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Dick S. Barlow, Redonde Beach, Calif,, and George B,
Crofutt, Jr., Verona, N. J., assignors to Bell Telephone
Laboratories, Iucorporated, New York, N, Y., a cor-
poration of New York

Application Juiy 9, 1952, Serial No. 297,888
14 Claims, (CL 179—18)

This invention relates to identification devices and
particularly to devices for determining the directory num-
ber of telephone stations and other specific information
individual to the station which may be useful in the
billing of connections established therefrom or for other
purposes.
ture of an improvement over the calling station identi-

More particularly, the invention is in the na- °

10

fication circuit arrangements disclosed in the application - -

of D. S. Barlow, Serial No. 141,141, filed January 28,
1950, now Patent No. 2,672,515, granted March 16,
1954,

The above-mentioned application discloses an auto-
matic line identifying circuit arrangement utilizing four
primary passive identifier networks and two secondary
networks for each primary network for identifying call-
ing lines in an office which includes four-party lines.
For a ten-thousand line office, each primary network
comprises one hundred horizontal bus-bars and one hun-
dred vertical bus-bars. At each intersecting point of this
bus-bar grid, a resistance unit is connected between the
vertical and the horizontal bus-bars, and each resistance
unit has a middle tap which is connected to the sleeve
conductor of a line circuit whose directory number is
identified exclusively by that particular cross-point. The
vertical bus-bar to which a resistance unit is connected
serves to identify the tens and units digits of the direc-
tory line number, and the horizontal bus-bar to which the
resistance unit is connected serves to identify the thou-
sands and hundreds digits of that number. FEach sec-
ondary network contains ten horizontal and ten vertical
bus-bars and is associated with either a horizontal bus
or a vertical bus of the primary network. Similar re-
sistance units interconnect vertical and horizontal bus-

bars at each intersection of the secondary network., In -

one secondary network the vertical bus-bars designate
the tens digit and the horizontal bus-bars designate the
units digit, while in the other secondary network the
vertical bus-bars designate the thousands digit and the
horizontal bus-bars designate the hundreds digit. The
identification of the four digits of the calling line direc-
tory number is accomplished by applying a source of
alternating potential to the sleeve conductor of the call-
ing line so that a circuit is completed through the pri-
mary and secondary networks. Suitable signal detect-
ing and recording units are provided which indicate the

presence of the identifying potential on certain conduct- ©

ing paths of the networks to identify the number.

Since the sleeve conductors of all lines are intercon-
nected by virtue of the resistance units, various sources
of noise, such as that caused by relays, magnets, etc.,
in the sleeve circuit affect the responsive registers. In
the above-mentioned application discrimination is built
into the electronic detecting and registering circuits where-
by registration will not be permitted unless the tone
measures up to a certain amplitude, duration and fre-
quency. Nevertheless, noise from such sources as well
as sources of actual tone appearing in other sleeves,
due to the resistance interconnection, is present.
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An object of the invention is to improve the acciiracy
of an identifier by preventing the false operatlon of the
register circuits in response to transient noises. Another
object of the invention is to prevent false operation of
the identifier due to possible feedback of the identifying
potentia] through the intercommected bus-bars.

A feature of the invention is an arrangement for
grounding all bus-bars not actually being used for the
identification of the particular digit being examined by
the identifier. Such an arrangement obtains a signal-to-
noise gain by reducing the transient noise to that of the
sleeves directly connected to a single bus.

These and other features of the invention will be more
clearly understood from the followmg description, ap-
pended claims and attached drawings in which:

Fig. 1 shows a telephone line with four telephone sta-
tions thereon, a switching train by which the line is ex-
tended to a trunk, a private branch exchange line group,
and wiring connections between the various lines and
associated equxpment and directory number terminals;

Fig. 2 shows in detail one of four primary networks
of passage electrical elements;

Figs. 3 and 4 show in detail the two secondary net-
works SDV and SDH associated with each of the four
primary networks illustrated in Fig. 2;

Fig. 3 alsp indicates, conventionally, three other pri-
mary networks and associated secondary networks and,
further, a “class” network;

Figs. 5, 6, 7 and 8 show the four input gate circuits,
each one associated with one pair of secondary net-
works;

Fig. 9 shows the digit scanning circuit;

Fig. 10 shows the sleeve impedance check circuit;

Fig. 11 shows the five number circuits of which num-
ber circuit No. 1 is shown in detail and the other four
are indicated schematically;

Fig. 12 shows the code check circuit;

Fig. 13 shows the output circuit, including the digit
registers;

Fig. 14 shows the recorder registers of the first recorder,
together with the recording magnets of said recorder;

Fig. 15 shows the recorder registers of the last re-
corder, together with the recorder magnets of said re-
corder;

Fig. 16 shows the registers in the calling office for a
recorder located in a remote office, and a circuit for
trapsmitting coded frequency impulses of a number regis-
tered in- the digit register to the remote office;

Fig. 17A is a skeletonized circuit diagram indicating
certain electrical characteristics of a primary network;

Fig. 17B is a skeletonized .arrangement of a portion
of a primary network to better disclose certain other
characteristics of said network;

Fig. 18 shows the manner in which Figs. 1 to 16,
inclusive, should be arranged with respect to each other
in order to disclose the invention completely. The heavy
lines indicate the figures which must be interchanged with
the figures showing the alternative forms of the inven-
tion;

Fig. 2A shows in detail an alternative form of one of
the primary networks in which varistors are utilized;

Fig. 3A shows in detail one of the two secondary net-
works associated with the primary networks shown in
Fig. 2A (the other being shown in detail in Fig. 4A; it
also indicates, conventionally, three other primary net-
works, associated secondary network and a “class” net-
work);

Fig. 9A shows the digit scanning circuit associated
with the alternative form of the invention of Figs. 2A,
3A and 4A;

Fig. 18A shows the manner in which Figs. 2A, 3A, 4A
and 9A should be arranged with respect to the other
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drawings in order to disclose an alternative form of the
invention;

Fig. 2B shows in detail an alternative form of one of
the primary networks in which tubes are utilized;

“Fig. 3B shows in detail cne of the two secondary net-
works associated with the primary networks shown in
Fig. 2B (the other being shown in detail in Fig. 4B);

Fig. 9B shows the digit scanning circuit associated with
the alternative form of the invention of Figs. 2B, 3B and
4B; and

Fig. 18B shows the manner in which Figs. 2B, 3B, 4B
and 9B should be arranged with respect to the other draw-
ings in order to disclose another alternative form of the
invention.

The arrangement and functions of various parts of the
disclosure will be described and the operation with respect
to the identification and recording of a representative
directory number of a calling station will be described in
detail.

Fig. 1 shows a télephone line 1. connected to the ter-
minals of a switch LS! in a central office. The line is
provided with four telephoneé stations A, B, C and D each
having an individual directory number, it being assumed
for purpeses of illustration that station A has the directory
number 3847. When a station on the line L, for example
station A, originates a call, the line is extended in the
usual manner over switching selectors LSi, LS2, LSX of
any suitable construction to the trunk TR from which
the connection is then further extended under the control
of a register sender (not shown) in accordance with the
dialed called office code registered therein. Since the
manner in which the line is extended to and beyond the
trunk forms no part of the present invention, the means
by which such extensions are effected are not shown and
will not be described.

Fig. 1 further shows a “station identification circuit”
SIC which, when relay CI is operated in any suitable man-
ner, is connected to the tip and ring conductors T and R
of the trunk. The circuit SIC may be of the type dis-
closed in Patent No. 2,306,173 issued to M. A. Logan on
December 22, 1942, and its purpose is to determine which
of the four stations A, B, C and D has originated the call.
When the determination has been made, for example in
the manner set forth in the -above-identified patent, the
identity (but not the directory number) of the calling
station is registered by the operation of one of the four
relays A, B, C or D, the latter constituting a “party reg-
ister” which is either temporarily associated with the trunk
for the time taken to identify the directory number of a
calling station as hereinafter set forth, or is otherwise a
permanent part thereof, Thus, for example, if the call
is originated by station A the circuit SIC will determine
the fact and cause the operation of relay A of the party
register which relay, when operated, locks to off-normal
ground over its locking winding to perform certain func-
tions later to be described. In the same manner, if the
call is originated by station B or C or D, the circuit SIC
will make the appropriate station identification and cause
the operation of relays B or C or D, respectively, in the
party register.

The sleeve terminal S of the line L is connected by a
conductor to a terminal in an equipment number terminal
group indicated in Fig. 1 by the vertical column of ter-
minals under the legend “Eqpt. No. Term.” This ter-
minal 4000 indicates the equipment location of the line
on the line switch LSi. If, for example, the telephone
exchange, in which the invention is to be practiced, has
a capacity for 10,000 lines, there would be up to 10,000
such cross-connecting terminals in the equipment .num-
ber terminal group, each terminal in the group designat-
ing a particular location on the terminal banks or con-
tacts of the line switches to which a line is terminated.
Conducters are then extended from the sleeve terminals
S of the several lines in the office to the .equipment number
terminals in accordance with the equipment terminal loca-
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tion of each of said lines. In the present embodiment of
the invention herein disclosed by way of illustration, it is
assumed that the office containing line L has a capacity
of 10,000 lines. Accordingly, there would be up to 10,000
termipals in the equipment number terminal group to
which conductors from the sleeve terminals S of the line
switches extend in accordance with the equipment loca-
tion of the several lines connected to said line switches.
It will be observed that, as illustrative of the general ar-
rangement, the sleeve terminal S of the line L is extended
by a conductor 1o the cross-connecting terminal 4000, in-
dicating thereby that the line L terminates on a group of
terminals (of which the sleeve terminal 5 is one) in a line
switch, which group of terminals is numericaily designated
as “4000.”

In many automatic tslephone exchanges, particularly
those in which the lines terminate on non-numerical
switches of the cross-bar type, for example, there is no
correlation between the equipment number termination
of a line and the directory number assigned to the siafion
on the line or, if there be more than one station on the
line, to the directory numbcrs of the several stations
thereon; except that in general, and for a 10,000 line ex-
change, the total number of directory numbers is not less
than the total of the equipment location numbers.
Should there be lines in the exchange that have a plurality
of stations thereon, as in the case of line L, for example,
some of the equipment terininals in the vertical cclumn of
equipment number terminals would be vacaat. It is
necessary, however, that each directery number assigned
to a station be correlated with the cquipment location
number of the line to which the staticn is coanected and
since this correlation is purely an arbitvary one, the latier
is  established by suitable cross-connections betwzen the
equipment number terminzls and another group of 10,000
cross-connecting terminals which, in Fig. 1, is illustrated by
the vertical column of terminais under tae legend “Dir. No.
Term. (10,000).” Between the eguipment number ter-
minals and the directory number terminals, conductors
are interposed in accordance with location numbers of
the several lines and the assigned directory numbers of
the station, or staticns, on said lines. Thus, for example,

it has been assumed that line L has an equipment lccation

number of 4000, Accordingly, terminal S of the line is
extended by a conductor to cross-connecting terminal
4000. Line L, however, is provided with the four sia-
tions A, B, C and D of which it has besn assumed that
station A has the directory number 3847. Accordingly,
a conductor is further extended from equipment location
terminal 4400 to directory number terininal 3847. In the
same manner, three other conductoss, one for each of the
other three stations B, C and D, extend from equipment
number terminal 4000 to three other directory number
terminals in accordance with the direciory numbers sev-
erally assigned to the three stations B, C and 3. When

‘a line serves but one station, then there would be but one

conductor extending between the eguipment nuinber ter-
minal and a directory number terminal.

For the purpose of the present invention, a “Yermina-
tion” network .comprising a capacitor C1 and resistor R1
is connected as shown to each of the occupied directory
number terminals, while a braach of the terimination net-
work, including resister R2, is extended to a class ter-
minal in the vertical group of terminals beneath the legend
“Class” in accordance with the class of service to which
the station is entifled. At the common termisal of the ca-
‘pacitor-C1 and resistors R and R2 of each termination
network, a conductor %, 2, 3 or 4 extends to the primary
networks shown in Figs. 2 and 3 in accordance with the
directory number indicated by the directory number ter-
minal to which the conductor is connected, as more par-
ticularly set forth below.

The wiring arrangement at the equipment number and
directory number terminals for the lines of a P. B. X is
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somewhat similar to that of individual lines and stations
thereon though slightly modified to permit the identifica-
tion of the one directory number to which a call is to
be charged regardless of the line in the group that initiates
the call. For this purpose, all the directory number ter-
minals of a P. B. X line group are extended to a col-
lector metwork comprising a resistor R3 for each ter-
minal, connected in parallel to a grounded common re-
sistor R84, whence a conductor § further extends into
one of the primary networks shown in Figs. 2 and 3 in
accordance with the P. B. X directory number to which
calls made from any line in the group are to be charged.
As further explained below and shown in the drawings,
conducter 5 is connected to a passive element R1100 in
primary network PDN-A, thereby indicating that the
directory number to which calls made from the lines
in the P. B. X group are to be charged to directory num-
ber 1100, which is the number identified whenever a line
in said P. B. X group originates a call regardless of its
own number.

Tt is thus evident from the above description that the
wiring arrangement indicated in Fig. 1 provides one
“identifying” conductor individual to each of the directory
numbers of the several subscriber stations in the office,
and one identifying conductor for all the trunks of a
P. B. X group. It is further evident that if a source of
alternating potential were to be applied to the sleeve con-
ductor SL of the extended connection, a circuit therefor
would be completed through each of the termination net-
works by way of the equipment number terminal con-
nected to the sleeve S terminal of the line and the termina-
tion networks connected to said equipment number ter-
minal via the directory number terminals. The poten-
tial available in each of the four conductors 1, 2, 3 and
4 (by way of example), or, if the call originated on a
line of the P. B. X group, the potential available on
the one condnctor 5 common to the group may be uti-
lized for purpeses of directory number identification.
As explained later the signal power source is the oscil-
lator OS (Fig. 9) which, at the appropriate time, is ap-
plied to the sleeve conductor SL of the connection through
the contacts of relay SIG (Fig. 1) which is operated by
any suitable means at the required time.

Fig. 2 shows the detailed arrangement of one of the
primary networks PDN-A, the other three (together with
their associated pairs of secondary networks) being in-
dicated in the lower portion of Fig. 3. The number of
primary networks provided in an exchange depends upon
the largest number of subscriber stations, not exceeding
four in the present embodiment of the invention, which
are connected fo any one line. It is assumed, therefore,
that the four stations A, B, Cand D on the line L rep-
resent the maximum number of stations of a line, though
of course, there can be less than this number. Accord-
ingly, one primary network PDN-A and two associated
secondary networks SDV and SDH are provided for all
stations in the exchange corresponding to station A; one
primary network PDN-B and two associated secondary
networks SDV and SDH are provided for all stations cor-
responding to station B; and similar primary and asso-
ciated pairs of secondary networks are provided for all
stations corresponding to station C and station D, re-
spectively. The primary network PDN-A illustrated in
Fig. 2 is for all party stations A in the exchange and
also for all individual subscriber stations; primary net-
work PDN--B, indicated in Fig. 3, being for all party
stations B; primary network PDN-C being for all party
stations C, and primary network PDN-D being for all
party stations D. It will be observed that with each
primary network there is associated a pair of secondary
networks SDV and SDH, of which those associated with
the primary network PDN-A are shown in detail in Figs.
3 and 4 respectively.

In order that the invention may be more readily un-
derstood, each of the primary and secondary party net-
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works has been shown as a separate array. In-a physical
embodiment of the invention, these four separate party
networks may be combined into a single array having
parallel bus-bars for each party thereby conserving space
in the central office.

Each of the primary networks comprises a network of
100 linear, bilateral, passive, electrical elements. By a
“linear, bilateral, passive, electrical element” is meant an
element in which the amplitude of current therethrough is
linearly affected by the voltage applied across said ele-
ment, but is not affected by the polarity of the applied
voltage. Thus, for example, a resistor, an inductor or a
capacitor, or a network of these elements in combina-
tion is meant to be included within the definition of a
linear, bilateral, passage, €lectrical element. Tt is under-
stood that in this description and in the claims the ex-
pression “linear, bilateral, passive, electrical element” or
“passive element” shall mean an element having the prop-
erties as above indicated. And by way of illustration, the
networks, both primary and secondary, of which use is
made in the present invention comprise a passive element
made up of resistors as described above and arranged as
described below.

Each passive element in a primary network comprises
two components (¢) and (b) having a common terminal
(see element R3847 in Fig. 2) and outer terminals which
are respectively connected to two conductors in two groups
of 100 conductors each. For purposes of illustration these
two groups of conductors are shown in Fig. 2 as disposed
in coordinate arrangement, it being understood, of course,
that the conductors in each group are insulated from
each other and from the conductors in the other group,
‘The conductors in the horizontal group of 100 conductors
are severally designated from @6XX . .. 99XX while
the conductors in the vertical group of 100 conductors
are severally designated XX00 . . . XX99. It is evident
from the arrangement that if a passive element is con-
nected to a conductor in the horizontal group which has
a particular thousands and hundreds numerical designa-
tion and to a conductor in the vertical group which has
a particular tens and units designation, that element will
designate a four-digit number composed of the thousands
and hundreds digit designation of the horizontal con-
ductor to which the element is connected and the tens
and units digit designation of the vertical conductor to
which the element is connected. Thus, for example, pas-
sive element R3847 has the terminal of its component
(a) connected to horizontal conductor 38XX and the
terminal of its component (b) connected to vertical con-
ductor XX47. The passive element R3847, therefore,
designates the four-digit number “3847.” 1In the same
manger, each passive element RXXXX which is joined to
a horizontal conductor and a vertical conductor in a pri-
mary network will designate a four-digit number that will
be characterized by the two digits of the designation of
the horizontal conductor and the two digits of the desig-
nation of the vertical conductor. Since the primary net-
work has a capacity for 10,000 numbers, a similar num-
ber of passive elements, each suitably connected to a
horizontal and vertical conductor, as above described,
would indicate each of the 10,000 numbers.

From the termination network of each of the stations,
the identifying conductor of the station is extended to the
common terminal of the two components (a) and (b) of
the appropriate one of a passive element in one of the four
primary networks PDN-A, PDN-B, PDN-C and PDN-D
in accordance with the directory number of the station.
Thus conductor 1, associated with each station A having
the directory number 3847, joints the termination network
connected to directory number terminal 3847 with the
common terminal of passive element R3847 in primary
network PDN-A. In the same manner conductor 2, indi-
vidual to station B, joins the termination network con-
nected to directory number terminal B with the common
terminal of the appropriate passive element on primary
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network PDN-B, said element- being connected to the
horizontal conductor having the thousands and hundreds
digits designation of the vertical conductor having the hun-
dreds and units designation of said directory number.
Similarly, with conductors 3 and 4 for stations C and D
respectively, which are severally connected to appropriate
passive elements in primary networks PDN-C and
PDN-D. Thus, each station in the office corresponding to
station A will have an “identifying conductor” similar to
conductor 1 extending between its termination network
and that passive element in the primary network PDN-A
which joins a horizontal conductor thersin having as part
of its designation the thousands and hundreds digits of the
directory number, and a vertical conductor therein having
as its designation the tens and units digits of said number.
Stations in the office corresponding to stations B, C and D
similarly have their respective identifying conductors con-
nected to passive elements in primary networks PDN-R,
PDN-C and PDN-D.

