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2.984,704 
AUTOMATIC DETERMINATION OF TOLL 

CALL CHARGES 

Noah S. Terry, Freeport, N.Y., and Edward Vroom, 
Brooklyn, Conn., assignors to Bell Telephone Labora. 
tories, Incorporated, New York, N.Y., a corporation 
of New York 

Filed Dec. 7, 1956, Ser. No. 626,848 
30 Claims. (Cl. 179-7.1) 

This invention relates to telephone systems, and par 
ticularly to those systems which are provided with facili 
ties to record items of information appertaining to the 
identification and billing of established telephone connec 
tions. The invention especially relates to a new and 
novel arrangement of apparatus and associated circuitry 
for a telephone central office by which such items are ob 
tained and automatically processed at the office itself into 
an individual record for each connection, the record 
containing, among other indicia, the identity of the call 
ing and called stations and the monetary charge for the 
connection. 

In telephone systems arranged for automatic message 
accounting (AMA), a record is made at the central office 
of items of information pertaining to each call placed 
therefrom. These items, included in three "entries' which 
make up the record for each call, are recorded on a con 
tinuous tape. During a period of light load (usually 
around 3 a.m.) the tape with the recorded items is sev 
ered from the tape roll and taken to an automatic 
message accounting center where suitable computing, 
sorting and tabulating equipment process the entries into 
a separate record for each subscriber. This record is 
subsequently used in making up the Subscriber's monthly 
Statement. 

This arrangement is, of course, perfectly suitable re 
gardless of whether the established calls are local or toll, 
the recording and computing equipment operating auto 
matically in all cases to obtain the necessary data, and to 
process the same into the involved charges. 

However, in the case of direct distance calls which 
are placed from stations in large P.B.X exchanges, for 
instance a P.B.X exchange serving a hotel, the automatic 
message accounting equipment provides no facilities for 
computing the charges for an established call immediately 
after the call is terminated. A guest in a New York 
hotel, for instance, making a call to a subscriber in San 
Francisco, would have to wait for the regular billing 
period before the charge for the call would be deter 
mined. On the other hand, he might have to check out 
within the hour, or at all events before the statement be 
comes available. For this reason P.B.X exchanges falling 
in the above category, are presently denied service with 
automatic message accounting equipment. Long distance 
calls originating at a P.B.X exchange for which the 
charge is to be made known at the termination of the call 
are routed through toll operators who will time and ticket 
such calls according to established manual practice, and 
communicate the charges to the P.B.X operator or to the 
calling subscriber soon after the termination of the calls, 

In order to extend the benefit of Direct Distance Dial 
ing to all subscribers, and particularly to those who may 
be obliged to pay for the service immediately after it is 
rendered, it is desirable to provide in the central office 
apparatus which will automatically compute the cost of 
the call upon its termination. 

Accordingly, it is the broad object of the present in 
vention to provide means at the central office of an auto 
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2 
matic telephone system which, in response to the estab 
lishment and the timing of a long distance call, operates 
to compute the charge therefor and make a record of the 
Sa 

Another object of this invention is the provision of 
means for determining the distance in great circle miles 
between a calling and a called central office, said means 
comprising a novel subtractor circuit which ascertains the 
difference between the latitudes and the difference be 
tween the longitudes of the calling and the called central 
offices; 

Still another object of this invention is to obtain from 
Suitable central office apparatus appropriate indicia rep 
resenting, respectively, the geographical position of a call 
ing and a called central office expressed in terms of their 
respective latitudes and longitudes; 
According to another object of this invention the in 

dicia representing the diference in latitude and the dif 
ference in longitude between the calling and the called 
central office is utilized in conjunction with an appropriate 
relay mileage table to determine the distance in great 
circle miles between the calling and the called central 
office; " . ? 
According to another, object of this invention, each of 

a plurality of items of indicia pertinent to the identifica 
tion, distance and duration of a call in progress is stored 
in a magnetic drum as it becomes available until the con 
clusion of the call, after which it is withdrawn from stor 
age and utilized to operate suitable computing and visual 
display devices to provide the monetary charges for the 
completed call together with data indicating the identity 
of the calling and called subscribers; 

Still another object of the invention is to provide cir 
cuits, apparatus and method for translating a plurality of 
sets of indicia, respectively representing basic rate, a 
band-choice (or table use determining) data, elapsed con 
versation time data, and data respectively indicating that 
the regular (or day) rate, or that the reduced (or 
"night') rate should be employed, into a single integrated 
index number representing the charging rate to be em 
ployed in the determination of the monetary charges for 
a completed telephone call; 

Still another object of the invention is to obtain, from 
indicia previously stored in a translating device the iden 
tity of the called office in terms of its geographical posi 
tion expressed in degrees of latitude and longitude or frac 
tions thereof; 

Still another object of the invention is to provide cir 
cuits for comparing the magnitudes of the longitudes of 
the calling and called offices, and so arranging them that 
the larger and the smaller of the two quantities are re 
spectively presented to the longitude subtractor circuit as 
the minuend and the subtrahend thereof; 

. Still another object of the invention is to provide cir 
cuits for comparing the magnitudes of the latitudes of 
the calling and called offices, and so arranging them that 
the larger and the smaller of the two quantities are re 
spectively presented to the latitude subtractor circuit as 
the minuend and the subtrahend thereof; 

Still another object of the invention is to provide a 
band-choice circuit controlled by central office latitude 
indicia values presented thereto, to effect the choice of one 
band of a plurality of mileage bands, the band so chosen 
determining which set of a plurality of sets of relay tables 
is to be used, each said set of relay tables having pre 
computed mileage data pre-stored therein peculiarly ap 
propriate to one range of latitude indicia values pre 
sented to said band-choice circuit; 

Still another object of the invention is to provide cir 
cuits, controlled by latitude indicia values representing 
the positions of a calling and a called central office, to 
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determine whether the called central office location is 
north or south of that of the calling central office; 

Still another object of the invention is to provide a 
number-rounding circuit receptive to and controllable by 
potential inputs that represent a number expressed in 
four denominational orders, said number-rounding circuit 
being so arranged that when the numerical value of 
the input to any of the three lower denominational orders 
lies between five and nine, the numerical value of the 
output of the next higher denominational order will be 
raised in numerical value by one; 

Still another object of the invention is the provision 
of circuits connected in a "tree' pattern or the equivalent 
thereof for translating a four denominational order input 
number expressed in decimal code and representing 
geographical position difference data, into an output ex 
pressed over a single electrically activated conductor in 
one or more of three groups of conductors, each said 
group of conductors being connected as an input to a 
relay mileage table germane to a specific range of mileage 
values, and each of said output conductors being signifi 
cant of one of a large plurality of discrete values of 
positional difference input data to said table; 

According to another object of the invention the deci 
mal input indicia representing a basic rate number is 
applied to a basic rate translator circuit wherein under 
control of the accompanying mileage band-choice input 
and an "over' or "under' four hundred mile indication 
input, said indicia is translated into the corresponding 
basic rate index number which applies to a sub-group of 
mileage values. Simultaneously with the translation of 
the indicia to said basic rate index, one of three band 
choice conductors is energized by the basic rate translator 
circuit to indicate which mileage band-choice is to be 
utilized in conjunction with said basic rate index; 
According to another object of the invention the basic 

rate index, expressed in a binary code, is applied to a 
basic rate index translator wherein, under control of a 
selected mileage band-choice input, said index is trans 
lated into an output expressed by a single activated lead 
in one of three groups of output leads, each group of 
leads being germane to a specified range of milleage 
values, and each of said output leads being significant of 
one of a plurality of basic charging rates. Simultane 
ously with the activation of said output lead, one of 
three mileage band-choice conductors is energized by 
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the basic rate index translator to indicate which mileage 
band-choice is to be utilized in establishing the charge 
for a call in conjunction with said activated output 
lead; 

According to another object of the invention the sev 
eral registers wherein have been registered the directory 
numbers of the calling and the called subscribers' sta 
tions, the called central office code, and the monetary 
charges for a completed call between said stations, are 
progressively connected on a digit-by-digit and item-by 
item basis, to the printing equipment employed in pro 
ducing a visual record of said call between said stations 
and of the monetary charges for said call; . 
These and other objects and features of the invention 

will be more apparent from the description which follows, 
the appended claims, and the drawings, in which: 

Fig. 1 shows the calling and called subscribers' lines, 
an attended P.B.X, a line switch, an identifier, a dis 
trict junctor, a district junctor identifier, a sender link 
and sender link controller, a completing central office, 
and quotation communicating channel equipment; 
Fig.2 shows a district junctor timing circuit and an 

elapsed conversation time register; 
Fig. 3 shows the called subscriber's area code register 

and the called subscriber's office code register; 
Fig. 4 shows the called subscriber's directory number 

register; 
Fig. 5 shows the calling subscriber's area code cross 
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4 
connections and the calling subscriberºs directory num 
ber register; 

Fig. 6 shows the area and office code translator-con 
nectors and the latitude and longitude card translators re 
quired to produce by translation the latitude and longi 
tude corresponding to the latitude and longitude of the 
called office; 

Figs. 1 to 6, inclusive, disclose, in general, those cir 
cuits used in establishing a conversation path between the 
calling and called subscriber, furnishing the latitude and 
longitude of the calling and called offices, furnishing 
the identification of the calling and called subscribers 
and the district junctor employed to time the duration 
of the conversation and to supply all of the above data 
to the associated circuits employed in computing the 
charge for a completed call; 

Figs. 7 to 14, inclusive, in general, show the four digit 
arranger circuits; 

Figs. 7, 8, 9 and 10, respectively, show the tens, units, 
tenths and hundredths digits for the longitude arranger 
circuits; 

Figs. 11, 12, 13 and 14, respectively, show the tens, 
units, tenths and hundredths digits for the latitude ar 
ranger circuits; 

