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1

This invention relates to an improved tele-
phone switching system for automatically estab-
lishing telephone transmission paths between
telephone subscribers’ stations under control of
equipment located at each of the subscriber’s
stations.

It is an object of the present invention to
provide improved switching control circuits,
methods and apparatus for more rapidly and
more accurately establishing communication
paths between subscribers’ stations more effi-
ciently and with less apparatus and equipment
than heretofore. In telephone switching sys-
tems of the prior art it has been the practice
either (1) to build up the connection step by step
in which each step is under control of a series of
dial pulses or calling signals; (2) test each of the
intermediate links for busy and idle conditions
and then select an idle path; (3) mark all of the
paths completely through the switching system
and then select one of the marking paths.

In accordance with the present invention the
path selecting is accomplished at a higher rate
of speed by marking two terminals and extend-
ing the marking condition from each terminal
part way through the switching means or
switches to an intermediate point and then se-
lecting one of the possible marked paths by
means of apparatus located at the intermediate
point of the switching system or array. Such an
arrangement is more rapid and more reliable
and thus less subject to double connecticns and
other improper operation than the systems of the
prior art.

Another object of this invention is to provide
an improved high speed switch or switching
array comprising a plurality of relays arranged
in coordinate array with a relay at each cross-
point. A two-clement, cold cathode gas dis-
charze tube is associated with each cross-point
and connected in series with the winding of the
cross-point relay.

In the exemplary embodiment set forth herein
the cross-point relays are so-called reed relays
wherein the contacts are sealed in a glass con-
tainer or other suitable envelope and then the
relay winding wound around all of the envelopes
of the contacts comprising the relay. When de-
sired a polarizing magnet may also be associated
with each of the relays or in some cases with
each of the contacts of the relays. Typical reed-
type relays are described in detail in United
States Patent 2,245,391, granted to Dickten, Jr.,
June 10, 1941, and in TUnited States Patent
2,264,622, granted to Ellwood, November 25, 1941.
The disclosure of the foregoing patents is hereby

22 Claims. (Cl 179—18)
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made s part of the present application as is fully
set forth herein. ’

A feature of this invention is to provide high
speed switching systems controlled by electronic
tubes capable of operating at sufficiently high
speed so that only one connection need be in the
process of being established through the switch-
ing system at any given time. s

A feature of the invention relates to a simple,
inexpensive diode gas discharge tube having a
cold cathode associated with each of the relays
at each of the cross-points. The diode is con-
nected in the circuit of the winding of the relays
and is employed to transmit the marking condi-
tion from a marked terminal to an intermediate
point.

Another feature of this invention relates to
selecting one of the idle paths by means of nega~
tive resistance circuit elements such as gas con-
duction tubes. The negative resistance elements
or tubes are connected in lock-out circuits of the
type set forth in United States patent to Hall
2,350,888, granted on June 6, 1944, the disclosure
of which patent is hereby made a part of the
present application as if set forth in full herein.

Another feature of this invention relates to
circuit arrangements for. selecting one of the
group of idle frunks by means of the above-
described lock-out path at an intermediate point
in the switching network or array of switching
devices and contacts.

Another feature of this invention relates to the
use of rectifiers or varistors in series with relay
windingg and other relay operating circuits to

-~ secure fast operation of the relays, suitable hold-

ing circuits, and when desired relatively slow
release thereof.

The egemplary embodiment of this invention
set fortn herein is arranged to cooperatz with
the control circuits described in an application
of Malthaner-Vaughan, Serial No. 115,961, filed
on September 16, 1949, concurrently herewith
which issued as United States Patent 2,655,559
on October 13, 1953. Specifically an exemplary
embodiment of this invention is shown in Figs.
11, 12, 14, 15, 17, 18 and 27, 28, 29, 30, 32, 33 of
the drawing. The other figures of the drawings
show the control selecting and other circuits
which. cooperate with the switching arrangement
in accordance with the exemplary embodiment
set forth herein. The novel features of these
control, selecting and other circuits are claimed
in the above-identified application of Malthaner
and Vaughan and in other applications identi-
fied herein.