The identifying conductors pertaining to lines of private
branch exchange groups are similarly treated. Where cach
line of a private branch exchange group is to be charged
for its own calls and, therefore, it is necessary to identify
its own directory number upon the origination of each
of such calls, the identifying conductor cf each line in the
group is treated like that of any other line in the office:
that is, the identifying conductor is connected between the
termination network of the line and a passive element in
whichever primary netwerk PDN- is utilized for private

branch exchange stations that identify the directory num- *©

ber of said line. Where, however, calls originating on
the lines of a private branch exchange group are to be
charged to one line only, or even to an arbitrary directory
number, it then becomes necessary to identify the latter
number upon the origiration of a call from any line in the
group. In the latter event, the directory number termi-
nals of the private branch exchange stations are extended
to a collector network comprising a resistor R3 for each
station, which is connected in common to a grounded re-
sistor R4, whence an identifying conductor is then extended
to a passive element in the appropriate primary network
PDN- which is individual to the directory number to
which all calls in the correlated private branch exchange
group are to be charged. In the arrangement shown in
Fig. 1, the calls from the private branch exchange lines
therein indicated are to be charged to directory number
1100. Accordingly, identifying conductor 5 is connected
to passive element R1189 in primary network PDN-A,
the latter nefwork having been arbitrarily selected for
directory number identification service in respect to lines
of the private branch exchange group. It should be noted,
however, that an cbvious arrangement is possible whereby
sets of collector networks may be utilized to cause some
P. B. X. lines to be charged to their own number, others to
a common nurber, and still others to a third or more
common number.

Also associated with each of the primary networks in
the preferred embodiment of the inventicn are two relays
centrolled by the digit scanning circuit of Fig. ¢ for ground-
ing all primary bus-bars not actually being scanned at a
particular instant. For a 10,000-line office, such an ar-
rangement allows the transient ncises of only 100 sleeves
to be combined on a single commeon primary bus and
allows a signal-to-noise gain of ten to one. This arrange-
ment will also prevent false operation of the indentifier due
to possible feedback of the identifying potential through
the interconnected bus-bars.

An alternative embodiment of the invention shown in
Fig. 2A utilizes varistors associated with the digit scan-
ning circuit of Fig. 9B to effect the grounding of the
primary bus-bars.

Another alternative embodiment of the invention shown
in Fig. 2B utilizes tubes T1 and T2 controlled by the
digit-scanning circuit of Fig. 9B to effect the grounding
of the primary bus-bars. '
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Different.lines (or stations) in an exchange are entitled
to different classes .of service in accordance with contrac-
tual agreements between subscribers and the telephone
company. Itis necessary, therefore, when a subscriber es-
tablishes a call to determine the class of service to which
he is entitled, along with the determination of his directory
number, For this purpose there is provided in the pres-
ent invention a “Class network,” indicated in Fig. 3,
which is similar in arrangement to a primary network
PDM. There is also provided a group of “Class” termi-
sals, shown in Fig. 1, to each of which a branch of the
termination network of each station entitled to the same
class of service is connected. A class identifying conduc-
tor, for example, conductor 6, is then used to connect said
class terminal with the passive element in the class net-
work which identifies said class by some digit or character
indicative of the class. In this manner, a portion of the
signal potential is made available on conductor 6 for the
identification of the class of service at the same time that
another portion of said signal potential is mads available
on the station identifying conductors for the determination
of the calling station’s directory number.

Mention has been made of the fact that if a source of
alternating-current potential is applied to the slesve coan-
ductor SL of an extended connection, that potential be-
comes available on all identifying conductors, for in-
stance, conductors 1, 2, 3 and 4 severally connected to
the iermination networks of the staticns on the line L
which forms part of the connection. It should now be evi-
dent that with the connection of these identifying con-
ductors severally to passive elements in each of the four
primary networks PDN-A . . . PDN-D, said potential
is extended in each network to the pair of vertical and
horizontal conductors therein to which the passive element
is connected. Since the calling station on the line is de-
termined by the operation of one of the four relays A, B, C
and D of the party register, as previously noted, the poten-
tial thus made available at each pair of conductors in each
of the primary networks PDN could be used, if desired, to
activaie suitable responsive apparatus under the centrol
of the operated party register relay to provide an indica-
tion of the directory number of the calling station.

Information in a ocne-out-of-ten-thousand code is ex-
pensive to transmit, register and record, and it is desir-
able, therefore, to compress the code, though it is obvious
that where the invention is practiced in an office that in-
volves a relatively small number of stations, code com-
pression may be avoided and identification may be effected
by connecting the responsive devices directly to the pri-
mary networks.

Since the directory number is already a base ten code,
that code must be the cne used in the end result and is,
therefore, chosen in this example as the compressed code.
The individual base ten digits are put in an “additive” two-
out-of-five code in the example to conform to certain types
of accounting equipment and to allow checking as here-
inafter described. Since the two-out-oi-five code re-
quires but five code conductors for each digital order of
the directory number, but twenty code conductors (five
for each digital order) are required to transmit four
digit directory number identification for each one of ten
thousand stations.

In the two-out-of-five code, any digiial value from 0
to 9 is expressed by the electrical activation of two out
of a group of five conductors, or other suitable elements,

each of which is given a numerical designation such that,

for each digital value except 0, the suzn of the designa-
tion of the two conductors, or elements, activatad to ex-
press a digital value, indicates that value. To simplify
the description of the invention and to permit the figures
of the drawing to be followed more readily, all conductors

‘and other elements which express the code, or are the end
products of the activation of such elements te indicate a

particular digital value according to the code, are given
the code designation, either as a suffix to a given function-
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al designation of the code conductor or element, or as
the sole designation. The code is as follows:

Code Conductors 5
or other Elements
and Their
Designation

Digital Value

10

PPOHOREFHESS
R T
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One advantage of the two-out-of-five code chosen in
this example is that each digital value is expressed by
two elements of the code, and only two, so that if for any 20
particular digit less or more than two elements are acti-
vated, such activation will be recognized as an error.

In order to compress the directory numbers into the
two-out-of-five code, two secondary networks SDH and
SDV of passive linear elements are provided for each of
primary network PDN-, the one secondary network
SDH being used to express the thousands and hundreds
digit of the identified number in the two-out-of-five code
and the secondary network SDV being used to express
the tens and units digits of the number in this code.

Fig. 4 shows in detail the secondary network SDH
associated with the primary. network PDN-A, while
Fig. 3 shows in detail the secondary network SDV as-
sociated with said primary network. It is understood
that a similar pair of secondary networks SDH and SDV
is provided for each of the other three primary networks
PDN-B, PDN-C and PDN-D, as indicated in the lower
portion of Fig. 3.

Each secondary network SDH comprises two groups of
ten pairs of conductors, one group of ten pairs being
shown in Fig. 4 in vertical alignment to indicate the
ten values 0XXX . .. 9XXX of the thousands digit, the
other group of ten pairs being shown in horizontal align-
ment to indicate the ten values X0XX ... X9XX of the
hundreds digit.

The two vertical conductors 0XXX, for example, are
extended to the two code conductors 4 and 7 of the
five code conductors 0, 1, 2, 4 and 7 included within the
bracket TH, to indicate the “0” value of the thousands
digit, while each of the other pairs of vertical conductors
IXXX . ..9XXX are similarly extended to the particular 59
two out of the five code conductors within the bracket
TH in accordance with the code representation of each of
the other nine values of the thousands digit.

In the same manner the two horizontal conductors
XO0XX, for example, are connected to the two code con- 99
ductors 4 and 7 within the bracket H to indicate the
“0” value of the hundreds digit in the given code, while
each of the other pairs of horizontal conductors
XIXX ... X9XX are similarly extended to two out of
the five code conductors 9, 1, 2, 4 and 7 in said bracket 60
in accordance with the code representation of each of the
other nine values of the hundreds digit. '

To each pair of vertical conductors XXX . .. 9XXX
is connected ten pairs of passive linear elements, each
pair of said elements having a common terminal, each
pair being individual to each directory number having
the same thousands digit but a different one .of the ten
values of the hundreds digit, while to each pair of
horizontal conductors X8XX . ... X9XX is connected ten
pairs of similar passive elements, each .pair of said ele-
ments being joined at the common terminal with the pair
connected to the horizontally crossing (but insulated)
conductors, one pair being individual to each directory
number having the same hundreds digit but a different
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one of the ten values of the thousands digit. For ex-
ample, passive element RH38XX, comprising four com-
ponents with a common tern:inal, has its two “horizontal”
components connected to the vertical conductors 3XXX
and its two “vertical” components connected to the
horizontal conductors X8XX, Element RH38XX, there-
fore, is individual to all directory numbers having the
thousands digit “3” and the hundreds digit “8.” It is
evident from Fig. 4 that the ten passive elements each
having their two horizontal components connected to the
pair of vertical conductors 3XXX will each be individual
to directory numbers having the thousands digit “3” and
that the ten passive elements each having their two verti-
cal components connected to the pair of horizontal con-
ductors X8XX will each be individual to directory num-
bers having the hundreds digit “8.” The same arrange-
ment is followed with respect to each of the other pas-
sive elements and each of the other pairs of conductors
shown or indicated in the secondary network SDV.

Thus the secondary network SDH forms, so to speak,
one hundred squares, each square bounded by the cross-
ing of two of the ten pairs of vertical and horizontal
conductors, the enclosure of each square containing a
four-component passive element RH~ whose two horizon-
tally disposed elements are connected to the pair of verti-
cal conductors to designate the thousands digit of a di-
rectory number, while its two vertically disposed elements
are coanected to the pair of horizontal conductors to
designate the hundreds digit of a directory number.
However, since there are ten horizontally disposed pas-
sive elements between the same pair of vertical conduc-
tors, it follows that each of said pairs designates a direc-
tory number which has the same numerical value for
its thousands digit, and since there are ten vertically dis-
posed elements connected to the same pair of horizontal
conductors, it further follows that each of said pairs
designates a directory number having the same value
for its hundreds digit. The ten vertically aligned squares
bounded by the pair of conductors 0XXX, for example,
designate all directory numbers having “0” for the thou-
sands digit, while the ten horizontal squares bounded by
the pair of horizontal conductors XOXX designate all
directory numbers having “0” for the hundreds digit.

1t also follows that, since each pair of vertical conduc-
tors 0XXX . .. 9XXX is connected to a pair of the
code conductors 0, 1, 2, 4 and 7 within the bracket TH
in accordance with the code representation of each of the
ten values of the thousands digit, the electrical activa-
tion of any pair of vertical conductors by, say, the appli-
cation of a potential thereto from the common terminal
of the passive element within the square, will result in
the electrical activation of the two code conductors to
which said pair of vertical conductors is connected, there-
by to indicate the thousands digit represented by said
pair of vertical conductors.

The same thing is true with respect to the aciivation
of any pair of horizontal conductors X8XX . . . X9XX.
The activation of a pair of code conductors 6, 1,2 4
and 7 according to the code within the bracket H indi-
cates the particular value of the hundreds digit of the
passive element to which the potential is applied. Thus
if a potential is applied to the common” terminal of the
element within a square formed by two vertical and two
horizontal conductors, one pair of code conductors i 2,
4 and 7 within bracket TH will be activated to indicate
the code of the thousands digit value represented by the
enclosing pair of vertical conductors, and one pair of
code conductors 1, 2, 4 and 7 within the bracket 4 will
be similarly activated to indicate the code of the hun-
dreds digit value represented by the enclosing pair of
horizontal conductors. Thus, in the case of the passive
element RH38XX, a potential applied to the common

‘terminal thereof will cause the activation of code con-

ductors 1 and 2 within the bracket TH and code con-
ductors 1 and 7 within the bracket H, the. former indi-
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cating the thousands digit “3” in the two-out-of-five code
and the latter indicating the hundreds digit “8” in the
same code.

The same arrangement of passive elements is followed
in the secondary network SDV shown in Fig. 3, which is
reserved for the indication of all tens and units digits of
directory numbers to be identified through the primary
network PDN-A. In each of the one hundred squares
formed by the ten pairs of vertical conductors XXEX
.. . XX8X and the ten pairs of horizontal conductors
XXX0 ... XXX9 is connected a four-component pas-
sive element, for example element RVXX47, the two
horizontally disposed components of said element being
connected to the pair of vertical conductors XX4X to
indicate a directory number having the tens digit “4,”
and the two vertically disposed components of said ele-
ment being connected to the pair of horizontal conduc-
tors XXX7 to indicate a directory number having the
units digit “7.” Since the ten pairs of vertical conductors
XX .. . XX8X are comnected to the code conduc-
tors 9, 1, 2, 4 and 7 within the bracket T, and the ten
pairs of horizontal conductors XXX8 . . . XXX9 are
connected to the code conductors 3, 1, 2, 4 and 7 within
the bracket U, the application of a poteniial to the com-
mon point of the element RVXX47 will activate code
conductors & and 4 within bracket T to indicate the tens
digit “4” in the two-out-of-five code and will activate
code conductors & and 7 within the bracket U to indicate
the digit “7.”

Figs. 3 and 4 also show a preferred smbodiment of the
invention wherein each of the secondary networks are
associated with two relays controlied by the digit scanning
circuit of Fig. 9 to effect the grounding of all secondary
bus-bars not actually being scanned at a particular in-
stant.

Figs. 3A and 4A show an alternative embodiment of
the invention wherein the grounding of the secondary
bus-bars is efzcted by varistors associated with the digit
scanaing circuit of Fig. 9A.

Another alternative embodiment of the invention is
shown in Figs. 3B and 4B wherein the grounding of the
secondary busses is effected by tubes comtrolled by the
digit scanning circuit of Fig. 9B.

The connection between a primary network PDN- and
its two associated secondary networks SDH and SDV is
established by (1) extending the horizontal conductors
063X . . . 93XX of a primary network PDN- severally
to the common terminals of the passive elements RH~ of
the associated secondary neiwork SDH in accordance
with the identity of the thousands and hundreds numerical
designation of the conductors with those of said elements
RI- and (2) extending the vertical conductors XX68
... XX9% of said primary network PDNM- severally to
the common terminals of the passive elements RV— of
the associated secondary network SDV in accordance with
the identity of the tens and units numerical designation
of the conductors with those of said elements RV—. Cou-
sidering, for example, the primary network PDN-A and
its two associated secondary networks SDH and SDV,
horizontal conductor 38XX in said primary network is
connected to the common terminal of passive element
RH35XX in the secondary network SDH; other horizon-
tal conductors ——XX from said primary network being
similarly extended to other passive elements RH~ in said
secondary network. Similarly, vertical conductor XX47
from primary network PDN-A is connected to the
common terminal of passive element RVXX47 in sec-
ondary network SDV; other vertical conductors XX——
from said primary network being similarly extended to
passive elements RV-.

Tn view of the described relation between a primary
network FDN— and its two associated secondary networks
SDH and SDV, it is evident that a signal potential fur-
nished over a horizontal conductor ~-XX to the com-
mon terminal of a similarly designated passive element
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—XX in secondary network SDH will furnish ccde in-
dications of a directory number having the thousands
digit value indicated by the thousands digit designation
of the pair of vertical conductors in the secondary net-
work SDH to which the two horizontal components of
said element are connected, and a hundreds digit value
indicated by the hundreds digit designation of the pair
of horizontal conductors in said secondary network to
which the two vertical components of said element are
connected. Similarly, a signal potential applied over a
vertical condactor XX~~~ to the common terminal of a
similarly designated element RVXX- — in secondary net-
work SDV will furnish tens and units digit code indi-
cations of a directory number having the tens digit value
indicated by the tens digit designation of the pair of ver-
tical conductors to which the two horizontal components
of said element are connected, and a units digit value in-
dicated by the units digit designation of the pair of hori-
zontal conductors to which the two vertical components
of said element are connected.

Figs. 5, 6, 7 and 8 show, respectively, the input gate
circuits for the four network groups, each group con-
sisting of a primary petwork PDN- and its two asso-
ciated secondary networks SDH and SDV. Fig. 5, desig-
nated “Input gate circuit A,” shows the input gate circuit
for the primary network PDN-A and the two associated
secondary networks SDH and SDV; Fig. 6, designated
“Input gate circuit B,” shows the input gate circuit for
the primary network PDN-B and its two associated sec-
ondary networks SDH and SDV (indicated as a block
diagram at the bottom of Fig. 3); Fig. 7, designated “In-
put gate circuit C,” shows the input gate circuit for the
primary network PDN-C and its two associated secondary
networks (also indicated in block diagram at the bottom
of Fig. 3); while Fig. 8, designated “Input gate circuit
D,” shows the input gate circuit for primary network
PDN-D and its two associated secondary networks (like-
wise indicated in block diagram at the bottom of Fig. 3).
As previously mentioned, there is also included (and in-
dicated in Fig. 3) a “class” network for which a class in-
put gate circuit is provided and indicated at the bottom
of Fig. 8, the latter input gate being essentially similar
in construction to the other input gate circuits.

Each input gate circuit, for example, the input gate
circuit A, comprises four groups of five electronic net-
works each, each group being reserved for one of the
digits of the directory number. Thus there are twenty
networks in all for each input gate circuit. Considering
as representative the one network in the uppermost group
of five networks in Fig. 5, which group is reserved for
the thousands digit (only the first group being shown com-
plete, each of the remaining four groups being indicated
by the first and last network of the group), each such
network comprises an electronic device TH® and an input
impedance THI-0@ comprising two condensers and a
grounded resistor, the right terminal of one of the con-
densers being connected to the grid of tube THY and
the left terminal of the other condenser being connected
to the code conductor “0” in the group of such con-
ductors within the bracket TH. The constants of the
impedance are so chosen that the impedance network to-
gether with resistor R4, for example, constitute a two-
stage high-pass filter (the design impedance of the sec-
ond stage being high compared to that of the first) which
permits transmission therethrough of 2 potential at signal
frequency but suppresses all lower frequencies. The
anode of the tube TH is connected to the code conductor
G9, while the anodes of each of the four other tubes THI,
TH2, TH4 and TH7 are respectively connected to the
code conductors G1, G2, G4 and G7, said code con-
ductors being extended to all input gate circuits and con-
nected in each gate circuit to the anodes of all tubes there-
in having the same numerical suffix. Thus conductor
G is connected to the anodes of tubes THO, HO, T0 and
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U in all input gates, conductor G1 to the anodes of tubes
THi, Hi, T1 and U1, etc. Since the selective activa-
tion of two of these code conductors according to the
two-out-of-five code will express each of the ten values
of a digit, it follows that the five networks TH6, TH1,
THZ, TH4 and TH7, when selectively operated to activate
two of the code conductors G8 . . . G7 according to the
code, will indicate the thousands digit of a directory num-
ber. The five similar networks H® . . . H7 provided for
the hundreds digit, the networks T0 . . . T7 provided for
the tens digit and the networks U¢ . .. U7 provided for
the units digit, similarly indicating the corresponding
values of such digits when said groups of networks are
operated, according to the code to activate said conductors.
Each of the four input gate circuits A, B, C and D are
similarly equipped and arranged. As will be shown later,
only the tubes of one particular digital group in only
one of the input gate circuits can be rendered conductive
at cne time to express a digital value, the order of op-
eration in a particular input gate circuit being first the
activation of the thousands digit networks THG . . . TH7
Tollowed by the hundreds digit networks H0 . . . H7, then

the tens networks T0 . . . T7 and last the unit networks
Ue...U7.
The resistors R4 . . . R8 connected, respectively, to ?

the input impedances THI-0 . . . THI-7 of the thousands
digit networks THO . . . TH7 of input gate circuit A, and
similar resistors similarly connected to the input imped-
ances THI-¢ . . . THI-7 of the thousands digit networks
THS8 . .. TH7 in each of the other input gate circuits
are connected together and extended by conductor 11 to
the cathode of the tube THSL in Fig. 9. Corresponding
resistors (shown but not designated) for the hundreds
digit circuit networks HO . . . H7 in each of the input
gate circuits are similarly connected together and extended
by a conductor 12 to the cathode of the pentode tube
HSL. In the same manner, the resistors R4 . .. R8 for
the tens digit circuit networks T6 . . . T7 in each of the
input gate circuits, and those of the units digit circuit net-
works U . . . U7 in each of the input gate circuits, are
extended over conductors 13 and 14, respectively, to the
cathodes of the tubes TSL and USL.