Figs. 15 to 22, inclusive, in general, show the four digit 
subtractor circuits; 

Figs. 15, 16, 17 and 18, respectively, show the tens, 
units, tenths and hundredths digits for the longitude sub 
tractor; 

Figs. 19, 20, 21 and 22, respectively, show the tens, 
units, tenths and hundredths digits for the latitude sub 
tractor; 

Figs. 23 to 30, inclusive, in general, show the four digit 
number rounding and tree circuits; 

Figs. 23, 24, 25 and 26, respectively, show the tens, 
units, tenths and hundredths digits of the adjusted longi 
tude number rounding circuits and also, in Figs. 24, 25 
and 26, respectively, in the right-hand portion are shown 
the 400 to 4000 mile, the 40 to 400 mile and the 0 to 40 
mile bands of the tree circuits; 

Figs. 27, 28, 29 and 30, respectively show the tens, 
units, tenths and hundredth digits of the latitude number 
rounding circuits and also, in Figs. 28, 29 and 30, respec 
tively, in the right-hand portion are shown the 400 to 4000 
mile, the 40 to 400 mile and the 0 to 40 mile bands of the 
tree circuits; 

Figs. 31 to 58, inclusive, in general, show the latitude 
connectors and rate location circuits which are divided 
into the following bands; 

Figs. 31 to 34, inclusive, show the 400 to 4000 mile 
band circuits; 

Figs. 35 to 50, inclusive, show a plurality of 40 to 400 
mile band circuits identified as bands numbered 4, 5, 6 
and 7; 

Figs. 35 to 38, inclusive, show band number 4; 
Figs. 39 to 42, inclusive, show band number 5; 
Figs. 43 to 46, inclusive, show band number 6; 
Figs. 47 to 50, inclusive, show band number 7; 
Figs. 51 to 58, inclusive, show a pluraity of 0 to 40 mile 

band circuits identified as bands numbered 4 and 5; 
Figs. 51 to 54, inclusive, show band number 4; 
Figs. 55 to 58, inclusive, show band number 5; 
Fig. 59 shows the call identity index prewriting keys 

and the call identity index matching circuits; 
Figs. 60 to 63, inclusive, show the magnetic drum stor 

age circuit and the amplifiers and gate circuits operatively 
associated therewith; 

Fig. 64 shows the basic rate translator and basic rate 
translator-register relay circuits; 

Fig. 65 shows the automatic reduced rate indicating 
circuit; 

Fig. 66 shows the calling subscriber's directory number 
register-translator circuit, the called subscriber's office 
code register-translator circuit and the called subscriber's 
directory number register-translator circuit; 
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Fig. 67 shows the elapsed conversation time register 
translator and time tree circuit; - 

Fig. 68 shows the basic rate index register-translator 
circuit; 

Fig. 69 shows the charging translator circuit; 
Fig. 70 shows a typical plan for cross connecting diodes 

to a set of multiple paths to indicate the charge and tax 
for a completed call; 

Figs. 71 to 74, inclusive, in general, show the call charge 
data connector circuits and the printer register-translator 
circuits; 

Figs. 73 and 74, on their lower portions, show the 
printer register-translator circuit; 

Fig. 75 shows the call charge data scanning circuit, the 
transmitter distributor circuit and the printer; 

Figs. 76 to 79, inclusive, in general, disclose in block 
diagram form the organization of the circuits comprising 
an exemplary form of the inventon; 

Fig. 76 indicates the calling and called subscribers' 
lines, an attended P.B.X, a line switch, a line identifier, an 
identifier connector, a district junctor, a district junctor 
identifier, a district junctor timing circuit, an elapsed 
conversation time register, a sender, a completing central 
office, an area code translator-connector, an office code 
translator connector, a latitude and longitude card trans 
lator, longitude and latitude arranger circuits, and quota 
tion communicating channel equipment; 

Fig. 77 indicates the longitude and latitude subtractor 
circuits; the longitude and latitude number rounding cir 
cuits and the longitude and latitude tree circuits; 

Fig. 78 indicates the latitude connectors and rate loca 
tion circuits, the basic rate translator register circuit, the 
automatic reduced rate indicating circuit and the magnetic 
drum storage circuits; 

Fig. 79 indicates the basic rate index translator circuit, 
the elapsed conversation time translator-register, the time 
tree circuit, the charging translator circuit, the calling 
subscriber's directory number register-translator, the 
called subscriber's office code register-translator, a typical 
cross-connecting plan for the diodes employed in the 
charge and tax plan circuits, a charge and tax adder cir 
cuit, the call charge data connector circuit, the printer 
register-translator circuit, the transmitter-distributor cir 
cuit, a printer, the call charge data scanning circuit, and 
quotation communicating channel equipment; 

Figs. 80, 81 and 82 illustrate the relative arrangement 
of the Figs. 1 to 75, inclusive, to completely disclose the 
invention; and 

Fig. 83 illustrates the relative arrangement of Figs. 76 
to 79, inclusive, to disclose the invention in block diagram 
form. 

Fig. 84 is a table showing the corelation of toll indices, 
latitudes, band choices and band widths in degrees of lati 
tude and in equivalent distances in miles south to north. 

Fig. 85 is a diagrammatic illustration of the develop 
ment of a 0 to 40 mille table. 

Fig. 86 is a diagrammatic illustration of the develop 
ment of a 40 to 400 mile table with the area served by 
the 0 to 40 mille table superimposed thereon in dotted 
outline. 

Fig. 87 is a diagrammatic illustration of the develop 
ment of a 400 to 4000 mile table, showing the resolution 
of the table into north and south half-tables, with the areas 
served by the 0 to 40 mile and the 40 to 400 mile tables 
superimposed thereonin dotted outlines. 

Fig. 88 is a table showing, in part, the precomputed data 
for a typical 0 to 40 mile table of great circle mileages. 

Fig. 89 is a table showing several combinations of 
assumed latitudes and longitudes for the calling and 
the called central offices and their corelation with the 
differences in latitude and longitude and the several 
band choices. 

Figs. 90 to 94, inclusive, are diagrammatic illustra 
tions of the several combinations of latitude and longi 
tude indicated in Fig. 89. Figs 95-A, 95-B and 95-C 
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6 
are diagrammatic illustrations of several assumed values 
of longitude orlatitude difference and show the deriva 
tion, from a four digit input number, of three pairs of 
two digit output leads. 

Fig. 96 is a rate mileage table adapted for use in the 
present invention and shows the basic rates applicable 
to the several rate mileage zones. 

In order to facilitate the tracing of circuit operations, 
each relay or other item of apparatus appearing in Figs. 
1 to 79 is designated by a functional designation, con 
sisting primarily of letters, which is preceded by the 
number of the figure in which said item appears. Thus, 
a relay or other item mentioned in the text may readily 
be found in the drawings by reference to the figure num 
ber included in the designation of said item. For exam 
ple, the relay designated 1-ANS will be found in Fig. 1. 

For a complete and clear understanding of the inven 
tion, we will first describe the general organization of 
the circuits and their particular functions. We will then 
describe, in general terms, the overall operation of an 
exemplary telephone system embodying the present in 
vention as shown in the block diagram for Figs. 76 to 
79, inclusive. Finally, the detailed operations of the 
circuits incident to computing and printing the monetary 
charge and the tax thereon for a completed call will be 
described. 

General description of the circuits 
The principal circuits employed in the present embodi 

ment of the invention and their relation to one another 
is indicated in the block diagram of Figs. 76 to 79, ar 
ranged as shown in Fig. 83. The originating circuits 
comprising the calling subscriber and attended P.B.X, 
indicated on Fig. 76 and shown in greater detail on Fig. 
1, are, in general, similar to the corresponding circuits 
disclosed in the patent to A. J. Busch, No. 2,585,904 
of February 19, 1952. Other originating circuits com 
prising the line Switch, district junctor, district junctor 
identifier, sender link and sender link controller, and 
sender, including called subscriber's XOX area code 
register 76-ACR, called subscriber's office ABC code 
register 76-OCR, called subscriber's directory number 
(or numerical) register 76-DN, indicated on Fig. 76 and 
shown in greater detail on Figs. 1, 3, 4 and 5, are, ingen 
eral, similar to the corresponding circuits disclosed in 
the patent to W. W. Carpenter et al., No. 2,688,658 of 
September 7, 1954. In the present invention, however, 
the district junctor is modified to include a district junc 
tor timing circuit 76-DJT and an elapsed conversation 
time register 76-ECT, indicated on Fig. 76 and shown 
in greater detail on Fig. 2, which, acting conjointly, serve 
to measure and record the conversation time. 

Also, the Sender 76-S is modified to include a circuit 
76-CC, indicated on Fig. 76 and shown in detail on Fig. 
5, designated calling subscriber's area and office code 
Cross-connections which supplies indicia relative to the 
geographical location of the calling office in terms of 
latitude and longitude. The identifier 76—II and identifier 
connector 76-IC, indicated on Fig. 76 and shown in 
greater detail on Fig. 1, are, in general, similar to the 
corresponding circuits disclosed in the patent to H. D. 
Cahill and W. W. Carpenter, No. 2,599,358 of June 3, 
1952. The area code translator-connector 76-AT and 
the office code translator-connector 76-OT indicated on 
Fig. 76 and shown in greater detail on Fig. 6, are adapted 
to receive data from the called subscriber's area code 
register 76-ACR and the called subscriber's office code 
register 76-OCR. By a "tree' circuit pattern in said 
connectors the operation of the latitude and longitude 
card translator 76-CT is effected. This translator is 
also indicated on Fig. 76 and shown in greater detail on 
Fig. 6. Other modifications are made in the originating 
circuits to adapt them for the purposes of distance and 
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call charge determination and for the production of a 
suitable record thereof. 