Briefly in accordance with the exemplary em-
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bodiment of this invention the circuits and equip-
ment are arranged so that a subscriber in initiat-
ing a call first sets his calling device in accord-
ance with the number or symbols designating the
called subscriber’s station. The subscriber may
then check the accuracy of the setting of his
equipment and if found to be properly condi-
tioned the subscriber will then place his call by
picking up the receiver or handset in the usual
manner at which time the subscriber’s calling
equipment is connected and maintained con-
nected to the line extending between the sub-
seriber’s station and the central station. The
subscriber in initiating a call will then set into
operation the equipment at the central station
for applying a low frequency alternating current
to the calling subscriber’s line and extending the
transmission path from this line to a call receiv-
ing and recording equipment. When these con-
nections are established pulses are transmitied
through the subscriber’s calling device which will
be received, recorded and checked by equipment
at the central station. During this time the
above-described connections .are maintained
under control of the alternating current supplied
to the subscriber’s station. . ,

The subscriber’s station equipment is arranged
to repeatedly transmit the entire series of pulses
representing the called subscriber’s designation.
Each series of pulses representing a complete sub-
scriber’s designation is separated in a character-
istic manner such as by blank intervals from
each of the other series of pulses. Each of the
symbols or digits of a called subscriber’s designa-
" tion or number is represented in the exemplary
embodiment set forth herein by two pulses vari-
ably phased in time.” These pulses each provide
substantially a complete cycle of alternating cur-
rent as for example, a complete cycle of a thou-
sand-cycle alternating current. The pulses rep-
resenting each designation may be transmitted
with any one of ten different intervals between
them thus designating one of the ten different
numerals or symbols. Thereafter a path is estab-
lished from the register or receiving equipment
through a number group circuit to determine the
location of a called line or outgoing frunk circuit.

The control equipment then applies a marking
voltage through a terminal associated with the
calling line and also to a terminal associated with
the called subscriber or to a terminal associated
with a trunk group extending towards the called
subscriber. The marking voltage applied to both
sides or ends of the switching system is trans-
mitted in the first instance through the diodes or
gaseous conduction tubes associated with all of
the idle cross-points. These voltages set into op-
eration lock-out circuits interposed in an intfer-
mediate position in the switching network which
lock-out circuits function to permit one and only
one path to be established between the two
marked terminals.

In the exemplary embodiment set forth herein
the switching network comprises a plurality of
stages each stage of which comprises a group of
relays arranged in a coordinate array. Each
relay has associated with its winding a two-
element gas-filled cold cathode tube. In the ex-
emplary embodiment set forth herein each of the
relays comprises a plurality of reed contacts each
enclosed in a glass envelope and surrounded by
an operating winding. Specifically a group of
such relays comprises in effect a switch. The
switches are arranged on frames and in accord-
ance with the exemplary embodiment herein one
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group of frames is called line frames and another
group of frames is called trunk frames. Each of
these frames is provided with two groups of
switches of the type described above. These
groups of switches are usually called the primary
group of switches and the secondary group of
switches which switches are interconnected in a
manuner similar to that employed in cross bar
switching systems. Interposed between the two
groups of frames is a group of junctor circuits
comprising a negative resistance element such as
a cold cathode multielement gaseous conduction
tube. These junctor tubes are arranged in a lock-
out circuit.

In applying marking conditions to the line ter-
minals and trunk terminals a marking condition
is applied to only one of the subscriber’s line ter-
minals and to one or more terminals associated
with idle trunks at the other side end of the
switching equipment. These marking conditions
comprise a voltage which in the exemplary em-
bodiment set forth herein comprise g relatively
high positive voitage which is applied to the ter-
minals mentioned above. This voltage which is
applied to the terminals causes the two-element
gas tubes associated with various idle cross-points
leading from the marking terminals to have a
discharge initiated through them. Discharges
are initiated through all of the tubes associated
with idle cross-points of the primary line switch
associated with the marked line. The discharge
current flowing through these tubes in turn relays
the marking condition to other two-element gas
discharge tubes associated with the idle cross-
points of the secondary line switch through which
possible paths extend from the primary cross-
points having discharging tubes. Thus, the dis-
charge through these tubes marks and relays a
voltage condition through all of the idle paths
from the marked line terminal to the group of
junector circuits associated with the line switch.

The marking condition applied to the trunk
terminal is similar to the condition applied to the
line terminal and is relayed through the trunk
frames in a manner similar to the manner de-
seribed above with reference to the line switch
frame. If the trunk group comprises more than
one trunk the trunks of this trunk group will be
associated with different trunk frames. When
it is desired to select a trunk of this group one
jdle trunk on each trunk frame of this group is
marked. A marking voltage is relayed from all
of the marked trunks through their respective
primary switches and to their secondary switches
to the junctor circuits interposed between the
line frame and the trunk frame. These marking
voltages from the line frame and trunk frame
are applied to different elements of tubes asso-
ciated with idle junctor circuits and are of suffi-
cient magnitude to initiate a discharge through
one or more of these tubes. However, as pointed
out herein these tubes have their elements con-
nected so that the negative resistance character-
isties of their voltage-current curve are employed
to provide lock-out between the various tubes so
that the discharge transfers to the main discharge
path in one of the tubes only which discharge
then determines the idle path from the marked
line terminal to one of the marking trunk
terminals.