It will be further observed that the cathodes of all the
twenty tubes THO . , . U7 of the input gate circuit A are
common to a conductor 7 which extends to the armature
of relay A of the party register; that the cathodes of the
tubes THY . . . U7 of input gate circuit B are common
to conductor 8 which extends to the armature of relay
B; that the cathodes of the tubes THO . . . U7 of the input
gate circuit C are common to conductor 9 which extends
to the armature of relay C, and that the cathodes of the
tubes THO . . . U7 of the input gate circuit D are com-
mon to conductor 10 which extends to the armature of
relay D. Thus the cathodes of the numerical tubes in
each input gate circuit are placed under the control of that
relay of the party register whose designation corresponds
to that of the input gate circuit in which such tubes appear,
and it is evident that the activation of the numerical tubes
in any particular gate circuit will depend upon which of
the four relays A, B, C or D of the party register operates
in response to circuit SIC determining which of the sta-
tions on a line has originated the call. It will be noted
that when relays A, B, C and D are in the non-operated
condition, conductors 7, 8, 9 and 10 are at positive bat-
tery potential through resistors R60, R61, R62 and R63,
respectively, the purpose being to cut off their respective
gate tubes by control of their cathodes. _

The five code conductors GO, Gi, G2, G4 and G7
which, as said above, are connected to the anodes of all
input gate tubes having the same numerical suffix, are ex-
tended to the five number circuits 0, 1, 2, 4 and 7 in Fig.
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11, and in which figure number circuit 1 is shown in detail,

while the remaining four are indicated as rectangles. For
example, the anodes of tubes THI, Hi, T1 and U1 in

75
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each of the input gates A, B, C and D are contected to-
gether and to the code conductor G1 which extends, in
turn, to the input side of number circuit 1 in Fig. 11.
Similar connections extend over conductors GO, G2, G4
and G7 between other corresponding code element tubes
in each of the four incoming gate circuits to the other
four number circuits 1, 2, 4 and 7, respectively. Thus
the five number circuits shown in Fig. 11 are used in com-
mon by the four incoming gate circuits A, B, C and D.

Briefly, the object of each input gate is to respond to
the identifying signal expressed by the signal potential
applied to two of the five code conductors 6, 1, 2, 4 and 7
in each of the brackets TH, H, T and U if the identity
of the directory number of the calling station is to be
determined through the primary network PDN- with
which a particular gate circuit is associated through its
connection to the two secondary networks SDH and
SDV of said primary network. Thus if the identifying
conductor of a station, for.example, conductor 1 of
station A, is connected to a passive element in primary
network PDN-A (which is the fact for this particular
station since conductor 1 is connected to passive element
R3847), then, when this station initiates a call, it will
be shown that identifying signal potential will be applied
to two code conductors in each of the brackets TH, H, T
and U of secondary networks SDH and SDV asscciated
with primary network PDN-A. Under this condition
(but under control of other conditions as well) input
gate circuit A will respond to said signal potential and
cause the sequential activation of two tubes in each group
of its digital networks THO THT—U$ .
U7, whose outputs as a potential on the anode of each of
the activated tubes are sequentially applied in groups of
two to the code conductors G&, G1, G2 and G7 and, there-
over, to the number circuits, which are operated thereby
in a sequence of two at a time to perform certain furc-
tions that will be later described.

Mention has been made of the fact that when a party
station calls, for example station A which is assumed to
have a directory number 3847, a signal comprising a
source of alternating potential is applied over the sleeve
SL of the connection, and that this potential is then trans-
mitted over a circuit including the termination impedance
C1—R1 of which one is connected to each occupied
directory number terminal. The potential derived from
this circuit at the common terminal of capacitor C1 and
resistor R1 of each of the terminations is applied in this
particular example to identifying conductors 1, 2, 3 and
4, of which conductor 1 is individual to the calling station
A and conductors 2, 3 and 4 are, respectively, individual
to stations B, C and D on the same line. Since these
conductors are comnected to passive elements in the
several primary networks PDN—-, and said passive ele-
ments are further extended to similar elements RH- and
RV- in the associated secondary networks SDH and
SDV, it follows that a portion of said potential becomes
available on two of the code conductors 6, 1, 2, 4 and 7
in each of the brackets TH, H, T and U in each of said
secondary networks. This means that, although the direc-
tory number of station A only is to be identified through
the primary network PDN-A and the associated secondary
networks SDH and SDV, the identifying signal potential
is not only applied through conducter 1 to the primary
network PDN-A, but also to the other three networks
PDN-B, PDN-C and PDN-D over conductors 2, 3 and
4, respectively. The consequence is that the signal po-
tential is transmitted to each of the four primary networks
and, through them, to their respective secondary networks
SDH and SDV, there to become available on two of the
code conductors ¢ 7 within each of the brackets
TH, H, T and U. Since the grids of the tubes THO ..
U7 in each of the input gate circuits A, B, C and D are
severally connected to the code conductors in the brackets
TH, H, T and U of the two secondary networks SDH
and SDV associated with each of the primary networks
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PDN-, it further follows that the signal potential on
the identifying conductors, for instance, conductors 1,
2, 3 and 4, is applied to the grids of two tubes in each
group of tubes TH¢ U7 in each of the input gate
circuits A, B, C and D. However, since it is desired
to obtain an indication of the directory number of the
calling station A only and not of any other station, or
stations, on the same line, and since conductor 1 in-
dividual to this station is connected to passive element
R3847 in primary network PDN-A, only the tubes in the
groups of tubes TH® U7 of input gate circuit
A should be activated in the particular example, in re-
sponse to the identifying potential available on certain
of the code conductors within brackets TH, H, T and U
of the secondary networks SDH and SDV associated with
primary network PDIN-A, even though said potesntial is
also applied to similar tubes in each of the cther three
input gate circuits.

The selection of the particular input gate for response
to the identifving potential available on certain code con-
ductors within brackets TH, H, T and U of each pair of
secondary networks associated with each of the primary
networks PDN-A . . PDN-D is, as previously in-
dicated, accomplished by the relays A, B, C and D of the
party register in the trunk. As previously stated, when
station A initiates a call, the station identification circuit
SIC cperates to determine the identity of the station, and
to cause the registration of such identity by the operation
of relay A of the party register, which locks to off-normal
ground. Since the armature of relay A is extended by
conductor 7 to the cathodes of all the tubes THS
U7 of input gate circuit A, the operation of said relay
grounds conductor 7, thereby applying ground to said
cathcdes and conditioning the tubes thercof for opera-
tion under the control of the potential on their respective
grids. The conditioning of the cathodes of the tubes
of input gate circuit A will permit the modulation of the
resulting space current by the signal potential which is ap-
plied to the grids of two tubes in each group of five
from the two code conductors @, 1, 2, 4 and 7 in each
of the brackets TH, H, T and U, if said grids are positive
at the time by a positive potential applied thereto over
resistors R4 RS, as explained below. Although
the same signal potential is applied at the same time to
the grids of tubes TH$ U7 in each of the other
three input gate circuits B, C, D, said tubes will have a
positive potential applied to their respective cathodes
through resistors R6L, R62 and R&3 since relays B, C
and D of the party register will not be operated.

It is obvious from the above that if station B is calling,
relay B of the party register will be operated, thereby
to cause ground to be applied over conductor 8 to the
cathodes of tubes THO U7 of input gate B.
Similarly, with station C when calling, for which station
circuit SIC causes the operation of relay C, the ground-
ing of conductor 9 and the application of ground to the
cathodes of tubss THE U7 of input gate circuit C,
and for station D when calling, for which staticn circuit
SIC causes the cperation of relay D, the grounding of
conductor 18 and the application of grouad over said con-
ductor to the cathodes of tubes THE U7 of input
gate circuit D. The “class” input gate circuit, indicated
on the bottom of Fig. 8, is controlled on the same prin-
ciple and by the same method and need not be further
described.

Once the response of a particular one of the four in-
put gates is determined by the operation in the party
register of the relay A, B, C or D which corresponds to
the staticn that initiated the call as above pointed out,
the activation of the groups of numerical tubes in the
chosen incoming gate circuit is made contingent upon a
check of the impedance of the sleeve conductor SL,
which impedance must measure within certain prede-
termined values before the groups of aumerical tubes in
the determined incoming gate circuit will be activated
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for response to the signal potential present on certain of
the code conductors within brackets TH, H, T and U.
To measure the impedance of the sleeve conductor SL,
the sieeve impedance check circuit shown in Fig. 10 and
the four tubes THSL, HSL, TSL and USL with positively
biased screens shown in Fig. 9 are provided. Brieily,
when the current from oscillator OS is applied over con-
ductor 46 to the sleeve conductor SI. (after relay SIG
has been operated in any suitable manner) the signal po-
tential at resistor R® from said oscillator is applied over
conductor 13 to the grid of tube Al. The value of the
potential at resistor R9 will depend, of course, upon the
impedance of the sleeve conductor. For instance, if said
sieeve conductor is grounded because of a trouble condi-
tion, the impedance wiil be low; on the other hand, if the
conductor is cconnected through a high resistance to
ground, the impedance will be high. The resulting po-
tential, whether high, low or within permissible limits, is
applied (as said before) to the grid of tube A1 over
conductor 15. In a manner to be described later, the
circuit of Fig. 10 operates, on the application of this po-
tential to the grid of tube Al, to effect the response of
inverter tube IN2, the anode circuit of which is connected
by conductor 16 to the second control grids of each of
the tubes THSL, HSL, TSL and USL. If the impedance
of the sleeve conductor is outside of its predetermined
{imits, tube IN2Z which is made non-conducting upon the
seizure of the identifier, will be rendered conducting. The
consequent drop in its anode potential is applied to the
second control grids of each of tubes THSL, HSL, TSL
and USL, preventing each of these tubes from operating
sequentially at the time each of them would otherwise
cperate in consequence of a positive potential applied to
its first grid by the digit scanning circuit (Fig. 9), as will
be shown. Since the cathode of tube THSL is connected
to a negative bias as shown aand, over conductor 11 and
resistors R4 . . . R8, is further connected to the grids
of the five tubes THO . . . TH7 for the thousands digit
in each of the input gate circuits, and since the cathodes
of each of the tubes HSL, TSL and USL are similarly
connected to negative biases and, over conducters 12, 13
and 14 and resistors similar to resistors R4 . . . RS, are
connected, respectively, to the cathodes of tubes HY . . .
H7 of the hundreds digit, to the cathcdes of tubes
T§ . . . T7 of the tens digit and to the cathodes of tubes
U0 . .. U7 of the units digit in each of the input gate
circuits, it follows that if tube THSL is non-conducting
when two of the thousands digit tubes THO . . . TH7
of an input gate circuit (for example, input gate circuit A)
have signal potentials selectively applied to their grids
from two code conductors within bracket TH, said
THO . . . TH7 tubes, being cut off, will be ineffective
to transmit the signal potential; the same thing being true
for the hundreds digit tubes HY . . . H7, the tens digit
tubes T@ . . . T7 and the units digit tubes U$ . . . U7
if tubes HSL, TSL and USL are not rendered conducting
by the non-ceaductivity of tube IN2 to apply positive
potential to grids of said digital fubes. On the other
hand, if the value of the sleeve impedance measures
within predetermined limiis as indicated by the value
of the potential applied to the grid of tube A1, the oper-
ation of the sleeve check circuit in response to the acti-
vation of tube A, will cause inverter tube IN2 to re-
main non-conducting. The potential on conductor 16
will then be relatively positive and tubes THSL . . . USL
will be rendered conducting in a sequential order by the
positive potential sequentially applied to the first grids
thereof by the digit scanning circuit. Since the cathodes
of each of the tubes THSL . . . USL will be drawing
current at the time each of them is activated, the po-
tential on conductors 11 . . . 34 will be less negative,
causing the grids of tubes THO . . . U7 (in input gate
circiit A whose cathodes were activated by ground on
conductor T) likewise to be rendered less negative, there-
by to render said tubes conducting. The signal potential
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applied to the grids of two of the tubés will then be
effective to modulate the space current therethrough- in
accordance with the frequercy of said signal potential
which, as explained below, will be transmitted to the
corresponding two of the number circuits. In the same
manner, as each of the tubes HSL, TSL and USL is
rendered conducting in the order indicated, the hundreds
digit tubes H§ . . . H7, the tens digit tubes TO . . . T7
and the units digit tubes U8 . . . U7, are enabled, those
of the higher digital order being quenched by the quench-
ing (as will be explained) of the companion tube THSL,
for example, before the tube HSL of the next digit is
activated. In other words, the selected input gate cir-
cuit will respond to the identifying signal present on
the grids of its tubes if, and only if, the impedance of
the sleeve conductor SL, as determined by the operation
of the sleeve check circuit, is of the correct value. If it is
not, the selected input gate “will not open” to transmit
the identifying signals to the number circuits. .

Fig. 9, in addition to shewing the four sleeve check
tubes THSL . . . USL, also shows the digit scan circuit.
As previously mentioned, five number circuits are pro-
vided to receive in succession the two-out-of-five identi-
fying signals from each group of tubes TH® . . . TH7,
H6 ...H7, TO ... T7 and UQ . . . U7 of the acti-
vated incoming gate, one number circuit being pro-
vided for each of the five elements of the two-out-of-five
code. These number circuits are selectively operated on
a two-out-of-five basis in accordance with the code to
express each digit of the identified directory number in
that code, thus making it necessary to operate these cir-
cuits repetitively for each of the four digits and also the
“class” digit.

The reason for this operation is, as said before, that
one group of five number circuits is provided in com-
mon for the use of all four digits of the number and the
additional “class” digit. If ome group of such number
circuits were to be provided for each digit, then all the
groups of such circuits could be simultaneously and selec-
tively operated in response to the activated tubes
THO . . . U7 of the selected incoming gate. ' How-
ever, the operation of the system as a whole is. so rapid
that one group of number circuits electronically switched
in succession to each group of digital tubes of the acti-
vated incoming gate suffices for the operation of the
system.

In order that the group of five number circuits 0 . . . 7
of Fig. 11 shall be operated in succession with each group
of tubes THO . . . TH7; H6 . . . H7; TO0 . . . T7 and
U0 . . . U7 of the selected incoming gate circuit, the
digit scanning circuit shown in Fig. 9 is provided. This
circuit comprises, for the four digits of the directory
number, four pairs of electronic devices OTH, ITH;
OH, IH; OT, IT; and OU, IU, of which the devices OTH,
OH, OT and OU are gas-filled tubes, while the devices
ITH, IH, IT and IU are vacuum tubes having two con-
trol grids. Each pair of tubes is interwired as shown
with a pair of “delay” networks DN1 and DN2 and with
the first grid of one of the sleeve check ' tubes
THSL . . . USL. In the operation of the identifier, the
starting signal is provided by positive battery on the bat-
tery supply conductor 17, which applies anode battery
to all tubes of the identifier, and, also, to the grid of tube
ITH after a delay determined by the constants of delay
network DN1. Since the second grid of tube ITH has
positive potential applied thereto from the anode of non-
conducting tube OTH, application of positive potential
to the first grid of tube ITH causes said tube ITH to be
rendered conducting to, in turn, render tube THSL con-
ducting if the second control grid thereof has been ren-
dered positive by the application of positive potential on
conductor 16 consequent to a satisfactory check of the
sleeve impedance by the sleeve check circuit of Fig. 10, as
previously mentioned. The conductivity of tube ITH
and the rise in the positive potential of its cathode (which
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is biased negatively by the indicated network connected
to a negative source of potential, an arrangement also
provided for the cathodes of the corresponding three tubes
TH, IT and IU) causes enabling potential to be applied
to the first grid of its companion tube OTH. The latter
tube, however, remains indifferent to the application of
this potential to its first grid because, at this time and
for reasons that will later appear, tube CT of the code
check circuit shown in Fig. 12 is in a normally activated
condition, which results in the application of a less posi-
tive potential to conductor 45, connected to the-second
grid of each of the four tubes OTH, OH, OT and OU.
Tube OTH, therefore, will remain unresponsive to the
positive potential applied to its first grid from the cathode
of tube ITH, and will remain unresponsive until the
potential on conductor 45 increases to a more positive
value.

As a result of the conductivity of tube THSL, the grids
of the thousands tubes THO . . . TH7 in each of the
incoming gate circuits are rendered positive, as previously
stated, and since the two identifying potentials of the
thousands digit of the directory number are applied, in
the present example, to the grids of the two tubes in the
group of -tubes THO . . . THY of incoming gate circuit
A in accordance with the code representation of the thou-
sands digit of the number, said potentials modulate the
current passing through said two tubes in accordance with
the frequency of said potential. Specifically, the thou-
sands digit of the directory number of station A is #3;
accordingly, signal potential is present on the grids of
tubes THI and TH2 of input gate circuit A, transmitted
thereto over code conductors 1 and 2 -within bracket TH
and the impedances THI-1 and THI-2, respectively.
Since 'the anodes of these digital tubes are connected to
positive battery in the correspondingly numbered number
circuits 1 and 2 over the code conductors G1 and G2, re-
spectively, the current passing through the space of the
tubes is modulated in accordance with the frequency of
said 'signal potential, thereby to cause the operation of
number circuits 1 and 2 in a manner later to be de-
scribed. In a manner also Iater to be described, the op-
eration of number circuits 1 and 2 in response to the mod-
ulation of the current in tubes TH1 and TH2 by the fre-
quency of the signal potential, will result in the operation
of tubes AG1 and AG2 in the output circuit shown in
Fig. 13 to, in turn, suppress the operation of the normally
conducting companion inverter tubes IG1 and IG2
which, over conductors 19 and 20, respectively, apply
positive potential to the grids of the gas-filled digit reg-
ister tubes OTHI1, OTH2, OH1, OH2, OT1, OT2 and
OU1, OU2 of the digit register circuit shown in Fig, 13.
The operation of these tubes as well as all other tubes of
the digit registers is, however, conditioned upon the ap-
plication of positive potential to their respective second
grids. Normally these grids are negatively biased by
negative potential connected to the cathodes of tubes
OTH . .. OU of the digit scanning circuit, the second
grids of the tubes OTHO . . . OTH1 of the thousands
digit register having biasing potential applied to their
second grids over conductor 23, those of the hundreds
tubes OHO . . . OHI receiving biasing potential over
conductor 24, while those of the tens and units digit reg-
ister tubes OTO . . . OT7 and OUO .. . OU7 receive
biasing potential over conductors 25 and 26, respectively,

Before the two operated number circuits are caused to
operate the two tubes of the appropriate digit register, to
register therein the digit of the directory number, and the
digit scan circuit allowed to progress to the activation of
the tubes of the next digit in the operated input gate, it
is desirable to check that two, and only two, number cir-
cuits have been operated in response to identifying po-
tential from the digital tubes of the operated incoming
gate. The enablement of the tubes of the digit register
by the control of the potential on their respective second
grids is, therefore, made dependent upon this check,
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which means that the potential on their respective second
grids is changed from negative to positive only in the
event that two, and only two, number circuits have been
operated.