Since the terminating office equipment 76-CCO indi 
cated on Fig. 76 performs no new functions in respect 
to the present invention, it is not herein disclosed in 
detail. Reference may be had, however, to the patent to 
W. W. Carpenter, No. 2,089,921, August 10, 1937, for a 
description of the construction and operation of suitable 
terminating equipment. 
The quotation communicating channel equipment, 

76-QCE and 79-QCE, respectively, indicated on Figs. 
76 and 79, and also on Figs. 1 and 75, may comprise 
any suitable means for receiving, either orally or visually, 
information as to the identity of the originator of a com 
pleted call and the monetary charge therefor. For exam 
ple, a simple telephone set may be employed. 
The longitude arranger 76-LGA indicated on Fig. 76 

and shown in greater detail on Figs. 7 to 10, inclusive, 
compares the magnitude of the longitudes, as expressed 
in degrees and decimal parts thereof, representative of 
the geographical locations of the calling and called of 
fices, determines which of the two quantities is the 
larger, and applies the larger and smaller quantities, 
respectively, over the minuend and subtrahend leads 
77-LGMIN and 77-LGSUB, respectively, to the longi 
tude subtractor 77-LGS. The latitude arranger 76-LAA, 
also indicated on Fig. 76 and shown in greater detail on 
Figs. 11 to 14, inclusive, compares the magnitudes of 
the latitudes, as expressed in degrees and decimal parts 
thereof, representative of the geographical locations of 
the calling and called offices, determines which of the 
two quantities is the larger, and applies the larger and 
smaller quantities, respectively, over the minuend and 
subtrahend leads 77-LAMIN and 77-LASUB, respec 
tively, to the latitude subtractor 77-LAS. In addition, 
the latitude arranger also performs a discriminating 
function relative to mileage band choice and applies the 
resultant data over the leads 78-BC to the latitude con 
nector and rate location circuit 78-LCR. The band 
choice leads 78-BC-4 and 78-BC-5 are also extended 
to the basic rate translator register circuit 78-BRT. The 
latitude arranger also, for use under certain condition, 
furnishes indicia via leads 78-NS, to the latitude connec 
tor and rate location circuit as to whether the called 
office latitude is north or south of that of the calling 
office. 
The longitude subtractor 77-LGS, indicated on Fig. 

77 and shown in greater detail on Figs. 15 to 18, inclu 
sive, determines the difference in magnitude, as expressed 
in tens, units, tenths and hundreths of degrees, between 
the longitudes of the calling and called offices and applies 
said difference over the leads 77-LGD to the longitude 
number rounding circuit 77-LGNR. 
The latitude subtractor 77-LAS, also indicated on Fig. 

77 and shown in greater detail on Figs. 19 to 22, inclu 
sive, similarly determines the difference in magnitude, 
as expressed in tens, units, tenths and hundreths of de 
grees, between the latitudes of the calling and called 
offices and applies said difference over the leads 77-LAD 
to the latitude number rounding circuit 77-LANR. 
The longitude number rounding circuit 77-LGNR, in 

dicated on Fig. 77 and shown in greater detail on Figs. 
23 to 26, inclusive, will, upon receipt of an input con 
sisting of four denominational orders, designated tens, 
units, tenths and hundreths, respectively, when the value 
of any of the three lower denominational orders is be 
tween 5 and 9, cause a shift relay to operate and raise by 
one the value of the next higher denominational order. 
The resultant values will be applied as pairs of adjacent 
digits comprising tens with units, units with tenths, and 
tenths with hundredths, over the leads 77-AL to the ad 
justed longitude tree circuit 77-LGTR. 
The latitude number rounding circuit 77-LANR also 

indicated on Fig. 77 and shown in greater detail on Figs. 
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8 
27 to 30, inclusive, is constructed and operates in identi 
cally the same manner as the above-mentioned longitude 
number rounding circuit 77-LGNR and will, in a similar 
manner, apply the resultant values over pairs of adjacent 
digital leads to the latitude tree circuit 77-LATR. 
The longitude tree circuit 77-LGTR, indicated on Fig. 

77 and shown in greater detail on Figs. 23 to 26, inclu 
sive, is a form of circuit well known in the prior art 
and, in this invention, will cause each pair of digital in 
put leads such as 77-LGP-1, 77-LGP-2 and 77-LGP-3 
to control a translation, in accordance with a predeter 
mined pattern, to effect the grounding in each of three 
groups of leads such as 77-AL-1, 77-AL-2 and 77-AL-3 
of a corresponding single lead significant of one of a 
large plurality of discrete values of difference in longi 
tude between the calling and called offices, each group 
of leads being related to a different mileage band. Said 
grounded leads, one for each band, will cause the ener 
gization of a relay winding in each of their respective 
bands in the latitude connector and rate location circuit 
corresponding to these values of longitude difference. 
The latitude tree circuit 77-LATR, indicated on Fig. 

77 and shown in greater detail on Figs. 27 to 30, inclu 
sive, is similar in construction and operation to the longi 
tude tree circuit and will effect the grounding in each 
of three groups of leads such as 77-AK-1, 77-AK-2 and 
77-AK-3 of a corresponding single lead significant of 
one of a large plurality of discrete values of difference 
in latitude between the calling and called offices, each 
group of leads being related to a different mileage band. 
Said grounded leads, one for each band, will effect the 
grounding of a relay contact in each of their respective 
bands in the latitude connector and rate location circuit 
corresponding to those values of latitude difference. 
The latitude connector and rate location circuit 78-LCR 

indicated on Fig. 78 and shown in greater detail on Figs. 
31 to 58, inclusive, consist of relays interconnected in 
such a pattern as to constitute a plurality of tables. The 
tables are resolved into three principal groups identified 
as the 400 to 4000 mile range, shown on Figs. 31 to 34, 
inclusive, the 40 to 400 mile range, shown on Figs. 35 to 
50, inclusive, and the 0 to 40 mile range, shown on Figs. 
51 to 58, inclusive. Each such principal group is subdi 
vided into a plurality of bands. Different bands will be 
assigned to distinguish the several geographical areas 
served. The determination as to which of the above 
mentioned bands is to be employed in a given instance, 
resides in the operation of a particular band choice relay. 
The operation of the band choice relays is under the con 
trol of band selection leads, hereinbefore mentioned, from 
the latitude arranger circuit 76-LAA. 
The longitude difference data, AL, and the latitude 

difference data, AK, furnished by the longitude tree and 
the latitude tree circuits, respectively, are applied to the 
tables as the horizontal and vertical input ordinates, re 
spectively, to obtain, by translation, the basic rate appli 
cable to a given call. The basic rate indicia, as obtained 
by the operation of the latitude connector and rate loca 
tion circuit (expressed by one or more terminals strapped 
together) will be applied over the leads in the cable 
78-BR to the basic rate translator register circuit 78-BRT. 
A further determination will be made by the latitude 
connector and rate location circuit 78-LCR as to whether 
the calling and called offices are separated from each 
other by a distance of more or less than 400 miles, and 
the resultant indicia will be applied over the "below 400 
miles' leads to the basic rate translator register circuit 
78-BRT. 
The basic rate translator register circuit 78-BRT, in 

dicated on Fig. 78 and shown in greater detail on Fig. 
64, consists of a network including relays and diodes. 
It is resolved into three parts identified as the 400 to 4000 
mile band, the 40 to 400 mile band, and the 0 to 40 mile 
band. The determination as to which of the bands is to 
be selected for use on a given call will be under the joint 
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control of the band selection leads, hereinbefore men 
tioned, from the latitude arranger circuit 76-LAA and 
the "below 400 miles' leads from the latitude connector 
and rate location circuit 78-LCR. A particular basic 
rate, as determined by the latitude connector and rate 
location circuit, will effect the grounding of one lead to 
each of the three above-mentioned bands, and upon the 
selection of one of the bands will, by means of the 
translation function inherent in the cross-connection pat 
tern of the diodes, extend ground over the basic rate 
index leads to the magnetic drum storage circuit 78-MDS. 
The selection of a particular band within the basic rate 
translator will also extend other grounds, indicative of 
said band selection, to said magnetic drum storage circuit. 
The automatic reduced rate indicating circuit 78-ARR, 

indicated on Fig. 78 and shown in greater detail on Fig. 
65, is a clock controlled arrangement for automatically 
causing the grounding of a control or "night' lead to the 
magnetic drum storage circuit 78-MDS as a signal that 
for calls originating at night or on Sundays or holidays, 
the reduced, or night, rate will apply. The means for 
recognizing Sundays and holidays, as they occur, com 
prises a translator employing a plurality of varistors, 
flexibly cross-connectable in a coordinate pattern to simu 
late a calendar. Cooperable therewith are day and week 
progress switches, also clock controlled, which apply 
from day to day and week to week the appropriate charg 
ing signal to the above-mentioned control lead to the 
magnetic drum storage circuit. 
The magnetic drum storage equipment 78-MDS, indi 

cated on Fig. 78 and shown in greater detail on Figs. 
60 to 63, inclusive, is an information storage device 
wherein all of the several items of data essential to the 
charging of the call, such as the identity of the calling 
and called subscribers' numbers, the basic rate, the band 
choice and the reduced rate indicia, may be stored to 
await the conclusion of the call and the elapsed period 
of conversation time. 
When all of the items of data requisite to the com 

putation of the charge for a call have been stored in the 
magnetic drum storage circuit 78-MDS, the stored data 
is transferred to the several circuits which, in their turn, 
will supply data to the printer 79-PTR via the latter's 
associated translator and distributor circuits 79-PTR and 
79-XD, respectively. 
The magnetic drum storage circuit includes devices 

and circuit arrangements similar in construction and 
operation to those shown in the prior art. 
The magnetic drum; reading, writing and timing heads; 

the timing impulse reading amplifier circuit, the reading 
control (or gate) circuit, the check reading gate circuit 
and the amplifier circuits associated with the outputs 
thereof are similar to those shown in the patent to C. E. 
Brooks, C. A. Lovell, J. H. McGuigan, O. J. Murphy, 
and D. B. Parkinson, No. 2,764,634 of September 25, 
1956. 
The writing amplifier, the single cycle multivibrator, 

the address combine, the tens and units matching, the 
writing time gate, and prewrite key and relay circuits 
are, in general, similar to those shown in a patent applica 
tion of H. A. Henning, E. Jacobitti, B. F. Lewis, en 
titled “Magnetic Drum Translator for Automatic Toll 
Switching Center,” Serial No. 418,508, filed March 25, 
1954. 
The functions of the reading amplifier circuits, together 

with those of the pulse generator, power amplifier and 
delay and power amplifier circuits associated with the 
timing pulse, are similar to those of comparable equip 
ment shown in the patent to W. A. Cornell, J. H. Mc 
Guigan, O. J. Murphy, No. 2,845,610 of July 29, 1958. 
The delay network circuits, respectively associated with 

the restoring function of the single cycle multivibrator 
and with the output of the check reading gate circuits, 
may be of any suitable type known in the art that will 
introduce a delay of a few milliseconds. 
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The basic rate index register-translator circuit 79 

