opens the hold-
ing circuit for relay BS(6) which now releases, opening
the operating circuit for relay OD(5) which also releases.
With relay CS(6) operated and relay OD(5) released,
a circuit is closed from battery through the winding of
relay EV(5), contact 8 of relay OD(5), conductor 506,
contact 7 of relay CS(6) to ground on conductor 495.
With relays CS(6) and EV(5) operated, conductors
3310 and 3317 are extended to the C register of Fig. 6.

This progression continues, relay EV(5) being oper-
ated in combination with relays ES(7) and GS(7),
JS(8) and LS(9) to transmit the fifth, seventh, ninth and
possibly eleventh digits respectively to registers E, G, J
and L of Figs. 7, 8 and 9 while relay OD(5) is oper-
ated in combination with relays DS(6), FS(7), HS(8)
and KS(8) to transmit the fourth, sixth, eighth and
tenth digits respectively to the registers D, F, H and K
of Figs. 6, 7 and 8.

Therefore, from a consideration of the foregoing table,
it will be apparent that conductors 3311 and 3314 will
be grounded following the third digit to operate relays
C1(6) and C4(6); conductors 3310 and 3312 will be
grounded following the fourth digit to operate relays
D6(6) and D2(6); conductors 3311 and 3312 will be
grounded following the fifth digit to operate relays E1(7)
and E2(7); conductors 3310 and 3314 will be grounded
following the sixth digit to operate relays F&(7) and
F4(7); conductors 3318 and 3317 will be grounded fol-
lowing the seventh digit cperating relays GO(7) and
G7(7); conductors 3311 and 3317 will be grounded fol-
lowing the eighth digit, operating relays H1(8) and
H7(8); conductors 33%2 and 3317 will be grounded fol-
lowing the ninth digit, operating relays J2(8) and J7(8);
conductors 3310 and 3311 will be grounded following the
tenth digit, operating relays K0(8) and K1(8). Relays
C1(6) and C4(6) lock to conductor 409, while relays
Do(6), D2(6), E1(7), E2(7), FO(7) and F4(7) lock
over conductor 408 to ground at contact 9 of relay ON(4);
relays GO(7), G7(7), H1(8), H7(8), J2(8) and J7(8)
lock over conductor 407 to ground at contact 8 of relay
ON(4) and relays K§(8) and K1(8) lock over conductor
406 to ground at contact 7 of relay ON(4).

When relay BS(6) operates following the registration of
the first digit, a circuit is closed from battery through the
winding of relay ADR(3), conductor 324, contact 1 of
relay FT(34), conductor 3493, contact 7 of relay BS(6),
conductor 587 to ground at contact 6 of relay EV(5).
Relay ADR(3) operates in this circuit and locks over its
contact 4 and conductor 325 to ground at contact 2 of
relay S(3).

After the fourth or D digit has been recorded, relay
ES(7) is operated, closing a circuit from battery through
the winding and over contact 1 of relay DDR(17), con-
ductor 1764, contact 1 of relay ES(7), conductor 508 to
ground at contact 6 of relay OD(5). Relay DDR(17)
operates in this circuit and locks over its contact 2 and
conductor 415 to ground at contact 9 of relay ON1(4).

After the fifth or E digit has been recorded, relay FS(7)
is operated, connecting ground over its contact 8 and
conductor 709 to battery through the winding of relay
EDR(17). Likewise after the sixth or F digit has been
recorded, relay GS(7) is operated, connecting ground over
its contact 8 and conductor 701 to battery through the
winding of relay FDR(17). Relays EDR(17) and
FDR(17) operate and lock to ground on conductor 415.

Relays FS(7) to 1S(9) in combination with relays
EV(5) and OD(5) connect ground to conductors 702,
703, 800, 801, 802 and 999, respectively, leading to the
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outpulsing circuit to indicate the last digit registered and
to prepare for sending a start pulse if required.

SEIZURE O} DECODER

When the sender has received and registered three digits
it calls in a decoder. It will be remembered that relay
MS1(18) was operated following the operaticn of relay
S1(19). When relay DS(6) operates, after the third
digit has been received, it closes a circuit from ground
over its contact 7, conductor 600 to battery through the
winding of relay MS(18). Relay MS(18) operates in
this circuit and locks over its contact 2, and conductor
1905 to ground at contact 5 of relay S1(19). At its
contact 1, it opens the circuit of relay MS1(18) which
releases slowly. When relay MS1(18) has released it
closes a circuit from battery through the winding of relay
MS2(18), contact 3 of relay MS(18), contact of relay
MS1(18), conductor 1808, contact 4 of relay CTA(51),
conductor 5105, contacts 4 and 5 of relay DRL(18), con-
tact 2 of relay DRIL1(18), conductor 322 to ground at
contact 9 of relay S(3).

Relay MS2(18) initiates the operation of the decoder-
connector by closing a circuit from battery over its con-
tact 4, contact 5 of relay AV1(18), conductor 1809,
contacts 3 and 4 of relay MRL(17), conductor 1706,
contact 8 of relay CTR(51), conductor 5102, winding of
sender preference relay SP1(100), contact 3 of inter-
mediate sender preference. relays such as relay SP3(100),
contact 2 of the last sender preference relay SP5(100),
conductor 10080 to ground through the winding of relay
CA1(115). Relays SP1(100) and CAI1(115) operate
in this circuit, relay SP1(100) locking over its contact 4
to conductor 10609 independent of the other sender pref-
erence relays.

Relay CA1(115) closes a circuit from ground at con-
tact 2 of relay CA5(114), conductor 11400, contact 1 of
relay CA1(115), conductor 11500 to interrupter CAl
(114) to initiate a timing operation.

As is general in sender-decoder and sender-marker con-
nectors, this decoder-connector includes multicontact
relays for each sender and multicontact relays for each
decoder, with multiple connections therebetween. To
guard against false grounds on this multiple wiring, when
the connector is idle, each conductor is connected over a
normal contact on one of a group of relays GR2(101),
GR3(101), GR4(101) to a common ground detector re-
lay GR1(114).

When relay CA1(115) operates, it closes a circuit
from ground, over its contact 2, conductor 11501 to
battery through the winding of relays GR2(101),
GR3(101) and GR4(101) causing these relays to oper-
ate and remove the false ground test. With relays
GR2(101), GR3(101) and GR4(101) operated, a circuit
is closed from battery on conductor 5102 through the
winding of relay SC{71), ccnductor 716, contact 2 of re-
lay SP1(100), conductor 1868%, contact 1 of relay CHK
(115), contact 2 of relay CF(115), contact 5 of relay
TR(115), conductor 16160, contact 12 of relay GR3
(101), contact 12 of relay GR2(101) to ground at con-
tact 1 of relay GR4(101). Relay SC(71) operates in
this circuit and connects ground over its contact S0 to
conductor 16180 and thense as above traced to conductor
7180 to lock itself under the control of the sender.

The sender-decoder connecter is arranged to serve the
senders in groups of five, and there is a decoder pref-
erence relay DP and a circuit busy relay CB for each
decoder associated with each -group of senders, with
preference circuits connecting them so that the decoders
have a different order of preference for the different
sender groups. These preference circuits have not peen
shown but are well known. When a decoder is idle its
corresponding circnit busy relay CB(100) is released.

Assuming that the decoder shown is idle, the opera-
tion of relay SC(71) closes a circuit from battery on
conductor 5102, contact 57 of relay SC(71), conductor