To make this check, the code check circuit shown in

Fig. 12 is provided. It will be seen from an inspection
of Figs. 13 and 12 that the anodes of the output circuit
tubes AG® . . . AG7 are connected to the grids of the
check tubes CK@ . . . CK7 as well as to the grids of
the inverter tubes IGO ... 1G7. When two of the
tubes AGO . .. AGT are operated as previously indi-
cated, two of the check tubes CK1 . .. CK7 are also
operated. Tt will be shown that tube CT is normally
conducting, in consequence of which (and as previously
mentioned) the potential on conductor 45 is nermally
relatively negative to prevent tube OTH of the digit scan
circuit from operating on the enabling potential applied
to its first grid from the cathode of tube ITH, as a result
of the latter’s conductivity, upon the seizure of the cir-
cuit in response to the application of positive petential
on conductor 17. If, however, but two of the eheck tubes
CKO . . , CK7 operate, the effect will be to arrest the
¢.6i1ductivity of tube CT, raise the anode potential there-
of to positive and cause said potential then to be applied
over conductor 45 to the second grids of the tubes
OTH . . . OU of the digit scan circuit. Since tube OTH
has had enabling potential previously applied to the first
grid thereof by the operation of tube ITH, tube OTH
is thereby rendered conducting, causing the biasing po-
tential on conductor 23 to change from negative te posi-
tive and thereby enable the tubes OTHO . . . OTHT of
the thousands digit register. Tubes OTH1 and OTH2
are then rendered conducting to register the thousands
digit “3.” Tube OTH, once operated, will remain op-
erated (since it is 2 gas tube) until the cathod;—anode cir-
cuit is opened, in this case by the disconnection of posi-
tive battery from conductor 17.
" However, if less than two or more than two number
circuits operate in response to, say, the operation of less
or more than of the digit tubes THA . . . THY, then a
corresponding number of check tubes CKO . . . CK7 will
be operated, Under these conditions, tubs CT will re-
main conducting, the negative potential on conductor 45
will remain unchanged and tube OTH will remain eut
off, thereby to prevent any further operation of the digit
scan circuit and the registration of any digit in the thou-
sands digit register of the output circuit. Thus, the digit
scan circuit proceeds with succeeding scanning operations
only upon signal, given by the operation of tube OTH
for the thousands digit, that two, and only two, number
circpits haye been operated.

The conductivity of tube OTH renders its anode po-
tential relatively negative, and because said anode is con-
nected to the second control grid of tube ITH via delay
network DN2, will cause the guenching of the latter tube
after the lapse of a time interval and the removal of pos-
itive potential from the grid of tube THSL which there-
by ‘quenches, the latter again applying negative bias at
its cathode to conductor 11 and, therefore, to the grids
of the thousands digit tubes THO . . . TH7 in all incoming
gate circuits, quenching said tubes and preventing fur-
ther operation of the two number circuits which oper-
ated in response to the two tubes in the group of tubes
THO . . . TH7 of incoming gate circuit A to the grids of
which identifying signal potential was applied. -

The conductivity of tube OTH further causes positive
potential on its cathode to be applied to the grid of tube
IH through the network DN1. After a delay determined
by the constants of this network, tube IH is rendered
conducting to function in the same manner as tube TTH,
in consequence of which the cycle of scanning is repeated
for the hundreds digit, thereby to cause the identifying
signal potential for said hundreds digit to be effective on
the grids. of two tubes HO . . . H7 in the appropriate in-
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A) over the appropriate party from the code conductors
0, 1, 2, 4 and 7 within bracket H of secondary networks
SDH. Tubes H! and H7 (for the hundreds digit 8) of
incoming gate circuit A are activated to cause the op-
eration of number circuits 1 and 7 and the consequent op-
eration thereby of register tubes OH1 and OH7 of the
hundreds digit register under the control of the digit scan
circuit and the code check circuit as previously indicated
for the thousands digit. The third cycle, initiated by
the operation of tube IT in the same manner as the sec-
ond cycle was initiated by the operation of tube TH, will
result in the operation of number circuits 0 and 4 (for
the tens digit 4) and the subsequent operation of regis-
ter tubes OTO and OT4 of the tens digit register, while
the fourth cycle, initiated by the operation of tube IU,
will result in the operation of number circuits ¢ and 7
(for the units digit 7) and the subsequent operation of
tubes QUG and OU7 in the units digit register,

Also embodied in the digit scanning circuit shown in
Fig. 9 are relays GR7, GRS, GRS and GR10 controlled
by the battery supply conductor 17 and the cathodes of
the gas-filled tubes OTH, OH and OT. The application
of positive potential to the battery supply conductor 17
by the operation of the start relay ST operates relay
GR7. With relay GR7 operated, relays GR2 of Fig. 2
and GRS of Fig. 4 will operate in consequence thereof
and apply ground to all the vertical bus-bars of the pri-
mary network of Fig. 2 and all the horizontal bus-bars
of the secondary network of Fig. 4, thus effecting the
grounding of the hnudreds, tens and units bus-bars while
the thousands digit is being scanned.

When the digit scanning circuit proceeds to the next
succeeding scanning operation by the operation of the
tube OTH, the conductivity of the tube OTH renders
its cathode relatively positive. This positive potential
is applied through the winding of the relay GR8. The
operation of relay GRS releases relay GR7 which in turn
releases relay GRS so as to remove the ground from the
horizontal bus-bars of the secondary network of Fig. 4.
Relay GR2 is maintained in its operated condition by
supplying battery to the winding through the No. 2 con-
tact of relay GR8. The operation of relay GRS also op-
erates relay GR6 thereby placing ground on all the ver-
tical conductors of the secondary network of Fig. 2.
Thus the thousands bus-bars of the primary network and
the tens and units bus-bars of the secondary network
SDV are grounded while the hundreds digit is being
scanned. '

Similarly when the digit scanning circuit proceeds to
the next scanning operation, the operation of tube OH
will cause ground to be applied to the thousands and hun-
dreds bus-bars of the primary network and the units
bus-bars of the secondary petwork SDV. The subse-
quent operation of tube OT will cause ground to be ap-
plied to the thousands and hundreds bus-bars of the pri-
mary network and the tens bus-bars of the secondary net-
work. SDV while the units bus-bars are being scanned.

The operation of tube OU (which will be explained
later) releases relay ST thereby disconnecting battery
from conductor 17 and restoring relays GR7, GR9Y and
GR16 to normal.

Figs. 14, 15 and 16 represent a plurality of recorder-
registers to any one of which the registrations recorded
in each of the four digit registers of Fig. 13 may be
transferred depending upon which of the recorder-regis-
ters has initiated the request for the identification of the
directory number. Each recorder-register comprises a
group-of five gas-filled tubes per-digit, RTHO . . . RTH7-—
RUO . .. RU7, to the first grids of which the cathodes
of the digit registers of Fig. 13 are connected in corre-
sponding order. The second grids of the tnbes of each
recorder-register are connected together and to a conduc-
tor “E* to which a positive potential is applied if the
recorder to which said conducter appertains is the one
which initiated the request for the identification of the
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diréctory number. On the other hand, the ¢athodes of
the tubes in each recorder-register are severally extended
to the recording magnets of & recorder device which may
be, for example, of the kind shown in copending appli-
cation of W. W. Carpenter, Serial No. 588,401, filed
April 14, 1945, now Patent No. 2,583,086, granted Jan-
uary 22, 1952, while anode battery for the register tubes
RTH ... RU of each recorder-register is supplied from
a relay such as relay 94STO of a recorder unit which
may be of the type disclosed in copending application Se-
rial No. 759,402, filed July 7, 1947, jointly for W. W.
Carpenter and R. C. Collis, now Patent No. 2,688,658,
granted September 7, 1954, said relay 94STO being the
identically designated relay in Fig. 94 of the disclosure
of said copending application but modified to include an
additional pair of contacts to supply positive battery to
the anodes of the associated recorder-register and to
control the voltage on its second grids.

Normally when two tubes in each of the digit registers
of Fig. 13 are rendered conducting to indicate the value
of the digit registered thereby according to the two-
out-of-five code, the cathodes of said tubes are rendered
positive. By virtue of the connection between said
cathodes and the grids of the tubes of all the recording
registers, the first grids of the corresponding two tubes
in each of the recorder-registers are thereby rendered
positive. The tubes in each of the recorder-registers
whose respective first grids are thus rendered positive are
prevented from operating, however, except in the case of
that recorder-register whose relay 94STO has been oper-
ated in any suitable manner, or as described in the above-
mentioned Carpenter-Collis copending -application, and
when conductor “E” has had positive potential applied
to it, both as an indication that the directory number
information stored in the digit register tubes of the out-
put circuit is to be transferred thereto. The activation
of two out of five tubes in each group of five tubes of
said recorder-register then operate and complete current
paths to the involved recorder magnets which operate
to record on a suitable medium and in the two-out-of-
five code the digits of the identified directory number.

The recording-register shown in Fig. 16 is reserved
for the transmission of the digits of the directory num-
ber to some remote recorder which is connected, as
shown, by a trunk or other transmission medium with
the recording register of Fig. 16. For the purpose of
the distant transmission of the identified directory num-
ber information, four groups of five transmitting tubes
DTHO . . . DU7 are provided, to the corresponding
second grids in each group of which is connected one
of five frequency sources fo, fi, fo, f« and f1. The
cathodes of each group of tubes are connected together
and to a conductor extending to a scanning circuit (not
shown but indicated) which may be of any suitable con-
struction, while the cathodes of the recording-register
tubes-RTHO . . . RU7 are connected to corresponding
grids of the transmitting tubes. It will be shown by the
detailed operation which follows that frequencies com-
bined in the two-out-of-five code are transmitted over
the trunk in accordance with the code indications of the
identified directory number registered in the register tubes
RTHO . . . RU7.

Figs. 17A and 17B show partial details of a primary
network, which have been arranged to more clearly
present certain electrical properties of the network that
will be described in connection with the detailed descrip-
tion of the operation of the invention.

Having described in a general way the structure of the
component elements of the invention and the manner
in which they cooperate to produce the result of identify-
ing, indicating and recording the directory number of
a calling telephone station, I will now describe the de-
tailed operation of the invention in connection with the
identification and recording of the directory number
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“3847” of station A when a call is placed from' said
station. ' . Lo

When a.call is initiated from station A, the line L to
which the station is connected is extended in the usual
manner over the line-extending switches LS1 . . . LSX
to the trunk T, the magnets of the switching train being
held operated by ground. over the normal contacts ‘of
relay SIG. After the office code of the wanted station
is dialed and registered in the registers of the sender
(the latter controlling the extension of the connection)
said sender determines from this code that the call re-
quires the recording of the directory number of the
calling station. Relay CI is then operated in any suit-
able manner, whereupon the tip and ring conductors
T and R of the trunk are switched to the Station Identi-
fication Circuit SIC, which then. operates to determine
the identity of the calling station in the manner described
in the above-mentioned patent to M. A. Logan. - Since
the call was placed at station A, circuit SIC, as a con-
sequence of the test it makes over the line L, causes
the operation of relay A of the trunk party register,
which relay locks over .its locking winding under the
control of an off-normal ground ON, and applies ground
to conductor 7; circuit SIC, then releasing for use by
other trunks in the event that said circuit is used in
common by more than one trunk. :

The sender further initiates circuit operations that
result in the operation of relay ST (Fig. 9) of a start-
ing circuit by the application of an impulse of current
to conductor ST’, whereupon a circuit is completed for
said relay ST from impulse potential on conductor ST,
No. 2 back contacts of relay FN, winding of relay ST,
to battery, over which relay ST operates and then locks
over its No. 2 contacts to ground on the No. 1 contacts
of relay FN. Over its No. 3 contacts, relay ST applies
positive battery to conductor 17, said conductor extend-
ing to the anodes and grids of various tubes of the
identifier as shown, including the first grid of tube ITH
through the delay network DN, the second grid of said
tube through delay network DN2 .(thus rendering. both
of said grids positive), and through the winding of relay
GR7 and the No. 1 contacts of relays GRS, GR9 and
GR10 to negative battery, so that relay GR7 operates.
It will be observed that the first grid of tube ITH (as
well as the first grid of each of the similar tubes
IH .. . IU) is normally biased to cut-off by the neg-
ative potential available at said grid through negative
battery connected to resistor RCO. The constants of the
delay network DN1 are so computed that the negative
bias provided for the grid of tube ITH by the negative
battery through resistor RCO is not overcome by the
positive potential applied to said grid over conductor
17 until (1) the transient disturbances generated by the
closure of the No. 3 contacts of relay ST will have been
dissipated -and a steady state potential is attained on
conductor 17, and (2) until sufficient time will have
passed to make a test of the impedance of the sleeve
conductor SL. which, if the test indicates that said im-
pedance is outside of its predetermined limits, will, re-
sult in a change of the normally. positive potential on
conductor 16 to a negative value, as later to be described.
When this period of delay is passed, the first grid of
tube ITH is rendered positive, thereby causing said tube to
conduct inasmuch as the second grid thereof was also
rendered positive as previously described. The positive
potential then available at its cathode is applied to the
first grid of tube THSL and to the first grid of tube OTH.
Since tube IN2 of the sleeve impedance check circuit
is mormally non-conducting, thereby maintaining positive
potential on conductor 16 and, therefore, 6n the second
grids of tubes THSL . .. USL, tube THSL will be.
rendered conducting by the application of positive poten-
tial on its first grid unless, as a result of the check of
the sleeve impedance which takes place immediately upon
the operation of relay ST, tube IN2 is enabled due 10
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said impedance not being within predetermined values,
in which event the potential on conductor 16 will have
been changed to a negative value to prevent the opera-
tion of tube THSL. On the other hand, tube OTH will
remain cut off because at the time positive potential
is applied to its first grid by the conductivity of tube
ITH, negative potential is being maintained on its sec-
ond grid over conductor 45 by the normally operated
tube CT of the code check circuit.

With relay GR7 operated, positive battery is applied
over its No. 1 contacts to conductor 91, wherenpon a
circuit is completed through the windings of relay GR2
to ground. Relay GR2 then operates thereby applying
greund through its contacts to all the vertical buses of
the primary network PDN-A of Fig. 2. Positive bat-
tery is also applied over the Mo. 2 eontacts of relay
GRT to conductor 94, whereupon a cireuit is completed
through the windings of relay GRS of Fig. 4 to ground.
Relay GRS then operates thereby making a path to ground
through its centacts for all the horizontal buses of the
secondary network SDH of Fig. 4. Thus during the
thousands digits scanning, the tens and units bus-bars of
the primary network PDN=A and the hundreds bus-bars
of the secondary network SDH are grounded.

Qver its No. 1 contacts, relay ST extends one side of
oscillator OS over conductor 46, capacitor C2, inductance
IND to ground, and in parallel with the latter over re-
sistor R9, over conductor 15 to the grid of tube Al
When relay. SIG is operated in apy suitable manner,
the oscillator OS is applied to the sleeve conductor SL

of the .extended connection, the magnets of the switch.

train holding te. ground on the normal contacts of relay
SIG when said relay is unoperated and to ground through
resistor R9 and inductance IND. when said relay is op-
erated. The operation of relay SIG further completes
a circuit from ground through the .oscillator OS to. the
sleeve conducter SL as above described, over the termi-
pak .S, terminal 4000 in the terminal bamk Egpt. No.
Tern.. thence over four separate conductors to. the four
directory number terminals in the terminal bank Dir.
No. Term., each conductor individual te. one of the
four stations A, B, C and D. of the line L, thence over
the capacitor C1 and resistor Rt to:ground on each of
the termination networks conaected to each of said termi-
nals.

The oscillator OS may be- of any suitable construc-
tion. It should have a low impedance and should be
adapted to gemerate a high frequency current. This
frequency should be higher in frequency than that of
the noise which, being gemerally within the limits of 1
to 10: kilocycles, suggests what the frequency of the
oscillator should be above the higher limit. By way
of  example, the oscillator may be ‘one that generates
a frequency. of 30 kilocycles.

The characterxsttos of the oscillator OS, the constants
of the termination network connected to. each of the
directory number- terminals, and the constants of the
passive elements in a primary network- PDN- bear a
relationship- to each other- which is best explained by
a- consideration of the s1mp11ﬁed circuit diagrams shown
in Figs. 17A and 17B, the former schematically indi-
cating. the electrical conditions oa the slesve conducter
SE of:a line such as line L, for- example, of an extended
connection, and: the normal cendition on other repre-
sentative sleeve conductors of lines. on which no calls
have. been. initiated, while the latter figure indicates the
relationship between the. oscillator OS and. some of the
passive elements. in the primary network PDN-A.

In a switching train. of an extended conmection as,
for. example in. switching trains, in.an exchange which
employs cross-bar- switches; said switch train comprises
a number of-switches each of which, after being operated
to extend the line, is. held in an operated position by
a magnet connected. to. battery: and' by a ground- applied
to the. sleeve conductor SL. The lines that are normal,
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switeh normal,ly g@tl.t;@Ct@d to their respective sleeve con-
ductors. This is eclearly shown in Fig. 17A. All of
the sleeve conductors in the exchange are, of course,
extended over conductors to the equipment number termi-
nals of the various lines, as previously explained.

When the identifying signal is to be applied by the
oscillator OS to the sleeve conductor SL of the extended
connection, the ground holding the magnets of the switch
train at the normal contacts of relay SIG is replaced on
the operation of said relay by ground through the in-
ductance IND. The resistance of this inductance should
be low enough to provide sufficient current to hold the
magnets of the connection train operated.

The presence of battery through the magnets on the
sleeve conductors SL. of the lines in a non-calling con-
dition, and the fact that all of the sleeve conductors in
the exchange are interconnected through the horizontal
and vertical conductors of the primary networks PDN-
(as shown in Fig. 17A), requires that the termination
network connected to each of the directory number termi-
nals be provided with a capacitor Ci to prevent the
establishment of battery current drain circuits through
each of the magnets, conductor SL, and termination re-
sistors R1.

Mention has been made of the fact that the oscillator
OS should have a low impedance. The reason for this
is that the impedance of said oscillator must match, sub-
stantially, the impedance of the termination element R1,
which must itself be low to prevent any appreciable
signal potential from being applied to other horizontal
and vertical conductors of a primary network then the
two conductors therein to which element RXXXX mark-
ing the directory number of the station to be identified
is connected. Under these circumstances and the addi-
tional fact that the impedance of each of the passive
elements RXXX must be high in comparison with the
termination impedance R1, the quantity of signal po-
tential available at the two horizontal and vertical con-
ductors of the primary network to which the passive
element RXXX of a station is connected is high, while
that which is available on other conductors. if the net-
work is. low, thereby providing at each of said other
latter conductors a quantity of signal potential which
is ineffective to counteract, after passing through. the
number. circuits, the positive bias normally applied to
the. cathodes of the. tubes AGO . . . AG7,

Fig. 17B indicates an abbreviated portion of the. pri-
mary network PDN-A te illustrate the distribution of
signal potential above briefly indicated. In this figure
the oscillator OS is shown at the location of the termi-
nation impedance R1 while the components (a) and
respectlvely to the vemcal conductor XX47 and the hon—
zontal conductor 38XX. Along the vertical conductor
XX47 are connected the components (4) of other ele-
ments. RXXXX, the respective stations of which have
the tens and units digits of their respective directory
numbers ending with 47, said elements connecting, of
course, with their respective termination impedances R1
to ground. but for which, with respect to element R3847,
the oscillator OS having an equivalent impedance is shown
in place thereof. Component (b) of element R3847
as well as components (b) of all elements representing
stations, the thousands and hundreds digits of whose di-
rectory numbers begin- with 38, are connected to hori-
zontal: conductor 38XX.