BRIT, indicated on Fig. 79 and shown in greater detail 
on Fig. 68, is an arrangement whereby basic rate indicia 
(which are on a binary basis) and band choice indicia 
which have been stored in the magnetic drum storage 
circuit 78-MDS, will effect the conversion of said basic 
rate indicia to a plurality of rate indicia expressed on 
a decimal basis. Said rate indicia will be directed, via 
band choice relays selectably operated under control of 
said band choice indicia, to the appropriate band paths 
in the charging translator circuit 79-CT. 
The elapsed conversation time register-translator cir 

cuit 79-ECTR, indicated on Fig. 79 and shown in greater 
detail on Fig. 67, is an arrangement which combines 
the functions of registration and translation. When the 
elapsed conversation time, expressed in minutes for ex 
ample, has been stored in the magnetic drum storage 
circuit on a two-out-of-five code basis it will be reregis 
tered on a two-out-of-five code basis in the register-trans 
lator and translated to a three digit decimal code basis 
for application to the time tree circuit 79-TMT. 
The time tree circuit 79-TMT, indicated on Fig. 79 

and shown in greater detail on Fig. 67, is a translating 
device which causes the elapsed conversation time data 
as Supplied by the elapsed conversation time-register 
translator on a three digit decimal code basis to effect the 
grounding of a single lead out of a group of one hundred 
leads, each lead being expressive of a definite time quan 
tity in minutes to be applied to the charging translator 
circuit 79-CT. 
The time tree circuit 79-TMT also includes a relay 

operable from the magnetic drum storage circuit to regis 
ter when the night (or reduced) rate shall apply, and 
to cause the data corresponding thereto to be conveyed 
to the charging translator circuit 79-CT. 
The charging translator circuit 79-CT, indicated on 

Fig. 79 and shown in greater detail on Fig. 69 is a co 
ordinate arrangement of relays and contacts which trans 
lates and integrates the indicia supplied by the basic rate 
index translator circuit 79-BRIT expressive of the dis 
tance category by which the calling and called offices are 
separated, the band choice data also supplied by the basic 
rate index translator, and the indicia supplied by the 
time tree circuit 79-TMT expressive of the number of 
minutes of elapsed conversation for which the call should 
be charged for at the reduced (or "night') rate, into 
charging indicia on certain output leads which are flexibly 
cross-connectable to the charge and tax diode cross-con 
necting plan circuit 79-CDX and 79 TDX. 
The charge and tax diode cross-connecting plan cir 

cuits 79-CDX and 79 TDX indicated on Fig. 79 and 
shown in greater detail on Fig. 70, are coordinate ar 
rangements which convert charging indicia Supplied via 
charging indicia leads from the charging translator cir 
cuit 79-CT to data expressive of the monetary charge 
for a completed call and the tax chargeable thereon. 
Said charge and tax data are respectively applied over 
the charge and tax output multiple leads to the charge 
and tax adder circuit 79-CTA and to the call charge 
data connector circuit 79-CDC. 
The charge and tax adder circuit 79-CTA, indicated 

on Fig. 79 and also on Fig. 70, at the completion of a 
call, adds the monetary charge for a call and the tax 
thereupon as supplied by the charge and tax cross-con 
necting plan circuits, respectively, and applies the sum 
of the charge and tax to the call charge data connector 
circuit 79-CDC, 
The above-mentioned charge and tax adder may be 

similar in construction and operation to that disclosed in 
the patent to E. W. Flint and A. E. Joel, No. 2,572,804 
of October 23, 1951. 
The calling subscriber's directory number register 

translator 79-CDNT, indicated on Fig. 79 and shown in 
greater detail on Fig. 66, is an arrangement which com 
bines the functions of registration and translation. When 
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the calling subscriber's directory number, expressed in a 
four digit code on a two-out-of-five code basis, has been 
stored in the magnetic drum storage circuit, said number 
is registered on a two-out-of-five code basis and trans 
lated to a decimal code basis. As translated the digits of 
the number are applied over the leads to the call charge 
data connector circuit 79-CDC. 
The called subscriber's office code register-translator 

79-OCT, indicated on Fig. 79 and shown in greater de 
tail on Fig. 66, is an arrangement which registers and 
translates the called subscriber's office code. When this 
code, expressed as a three digit code on a two-out-of-five 
code basis has been stored in the magnetic drum storage 
circuit 78-MDS, it is reregistered on a two-out-of-five 
code basis and translated to a decimal code basis. There 
after it is applied over the leads to the call charge data 
connector circuit 79-CDC. 
The called subscriber's directory number register-trans 

lator 79-DNT, indicated on Fig. 79 and shown in greater 
detail on Fig. 66, does for the above number what circuit 
79-CDNT does for the calling subscriber's directory 
number. The translated data is applied over the leads 
to the call charge data connector circuit 79-CDC. 
The call charge data connector circuit 79-CDC, in 

dicated on Fig. 79 and shown in greater detail on Figs. 
71 to 74, inclusive, is an arrangement whereby the data 
pertinent to recording the identity and the monetary 
charges for a completed call and obtained as above 
briefly indicated are each progressively and in a prede 
termined order connected digit by digit and item by item 
to the printer register-translator circuit 79-PRT. 
The printer register-translator circuit 79-PRT, in 

dicated on Fig. 79 and shown in greater detail on Figs. 
73 and 74, is an arrangement which performs the func 
tions of registering and translating all of the items of 
data pertinent to the identification and charge for a given 
completed call. As each digit and item is received from 
the call charge data connector circuit 79-CDC on a 
decimal code basis, it is reregistered and translated to a 
Baudot code basis for application to the transmitter-dis 
tributor circuit 79-XD. 
The transmitter-distributor circuit 79-XD, indicated on 

Fig. 79 and shown in greater detail on Fig. 75, receives 
the Baudot code data as supplied by the printer register 
translator circuit and distributes the Baudot code pulses 
on a time division basis to the printer circuit 79-PTR. 
The transmitter-distributor is well known in the prior art 
and may be similar in construction and operation to that 
disclosed in the patent to R. K. McAlpine et al., No. 
2,44,202 of June 29, 1948, and also the patent to W. B. 
Bacon et al., No. 2,495,682 of January 31, 1950. 
The printer 79-PTR, indicated on Fig. 79 and also on 

Fig. 75, receives the Baudot code pulses from the trans 
mitter-distributor circuit and prints the equivalent num 
erals representing the identification of the calling and 
called subscribers, the monetary charge, and the tax 
assessed against a given completed call. The printer is 
well known in the prior art and may be similar in con 
struction and operation to that disclosed in the patent to 
S. Morton et al., No. 1,745,633 of February 4, 1930. 
The call charge data scanning circuit 79-CDS, in 

dicated on Fig. 79 and shown in greater detail on Fig. 75, 
employs a rotary stepping switch, the bank terminals of 
which are connected in a manner to effect the successive 
operation in a predetermined sequence of the several 
connector relays of the call charge data connector circuit 
79. CDC. 

General system description 
Subscriber's station 76-SO and subscriber's line 76 

LO are representative of a plurality of such lines served 
by the attended private branch exchange 76-P.B.X. This 
exchange, by way of example, may be located at a hotel 
from which a large volume of toll cards may be normal 
ly expected to originate. 
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When a toll call is originated by a transient guest at 

a hotel, it is necessary that the amount of the toll charge 
therefor be rapidly made known to the hotel billing clerk 
in order that the same may be immediately entered on 
the guest bill. 

Accordingly, when a call is placed at telephone 76-LO, 
the call is answered over line 76-LO by the operator at 
the attended P.B.X in the ordinary manner. The op 
erator orally obtains, by means of her operator's set 
76-OS, the office name and directory number of the 
called subscriber from the calling subscriber. 
The P.B.X operator, recognizing the call as a toll call, 

proceeds to dial the called subscriber 76-SC via the 
P.B.X line 76-L1, district junctor 76-DJ, the toll com 
pleting path 76-T, the completing central office 76-CCO, 
and the called subscriber's line 76-LC. Since, in dialing 
the called office code for an office in a foreign area, the 
office code must be preceded by the area code of the 
area in which the called office is located, the digits dialed 
by the P.B.X operator are resolved into three groups 
consisting of the area, or XOX, code, the office, or ABC, 
code, and the numerical, or the thousands, hundreds, 
tens and units digits of the called subscriber's directory 
number. 
The dial impulses, in a manner well known to the 

prior art, cause the called subscriber's area code register 
76-ACR, the called subscriber's office code register 76 
OCR, and the called subscriber's directory number regis 
ter 76-DN (all of which are part of the sender 76-S) 
to assume settings respectively in accordance therewith. 
The settings assumed by the registers of the sender 

cause the actuation of the switching mechanisms to effect 
the connection to, and ringing of the called subscriber 
76-SC in a manner well known to the prior art. 
The called subscriber's office code register 76-OCR 

and the called subscriber's directory number register 
76-DN have embodied therein suitable circuit modifica 
tions which adapt them to transmit, via multiple conduc 
tors 76-MC, the data expressed by their settings to the 
writing amplifier gate circuits 78-WG of the magnetic 
drum storage circuit 78-MDS. This data is stored in the 
drum until the call is completed, after which it is used as 
part of the call identifying data. 
The called subscriber's area code register 76-ACR 

and the called subscriber's office code register 76-OCR 
have embodied therein suitable circuitry which enable the 
registers to transmit, via conductors 76-CD, the coded 
data stored therein to the area and office code translator 
connector 76-AT and 76-OT, respectively. 
The area and office code translator-connector circuits 

76-AT and 76-OT, respectively, when operating in re 
sponse to received coded data, will, by means of a “tree' 
circuit arrangement well known to the prior art, effect 
the selection of one of a plurality of card translator cir 
cuits such as 76-CT, for example, and cause the selection 
therein of a card having a pattern of apertures which rep 
resent the latitude and longitude of the called office. 
These apertures control the operation of a plurality of 
contacts, the closure of which applies grounds in a code 
pattern indicative of the latitude and longitude of the 
called office. The latitude indicia is conveyed to the 
latitude arranger circuit 76-LAA via multiple conductors 
76-CLAT, while longitude indicia is conveyed to the 
longitude arranger circuit 76-LGA via multiple conduc 
tors 76-CLON. 
The sender 76-S is modified to include a calling sub 

scriber's area and office code cross-connection circuit 
76-CC, the purpose of which is to indicate the latitude 
and longitude of said calling office. The latitude indicia 
is conveyed to the latitude arranger circuit 76-LAA via 
multiple conductors 76-LAT, while the longitude indicia 
is conveyed to the longitude arranger circuit 76-LGA 
via multiple conductors 76-LON. . 
The latitude arranger circuit 76-LAA compares the 

magnitudes of the latitudes of the calling and called 
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offices, and causes the larger and the smaller of the two 
quantities to be entered into the latitude subtractor circuit 
77-LAS as the minuend and subtrahend, respectively, via 
conductors 77-LASUB and 77-LAMIN, respectively. 
The latitude arranger circuit 76-LAA also performs 

the additional functions of discriminating as to which of 
the several "mileage bands' is to be used in computing 
the charges for the call, for closing a circuit to a lead in 
dicative of the appropriate mileage band, and of convey 
ing the indicia thereof to the latitude connector and rate 
location circuit 78-LCR and also to the basic rate transla 
tor register circuit 78-BRT. 
The latitude arranger circuit 76-LAA also performs 

the further functions of discriminating as to whether, in 
the particular call in progress, the geographical position 
of the called office is north or south of the geographical 
position of the calling office, of closing a circuit to a lead 
indicative of such relative position, and of conveying the 
indicia thereof to the latitude connector and rate location 
circuit 78-LCR. 
The latitude subtractor circuit 77-LAS determines the 

difference in magnitude between the latitudes of the 
calling and called offices and applies said differences as 
the input to the latitude number rounding circuit 77 
LANR via conductors 77-LAD. 
The latitude number rounding circuit 77-LANR, on 

receiving the latitude difference as a four digit input when 
the value of any of the three lowest denominational or 
ders of the difference lies between 5 and 9, causes a shift 
operation by which the value of the next higher denomi 
national order is raised by "1.' The resultant values are 
applied over leads 77-AK to the latitude tree circuit as 
three pairs of adjacent digits comprising tens with units, 
units with tenths and tenths with hundredths. 
The latitude tree circuit 77-LATR causes each of the 

pairs of digital input leads 77-LAP-1, 77-LAP-2 and 
77-LAP-3 to effect, by translation, the grounding of a 
particular single lead expressive of a discrete value of 
latitude difference in each of the three groups of leads 
77-AK-1, 77-AK-2 and 77-AK-3, to the contacts of a 
relay in the latitude connector and rate location circuit 
78-LCR, each of said groups of leads being related to a 
different mileage band. 
The longitude arranger circuit 76-LGA, in a manner 

similar to that described for the latitude arranger 
76-LAA, compares the magnitude of the longitudes of 
the calling and called offices and causes the larger and 
smaller of the two quantities to be entered into the lon 
gitude subtractor circuit 76-LGS as the minuend and sub 
trahend, respectively, via conductors 77-LGSUB and 
77-LGMIN, respectively. 
The longitude subtractor circuit 77-LGS determines 

the difference in magnitude between the longitudes of 
the calling and called offices and applies said difference 
as the input to the longitude number rounding circuit 
77-ILGNR via conductors 77. LGD. 
The longitude number rounding circuit 77-LGNR, in 

a similar manner to the latitude number rounding circuit, 
applies the resultant values over pairs of adjacent digital 
leads 77-AL to the input of the longitude tree circuit 
77-LTGR. 
The longitude tree circuit 77-LGTR, in a manner simi 

lar to the latitude tree circuit 77-LATR, causes each of 
the pairs of digital input leads 77-LGP-1, 77-LGP-2 and 
77-LGP-3 to effect, by translation, the grounding of a 
particular single lead expressive of a discrete value of 
longitude difference in each of the three groups of leads 
77-AL-1, 77-AL-2 and 77-AL-3, to the windings of 
relays in the latitude connector and rate location 78-LCR, 
each of said groups of leads being related to a different 
mileage band. 
The latitude connector and rate location circuit 

78-LCR is responsive to the indicia received from the 
latitude arranger circuit 76-LAA and the latitude and 
longitude tree circuits 77-LATR and 77-LGTR, respec 

O 

5 

25 

30 

35 

40 

45 

50 

55 

80 

65 

O 

75 

14 
tively. When the indicia is received, it operates to se 
lect from the "tables' incorporated therein the appropri 
ate mileage band, the appropriate circuit paths which de 
termine the charges according to the indication as to 
whether the geographical position of the called office is 
north or south of the geographical position of the call 
ing office, and the appropriate table within which will 
be found the basic rate (expressed by one or more ter 
minals connected to a common output) applicable to a 
given call. The latitude connector and rate location cir 
cuit 78-LCR also performs the discriminating function 
of determining wether the calling and called offices are 
Separated from each other by a distance more or less 
than 400 miles, furnishing an indication thereof via leads 
78-HBS and 78-MBS to the basic rate translator register 
circuit 78-BRT. The indicia relative to the applicable 
basic rate is conveyed to the basic rate translator circuit 
78–BRT via conductorS 78-BR. 
The basic rate translator register circuit 78-BRT re 

sponding to the band selection indicia received from the 
latitude arranger circuit 76-LAA via leads 78-BC-4 and 
78-BC-5, and the data indicative of whether the calling 
and called offices are separated from each other by a dis 
tance more or less than 400 miles received from the lati 
tude connector and rate location circuit 78-LCR via leads 
78-HBS and 78-MBS, selects the appropriate mileage 
band and, from within said band and responsive to the 
data indicative of the applicable basic rate received from 
the latitude connector and rate location circuit 78-LCR, 
evolves by translation a basic rate index number, and 
also energizes one of a plurality of conductors indica 
tive of the mileage band to be employed. The basic rate 
index number indicia and the mileage band indicia are 
then conveyed to the magnetic drum storage circuit 
78-MIDS via conductors 78-BRI and 78-BC, respectively. 
The automatic reduced rate indicating circuit 78-ARR, 

under control of clock actuated contacts and in connec 
tion with flexibly cross-connectable progress circuits, 
causes from day to day and week to week the closure 
of a circuit over conductor 78-N to the magnetic drum 
storage circuit 78-MDS indicative of the "night' or re 
duced rate which is applicable in determining the charges 
for the call, the data for which is currently being stored 
therein. 
The magnetic drum storage circuit 78-MDS receives, 

via the several writing gate and amplifier circuits the 
calling subscriber's directory number from register cir 
cuit 76-CDN, the called subscriber's office code from 
register circuit 76-OCR, the called subscriber's direc 
tory number from register circuit 76-DN, the basic rate 
from translator circuit 78-BRT, and the automatic re 
duced rate from indicating circuit 78-ARR, storing the 
indicia as received. 