Now if, by way of example, it is assumed that the ter-
mination impedance RY is 100 ohms (the impedance of
the. oscillator OS being also in-the order of 100 ohms),
the. impedance of each component (a) and component
(b) of element RXXXX is 10,000 ohms and that the sig-
nal potential is' applied' at the common terminal of an
clement RXXXX, for instance element R3847, the quan-
tity -of potential- available on. vertical conductor XX47 is
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largely controlled by the number of elements (@) con-

nected to vertical conductor XX47. Besides component
(a) of R3847, there are nineiy-nine (99) other elements
(a) connecting conductor XX47 to ninety-nine (99) cor-
responding terminating resistors R1, each of which con-
nects to ground. Signal potential applied to terminal
R3847 passes through one 10,000-ohm element (@) to
vertical conductor XX47 and thence in parallel through
ninety-nine (99) 10,000-ohm combinations of element
(a) and resistor R1 to ground. The signal potential on
vertical conductor XX47 is therefore slightly over one
one-hundredth the signal applied at terminal R3847. This
is the signal which is delivered to a secondary network
and, thereafter, to other circiuts to identify the tens and
units digits. In the same way about one hundredth of
the applied signal potential is delivered on horizontal
conductor 38XX. The signals on buses XX47 and 38XX
are in this example the wanted signals and the factor one
one-hundredth may be called the forward transmission
of the primary network. Signal on conductor XX47
passes through each of ninety-nine other elements (@) to
its corresponding terminal RXX47. The transmission of
the signal from conductor XX47 to any one of the ninety-
nine terminals RXX47 other than R3847 is determined
roughly by the ratio of the impedances of termination
R1 and element (a). In this example the ratio is 100
ohms to 10,000 ohms and the transmission is about one
one-hundredth. This factor may be called the backward
transmission of the primary network and the signals on
all terminals RXX47 other than R3847 are the unwanted
signals. The unwanted signals are in no way distinguish-
able from the wanted signal and will act on the primary
network in the same manner except that an unwanted
signal is smaller than a wanted one by the product of the
forward and the backward transmissions, in this example
one one-hundredth by one one-hundredth or one ten-
thousandth. (The forward and backward transmissions
need not be equal.) The ratio of the wanted to the un-
wanted signal may be made as great as necessary by in-
creasing the forward transmission and decreasing the
backward transmission, this being done by decreasing the
number of elements (a¢) on a given conductor such as
XX47, and by either reducing the impedance of R1 or
increasing that of component (¢). In other words, a
primary network PDN- is so arranged that because the
impedance of the termination R1 is small in comparison
with the impedance of each of the components (a) and
(b) of element RXXXX, the signal potential available on
the vertical conductors, other than the one to which is
connected the component (b) of the element RXXXX to
which the signal is applied, is in comparison to the poten-
tial available on said one vertical conductor to which the
component () is connected. In the same manner, the
signal potential available on the one horizontal conduc-
tor to which the component (b) of the element RXXXX
to which the signal potential is applied is large enough to
be used for controlling a detecting device connected
thereto, while the signal potential available on the re-
maining horizontal conductors is small. Furthermore,
the present invention provides an arrangement for ground-
ing all the primary bus-bars not actually being used for
the identification of the particular digit being examined
by the identifier, thus obtaining a further signal-to-noise
gain of 10 to 1. Thus discrimination is obtained against
the unwanted conductors to prevent the operation of the
detecting devices connected to said conductors. At the
same time, this arrangement will also prevent false opera-
tion of the identifier due to possible feedback of the
identifying potential through the interconnected bus-bars.

Thus the primary network of passive elements of the
invention is so arranged that the application of a signal
potential to any one of the elements thereof will afford
good “forward” signal transmission along the two con-
ductors in the network which are connected to the ele-
ment, and poor “backward” transmission along the re-

10

15

20

25

30

35

40

50

65

60

65

70

%

26

maining conductors of the network évén though the lattér
conductors are connected to the element to which- the
signal potential was applied: through other elements: of
the network. e

In the same manner, on the same principle, and by
substantially the same arrangements, the passive ele-
ments in each of the pair of secondary networks SDH
and SDV provided with each primary network PDN- are
of a value that, for the signal potential available at the
common terminal of a passive element transmitted there-
to over a conductor, for example conductor 38XX, from'
the associated primary network, the networks provide
good transmission along the four code conductors con-
nected to said element and poor transmission along other
code conductors connected to said network.

Specifically (and referring to Fig. 17B), when the sig-
nal potential is applied to the termination R1 of element
R3847, component (b) thereof will cause a part-of said
signal potential to be available on vertical conductor
XX47, which potential can be successfully utilized to
control a detecting device connected to said conductor
by, for example, connecting said conductor through a
suitable network (the secondary metwork SDV) to:the
grids of electronic devices such as, for instance, the two
numerical tubes T0 and T4 of the tens tubes T . . . T7,
and the two numerical tubes U¢ and U7 of the units

tubes UQ . ;. . U7 of the incoming gates. The minute
portion of ‘said potential which appears on the vertical
conductors 00XX . .. 0046 and 0048 . .. 0099 can

be discriminated against by a suitable adjustment of
potentiometer PT3 (on Fig. 13) which controls the bias
provided on the grid of tube CL which, in its cathode,
controls the bias of tubes AGe ... AG7 by the
control of their cathodes. In the same manner, the com-
ponent (a) of element R2847 will cause a part of said
signal potential to be available along horizontal conduc-
tor 38XX, which potential can be ‘successively -utilized
through secondary network SDH to control tubes TH1
and TH2 of the thousands tubes THO . .. TH7 and
tubes H1 and H7 of the hundreds tubes H§ . . . H7 in
all incoming gates, while negligible fractions of said po-
tential - which - appear on the horizontal conductors
60XX . .. 37XX and 39XX . .. 99XX by reason of
the transmission from conductor XX47 backward to the
common terminal of components (a) and (b) of ele-
ments R0047 . . . R3747 and R3947 .. . R9947 and
from each such terminal forward to horizontal conduc-
tors 00XX .. . 37XX and 39XX . .. 99X¥X, are dis-
criminated against by the adjustment of potentiometer
PT3 in the same manner as above.

Continuing now with the detailed description of the
invention, the signal potential made available at the ter-
mination C1—R1 is further transmitted over station con-
ductor 1 to the center terminal of passive element R3847
whence, over the component (a) thereof, a part of said
potential is transmitted over conductor 38XX to the com-
mon terminal of the four-element resistor R38XX of the
secondary network SDH. In the same manner and over
component (b) of said element, a part of said signal po-
tential is transmitted over conductor XX47 to the com-
mon terminal of the four-element resistor RXX47 in the
secondary network SDV. _

It should be recalled that the signal potential available
at termination C1—R1 and transmitted over conductor
1 to the element R3847 individual to station A in the
primary network PDN-A, is also available over similar
other terminations for transmission over the station con-
ductors 2, 3 and 4 to similar passive elements individual
to stations B, C and D in primary networks PDN-B,
PDN-C and PDN-D, respectively. In consequence, the
code conductors in the pair of secondary networks SDH
and SDV individual to each of said primary networks
will have signal potential thereon, which will be applied
to the grids of the tubes THO . . . U7 in each of the
input gate circuits B, C and D in accordance with the
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code: representations of the directory numbers of the. sta-

tions B, C and. D. However, since relays B, C and D

of the trunk party register are nermal and, therefore, no-

ground is applied to conductors 8, 9 and 10, the cathoedes
of the. tubes: THO . . . U7 in each of said gates will not
be enabled while those of input gate A will be enabled.

Thus; although the signal potential is: applied to the grids

of. all tabes THO . . . U7 in all input gates: in accord-
ance with the code representations of the directory num-

bers of all stations on the line when one of said stations

on.said line originates a call, only the tubes THG . . . U7
of the.input gate corresponding to. the station group con-
taining the station which originated the call will be
activated, said activation being determined as said before,
by the operation of the appropriate relay A, B, C or D
of the: trunk party register.

That part of the signal potential which is avaliable at
the: onter terminals of the two horizontal elements of re-
sistor R38XX and, through the pair of vertical conductors
3XXX,.is made available on the code conductors 1 and 2
within. the bracket TH of the secondary network SDH,
is applied over said code conductors 1 and 2 to the mput
filters THI-1 and THI-2, respectively, of the input gate
A. These filters, as well as all similar filters in all the.
incoming gates, are designed to pass the frequency of the
signal (in the present embodiment of the invention 30 kilo-
cycles) and to suppress or attenuate all lower frequencies
which may be present along with the frequency of the sig-
pal potential. The signal potential is thus applied to
the grids of tubes TH1 and TH2 (for the thousands digit
“3”} of input gate A. In the same manner, the signal
potential available at the outer terminals of the vertical
elements of resistor R38XX which, through the pair of
horizontal conductors X3XX are joined to the two code

conductors 1 and 7 within the bracket H of secondary ¢

network SDH, is similarly applied through filters HI-1
and HI-7 to the grids of tubes H1 and H7, respectively
(for the hundreds digit “8”) in the incoming gate A.
Similarly, the signal potential applied to the common
terminal of the four-element resistor RXX47 in second-
ary network SDV results in the application of a part of
said potential to code conductors @ and 4 within the
bracket T and to code conductors @ and 7 within the
bracket U, which potentials are further applied to the
grids of tubes T9 and T4 (for the tens digit “4”) through
filter networks Ti-¢ and TI-4, respectively, and to the
grids of tubes U6 and U7 (for the units digit. “7”) through
filter networks UI-0 and UI-7, respectively, of incoming
gate: A. These tubes will now caunse the signal frequency
to modulate the space current of the:tubes, provided that
the negative bias on the grids thereof which is supplied
from: the cathodes of tubes THSL ... USL in their
non-conducting state will have been rendered positive by
the conductivity of said tubes in response to a successful
test of the value of the sleeve impedance;, as previously
indicated, and in. response. to the successive operations
of the Digit Scanning circuit.

Mention has been made of the fact that tubes THI1
and TH2 of the activated incoming gate circuit A will
modulate the curfent therethrough 'in accordance with
the frequency of the signal potential, provided that the
negative bias normally applied to the grids: of the- five
thousands: digit tubes THO . . . TH7 over conductor 11
by the negative potential from the cathode of tube THSL
is changed to a less negative bias by the operation of
said tube. The operation of said ‘tube THSL is cen-
trolled by two conditions. On the one hand, it is con-
trolled by the operation of tube ITH which, upon being
rendered conducting by the application of positive poten-
tial on conductor 17 due to the operation of the start
relay ST as previcusly described, causes positive poten-
tial to be applied to the first grid of tube THSL. On
the other hand, it is controlled by the petential on its
second grid which is normally positive: because conductor
16'is connected to the anode of the normally non-conduct-
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ing inverter tube. IN2 of the Sleeve Check circuit. Since:
positive. potential is applied to the first grid of tube THSL.
by the operation of tube ITH, tube THSL will be ren+
dered conducting immediately upon battery being applied:
to: conductor 17, and will remain conducting, unless the
potential on conductor 16 is changed in the meanwhile
from positive to negative as a result of tube IN2 being:
rendered conductive in consequence of the operation: of.
Sleeve. Check. circuit.

The condition of tube IN2 is determined by the result
of the test of the sleeve impedance. When relay SIG.
operates and the signal potential from the oscillator OS.
is applied to. the sleeve conductor SL of the extended con-
nection over conductor 46 and the contacts of said relay

. &IG, the potential available at the upper terminal of

resistor R? (which is the value of the signal potential
applied to conductor SL) is also applied over conductor
15 to the grid of tube Al. It is apparent that whatever
may be.the value of the sleeve impedance, that value will
determine the drop in potential across resistor R9. It is
the function. of the Sleeve Check circuit to determine from
this drop, which is applied to the grid of tube A1, whether
the value of the sleeve impedance is or is not within: pre-
determined limits.

Tube AL is an ordinary amplifier tube whose cathode
is connected to the grid of a second amplifier tube A2
over an interposed band-pass filter adapted to transmit
the frequency of the signal potential. The anode of tube
A2 is connected to the grid of a third amplifier tube A3

. through a network comprising a band-pass coupling trans-

former, a rectifier and a low-pass filter which rejects the
frequency of the signal oscillator and all higher fre-
quencies. The resulting potential -applied to the grid
of tube A3 is a measure of the amplitude of the oscillator
signal appearing at the grid of tube Al, being more posi-
tive. when said signal is greater, and less positive when
said signal is less.

Whatever may be the impedance of the sleeve con-
ductor SL, the drop in potential across resistor R9 result-
ing therefrom is applied over conductor 15 to the grid
of tube Al, which tube applies the potential to the grid
of tube. A2, the latter amplifying said potential for appli-
cation to the grid of tube A3.

The negative half waves of the signal potential are elim-
inated by the rectifying network, and the average potential
of the positive half waves is applied to the grid of tube A3,
the value of the positive potential applied to its grid then
being a measure of the amplitude of the signal frequency
applied to conductor SL, and hence a measure of the.sleeve
impedance, the amplitude of the signal frequency at oscil-

-1ator OS being kept constant.

Before proceeding with the effects of the signal poten-
tial on tube A3, it is desirable first to describe the condi-
tion of the tubes of the Impedance Check circuit and to
rote as a preliminary thereto that if the grid. of tube A3
is at some potential indicative of a normal value of the
impedance of the sleeve conductor SL, tube A3 will con-
duct, in which case the positive potential available at its
cathode is sufficient to overcome the negative bias nos-
mally applied thereto, thus rendering the potential on
conductor 27 positive.

Cathode of tube A3 is connected by conductor 27 over
a delay network DN3 to the first grid of a mixer tube CS,
which grid is also connected to a slide wire potentiometer
PT1, the latter being so adjusted as to provide said grid
with. a positive potential that will cause said tube to con-
duct on application of the correct value of potential from
the cathode. of tube A3 through delay network DN3 to
the first grid of tube €S, provided, however, that the sec-
ond grid thereof is also at positive potential. The cathode
of tube A3 is also connected over conductor 27 to the grid
of inverter tube IN1, said grid being supplied with a nega-
tive potential from the slide wire potentiometer PTZ,
thereby to:canse tube IN2 to be normally cut off when the
potential on conductor 27 is positive consequent to- the
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current through tube A3 being of the value determined by
the impedance of sleeve conductor SL being within pre-
determined limits. The fact that tube IN1 is thus nor-
mally cut off and the fact that the second grid of tube
CS is connected to the ancde of tube IN1, causes the
positive potential normally available on the anode of tube
IN1 from conductor 17 to overcome the normal negative
bias on the second grid of tube CS, changing the poten-
tial of said second grid from negative to positive. Thus
with positive potential applied to its first grid and posi-
tive potential applied to its second grid, tube CS will be
normally rendered conducting as soon as relay ST oper-
ates and applies positive potential to conductor 17.

The grid of inverter tube IN2 is normally cut off by
negative battery supplied through resistor R65. On the
application of positive battery to conductor 17, tube IN2
is rendered conducting. When tube CS is rendered con-
ducting by the action above described, tube IN2 is cut off.

Thus under the condition that the value of the sleeve
impedance is within predetermined limits, tube CS will be
conducting, tube IN1 will be non-conducting and tube
IN2 will also be non-conducting. The positive potential
applied to the anode of tube IN2 from conductor 17 over-
comes the negative bias normally applied to said anode,
thereby to cause positive potential to be applied to con-
ductor 16 which will cause tubes THSL . . . USL to be
rendered conducting as the grid of each is progressively
rendered positive by the respective and successive opera-
tion of tubes ITH . . . IU.

It is now evident that if the value of the sleeve imped-
ance changes to some value below or above the predeter-
mined limits, that change will be manifested by a change
in the potential applied to the grid of tube A3. For in-
stance, if the sleeve conductor SL were to be falsely
grounded, the potential applied to the grid of tube A3
would be very small. The positive potential available at
the cathode of the tube as a result of its lower conduc-
tivity will be insufficient to overcome the normal negative
bias connected tc said cathode, under which condition
said cathode potential is insufficient to overcome the neg-
ative bias normally applied to the first grid of tube CS
from potentiometer PT1 thereby allowing the first grid of
tube CS to remain cut off.

The value of the negative potential on conductor 27 will
not, of course, effect the potential on the grid of tube IN1
since this potential is already negative. Tube IN1, there-
fore, remains cut off so that, as a result of the value of
the sleeve impedance changing to a value below its pre-
determined limit, the conductivity of tube CS is suppressed
without effecting the non-conductivity of tube IN1, in
which event the positive potential on the anode of tube
CS overcomes the normal negative bias connected to the
grid of tube IN2 through resistor R65, rendering said grid
positive and enabling tube IN2. The potential at the
anode of said latter tube is thus made negative and applied
to conductor 16 to preclude the operation of tubes
THSL . . . USL and thereby prevent the selected incom-
ing gate circuit A from transmitting identifying signal po-
tential to the Number circuits.

Let it now be supposed that the impedance of the sleeve
conductor SL increases beyond predetermined limits by,
for example, said conductor going open. In this event,
the full potential of the oscillator OS will be applied to
the grid of tube Al and the rectified positive potential re-
sulting therefrom which is applied to the grid of tube A3
will increase the space current through said latter tube,
causing a rise in potential at the cathode thereof which is
positive relative to its normal negative bias. This posi-
tive potential will, after a delay by the network DN3,
overcome the normal negative bias on the first grid of tube
CS and would thereby render said tube conducting except
for the action of its second control grid. This positive
potential will also affect the potential at the grid of tube
IN1 which, being normally negative, is now made posi-
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tive, thereby to cause said tube to conduct. The pote-
tial at the anode of tube IN1 is now lowered, and since
this anode is connected to the second grid of tube CS, the
potential thereat is made negative, thereby causing said
latter tube to cease to conduct notwithstanding the posi-
tive potential at its first grid. The suppression of conduc-
tivity in tube CS causes tube IN2 to become conducting
for the reasons previously given, thereby to cause negative
potential to be applied to conductor 16 and preclude the
operation of tubes THSL . . . USL.

Thus when the impedance of the sleeve conductor SL
is within predetermined limits, the normal non-conducting
condition of tube IN2 is undisturbed and the potential
on conductor 16 which is normally positive, remains so.
When the impedance is outside of said limits, either
higher or lower, tube IN2 is rendered conducting to
change the potential on conductor 16 to a negative value.
Remembering that positive potential was applied to the
first grid of tube THSL when tube ITH was enabled,
positive potential on the second grid of tube THSL from
conductor 16 will enable the latter tube, thereby to
cause a direct-current positive potential to be applied
from its cathode over conductor 11 to the grids of the
thousands tubes THO . .. TH7 of all input gate cir-
cuits, thereby enabling those of input gate circuit A,
which have been enabled in their respective cathodes
by the operation of the party register relay A. The
alternating signal potential, however, is only applied to
the grids of tubes TH1 and TH2. Hence the signal
potential is amplified through said latter. two tubes and
transmitted over conductors. G1 and G2 to Number cir-
cuits 1 and 2, respectively, the path thereof for. each
circuit being through the anode of tube THI, for ex-
ample, conductor G1, and capacitor C10, to ground
through an undesignated impedance. The potential de-
rived from this signal current is applied to the grid of
tube AMP1. It will be noted that while all the thou-
sands tubes THO . . . TH7 of input gate circuit A have
been. activated, the signal potential is only applied to
the grids of the two tubes TH1 and TH2. The fact
that the remaining three tubes THO, TH4 and TH7 have
been enabled will have no effect in their associated Num-
ber circuits 0, 4 and 7 due to capacitor C10 in each of
said circuits blocking the passage of direct current.

The five Number circuits 0, 1, 2, 4 and 7 shown in
Fig. 11 are identical, Number circuit 1 beinig disclosed
therein in detail. Each circuit comprises three stages
of amplification AMP1, AMP2 and AMP3 and associ-
ated networks, a detector rectifying stage HT1, a con-
ventional amplifier HT2 and a “time integrator” INT G,
the output of which is applied over conductor 31 to the
grid of a tube AG- in the Output circuit of Fig. 13,
the time integrator INTG of Number circuit 0 being con-
nected to the grid of tube AGO, that of Number circuit
1 being connected to the grid of tube AG1 and so on up
to and including the time integrator of Number circuit
7, which is connected to the grid of tube AG7.

The potential modulated by the signal frequency which
is transmitted through tubes TH1 and TH2 is applied to
the Number circuits 1 and 2 through code conductors
G1 and G2, respectively, as will be recalled. Consider-
ing, for example, the operation that takes place in Num-
ber circuit 1, the signal potential is transmitted through
capacitor C10 to the first grid of amplifier tube AMPA.
The network interposed between condenser C16 and the
grid of tube AMP1 is a band-pass filter which tends to
suppress all frequencies except the signal frequency,
similar filters being interposed between the anodes of
preceding stages of amplification and the first grid of
the amplifier tube AMP- in the succeeding stages of
amplification. The signal potential is thus transmitted
and amplified through the three amplifier stages AMPI,
AMP2 and AMP3. ' :

The tube HT1 is normally biased to cut off by bat-
tery applied through the variable resistor R10 and acts
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as a rectifier to cut off the negative half cycles of the
signal potential, the positive half cycles thereof being
amplified by tube HT1 and applied to the grid of tube
HT2 where such positive half cycles are further ampli-
fied. The two stages of resistance-capacitor low-pass
filters between tubes HT1 and HT2 are suitably designed
to obtain a rectified signal voltage which is proportional
to the amplitude of the signal frequency only. Thus,
as the intensity of the signal frequency increases, the
direct-current voltage available at the anode of tube HT2
increases in the positive direction. This rectified direct-
current voltage, proportional to that of the signal volt-
age, is applied to the time integrator INTG.

As previously stated, a circuit is provided as part of
the identifier by which the integrity of the identifying
signal is checked for frequency, amplitude and duration
before it is applied to the digit registers of the Output
circoit, the reason being to preclude the setting of said
registers in response to any signal whose frequency,
amplitude and duration is not that of the oscillatcr OS.
The frequency of the signal is, of course, checked by
the various pass-band filters suitably located along the
path of transmission, as previously described. The fre-
quency of the signal is further detected and rectified
by tube HT1 and amplified by tube HT2, to provide a
direct-current output voltage which is proportional to
the amplitude of the alternating voltage of the signal.
The duration of the signal is checked by the time inte-
grator INTG, which functions to pass the rectified signal
voltage to the grid of tube AG- only in the event that
the signal persists for a predetermined minumum dura-
tion. This check on the minimum duration of the sig-
nal is to guard against false operation of the registers
by transients which may be of the same frequency as
the signal frequency but which, because of their tran-
sient character, will not persist continuously for a peried
comparable to the duration of the identifying signal,
which is maintained on the sleeve conductor SL of the
connection until relay ST is released, as will be described.
Inasmuch as transients are usually intermittent, the inter-
vals between successive applications of transient signal
frequency are utilized by the time integrater INTG to
discharge the effects of the transient previously applied,
thus precluding any “time accumulation” of the tran-
sients in simulation of the minimum period of the identi-
fying signal.

The time integrator INTG for each of the Number
circuits comprises three or more capacitors C1i1, Ci2
and C13, coupling resistors R11, R12 and Ri13 and a
common resistor R14. The rectified (and inverted) sig-

nal voltage available at the anode of tube HT2 serves to ¢

charge capacitor C11, the time taken to charge said
capacitor depending upon the “time constant” determined
by the characteristics of resistor R11 and that of the
capacitor C11, resistor R14 being small compared to
resistor R11. During the time, therefore, that capacitor
C11 is being charged, no rectified signal voltage is avail-
able on conductor 31 for application to the grid of
tube AGI1. As capacitor Ci1 becomes charged, how-
ever, rectified signal potential will Le available at the
right terminal of resistor R12, and will serve to charge
capacitor Ci2, thus repeating the delay operations inci-
dent to the charging of capacitor C11. As in the case
of the latter capacitor, the time taken to charge capaci-
tor C12 will depend upon the time constant of the com-
bination R12—C12, resistor R12 being large compared
to resistors Ri1 and R14. As condenser Ci2 becomes
charged, the rectified signal poteatial will be available
at the right terminal of resistor R13, whence capacitor
C13 is charged in the same manner as capacitor C12,
the time taken to charge said capacitor Ci3 depending
upon the time comstant of the R13—Ci3 combination,
resistor R13 being large compared to resistors R12, Ril
and R14. As capacitor C13 becomes charged, the rec-

tified signal potential then available at the right terminal -
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of resistor R13 is applied over conductor 31 to the grid
of tube AGI1.

Thus the minimum duration of the identifying signal
is measured by the time taken to charge capacitors CI1,
C12 and C13 seriatim, and this time may be increased
or decreased by suitable values of the capacitors and
resistors by the addition of other capacitor stages in the
case of an increase and by the reduction in the number
of said stages in the case of a decrease.

It should be noted that if the signal potential is only
of a duration sufficient to charge capacitor C11, or ca-
pacitors C31 and C12, or capacitors C11, Ci12 and the
partial charging of capacitor C13, then the moment said
potential is removed, the charged capacitors will dis-
charge through the plate circuit of tube HT2, said tube
being normally conducting in the absence of an incom-
ing signal. The reapplication thereafter of the signal
potential will again be utilized to charge said capacitors
before the potential becomes available on conductor 31
for application to the grid of the tube AG1. By this ar-
rangement in each of the number circuits, the identifier
is protected against false operation by, say, a transient
of the same frequency as the signal but which, owing to
its momentary duration, will not persist for as long as the
signal frequency.

It will be observed that the cathodes of the five output
circuit tubes AGO . . . AG7 are connected in common
to the cathode of tube CL and that the grid of the latter
is connected to the slide wire of a potentiometer PT3.
The purpose of tube CL is to control the response of tubes
AGS . . . AG7 to signals of the required amplitude in-
coming from the time integrators, INTG in each of the
respectively associated number circuits, said control being
effected by so biasing the grid of tube CL by the potential
applied from petentiometer PT3 that the cathode poten-
tial at each of the tubes AGS . .. AG7 and tube CL
will require a rectified signal potential of a predetermined
amplitude at the grids of tubes AG® . . . AG7 before
the latter will be rendered conducting in response thereto.
Should the ampiitude of the signal potential applied to
the grids of tubes AG1 and AG2, for example, be less than
the predetermined minimum value required to render said
tubes conducting in response to the potential applied to
their cathodes from the cathode of tube CL, tubes AG1
and AG2 will not respond. Thus the amplitude of the
signal potential is checked by the adjustment of the volt-
age applied to the cathode of each of the tubes AGO . . .
AGT7, said tubes not being rendered conducting if the
signal potential applied to the respective grids thereof
is less than a predetermined amount.

The conductivity of tubes AGI and AG2, in response
to the rectified signal voltage applied to their respective
grids, produces an anode potential which is applied simul-

taneousty to the grids of the companion inverter .tubes

IG1 and IG2 aund, over conductors 27 and 28, respec-
tively, to the grids of tubes CK1 and CK2 of the code
check circuit in Fig. 12.

The code check circuit is similar in some respects to the
sleeve impedance check circuit shown in Fig. 10. Its
function is to check that two, and only two, number cir-
cuits operate in response to rectified signal voltage emitted
from the digit tubes of the activated input gate, to permit
subsequent operations of the identifier if two, and only
two, number circuits do operate, and to block such fur-
ther operations if more or less than two of such circuits
operate.

In the code check circuit, the five tubes CKO0 . . . CK7
are pormally conducting by virtue of the ground con-
nected to their respective grids while tube CC1 is nor-
mally cut off by the normal negative bias through resistor
R18 connected to its first grid. The adjustment of this
bias is such that the tube remains cut off with but four
of the tubes CK& . . . CK7 conducting. Tube CC2 is
alse normally cut off by the negative bias through resistor
R19 connected to its grid. In the case of the latter tube,
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the bias is so adjusted that the tube remains cut off with
but three of the tubes CK1 . . . CK7 conducting. The
fact that the second grid of tube CC1 is connected to the
anode of tube CC2 renders said grid positive while the
latter tube is non-conducting, but this will not effect the
non-conductivity of tube CC? so long as negative poten-
tial is maintained on its first grid, as is well known. In-
verter tube CT which has its grid connected to a normal
negative bias through resistor R20 and to the anode of
tube CC1 is normally conducting under the cut-off condi-
tions of tubes CC1, the positive potential at the anode
of tube CC1 overcoming the negative bias through resistor
R20. Thus with tube CT normally conducting, less than
positive potential is applied to conductor 45 which is
connected to the second grids of the gas-filled tubes
OTH . . . OU, thereby to prevent the latter tubes from
being rendered conducting when positive potential is ap-
plied to their respective first grids by tubes ITH . . . IU
when enabled as described.

Referring now to the tubes AG6 . . . AG7 and to the
companion inverter tubes IG8 . . . IG7 of the output
circuit in Fig. 13, it will be observed that positive battery
from conductor 17 is applied to the anode of each of said
tubes AGY . . . AG7 through a resistor R15 (so indi-
cated for tube AG® only), that the normal negative bias
for each of the inverter tubes IGO . . . IG7 is applied
through a resistor R17 (so indicated for tube IG® only),
and that the two resistors are joined by an intermediate
resistor R1§ (so indicated for the tubes AG® and IGO
cnly). The ohmic values of resistors R15, R#6 and R17
are so proportioned in respect to the voltages of the posi-
tive and negative battery sources that, with tubes
AGSO . . . AG7 cut off in the absence of a positive signal
potential applied to their respective grids from any ope
of the associated number circuits, the potential at each
of the grids of the associated inverter tubes IGO0 . . . IG7
is zero or thereabouts thus causing said inverter tubes to
be normally conducting. Since the grids of said inverter
tubes are respectively connected to the grids of tubes
CK® . .. CK7, it follows that the zero potential on
grids of the inverter tubes will in no wise effect the con-
ducting condition of tubes CK¢ . . . CX7. When, how-
ever, a tube AG- operates, for example tube AGI, the
anode potential thereof is reduced, and the potential at
the grid of the companion inverter tube IG1 is rendered
negative, to cut off said latter tube and similarly to effect
the associated check tube CK1 in the check circuit which
is thereby also rendered non-conducting. Since, in the
normal operation of the identifier there will be two mum-
ber circuits operated for each digital identification of
the directory number, there will be for each such opera-
tion two tubes AG- operated, two inverter tubes IG-
quenched and two check tubes CK~ also quenched. In
the present example the identification of the thousands
digit “3” has resulted, as previously described, in the
operaticn of tubes AG1 and IG2. Their operation, there-
fore, results in inverter tubes IG1 and IG2 being rendered
noa-conducting and, also, tubes CK1 and CK2 being ren-
dered non-conducting.

With the conductivity of tubes CX1 and CK2 sup-
pressed, and remembering that the first grid of tube CCi
is biased to cut off with but four of the five tubes CK® . . .
CK7 couducting, and that the grid of tube CC2 is biased
to cut off with three of said tubes conducting, it follows
that when tubes CK1 and CK2 are rendered non-conduct-
ing the potential on conductor 30 will be raised above the
cut-off bias of the first grid of tube CCY, and applied
thereto over delay network DIN4. Since the second grid
is already positive, tube CC1 will be operated, thereby to
lower the potential at the grid of tube CT to cut off and
cause said latter tube to be rendered non-conducting, in
consequence of which the potential on conductor 45 will
be changed from a smaller to a greater positive potential.
The change in the value of the potential on conductor 45
is the indication furnished that two, and only two, number
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circuits have operated in response to the signal potential:
from a digital group of tubes in the activated input gate
circuit, : o

In the event, however, that only one number circuit has
operated, say number circuit 1, then tube CK1 only will
be rendered non-conducting. Since tube CC1 is biased
to cut off with four of the tubes CK$ . . . CK1 conduct-
ing and tube CC2 is biased to cut off with three of said
tubes conducting, the rise in potential on conductor 30
as a result of tube CK1 being rendered non-conducting
will not be sufficient to change the bias of either tube;
Inverter tube CT, therefore, will remain conducting, the
potential on conductor 45 will remain less positive and
tubes OTH . . . OU will be precluded from operating.

Should three or more number circuits operate, three of
the tubes CK8 . . . CK7 will be quenched. In this case
the rise in potential on conductor 3¢ with two or less of
tubes CK0 . . . CK7 conducting will be sufficient to over-
come the cut-off bias on the grid of tube CC2 and, after
a delay measured by the constants of network DN4 to
overcome the bias on the first grid to tube CC1. The
conduction of tube CC2 causes the potential of its anode
to decrease, thereby causing negative bias to be applied to
the second control grid of tube CC1. Tube CC1 is thus
rendered non-conducting by the negative potential on its
second control grid before signals can pass the delay net-
work DN4 to enable the first grid of tube CC1. Tube
CC1, therefore, remains non-conducting, causing tube CT
to become conducting, thereby changing the potential on
conductor 45 from a more to a less positive value and
thereby preclude the operation of tubes OTH . . . OU.

Thus whenever more or less than two number circuits
operate in response te the identifying signal potential, the
identifier is blocked from further operation. If, however,
two number circuits operate, and only two, as evidenced
by the change in the potential on conductor 45 from a less
to a more positive value as above described, the identifier
proceeds with operations by which a digit of the directory
number is caused to be registered on the digit registers
shown in Fig. 13.

As previously stated, when tubes AGO . . . AG7 are
non-conducting, zero potential is applied to the grids of
inverter tubes IGO . . . IG7, rendering the latter tubes
normally conducting. When tubes AG1 and AG2 are
operated- (for the thousands digit “3” of the present ex-
ample), potential on the grids of tubes IG1 and IG?2 are
driven to cut off, quenching said tubes as well as the check
tubes CK1 and CK2. Positive potential at the anode of
tube IG1 is thereby applied over conductor 19 to the first
grid of the four tubes OTH1 . . . QU1 in the digit regis-
ters shown in Fig, 13, while the positive potential at the
anode of tube IG2 is applied over conductor 26 to the
first grid of the four tubes OTH2 . . . OU2 in said regis-
ters. The second grids of tubes OTH1 and OTH2 (as
well as the remaining three tubes OTHO, OTH4 and
OTHT), however, are normaily supplied with negative po-
tential over conductor 23 from the negative bias at the
cathode of tubes OTH of the digit scan circuit, said latter
tube remaining in the non-conducting state so long as less
than positive potential is applied to its second grid over
conductor 45 by virtue of the normal conductivity of tube
CT of the code check circuit, positive potential being sup-
plied to its first grid when tube ITH was rendered con-
ductive, as will be recalled. Consequently, although posi-
tive potential is applied for the first grids of tubes OTH1
and OTH?2 of the thousands register by the suppression of
conduction in inverter tubes IGI and IG2, tubes OTH1

and OTH2 will remain non-conducting so long as nega-
tive potential is maintained at their respective second grids
over conductor 23, which means so long as tube OTH of
the digit scan circuit remains non-conducting. However,
if the operation of the code check circuit is that which
results from the operation of only two number circuits,
that is number circuits 1 and 2 in the present example, tube
CT. will be quenched, as previously described, the po-
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tential on conductor 45 will be rendered positive in con-
sequence thereof and tube OTH will be caused to conduct,
whereupon the positive potential at the cathode of said
Iatter tube overcomes the normal negative bias connected
to said cathode, thereby to result in positive potential be-
ing applied to conductor 23. The application of positive
potential to the second grids of tubes OTH1 and OTH2
over this conductor then causes the activation of said latter
two tubes to register thereby the thousands digit “3” in
the thousands digit register in the two-out-of-five code.
The positive potential applied to the numerical tubes
OH1, OH2, etc., is ineffective at this time since the second
geids thereof, being connected to conductors 24, 25 and
26, are at negative potential, derived from the cathodes of
the unoperated tubes OH, OT and OU, respectively, of the
digit scan circuit, which are connected to a negative bat-
tery bias at the cathedes of said latter tubes.

When tube OTH operates following the application of
positive potential on conductor 45, the positive potential

at its cathode is also applied to the first grid of tube TH ¢

through the delay network DN1. The purpose of network
DN1 is to delay the application of positive potential to
the first grid of tube IH for an interval sufficient to permit
the numerical tubes OTH? and OTH2 to operate. These
and other numerical tubes of the digit registers, being
gas-filled tubes; will remain conducting after the poten-
tial on their grids is altered. The negative potential at the
anode of tube OTH is also applied through the delay net-
work DN2 to the second grid of tube ITH to suppress
conductivity therein after a time interval measured by the
constants of delay network DN2. This delay is also part
of the time necessary to permit the digit tubes OTHZI and
OTH2 to operate. Since the second grids of tubes
ITH . . . IU were initially made positive when positive
battery on conductor 17 was first applied to the anodes
of the tubes OTH . . . OU, it follows that when the first
grid of tube IH is made positive by the potential at the
cathade of conducting tube OTH, said tube IH is rendered
conducting. Further, when negative potential is applied
to the first grid of tube ITH as above described, said tube
is rendered non-conducting to suppress the conductivity of
tube THSL by the application of negative potential to the
first grid thereof. The latter tube when thus rendered
non-conducting, causes negative potential to be applied to
conductor 11, thereby to suppress the conductivity of the
thousands digit tubes THO . . . THY in the input gate A,
in consequence of which tubes THI and TH2 will cease
to transmit identifying signal potential to the number cir-
cuits 1 and 2, the operation of which it will be recalled,
caused the operation of digit tubes QTHI and OTH2 to
register the thousands digit “3” in the thousands digit reg-
ister, which tubes continue to remain operated thereafter,
since they are gas tubes that can be quenched only by the
opening of anode battery thereto on conductor 17 or the
momentary reversal in the polarity thereof. It will be
noted that when tube ITH is rendered non-conducting, the
first grid of tube OTH will be rendered negative. How-
éver, since tube OTH as well as tubes OH . . . OU are
gas-filled tubes, tubée OTH will continue to conduct until
battery is removed from conductor 17.

With tube OTH conducting, the positive potential on its
cathode is also applied through the winding of relay GRS,
and the No. 1 contacts of relay GR9 and GR10 to nega-
tive battery and relay GRS operates. The operation of
relay GRS breaks the path to negative battery over its
No. 1 contacts, thereby releasing relay GR7 which in turn
removes the positive battery supplied from conductor 94
so as to release relay GRS. With the release of relay
GRS, the path to ground over the contacts of relay GRS
is removed from the horizontal bus bars of the secondary
network SDH of Fig. 4. Relay GR2 is maintained in its
operated condition by battery supplied over conductor 91
through the No. 2 contacts of relay GR8. Over its No.
3 contacts, relay GRS extends battery to conductor 93,
through the winding of relay GR6 to ground so that relay
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GR6 operates and ground is applied through its’ contacts
to all the vertical bus bars of the secondary network SDH
of Fig. 4. Thus during the hunidreds digit scanning period,
the tens and units bus bars of the primary network
PDN-A and the thousands bus bars of the secondary net-
work SDH are grounded.

Tube TH, upon being rendered conducting after a delay
measured by the constants of delay network DN1 which
allows time for the suppression of tubes ITH, THSL, the
thousands digit tubes THO . . . TH7, and the discharge
of the capacitor C11, C12 and C13 of the time integrator
INTG, renders tube HSL conducting in the same manner
as tube TTH rendered tube THSL conducting, whereupon
positive potential is applied to conductor 12, thereby to
activate the hundreds tubes H@ . . . H7 in the input
gates. Since signal potential is present on code conduc-
tors 1 and 7 within the bracket H of secondary network
SDH connected to input gate A, said potential is transmit-
ted over filter networks HI-1 and HI-7 to the grids of
activated tubes H1 and H7 of input gate A, thereby to
cause said tubes to activate number circuits 1 and 7.

Moreover, the conductivity of tube IH causes positive
potential to be applied to the grid of tube OH as a con-
dition for operating said tube upon the application of posi-
{ive potential to its second grid over conductor 45 as a
consequence of the operation of the cede check circuit
in determining that two, and only two, number circuits
were activated in response to the hundreds tubes H1 and
H7 of input gate A. The operation of tube OH causes
positive potential on jts cathode to be applied to conduc-
tor 24, which conductor, being connected to the second
grids of the hundreds tubes OHO . . . OH?7 of the hun-
dreds digit register, will cause tubes OH1 and OH7 to be
operated therein upon the application thereto of positive
potential from non-conducting tubes 1G1 and IG7 when
the latter have been rendered non-conducting by tubes AG1
ad AG7 in the same manner as previously described for
tubes 1G1 and IG2. The operation of the two hundreds
register tubes OH1 and OH7 registers the hundreds digit
«8” of the identified directory number in the two-out-of-
five code.