Each of the several above-identified groups of indicia 
is received simultaneously with a call identity index 
number which, by means of the matching circuits 78-M, 
assures that the said indicia will be stored only in that 
slot of the drum which has been previously identified by 
means of the pre-writing circuit 78-PW, with that par 
ticular call identity index number. The entry of the 
Several groups of indicia into the appropriate slot of the 
magnetic drum storage circuit 78-MDS is synchronously 
effected by means of the toothed timing rotor 78-TR in 
conjunction with its associated reading head and timing 
circuits 78-TM. 
The check signal is the last item of indicia to be 

come available, and will, when received by the magnetic 
drum storage circuit, indicate that all of the indicia es 
Sential to identify a call and to compute the monetary 
charge therefor have been stored in the magnetic drum. 
The check signal, after having been thus registered in 
the drum, is read, in consequence of which it transmits an 
impulse via the associated gate circuit 78-CK and am 
plifier circuit 78-CKA to one of the two input reading 
gate circuits 78-RG. 
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The reading amplifiers 78-RA are activated under con 

trol of the timing pulse circuits 78-TM, and when thus 
activated will impress impulses, in accordance with the 
coded indicia, upon the other of the two inputs to the 
reading gate circuits 78-RG. The simultaneous applica 
tion of an impulse to each of the two inputs to the read 
ing gate circuits, permits an impulse to be transmitted 
therefrom to the reading delay circuits 78-RD. The 
reading delay circuits, after a short delay interval, trans 
mit pulses in conformity to the coded data to the output 
relay circuits 78-OR which are then energized and locked 
up. 
The impulse delivered to the check reading gate cir 

cuit 78-CK is also applied to amplifier 78-RA the out 
output of which will be transmitted via delay network 
circuit 78-RD over one of the "write Zero' or erase 
input leads to the writing gate circuits 78-WG. The 
delay network circuit 78-RD delays the application of 
the "write zero' or erase pulse to the writing gate cir 
cuits 78-WG by a time interval, of sufficient duration 
to insure the operation of the output relay circuits 78-OR 
before the operating pulses therefor shall have been 
erased from the drum. The erasure operation will, ob 
viously, clear those areas of the drum so that they may 
be subsequently re-used. 
The several groups of output relays 78-OR, having 

been energized in accordance with the coded indicia 
stored in the magnetic drum 78-MDS, are locked up, 
transmitting the indicia registered therein severally to the 
calling subscriber's directory number register-translator 
circuit 79-CDNT via conductor 78-CDN; the called sub 
scriber's office code register-translator circuit 79-OCT 
via conductor 78-OC; the called subscriber's directory 
number register-translator 79-DNT via conductors 
78-DN; the elapsed conversation time register-translator 
79-ECTR via conductors 78-ECT; and the basic rate 
index translator 79-BRIT via conductors 79-BR and 
79-BC, all of which register circuits will lock up. 
The basic rate index translator circuit 79-BRIT, upon 

being operated, completes an up-check path to lead 
79-RUC, and closes a circuit to effect the unlocking of 
all of the output relays 78-OR, thus making them avail 
able for reuse. The above-mentioned up-check circuit 
also completes a circuit to effect the starting of the call 
charge data scanning circuit 79-CDS via conductor 
79. ST. 
The basic rate index translator circuit 79-BRIT re 

ceives from the magnetic drum storage circuit 78-MDS 
the basic rate indicia on a binary basis and the band 
choice indicia stored therein, and translates the basic rate 
indicia to a decimal basis. Under control of the band 
choice indicia, it directs the basic rate indicia to the 
appropriate band paths in the charging translator cir 
cuit 79-CT. 
The elapsed conversation time register-translator cir 

cuit 79-ECTR receives from the magnetic drum storage 
circuit 78-MDS the elapsed conversation time values 
stored therein on a two-out-of-five code basis, and trans 
lates the same to a three digit decimal code basis and 
conveys the translated values to the time tree circuit 
79-TMT. 
The time tree circuit 79-TMT will, translating the 

elapsed conversation time values as received from the 
elapsed conversation time register-translator circuit 79 
ECTR on a three digit decimal code basis, effect the ener 
gization of a single lead out of a group of one hundred 
leads to the charging translator circuit 79-CT, each lead 
being expressive of a definite time quantity in minutes. 
The time tree circuit 79-TMT also receives from the mag 
netic drum storage circuit 78-MDS an indication as to 
when the night (or reduced) rate shall apply, and conveys 
the data corresponding thereto to the charging translator 
circuit 79-CT. 
The charging translator circuit 79-CT translates and 
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index translator circuit 79-BRIT, the band choice data, 
also supplied by the basic rate index translator, and the 
elapsed conversation time indicia supplied by the time 
tree circuit 79-TMT into charging indicia which is trans 
mitted to the charge diode cross-connecting plan circuit 
79-CDX and to the tax diode cross-connecting plan cir 
cuit 79-TDX. 
The calling subscriber's directory number register-trans 

lator circuit 79-CDNT, the called subscriber's office code 
register-translator circuit 79-OCT, and the called sub 
scriber's directory number register-translator circuit 79 
DNT, via leads 78-CDN, 78-OC and 78-DN, respective 
ly, receive from the magnetic drum storage circuit 78 
MDS, the indicia stored therein on a two-out-of-five code 
basis, translate said indicia to a decimal code basis, and 
convey it to the call charge data connector circuit 79 
CDC. 
The charge and tax diode cross-connecting plan circuits 

79-CDX and 79-TDX, respectively, receive from the 
charging translator circuit 79-CT charging indicia ex 
pressive of the integrated factors of distance, time, and 
standard or reduced rate and, by suitable cross-connec 
tions, convert said integrated indicia into data expressive 
of the monetary charge and the tax thereon for a com 
pleted call, and will convey said charge and tax data to 
the call charge data connector circuit 79-CDC and to 
the charge and tax adder circuit 79-CTA via multiple 
leads 79-CTM. 
The charge and tax adder circuit 79-CTA receives 

from the charge and tax diode cross-connecting circuits 
79-CDX and 79-TDX, respectively, the data indicative 
of the monetary charge and the tax thereon for a com 
pleted call, adds the charge and the tax, and conveys the 
data expressive of the sum of the charge and tax to the 
call charge data connector circuit 79-CDC. 
The call charge data connector circuit 79-CDC, on a 

digit by digit and item by item basis and in a predeter 
mined order, successively connects the data pertinent to 
recording the identity and monetary charge for a given 
completed call, to the printer register-translator circuit 
79- PRT. 
The printer register-translator circuit 79-PRT, also on 

a digit by digit and item by item basis, receives the data 
pertinent to recording the identity and monetary charges 
for a given completed call, and will record the received 
data on a decimal code basis, translate said data to a 
Baudot code basis and convey the Baudot code data to the 
transmitter-distributor circuit 79-XD. 
The transmitter-distributor circuit 79-XD receives the 

Baudot code data from the printer register translator cir 
cuit 79-PRT and distributes the Baudot code pulses on a 
time division basis to the printer circuit 79-PTR. 
The call charge data scanning circuit 79-CDS will, in 

a predetermined sequence, effect the progressive and suc 
cessive operation of the connectors in the call charge 
data connector circuit 79-CDC, 
The quotation communicating channel equipment 79 

QCE and 76-QCE, connected by the quotation commu 
nication channel 79-QCC, afford a means whereby the 
monetary charges for a previously identified completed 
call as recorded by the call charge printer 79-PTR, may 
be transmitted from the central office to the premises of 
the originating private branch exchange 76-PBX. 

Detailed description 
We will now describe in detail an exemplary embodi 

ment of the invention, having particular reference to Figs. 
1 through 30. 
When a call is originated by calling subscriber 1-SO, 

it is answered via line 1-L by the operator at the attended 
P.B.X, 1-PBX. Over the telephone set 1-OS the opera 
tor orally obtains from the calling subscriber the name 
of the city or town, the state, the office name and direc 
tory number of the called subscriber 1-SC. Since the 
present invention relates to the determination of toll 
charges, it will be assumed that the called subscriber 1 
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SC is located at such a distance that a toll charge will be 
required. 
The P.B.X operator then connects her telephone set 

1-OS to the P.B.X line 1-L1. The line switch 1-LS, 
district junctor 1-DJ-99, and sender link and sender link 
controller 1-SLC effect a connection to the sender 3-S 
in a manner well known to the prior art. The sender 3-S 
will supply dial tone via the above-mentioned path to 
the P.B.X operator's telephone set. It will be assumed, 
for example, that the P.B.X line 1-L1 is identified by the 
directory number 1234. It will also be assumed that the 
called subscriber's office designation is HU-7 and his 
directory number is 8951. 
The P.B.X operator, having been apprised that the call 

is for an office in a distant city, to call which a foreign 
area code must be dialed preceding the office code, will 
have consulted her directory to obtain the appropriate 
foreign area code of the area in which the called office is 
located. It will be further assumed, for example, that 
the foreign area code number "203' is listed as the one 
to be dialed for the required called office destination. 
The operator, upon hearing dial tone, then proceeds to 
dial "203' for the called office area (or XOX) code, 
"HU-7' for the called office (or ABC) code and '8951’’ 
for the called subscriber's directory number. 
The dial impulses, in a manner well known and under 

stood in the prior art, cause the called subscriber's area 
code register 3-ACR, the called subscriber's office code 
register. 3-OCR, and the called subscriber’s director num 
ber register 4-DN, all of which registers are a part of the 
sender 3-S, to assume settings in accordance therewith. 
The above-mentioned registers are of the two-out-of 

five code type, each comprising five relays numbered 0, 1, 
2, 4 and 7, wherein any value from 1 to 9, inclusive, 
may be expressed by the simultaneous operation of two 
relays, the sum of whose numbers is equal to that value. 
The Zero value is expressed by the simultaneous opera 
tion of the relays 4 and 7, which is an arbitrary code 
assignment. 
The settings assumed by the sender registers in accord 

ance with the received dial impulses control other in 
strumentalities, not shown but well known to the prior 
art, which causes the selection of a suitable route or toll 
Switching path, indicated at 1-TS, over which the calling 
subscriber 1-SO and the called subscriber 1-SC are in 
terconnected via line 1-1L, PBX, 1-PBX, line 1-L1, 
line switch 1-LS, district junctor 1-DJ-99, completing 
central office 1-CCO and line 1-SL. 
The called subscriber's office code register 3-OCR and 

the called subscriber's directory number register 4-DN 
have embodied therein suitable circuitry to enable them 
to transmit via the cables 3-WRIC, 3WROC, 3-OCRC 
4-WRIC, 4-WROC, 4-DNC and 10-CHGD to the writ 
ing amplifier gate circuits 61-WG-32 through 62-WG-71, 
(of which 61-WG-33 through 61-WG-35; 61-WG-38 
through 61-WG-40; 61-WG-43 through 61- WG-45; 
62-WG-48 through 62-WG-50; 62-WG-53 through 
62-WG-55; 62-WG-58 through 62-WG-60; 62-WG 
63 through 62-WG-65; and 62-WG-68 through 62-WG 
70 are not shown), the data implicit in their settings to 
the magnetic drum storage circuit, therein to be stored 
until the completion of the call, and then to be used as 
a part of the call identifying data. 