With tube OH conducting, the positive potential at its
cathode is also applied through the winding of relay GRS,
and the No. 1 contact of relay GR10 to negative battery
wnd relay GRY operates. The operation of relay GRY
breaks the path to negative battery through its No. 1 con-
tact, thereby releasing relay GRS which in turn removes
the positive battery from conductors 91 and 94 and re-
leases relays GR2 and GR6. With the release of relay
GR2, the path to ground of its contacts is removed from
the vertical bus bars of the primary network PDN-A of
Fig. 2. The release of relay GR6é removes the path to
eround over its contacts from the vertical bus bars of the
secondary network SDH of Fig. 4. The operation of re-
itay GR2 also applies battery over its No. 2 contacts t0
conductor 82, whereupon a circuit is completed through
the windiag of relay GR1 of Fig. 1 to ground, thereby
making a path to ground for all the horizontal bus bars
of the primary network PDN-A. Battery is also applied
through the No. 3 contacts of relay GR9 over conductor
96, through the winding of relay GR3 of Fig. 3 to ground.
Relay GR3 then operates and grounds all the horizontal
bus bars of the secondary network SDV of Fig. 3.

In the same manner and as previously described, the
digit scan circuit causes the operation of tubes IT and
OT, TU and OU in succession, tubes HSL, TSL and USL
to be quenched and operated in succession, and thus
grounding the thousands-hundreds bus bars and tens bus
bars by operation of relays GR1 and GR4, respectively,
thereby to cause the remaining two digits “4” and “7” to
be registered in the two-out-of-five code in the tens and
units digit registers, respectively, by the operation therein
of tubes OTH and OT4 for the digit “4” in the tens digit
register and tubes QUG and OU7 for the digit “7” in the
units digit register,
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When tube OU operates, the negative potential at its
anode is applied through delay network DN2 associated
with said tube, to the grid of tube DM1 which is rendered
conducting at the time positive battery on conductor
17 is applied to the anede of tube OU. Hence when the
tube OU operates and its ancde potential drops to a
relatively negative value, the grid of tube DMZ is ren-
dered negative to cut off said tube. Tube DM2, on the
other hand, is normally non-conducting owing tc the
permanent connection of a negative bias to its grid,
which is overcome only when tube DM1 is rendered non-
conducting and the positive potential at its anode is made
effective at said grid, thereby to render tube DM2 con-
ducting and complete the circuit of relay FN over an
obvious path including the space path of tube DM2.
When relay FN operates, it unlocks relay ST, the latter
removing the oscillator OGS from the sleeve conductor
SL of the connection and disconnecting battery from
conductor 17, thereby to remove positive battery from
the anodes of the tubes and the winding of relay GR7
of the identifier and restoring it to normal. It should
be noted at this point that the restoration of the identifier
upon the release of relay ST will in nowise effect any one
of the recorder registers in Figs. 14, 15 or 16 since
anode battery for the tubes of these recorder registers
is locally supplied by means individual to each recorder
register, as further explained below.

When the grid of tube DM2 is rendered positive as
above described, the positive potential thereon is ap-
plied over conductor 40 to the first grid of each of the
gas-filled tubes FR, of which one is provided in each
of the recorder registers shown in Figs. 14, 15 and 16.
However, prior to the application of this potential to
the first grid of said tubes FR, relay 94STO in one of
said recorder registers, for example, relay 94STO of
the recorder register shown in Fig. 14, will have been
operated for reasons later to be described, in consequence
of which positive battery over the right contacts of said
relay is applied to the anode of said tube FR over re-
sistor R30 and, also, to the anodes of the register tubes
RTHO. .. RU7 therein.

Relay 94STO further closes its outermost left contacts
to connect the second grid of tube FR (which is nega-
tively biased) to the anode of said tube via resistor
R51. Resistors R50, R51 and R52 are so chosen that
with positive potential on the anode and negative voltage
on conductor 48, the potential at the common point of
resistors R51 and R32 is practically zero, said zero po-
tential then being available to the second grid of tube
FR and to the second grids of tubes RTHS . . . RU7.
Since the first grid of tube FR is then rendered positive
by the subsequent application of positive potential to
conductor 48, is follows that tube FR will be rendered
conducting.

Thus as a consequence of the cut-off of tube DML
readying the identifier for dismissal, tube FR of the reg-
ister in which relay 94STO was operated is enabled.

It has been stated that relay 94STO is operated be-
fore positive potential is applied to conductor 40. This
relay, which is individual to a recording register, is opsr-
ated in one particular recording register once it is as-
certained that said register is the cne in which the digital
indications of the identified directory number, locked
up in the conducting tubes of the digital registers of the
identifier, are to be transferred.

In an exchange adapted for idenmtifying directory line
numbers and recording said numbers along with other
items of record information pertaining to connections
such as, for example, in the system disclosed in the ap-
plication of W. W. Carpenter and R. E. Collis, Serial
No. 759,402, filed July 7, 1947, now Patent No. 2,688,-
658, granted September 7, 1954, a recording device is
provided for each of a given number of trunks, which de-
vice is called into service at the time a particular item
of record information is to be recorded for any one of
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the trunks to which said device has access. These re-
cording devices each have a relay, such as relay 94STO
for Recorder “0,” as set forth in the above-mentioned
Carpenter-Collis application, which operates when the
recorder is taken into use. In adapting the recording
systern of my invention to a recording device of the kind
shown in said copending application, it is only neces-
sary to add to such a relay as relay 945TO a pair of
battery supply contacts (the right contacts as shown
on the drawing) and a pair of contacts (the outermost
left) to join the second grid of tube FR to the anode
thereof.

Thus as the result of the operation of relay 94STO
zero or enabling potential is applied to the first grids of the
register tubes RTHO ... RU7.

As previously mentioned, the cathodes of the digit reg-
ister tubes of the identifier are severally extended over con-
ducting paths to the grids of tubes in the several re-

‘corder registers shown in Figs. 14, 15 and 16, each of

said recorder registers being provided, as said before,
with twenty gas-filled tubes RTH® . . . RU7 correspond-
ing to the tubes in the digit registers of the identifier.
When, therefore, the digit tubes OTH1, OTH2, OHI,
OH7, 0T0, OH4, OU® and OU7 (for the directory number
“3847”) of the digit registers of the identifier are rendered
conducting as before described, the positive potential
available at their respective cathodes is applied over said
conducting paths to the first grids of tubes RTH®, RTH2,
RH1, RH7, RT), RT4, RUO and RU7 of all the recorder
registers shown in Figs. 14, 15 and 16. However, since
the tubes of the registers shown in Figs, 15 and 16 will
not have had their respective relays 94STO operated,
no enabling potential will have been applied to their
respective second grids and no positive battery will have
been connected to their respective anodes. The positive
potential applied to the grids of tubes RTHY, RTHZ,
RH1, RH7, RT@, RT4, RUG and RU7 in said latter reg-
isters will, therefore, have no effect.

The register tubes of the register shown in Fig. 14,
however, will have had positive battery applied to their
respective anodes and enabling potential applied to their
respective second grids. The consequence is that when pos-
itive potential is applied to the first grids of tubes RTHY,
RTH2, RH1, RH7, RT¢, RU4, RU® and RU7 in the
recorder register of Fig. 14 from the cathodes of the
corresponding tubes in the digital registers of the identifier,
said recorder register tubes will be enabled to register
thereby the directory number designation therein and
to complete individual and obvious circuit paths to the
magnets of the recorder by which the digits of the
directory number (in the present example “3847”) are
recorded in the two-out-of-five code on the record medium
of the recorder.

It should be noted that when tube FR is rendered con-
ducting, the potential at its anode drives towards nega-
tive. The zero potential previously available at the com-
mon terminal of resistors R31 and R52 by way of the
outer contact of relay 94STO is therefore rendered nega-
tive, which potential is then applied to the second grids
of the register tubss RTHO . . . RU7. Since the tubes
are gas-filled, those that were previously enabled will not
be affected by the change in potential on their respective
second grids, and, therefore, will remain conducting.
The tubes which were not rendered conducting, however,
will thereafter remain unresponsive to any enabling po-
tential that might be applied to their respective first grids
from the cathodes of conducting digital tubes in the
identifier if, before relay 94STO is released in the re-
corder register of Fig. 14, the identifier will have re-
operated to identify the directory number of some other
calling station. The new setting of the digital tubes of
the identifier will then be effective only in the register
tubes of one or more of the recorder registers other than
the register shown in Fig. 14 to which enabling potential
will have been applied to their respective second grids
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and positive battery will have been applied o their re-
spective anodes by the operation of relay 94STO in each
of said registers. ’

The recorder register shown in Fig. 16 is arranged to
trapsmit signals of an identified directory number to a
remote recorder. The register tubes RTH® . . . RU7
are operated from the conducting tubes of the identifier
over the common conducting paths as previously de-
scribed for the recorder register of Fig. 14.

The cathodes of each digital group of tubes
DTHS . . . DTH7; DUJ . . . DU7 are connected to a
multifrequency Digit Scan circuit which is not shown
but which may be of any suitable type, as for instance, a
Digit Scan circuit like the one shown in Fig. 9. The
second grid of each of said tubes is connected to an indi-
vidual frequency source f8, f1, f2, f4 and f7, while the
anodes thereof are connected to a source of positive
battery through the primary winding of transformer TR,
the secondary of which is connected to a trunk which
terminates in a frequency discriminating and rectifying
circuit at the remote exchange where the recorder to be
operated is located.

The multifrequency Digit Scan circuit supplies poten-
tial to the cathodes of each group of digital tubes
DTH$ ... DTH7; DU6...DU7 in succession.
When the cathodes of the tubes DTHY . . . DTH7 of
the thousands group are thus supplied with potential,
tubes DTHZ and DTH2 are activated, owing to the fact
that their first grids were previously supplied with positive
potential from the recorder register tubes RTHI and
RTH2 which, for the thousands digit “3,” were enabled
by cathode potential from the conducting thousands digit
tubes OTH1 and OTH2 of the identifier. The space
current through tube DTH1 is modulated by frequency
1, applied to its second grid, and the space current
through tube DTH2 is modulated by frequency f2.
Since the circuits for such space currents are completed
to battery through the primary winding of transforiner
TR, the frequencies f1 and 72, indicative of the thousands
digit “3,” are transmitted through the circuit including
the secondary winding of said transformer to the fre-
quency responsive device at the remote exchange (not
shown). Said frequencies are there separated by suit-
able filters, rectified and utilized to operate two magnets
of the recorder in the two-out-of-five code by means well
known in the art.

In the same manner, each of the remaining digits,
represented by two frequencies in accordance with the
two-ogut-of-five code is transmitted by successive activa-
tion of two tubes in each of the digital groups of tubes
DH$ ... DH7;, DTé . . . DT7 and DU$ . . . DU7.
When the entire number of impulses has been trans-
mitted, relay ACA, which corresponds in this instance to
the similarly designated relay ACA in Patent No.
2,382,893, releases, it having been operated at the begin-
ning of the transmission cycle in accordance with the
teaching of said patent to initiate the transmission of the
pulses. Said relay is, of course, similarly modified as
relay 845TO to include two extra pairs of contacts, the
one to furnish anode battery to the tubes and the other
to supply zero potentiai to the second grid of tube FR
and to the second grids of tubes RTHO-. . . RU7.

An alternative form of the digit scanning circuit illus-
trated in Fig. 9A, embodies relays GR7A, GR8A, GRSA,
and GRI8A controlled by the battery supply conductor
17 and the cathodes of the gas-filled tubes OTH, OH,
and OT, respeciively.

When relay ST operates, as described previously, it
applies posiiive battery over its No. 3 contacts to con-
ductor 17, through the winding of relay GR7A, and the
No. 1 contacts of relays GR8A, GRSA, and GRI$A to
negative battery and relay GR7TA operates. With relay
GR7A operated, positive battery is applied over its No. 1
contact to conductor 91 and over its No, 2 contact to
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conductor 94. With positive battery on conductor 91,
varistors PV80 to PV99 of Fig. 2A offer a lower imped-
ance path to ground so as to have the same effect as
grounding all the vertical bus-bars of the primary net-
work of Fig. 2A, and with positive battery on conductor
94, varistors SDH® to SDH7 of Fig. 4A offer a low
impedance path to ground, so as to ground all the hori-
zontal bus-bars of the secondary network of Fig. 4A.
Thus the tens and units bus-bars of the primary network
and the hundreds bus-bars of the secondary network are
grounded while the thousands digit is being scanned.

When the digit scanning circuit proceeds to the next
scanning operation following the operation of tube OTH,
the conductivity of the tube OTH renders its cathode
relatively positive. This positive is applied over con-
ductor 23, through the winding of relay GR8A, and the
No. 1 contacts of relays GR9A and GR10A to negative
battery. The operation of relay GR8A breaks the path
to negative battery over its No. 1 contact and releases
relay GR7A, thereby changing the battery on conductor
94 from positive to negative so that varistors SDHO to
SDH7 offer a high impedance path to ground, while
at the same time, positive battery is maintained on con-
ductor 91 through the No. 2 contact of relay GRSA.
The operation of relay GR8A also places positive battery
through its No. 3 contact on conductor 93 so that varis-
tors STHS to STH7 offer a low impedance path to ground
thereby grounding all the vertical bus-bars of the second-
ary network of Fig. 4A. Thus the tens and units bus-
bars of the primary network of Fig. 2A and the thousands
bus-bars of the secondary mnetwork of Fig. 3A are
grounded while the hundreds digit is being scanned.

Similarly, when the digit scanning circuit proceeds with
the next scanning operation, the conductivity of tube OH
will effect the placing of positive battery on. conductors
93 and 96 so that a low impedance path to ground wilk
be offered to the thousands and hundreds bus-bars of the
primary network of Fig. 2A and the units bus-bars of
the secondary mnetwork. of Fig. 3A. The subsequent
operation of tube OT will cause positive battery to be
applied to conductors 93 and 95 so that a low impedance
paih to ground will be offered the thousands and hun-
dreds bus-bars of the primary network of Fig. 2A and
the tens bus-bars of the secondary metwork of Fig. 3A.

The operation of tube OU releases relay ST thereby
disconnecting battery from conductor 17 and restoring
the digit scanning circuit to normal. Another alternative
form of the digit scanning circuit illustrated in Fig. 9B
utilizes positive voltage from the cathodes of tubes ITH,
IH, IT, and IU to control the variable impedance net-
works ZBHE9 to 2BH9%9 and 2BV08 to- 2BV99 of the
primary network of Fig. 2B and the variable impedance
networks 3BHO® to 3BH7 and 3BVQ to 3BV7, and 4BH¢
to 4BH7 and 4BV¢ to 4BV7 of the secondary networks:
of Figs. 3B and 4B respectively to sequentially ground
the bus-bars.

When the tube ITH operates during the digit scanning
operation, the conductivity of tube ITH renders its
cathode relatively positive. This positive potential is ap-
plied over conductor 92 to the grids of tubes T2 of Fig.
2B and T3 of Fig. 4B and they operate.

Positive voltage then appears on the cathode of tube
T2 and this positive voltage is applied. to the impedance
networks 2BV00 to 2ZBVS9 so that they offer a low im-
pedance path to ground thus grounding all the vertical
bus-bars of the primary network. Positive voltage also
appears at the cathode of tube T3 and this positive voltage.
is applied to the impedance networks 4BHO to 4BH7 so
that they offer a low impedance path to ground thus
grounding all the horizontal bus-bars of the secondary
network of Fig. 4B. Thus the tens and units bus-bars of
the primary network and the hundreds bus-bars of the
secondary network are grounded while the thousands
digit bus-bars are being scanned,
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When the digit scanning circuit proceeds to the next
scanning operation, the conductivity of tube IH renders
its cathode relatively positive. This positive voltage is
applied to the grids of the tubes T2 of Fig. 2B and T4 of
Fig. 4B and they operate. Positive voltage then appears
on the cathode of tube T2 and this positive voltage is
applied to the impedance networks 2BVS9 to 2BVS9 so
that they offer a low impedance path to ground thus
grounding all of vertical bus-bars of the primary network.
Positive voltage also appears at the cathode of tube T4
and this positive voltage is applied to the impedance
network 4BVQ to 4BV7 so that they offer a low im-
pedance path to ground and ground all the vertical bus-
bars of the secondary network of Fig. 4B. Thus the
tens and units bus-bars of the primary network and the
thousands bus-bars of the secondary network are grounded
while the hundreds digit bus-bars are being scanned.

Similarly, when the digit scanning circuit proceeds with
the succeeding scanning operation, the conductivity of
tube IT will effect the ground of the thousands and
hundreds bus-bars of the primary network and the units
bus-bars of the secondary network while the tens bus-
bars are being scanned and the conductivity of tube ITU
will effect the grounding of the thousands and hundreds
bus-bars of the primary network and the tens bus-bars of
the secondary network while the units bus-bars are being
scanned.

As previously explained, the release of relay ST at the
end of the scanning cycle restores the circuit to normal.

The invention has been described above in particular
embodiments thereof to identify the directory number of
telephone stations. It will be evident, however, to one
skilled in the art that it is not limited to the particular
embodiments disclosed nor to the particular telephone
system shown in connection therewith, but that various
applications, modifications and arrangements other than
those disclosed herein are within the scope of the inven-
tion.

It should be noted that the identifier can by an appropri-
ate increase in the number of primary and secondary net-
works be utilized to identify the directory numbers of
stations in a plurality of offices. The primary networks
PDN-A and PDN-B as shown necessarily limit identifi-
cation operations to 10,000 stations, all of which may
terminate in one office. However, if a pair of primary net-
works PDN-A and PDN-B, together with their associ-
ated secondary networks SDH and SDV were to be pro-
vided for each group of 10,000 stations or less, and by
connecting the station conductors of the stations in the
several groups to the passive elements in the primary net-
works reserved for such groups, there would be no limit
to the number of stations whose respective directory
numbers the identifier may determine.

It is obvious, of course, that the primary network need
not be limited to 100 vertical conductors and 100 hori-
zontal conductors to which the passive elements are con-
nected in the present embodiment of the invention.
Economies may be effected in this regard by increasing or
decreasing in particular cases the number of vertical
and/or horizontal conductors to include in one primary
network more or less than 10,000 passive elements with
appropriate modifications in the secondary networks.
Thus, if four offices each containing 10,000 stations were
to be served by one identifier, a primary network of 200
vertical conductors and 200 horizontal conductors would
suffice for the 40,000 passive elements, one for each of
the stations in the four offices, suitable modifications of
the associated secondary mnetworks being easily under-
stood. Other permutations of vertical and horizontal
conductors to accommodate a different total number of
stations is evident from the above illustration.

It is further evident that while the secondary networks
SDH and SDV have been used to “compress” the code
for all directory numbers, the code may in some cases be
compressed more economically by the use of tertiary net-
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works to the passive elemenis of which thé conductors
from the secondary networks are connected,

It is also to be noted that while the identifier herein
described and shown has been limited for convenience to
the identification of stations having directory numbers
composed of four digits, there is no limit to the number
of digital orders that may be identified. It has been indi-
cated and conventionally shown that the “‘class” digit
may be identified by the provision of a “class” network.
Although the description of the invention has not in-
cluded a detailed showing and a detailed description
of the apparatus required to identify this digit, it is ob-
vious that the class network, indicated in Fig. 3, is identi-
cal in construction and composition to one of the primary
networks PDN for which the secondary networks would
be similar to the secondary networks SDV and SDH,
and for which the gate circuit, indicated in the bottom
of Fig. 8, would be the same as any of the other gate
circuits. Although a “class” digit register (or registers
if the class indication consists of more than one digit)
is not shown in the output register of Fig. 13, it is under-
stood that such a register is included as part thereof and
is identical in construction to any of the other digital
registers therein shown. In a similar manner, additional
digits may be identified; that is, they may be identified by
the addition of the required primary networks and the
inclusion of the appropriate number of digital registers
in the output register of the identifier and each of the
recorder registers.

It should further be noted that in the drawings the grids
of many of the gas-filled tubes are not shown to be each
in series with a protective resistor, as is the customary
practice to protect the tubes from overlsading when con-
ducting, This is merely a protective measure and the
omission of the resistors was to abbreviate wherever
possible in the tracing of the circuiis, the recitation of
anything more than the necessary elements. It could be
understood, however, that such resistors are a necessary
part of the construction wherever the electrode of a gas-
filled tube requires a protective resistor in series with it.

The terms and expressions employed herein in refer-
ence to the invention are used as terms of description and
not of limitation. I have no intention by the use of such
terms and expressions of excluding thereby equivalents
of the features disclosed but, on the centrary, intend to
include therein any and all equivalents and modifications
which may be employed without departing from the spirit
of the invention.

‘What is claimed is:

1. In a telephone systemn comprising subscriber stations
and lines, automatic switches for establishing talking con-
nections between calling and called subscriber lines and
stations, each subscriber station being assigned a different
multidigit directory number, means for identifying the
directory number of any calling subscriber station, said
means comprising a plurality of passive electrical elements
each individual to a different one of said stations and
each being connected to a conductor individual to the
line serving said one of said stations, a network of con-
ductors, each conductor of said network identifying a
part of said directory numbers, each said element con-
nected to a conducter of said network which identifies
a part of the directory number of the station to which
said element is individual, a grounded tone source, means
for connecting said scurce to said conductor individual
to the line serving any calling station, thereby to cause
a signal potential to be applied to the particular con-
ductor of said network which identifies a part of the
directory number of said calling station, means for deter-
mining said particular conductor of said network to
which said signal potential has been applied, and means
for connecting ground potential to other conductors of
said network to prevent false operation of said determin-
ing means.
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2. In a telephone system comprising subscriber stations
and lines, automatic switches for establishing talking con-
nections between calling and called subscriber lines- and
stations, each subscriber station being assigned a different
multidigit directory number, means for identifying the
directory number of any calling subscriber station, said
means comprising a plurality of passive electrical elements
each individual to a different one of said stations and
each being connected to a conductor individual to the
line serving said one of said stations, a network of con-
ductors, each conductor of said network identifying a
part of said directory numbers, each. said element con-
nected to a conductor of said network which identifies a
part of the directory number of the station to which said
element is individual, a grounded tone source, means for
connecting said source to said conductor individual to the
line serving any calling station, thereby to cause a signal
potential to be applied to the particular conductor of
said network which identifies a part of the directory num-
ber of said calling station, means for determining said
particular conductor of said network to which said signal
potential has been applied, means for connecting ground
potential to other conductors of said network to prevent
false operation of said determining means, and means
responsive to said signal potential applied to said partic-
ular conductor for registering the part of the directory
number of said calling station identified thereby.

3. In a telephone system comprising subscriber stations
and lines, automatic switches for establishing talking
connections beiween calling and called subscriber lines
and stations, each subscriber station being assigned a
different multidigit directory number, means for identify-
ing the directory number of any subscriber station, said
means comprising a plurality of passive electrical ele-
ments each individual to a different one of said stations
and each being connected to a conductor individual to
the line serving said one of said stations, a network of
conductors, each conductor of said metwork identifying
a part of said directory numbers, each said element
connected to the conductors of said network which
identify parts of the directory number of the station
to. which said element is individual; a grounded tone
source, means for connecting said source to said conductor

individual to the line serving any calling station, thereby |

to cause a signal potential to be applied to the particular
conductors of said network which identify parts of the
directory number of said calling station, means for deter-
mining the particular conductors of said network to which
said signal potential has been applied, and means con-
trolled by said determining means for selectively apply-
ing ground potential to the conductoers of said network
to prevent false operation of said determining means.
4. In a telephone system comprising subscriber stations
and lines, automatic switches for establishing talking con-
nections beiween calling and called subscriber lines and
stations, each subscriber station being assigned a different
multidigit directory number, means for identifying the
directory number of any subscriber station, said means
comprising a plurality of passive electrical elements each
individual to a different one of said stations and each be-
ing conrected to a conductor individual to the line serv-
ing said one of said stations, a network of conductors,
each conductor of said network identifying a part of
said directory numbers, each said element connected to
the conductors of said network which identify parts of
the directory number of the station to which said element
is individual, a grounded ione source, means for con-
necting said source to said conductor individual to the
line serving any calling station, thereby to cause a signal
potential to be applied to the particular conductors of
said network which identify parts of the directory num-
er of said calling station, means for determining the
particular conductors of said network to which said

signal” potential has been applied, arnd a plurality of re-.
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lays individually connected to said network conductors
and controlled by said determining means for sequentially
connecting ground potential to any of said network con-
ductors through the contacts of said relays.

5. In a telephone system comprising subscriber stations
and lines, automatic switches for establishing talking con-
nections between calling and called subscriber lines and
stations, each subscriber station being assigned a different
multidigit directory number, means for identifving the
directory number of any subscriber station, said means
comprising a plurality of passive electrical ¢lements each
individual to a different one of said stations and each
being connected to a conductor individual to the line
serving said one of said stations, a network of conductors,
each conductor of said network identifying a part of
said directory numbers, each said element connected to
the conductors of said network which identify parts of
the directory number of the station to which said element
is individual, a grounded tone source, means for con-
necting said source to said conductor individual to the
line serving any calling station, thereby to cause a
signal potential to be applied to the particular conductors
of said network which identify parts of the directory
number of said calling station, means for determining the
particular conductors of said network to which said
signal potential has been applied, a plurality of unidirec-
tional impedance networks individually connected to said

etwork conductors, and means controlled by said deter-
mining means for selectively applying potential to said
impedance networks in consequence of which the im-
pedance of each said impedance network to ground is
lowered so that the said network conductors are selective-
1y connected to ground potential.

6. In a telephone system comprising subscriber stations
and lines, automatic switches for establishing talking con-
nections between calling and called subscriber lines and
stations, each subscriber station being assigned a different
multidigit directory number, means for identifying the
directory number of any subscriber station, said means
comprising a plurality of passive electrical elements each
individual to a different one of said stations and each
being connected to- a conductor individual to the line
serving said one of said stations, a network. of conductors,
each conductor of said network identifying a part of said
directory numbers, each said element connected to. the
conductors of said network which identify parts of the
directory number of the station to which said element is
individual, a grounded tone source, means for connect-
ing said source to said conductor individual to the line
serving any calling station, thereby to cause a. signal
potential to be applied. to the particular conductors of
said network which identify parts of the directory num-
ber of said calling station, means for determining the
particular conductors of said network to which said signal
potential has been applied, a plurality of unidirectional
current-conducting devices individually connected to said
network conductors, and relays controlled by said deter-
mining means for selectively applying potential to said
unidirectional current-conducting devices in conseguence
of which the impedance of said devices to ground is
lowered and said network conductors are selectively con-
nected to grourid potential.

7. Anidentifier for determining the designations of tele-
phone stations in a-telephone system, said stations having
designations including a plurality of digital places, com-
prising in combination with a grounded source of poten-
tial, a primary network of passive electrical elements of
which one element is individual to each of said stations,
a plurality of conductive paths disposed in two arrays with
each path indicative of one or more items of the désigna-
tions of each of said stations, each of said elements. in.said
network being connected to one conductive path in one
of the arrays in.accordance with an item or items of
the designation of its station and to one conductive path
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in the other array in accordance with the remainder of
the items of the designation of its siation, means for ap-
plying a potential from said source of potential to one
of said elements, thereby to effect low loss electrical trans-
mission for said scurce in the two conductive paths to
which said element is connected and high loss electrical
transmission in all other paths, detecting means for de-
tecting the low loss electrical transmission path in each
of said two arrays, means controlled by said detecting
means for selectively applying ground potential to said
conductive paths in said two arrays thereby to prevent
false operation of said detecting means.

8. An identifier for determining the designations of
telephone stations in a telephone system, said stations
having designations including a plurality of digital places,
comprising in combination with a source of grounded
potential, a primary network of passive electrical ele-
ments of which one element is individual to each of said
stations, a plurality of conductive paths disposed in two ar-
rays with each path indicative of one or more items of the
designations of each of said stations, each of said elements
in said network being connected to one conductive path
in one of the arrays in accordance with an item or items
of the designation of its station and to ome conductive
path in the other array in accordance with the remainder
of the items of the designation of its station, means for
applying a potential from said source of potential to one
of said elements, thereby to effect low loss electrical
transmission for said source in the two conductive paths
to which said element is connected and high loss elec-
trical transmission in all other paths, detecting means for
sequentially testing said two arrays of conductive paths
to determine the said two particular paths through which
low loss eclectrical transmission is effected, electrical
devices controlled by said detecting means for selectively
connecting ground potential to all of said conducting
paths of each of said two arrays, the resulting potential
on the said low loss conductive path not grounded by
said electrical devices indicating digits of the designation
of the station individual to the passive element to whick
said potential from said source of potential was applied.

9. An identifier for determining the directory number
designations of telephone stations in a telephone system,
each of said stations capable of being put in a calling
condition and each of said stations having a four-digit
directory number, comprising in combination a primary
network of passive electrical elements of which one ele-
ment is individual to each station, two groups of 100 con-
ductive paths, one of said groups being disposed in a
horizontal array, each path therein designating a pair
of thousands and hundreds digits of said station directory
number designations, the other of said groups being dis-
posed in a vertical array, each path therein designating
a pair of tens and units digits of said station directory
number designations, each of said passive electrical ele-
ments being connected to said conductive path of the
horizontal array which designates the thousands and hun-
dreds digits of the directory number designaticn of the
station to which said element is individual and to the
conductive path in the vertical array which designates the
tens and units digits of the directory number designa-
tion of said station, means responsive to the calling con-
dition of a caliing one of said stations for extending a
connection therefrom, a grounded source of potential
means for applying a potential from said grounded scurce
of potential over said extended connection to the passive
electrical element individual to said calling one of said
stations, thereby to effect low loss electrical transmission
for said scurce in the horizontal and vertical conducting
paths to which said element individual to said calling
one of said stations is connected and high loss electrical
transmission in all other conductive paths, discriminating
means responsive to the potential available on said low
loss conductive paths only for indicating the directory
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number designation of said calling stations, selective
means for selectively conuecting said discriminating means
to said conductive paths of seid two arrays and a plurality
of relays individually connected to said conductive paths
and controlled by said selective means for selectively con-
necting ground to said conductive paths through the con-
tacts of said relays.

10. An identifier for determining the directory number
designations of telephone stations in a telephone system,
each of said stations capable of being put in a calling
condition and each of said stations having a four-digit di-
rectory number, comprising in combination a primary
network of passive electrical elements of which one
element is individual to each station, two groups of 100
conductive paths, one of said groups being disposed in a
horizontal array, each path therein designating a pair of
thousands and hundreds digits of said station directory
number designations, the other of said groups being dis-
posed in a vertical array, each path therein designating
a pair of tens and units digits of said station directory
number designations, each of said passive elecirical ele-
ments being connected to said conductive path of the
horizontal array which designates the thousands and hun-
dreds digits of the directory number designation of the
station to which said element is individual and to the con-
ductive path in the vertical array which designates the
tens and units digits of the directory number designation
of said station, means responsive to the calling condition
of a calling one of said stations for extending a connection
therefrom, a grounded source of potential, means for ap-
plying a potential from said grounded source of potential
over said extended connection to the passive electrical
element individual to said calling one of said stations,
thereby to effect low loss electrical transmission for said
source in the horizontal and vertical conducting paths to
which said element individual to said calling one of said
stations is connected and high loss electrical transmis-
sion in all other conductive paths, discriminating means
responsive to the potential available on said conductive
paths over which said low loss elecirical transmission is
effected for indicating digits of the directory number
designation of said calling stations, selective means for
selectively connecting said discriminating means to said
conductive paths of said horizontal array and said verti-
cal array of conductive paths, a plurality of unidirec-
tional impedance networks individually connected to the
conductive paths of said horizontal array and said verti-
cal array, and electrical devices controlled by said selec-
tive means for selectively applying potential to said
unidirectional impedance networks in consequence of
which the impedance of said unidirectional impedance
networks to ground is lowered and said conductive paths
are selectively connected to ground.

11. An identifier for determining the directory number
designations of telephene stations in a telephone system,
each of said stations capable of being put in a calling
condition and each of said stations having a four-digit di-
rectory number, comprising in combination a primary
network of passive electrical elements of which one ele-
ment is individual to each station, two groups of 100
conductive paths, one of said groups being disposed in a
horizontal array, each path therein designating a pair of
thousands and hundreds digits of said station directory
number designations, the other of said groups being dis-
posed in a vertical array, each path therein designating
a pair of tens and units digits of said station directory
number designations, each of said passive electrical ele-
ments being connected to said conductive path of the
horizontal array which designates the thousands and
hundreds digits of the directory number designation of
the station to which said element is individual and to
the conductive path in the vertical array which designates
the tens and units digits of the directory number designa-
tion of said station, means responsive to the calling condi-
tion of a calling one of said stations for extending a
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connection therefrom, a grounded source of potential,
means for applying a potential from said grounded
source of potential over said extended connection to the
passive electrical element individual to said calling one
of said stations, thereby to effect low loss electrical trans-
mission for said source in the horizontal and vertical
conducting paths to which said element individual to
said calling one of said stations is connected and high
loss electrical transmission in all other conductive paths,
discriminating means respensive to the potential available
on said conductive paths over which said low loss electrical
transmission is effected for indicating digits of the direc-
tory number designation of said calling stations, selective
means for selectively conecting said discriminating means
to said conductive paths of said horizontal array and said
vertical array of conductive paths, a plurality of unidirec-
tional current-conducting devices individually connected
to said conductive paths of said herizontal array and said
vertical array, relays controlled by said selective means
for selectively applying potential to said unidirectional
current-conducting devices in consequence of which the
impedance of said devices to ground is lowered and said
conductive paths are selectively connected to ground.

12. An identifier for determining the designations of
telephone stations in a telephone system, comprising in
combination with a grounded source of potential, a pri-
mary network of passive electrical elements of which one
element is individual to each statiom, a primary group
of conductive paths each path of which is indicative of
items of the designation of each of said stations, each of
said elements in said primary network being connected
to the conductive paths of said primary group that are
indicative of the items of the designation of the station to
which it is individual, a first secondary network of passive
electrical elements of which each element is connected to
certain of said conductive paths of said primary group,
a second secondary network of passive electrical elements
of which each element is connected to the other of said
conductive paths of said primary group, two secondary
groups of conductive paths, each group of which is as-
sociated with a respective one of said secondary networks
of passive electrical elements, each pair of said conduc-
tive paths in said secondary groups being indicative of
an item of the designation of said stations, each of said
elements in said two secondary networks of passive elec-
trical elements being connected to two pairs of con-
ductive paths in the associated one of said two secondary
groups of conductive paths, means for applying a poten-
tial from said source of potential to any one of said ele-
ments in said primary network of passive electrical ele-
ments, thereby to effect low loss electrical transmission
for said source in the conductive paths of said primary
group connected to said one of said elements and through
two pairs of conductive paths in each of said two sec-
ondary groups of conductive paths and high loss electrical
transmission in all other conductive paths of said primary
and said secondary groups, discriminating means respon-
sive to a derived potential on -said pairs of conductive
paths of said two secondary groups of conductive paths
for indicating the items of the designations of telephone
stations, selective means for selectively connecting said
discriminating means to said conductive paths of said two
secondary groups of conductive paths, and a plurality of
relays individually connected to the conductive paths of
said primary group and said two secondary groups and
controlled by said selective means for selectively connect-
ing ground to any of said conductive paths through the
contacts of said relays.

13. An identifier for determining the designations of
telephene stations in a telephone system, comprising in
combination with a grounded source of potential, a pri-
mary network of passive electrical ‘elements of which
one element is individual to each station, a primary group
of conductive paths each path of which is indicative of
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items of the designation of each of said stations, each of
said elements in said primary network being connected
to the said conductive paths of said primary group that
are indicative of the items of the designation of the sta-
tion to which it is individual, a first secondary network of
passive electrical elements of which each element is con-
nected to certain of said conductive paths of said primary
group, a second secondary network of passive electrical
elements of which each element is connected to the other
of said conductive paths of said primary group, two sec-
ondary groups of conductive paths, each group of which
is associated with a respective one of said secondary net-
works of passive electrical elements, each pair of said
conductive paths in said secondary groups being in-
dicative of an item of the designation of said stations, each
of said elements in said two secondary networks of
passive electrical elements being connected to two pairs
of conductive paths in the associated one of said two
secondary groups of conductive paths, means for applying
a potential from said source of potential to any one of said
elements in said primary network of passive electrical
elements, thereby to effect low loss electrical transmission
for said source in the conductive paths of said primary
group connected to said one of said elements and through
two pairs of conductive paths in each of said two sec-
ondary groups of conductive paths and high loss elec-
trical transmission in all other conductive paths of said
primary and said secondary groups, discriminating means
responsive to a derived potential on said pairs of con-

. ductive paths of said two secondary groups of conductive

paths for indicating the items of the designations of tele-
phone stations, a plurality of umidirectional impedance
networks individually connected to the conductive paths
of said primary group and said two secondary groups,
selective means for selectively connecting said discriminat-
ing means to said conductive paths of said two secondary
groups of conductive paths, electrical devices controlled
by said selective means for selectively applying potential
to said unidirectional impedance networks in consequence
of which the impedance of sdid networks to ground is
lowered and said conductive paths connected thereto are
selectively grounded.

14. An identifier for determining the designations of
telephone stations in a telephone system, comprisnig in
combination with a grounded source of potential, a pri-
mary network of passive electrical elements of which one
element is individual to each station, a primary group of
conductive paths each path of which is indicative of
items of the designation of each of said stations, each of
said elements in said primary network being connected
to the said conductive paths of said primary group that
are indicative of the items of the designation of the sta-
tion to which it is individual, a first secondary network
of passive electrical elements of which each element is
connected to certain of said conductive paths of said pri-
mary group, a second secondary network of passive elec-
trical elements of which each element is connected to
the other of said conductive paths of said primary group,
two secondary groups of conductive paths, each group
of which is associated with a respective one of said sec-
ondary networks of passive electrical elements, each pair
of said conductive paths in said secondary groups being
indicative of an item of the designation of said stations,
each of said elements in said two secondary networks of
passive electrical elements being connected to two pairs
of conductive paths in the associated one of said two
secondary groups of conductive paths, means for apply-
ing a potential from said source of potential to any one
of said -elements in said primary network of passive elec-
trical elements, thereby to effect low loss electrical trans-
mission for said source in the conductive paths of said
primary group connected to said one of said elements
and through two pairs of conductive paths in each of
said two secondary groups of conductive paths and high
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mission in all cther conductive paths
said svcoqdavy £roups, discriminating
to a derived potential on said pairs
of conductive paths for L..ACS'LI"‘" the itemas of the designa-
ticns of telephone stations, a plurality of unidirectionzl
urreat-condmimq deﬂces individually connected to the
conductive paths of said primary group and said two
secondary groups, selective means for selectively connect-
ing said discriminating means to said conductive paths

)
means resg oncive
d ,

50 v
of said two sscondary groups of conductive paths, and
relays controlled by said selective means for applying
potential to said unidirectional current-conducting devices
in conse quence of which the impedance of said devices to
ground is lowered and seid conductive paths of said pri-
mary group and two said secondary groups are selectively
connected to ground.
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