In the present invention the geographical distances in 
miles between the calling and called offices are obtained 
from a plurality of tables into which are built precom 
puted mileage values. The mileage values will have 
been computed on a Great Circle basis in accordance 
with the theory and practices developed by the American 
Telephone and Telegraph engineers, and described in the 
American Telephone and Telegraph Company pamphlet 
copyrighted. February 26, 1952, entitled “Geographical 
Mileages, Their Use for Rate Purposes.” Included in 
the above-mentioned pamphlet is a table typical of the 

O 

5 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

70 

75 

2,984,704 
18 

0-40 mile ranges which has been reproduced and appears 
as Fig. 88 of this disclosure. 

In conventional maps, longitudes are given in degrees 
east or west of the Greenwich, or zero, meridian. The 
exemplary disclosure of the present invention contem 
plates the application of the system herein described to 
the determination of mileages within the geographical 
area embraced by a longitude span extending from 52 
degrees west of Greenwich to 140 degrees west of Green 
wich, and a latitude span extending from 24 degrees 
north latitude to 51 degrees north latitude. 

In spherical trigonometry computations, wherein longi 
tude is reckoned from the Greenwich, or zero, meridian 
to points west, negative values will be encountered after 
passing 90 degrees west longitude. To avoid the compli 
cation inherent in dealing with negative quantities, the 
true, or map, longitude values are "adjusted' by subtract 
ing 52 degrees from the true or map value. Thus, it 
will be seen that the Greenwich, or zero, meridian of 
longitude will have been supplanted as the reference 
meridian by the 52-degree west longitude meridian, which 
is the most easterly longitude that defines the geographical 
area with relation to which the present invention is de 
scribed. Therefore all of the points located within the 
said area will be defined in terms of their "adjusted longi 
tude' or their distance west of 52 degrees west longitude. 
Hereinafter, when referring to longitudinal data it is to 
be understood that the values will be expressed in terms 
of “adjusted' longitude. 

In the present invention, the arranger circuits em 
ployed to facilitate the obtaining from the precomputed 
tables the geographical distances in miles by which the 
calling and called offices are separated must be supplied 
with grounds, corresponding to coded data, to control 
their operation. The coded control data indicates the 
respective geographical positions of the calling and called 
offices expressed in tens, units, tenths and hundredths of 
degrees of latitude and "adjusted longitude.” 
The called subscriber's area code (or XOX) register 

3-ACR embodies a circuit modification whereby the 
three digits registered therein responsive to the dialing of 
a particular area code will, upon the operation of the 
corresponding relays, ground one of the leads numbered 
two to nine in the H or hundreds digit group; will ground 
the zero lead in the T or tens digit; and will ground one 
of the ten leads in the U or units digit group. The 
grounds representing the digits registered in the H, T 
and U digital registers will be respectively transmitted 
via cable 3-AH to the windings of relays 6-AT-2 to 
6-AT-9 inclusive (of which 6-AT-5 to 6-AT-8, inclu 
sive, are not shown); via conductor 3-AT to the arma 
tures of relays 6-AT-2 to 6-AT-9 inclusive; and via 
cable 3-AU. to the armatures of relays 6-AT-20, 
6-AT-30, 6-AT-40, 6-AT-50, 6-AT-60, 6-AT-70, 
6-AT-80 and 6-AT-90 (of which 6-AT-50, 6-AT-60, 
6-AT-70, and 6-AT-80 are not shown) of the area 
code translator-connector circuit 6-AT. 
The absence of the digits 0 and 1 in the H digit reg 

ister and the absence of the digits 1 to 9 in the T digit 
register is due to the fact that the type of telephone 
switching system with which the present exemplary dis 
closure of the invention is adapted to function is so 
designed that the first or H. digit of the area code must 
not be a 1 or a 0, and the second or T digit must be a 0. 
However, modifications of the invention to use the omit 
ited digits in each of the three denominational orders 
will readily occur to those skilled in the art. 
The called subscriber's office code (or ABC) register 

3-OCR embodies a circuit modification whereby the 
three digits registered therein responsive to the dialing of 
a particular office code, upon the operation of the cor 
responding relays, grounds two leads in each group of 
five leads comprising the A, B and C digit groups. The 
grounds representing in the two-out-of-five code the digits 
registered in the A, B and C registers, are transmitted 
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via cables 3-OA, 3-OB and 3-OC, respectively, to the 
A, B and C groups of armatures of the relays of the 
office code translator-connector circuit 6-OT. Relays 
6-OT-203 and 6–OT-903 are representative of a large 
plurality of such relays, the A, B and C armatures of 
which are respectively multipled together. 
To illustrate the operation of the area code translator 

connector circuit 6-AT and the office code translator 
connector circuit 6-OT, let us assume that relays 
3-AH-0, 3-AH-2, 3-AT-4, 3-AT-7, 3-AU-1 and 
3-AU-2 in the called subscriber's area code register 
3-ACR have been energized to register the area code 
"203.” As a result, grounds are applied to leads "2,' 
'0' and '3' in the H, T and U digit groups, respectively. 
Grounds on these leads are extended via cable 3-AH, 
conductor 3-AT and cable 3-AU, respectively, to the 
winding of the 6-AT-2 relay, causing it to operate; to 
the multipled armatures of relays 6-AT-2 to 6-AT-9, 
inclusive, (6-AT-5 through 6-AT-8 are not shown); 
and to the No. 3 multipled armatures of the relays 
6-AT-20, 6-AT-30, 6-AT-40, (6-AT-50, 6-AT-60, 
6-AT-70, 6-AT-80, are not shown), and 6-AT-90, re 
spectively, of the area code translator-connector circuit 
6-AT. 

Since relay 6-AT-2 is operated, a circuit is completed 
for relay 6-AT-20 of the area code translator-connector, 
said circuit extending from ground traced to lead 3-AT, 
contacts of relay 6-AT-2, winding of relay 6-AT-20 
to battery. Relay 6-AT-20 operates and completes a 
circuit for relay 6-OT-203 from ground previously 
traced to the No. 3 contact of relay 6-AT 20, winding 
of relay 6-OT-203, to battery, operating said latter relay. 
The operation of relay 6-OT-203 indicates that the par 
ticular called office is located in the area identified by. 
the area code “203,” and extends the multipled con 
ductors of cables 3-OA, 3-OB and 3-OC through its 
contacts to the selecting magnets of a latitude and longi 
tude card translator 6-CT-203. These magnets are en 
ergized in the two-out-of-five code in accordance with 
the number registered in the called subscriber's office 
code register 3-OCR. - -. . . . . . 

A latitude and longitude card translator, of which one 
kind is shown in the patent to C. B. Brown, L. N. Hamp 
ton, F. A. Thiel, Jr., No. 2,774,821 of December 18, 
1956, is provided for each foreign, area, such as, for 
example, translator 6-CT-203 for the area 203, a group 
of such translators being indicated by the designation 
6-CT, and may be selectively chosen in response to a 
predetermined one of a plurality of area codes. Each 

for each office in the area, and is selectable in response 
to a particular called office code. Each card is perforated 
with a different pattern or arrangement of apertures rep 
resenting the latitude and longitude of a particular called 
office, and is designed to effect the simultaneous closure 
of one contact each in the tens, units, tenths and hun 
dredths digits for the latitude contact group, and similarly 
one contact each in the tens, units, tenths and hundredths 
digits for the longitude contact group. The translator. 
card thus selected will express in tens, units, tenths and 
hundredths of degrees, the latitude and longitude of the 
called office. 
To illustrate the operation of the latitude and longitude 

card translator 6-CT-203 (as an example for all the 
others) let us assume that relays 3-OA-0, 3-OA-4, 
3–OB-1, 3–OB-7, 3–OC-0 and 3–OC-7 in the called 
subscriber's office code register 3–OCR have been ener 
gized to register the office code "487.' As a result, 
grounds are applied to leads "0" and “4” in the A digiti 
group; to leads "1" and "7" in the B digit group; and to 
leads “0” and "7" in the C digit group. Grounds on 
the leads in the A, B and C digit groups are extended 
via the cables 3–OA, 3–OB and 3-OC, respectively, to 
the multipled A, B and C armatures, respectively, of 
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the relays 6-OT-203 and 6-OT-903 of the office code 
translator-connector 6-OT. - ? 

Selecting magnets 6-203-A-0, 6-203-A-4, 6-203-B-1, 
6-203-B-7, 6-203-C-0 and 6-203-C-7 of the latitude 
and longitude card translator 6-CT-203 operate in cir 
cuits which may be traced from battery through their 
windings, through contacts and armatures of relay 
6-OT-203 numbered “0” and “4” of the A digit group; 
"1" and “7” of the B digit group, and “0” and '7' of the 
C digit group, respectively, thence, via cables 3–OA, 
3-OB and 3-OC, respectively, to ground on leads “0” 
and '4' of the A digit group; "1' and “7” of the B digit 
group; and '0' and “7” of the C digit group of the called 
subscriber's office code register circuit 3-OCR. -: 
The operation of the selecting magnets of the latitude 

and longitude card translator 6-CT-203 causes the actua 
tion of the selecting mechanism thereof to effect the 
Selection of one of a plurality of translator cards. 

Let us assume, for example, that the translator card 
selected in response to the office code "487' has a per 
foration pattern therein designed to close contacts "3," 
"9,' '0' and '0' in the tens, units, tenths and hundredths 
digits, respectively, of the latitude group, and contacts 
"7,” “0,' '0,' and “0” in the tens, units, tenths and hun 
dredths digits, respectively, of the longitude group. The 
above-described pattern of contact closures will indicate 
to the latitude and longitude arranger circuits the geo 
graphical position of the called office as defined by latitude 
39.00 degrees and longitude 70.00 degrees. 
Therefore to indicate the latitude of the called office, 

grounds are extended from the tens, units, tenths and 
hundredths contacts of the latitude and longitude card 
translators 6-CT-203 and 6-CT-903, representing the 
No. 1 and No. 80 card translators, respectively, (and also 
from the contacts of the card translators intermediate 
thereto, but not shown), via multiple cable 6-LA and 
thence, respectively, via cables 11-CDT, 12-CDU, 
13-CDTH and 14-CDH to the tens, units, tenths and 
hundredths inputs of the called office latitude arranger 
circuit. 

Similarly, to indicate the longitude of the called office, 
grounds are extended from the tens, units, tenths and 
hundredths contacts of the latitude and longitude card 
translators 6-CT-203 and 6-CT-903 (and also from the 
contacts of the card translators intermediate thereto, but 
not shown), via multiple cable 6-LG and thence, respec 
tively, via cables 7-CDT, 8-CDU, 9-CDTH and 10-CDH 
to the tens, units, tenths and hundredths inputs of the 
called office longitude arranger circuit. In the same man 
ner, if the call is for a subscriber in an office located 
within another foreign area, for example the area 903, 
then translator 6-CT-903 individual to the area would 
be chosen, the card individual to the called office therein 
would be selected, and conductors in cable 6-LA would 
be selectively grounded to express the latitude and longi 
tude of the office. 
The sender 3-S also includes a calling subscriber's area 

and office code cross-connection circuit 5-CC, on which 
certain terminals are permanently grounded to express 
the latitude and longitude designation of the calling office. 
When the sender 3-S has been seized and has operated 
in the usual manner incident to the placing of a call, the 
off-normal relay 5-ON operates and causes the longitude 
latitude relay 5-LL to operate and apply ground to termi 
nals 5-LAT and 5-LON. Terminals 5-LAT are cross 
connected to the terminals below in a pattern indicative of 
the latitude of the calling office, expressed in tens, units, 
tenths and hundredths of degrees, so that ground from 
certain of the contacts of relay 5-LL is applied to one 
lead in each group of ten leads in the tens, units, tenths 
and hundredths digits of the latitude group. Likewise, 
terminals 5-LON are cross-connected to the terminals 
below in a pattern indicative of the longitude of the call 
ing office, expressed in tens, units, tenths and hundredths 
of degrees; so that ground from certain other contacts 
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of relay 5-LL is applied to one lead in each group of 
ten leads in the tens, units, tenths and hundredths digits 
of the longitude group. Let us, for example, assume that 
the calling office is positionally identified by latitude 39.50 
degrees and longitude. 70.35 degrees. The latitude of 
the calling office is then represented by connecting one 
of each of the 5-LAT terminals to the terminals "three,' 
"nine,' "five' and "zero' terminals of the tens, units, 
tenths and hundredths digits, respectively, of the latitude 
group. Similarly, the longitude of the calling office is 
expressed by connecting one of each of the 5–LON termi 
nals to the number "seven,' "zero," "three' and "five' 
terminals of the tens, units, tenths and hundredths digits, 
respectively, of the longitude group. The connections, 
or straps, are placed at the time the central office equip 
ment, is installed. 

Therefore, to indicate the longitude of the calling office, 
ground is extended from the longitude tens, units, tenths 
and hundredths terminals via cable 5-LG and thence, re 
spectively, via cables 7-CGT, 8-CGU, 9-CGTH and 
10-CGH to the input of the longitude arranger circuit. 
Similarly, to indicate the latitude of the calling office, 
ground is extended from the latitude tens, units, tenths 
and hundredths leads, via cable 5-LA and thence, respec 
tively, via cables 11-CGT, 12-CGU, 13-CGTH and 
14-CGH to the input of the latitude arranger circuit. 
As has been previously stated, one of the principal ob 

jects of the present invention is to automatically determine 
the distance in "great circle' miles between the calling 
and the called central offices. The circuits for implement 
ing the practices set forth in the previously mentioned 
American Telephone and Telegraph Company pamphlet 
for the determination of such distances are designed to 
accomplish a series of arithmetical operations to be per 
formed in steps and in a predetermined order. 
The first arithmetical step required to be performed 

is that of comparing the relative magnitudes of the longi 
tudes of the calling and called offices, and so arranging 
their values that the larger and the smaller of the two 
magnitudes shall, be respectively presented to the longi 
tude subtractor circuit shown on Figs. 15 to 18, inclusive, 
as the minuend and the subtrahend thereof. 

Concurrently with the comparison of the magnitudes 
of the longitudes will be performed the operation of com 
paring the relative magnitudes of the latitudes of the call 
ing and called offices, and so arranging their values that 
the larger and the smaller of the two magnitudes shall be 
respectively presented to the latitude subtractor circuit, 
shown on Figs. 19 to 22, inclusive, as the minuend and 
the subtrahend thereof. . . . . 

The above-mentioned operations will be performed by 
the longitude arranger circuit shown on Figs. 7 to 10, in 
clusive; and the latitude arranger circuit shown on Figs. 
11 to 14, inclusive. 
We have previously described the circuit means whereby 

grounds, corresponding to the indicia representative of 
the longitudes and the latitudes of the calling and the 
called central offices, are extended to their respective 
terminations in the longitude and the latitude arranger 
circuits. Now when the four-digit numbers, respectively 
representative of the longitudes (or latitudes) of a calling 
and a called office are presented to the arranger circuit, 
and if the number representative of the longitude (or 
latitude) of the calling office is equal to or greater than 
that of the longitude (or latitude) of the called office, the 
grounded leads indicative of the longitudes (or latitudes) 
of the calling and called offices will be connected through 
the back contacts of the switching relays (such as 7-SW-1, 
8-SW-2, etc.) of the arranger circuits to the subtractor 
circuit; the leads indicative of the identity of the calling 
office will be connected as the minuend, and the leads 
indicative of the identity of the called office will be con 
nected as the subtrahend. Should the number representa 
tive of the longitude (or latitude) of the called office be 
greater than the number representative of the longitude 
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(or latitude) of the calling office, the circuits of the high 
est denominational order in which such greater value 
is present will cause the operation of the switching relays 
(such as 7-SW-1, 8-SW-2, etc.) and connect the 
grounded leads, indicative of the longitudes (or latitudes) 
of the called and calling offices, through the front con 
tacts of the Switching relays of the arranger circuits to the 
subtractor circuits; the leads indicative of the identity 
of the called office will be connected as the minuend, and 
the leads indicative of the identity of the calling office 
will be connected as the subtrahend. 

in the exemplary disclosure, we have assumed that 
the longitudes of the calling and called offices are 
W.70.35 and W.70.00, respectively. To represent the 
longitude of the calling office, leads 7-CGT-7,8-CGU-0, 
9-CGTH-3 and 10-CGH-5 are grounded by the opera 
tion of the previously described calling subscriber's area 
and office code cross-connecting circuit 5-CC, via cable 
5-LG, and thence via cables 7-CGT, 8-CGU, 9-CGTH 
and 10-CGH, respectively. To represent the longitude 
of the called office, leads 7-CDT-7, 8-CDU-0, 9 
CDTH-0 and 10-CDH-0 are grounded by the operation 
of the previously described latitude and longitude card 
and translator circuit 6-CT-203, via cable 6-LG, and 
thence, via cables 7-CDT, 8-CDU, 9-CDTH and 10 
CDH, respectively. 
The function of the longitude arranger circuit is to 

determine, as is that of the latitude arranger circuit, 
which of the two multi-digit quantities presented thereto 
is the larger and to transmit the larger and smaller of 
these two quantities as the minuend and Subtrahend, re 
spectively, to the subtractor circuit. 

In the example given and presently described, the quan 
tity 70.35, representing the longitude of the calling office 
is greater than the quantity 70.00, representative of the 
longitude of the called office. Since the calling and 
called office quantities are the same in the tens and units 
digits, it is evident that the comparison of magnitudes 
must be in the next, or tenths, digit where the calling 
and called office values are '3' and "0,” respectively. 

Relays 7-CDT-7, 8-CDU-0 and 9-CDTH-0 operate 
in circuits from battery, through their respective windings 
to grounded leads 7-CDT-7, 8-CDU-0 and 9-CDTH-0, 
respectively. The operation of these relays does not per 
form any useful function at this time for the particular 
tens and units values presented thereto. Relay 9 
CDTH-0, however, completes a circuit for operating 
relay 9-CO-3 over a path extending from negative bat 
tery, through its winding, conductor 9-CC-1, through 
diode 9-D-3, and number 3 contact of relay 9-CDTH-0, 
to the grounded lead 9-CGTH-3. 
The operation of relay 9-CO-3 disables the operating 

circuit of relay 10-SW-4. This prevents the hundredths 
digit from having any control over the comparison of 
the longitude magnitudes, should the hundredths digit 
value for the called office exceed the hundredths digit 
value for the calling office. This safeguard is necessary 
since the determination of the larger magnitude of the 
two longitudes will have been accomplished by the 
“tenths' digit circuit. 

Relays 7-SW-1, 8-SW-2, 9-SW-3 and 10-SW-4 re 
main unoperated, no operating circuits having been com 
pleted therefor by the above-described circuit operations. 

Since the calling office longitude of 70.35 degrees is 
larger than the called office longitude of 70.00 degrees, 
the grounded leads indicating their respective values are 
connected directly through the back contacts of the 
switching relays 7-SW-1, 8-SW-2, 9-SW-3 and 10 
SW-4 as the minuend and subtrahend, respectively, for 
the subtractor circuit. 

Since the tens digit of the number representing the 
longitude of the calling office is 7, and the tens digit 
of the number representing the longitude of the called 
office is also 7, the two tens digits, are equal in value. 
Hence the grounded lead 7-CGT-7 indicative of the 














































































