It should be noted that the negative resistance
elements or junctor tubes operating in a lock-out
circuit as described above not only selects an idle
path through the switching system but also selects
an idle trunk in a group of marked idle trunks.
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Thus both an idle path through the switching
system and an idle trunk are selected with one
operation, namely the initiation and transfer of
the discharge across the main gap of one of the
cold cathode gas discharge tubes of one junctor
circuit only.

While the above description assumes cold cath-
ode two-element or multielement gas discharge
tubes, it is to be understood that hot cathode gas
discharge tubes as well as hot or cold vacuum
tubes may be also employed if so desired. How-
ever, it is assumed in the exemplary emhodiment
set forth herein and as shown in the drawings
thereof that these tubes are cold cathode gas dis-
charge tubes.

The cold cathode gas discharge tubes referred
to herein have two or more electrodes enclosed
within a gas-tight envelope containing gas at a
reduced pressure. The gas will usually comprise
argon, neon or mixtures of these gases but may
also comprise other inert gases as well as other
gases and vapors such as mercury vapor, etc.

Upon the initiation of a discharge within a
selected tube and transfer across the main dis-
charge path of the tube a circuit is completed
for the changing of a charge upon g condenser
the result of which is to operate a relay, which
relay in operating increases the current flow
through the gas discharge tubes of the selected
path and causes the relays at the associated cross-
points to operate and close their contacts thus
establishing a path through the switching system.

Upon establishment of a path to an idle trunk
the circuit connections within the office change
so that alternating-current power for the opera-
tion of the calling device at the subscriber’s sta-
tion is supplied from the selected trunk circuits
through the closed contacts of the switching sys-
tem. This alternating-current power causes fur-
ther pulses to be generated by the subscriber’s
equipment designating the called subscriber’s
station, which pulses are then transmitted from
the subsecriber’s line through the selected switch-
ing path through the switching system and then
over a trunk circuit to a second central office.
At the second central office certain of the pulses
are employed to establish a connection through
that office in & manner similar to that described
above and when sufficient information has been

received at the final central office to establish 2 5

connection to the called subscriber’s line a signal
is sent back to the first office which is repeated
through the subscriber’s station which causes the
equipment there to be switched from the calling
or dialing condition to a telephone transmission
condition. At the termination of the call the cir-
cuits are returned to normal by removing the call-
ing potentials to the various terminals of the
switching equipment which allows the relays to
velease and he restored to their normal or idle
condition.

Novel features of this subscriber’s station and
calling equipment disclosed but not claimed here-
in are claimed in one of the following patent
applications for United States Letters Patent:
Parkinson, 35,930, june 29, 1948, which issued
as United States Patent 2,597,898 on May 27, 1952;
Lovell-Parkinson, 35,925, June 29, 1948, which
issued as United States Patent 2,587,635 on March
4, 1952; Parkinson, 39,015, July 16, 1948, which
issued as United States Patent 2,499,606 on March
7, 1850; an application of Hill-Parkinson, Serial
No. 115,016, filed on September 10, 1949, which
issued as United States Patent 2,598,695 on June
3, 1952, and an application of Dunlap-Malthaner,
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6
Serial No. 116,068, filed on September 16, 1949,
the same date herewith.

Novel features of the improved receiving and
recording equipment disclosed but not claimed
herein are claimed in one of the following appli-
cations: Vaughan, 53,911, June 29, 1948, which
issued as United States Patent 2,603,715 on July
15,  1952; Malthaner-Newby-Vaughan, 35,924,
June 29, 1948, which issued as United States
Patent 2,658,188 on November 3, 1953; Malthaner-
Newby-Vaughan, 68,234, December 30, 1948, which
issued as United States Patent 2,615,971 on Oc-
tober 28, 1952.

Novel features of the switching arrangement
including the manner in which the various ter-
minals are selected and the manner in which the
potentials are applied thereto, the application of
the alternating-current power for operating the
equipment at the subscriber’s station frunk cir-
cuits and the other coordinating and controlling
circuits disclosed but not claimed herein are
claimed in one of the following patents and appli-
cations: Bruce-Hall, 782704, October 29, 1947,
which issued on January 22, 1952, as Patent
2,582,959; Malthaner, - 35,925, June 29, 1948;
Malthaner-Vaughan, Serial No. 115,961, filed on
September 16, 1949, the same date herewith,
which issued as United States Patent 2,655,559
on October 13, 1953.

Disclosures of all of the above-idenitfied appli-
cations are hereby made 2 part of the present
application as fully set forth and included herein.

The foregoing and other objects and features
of this invention may be more readily understood
from the following description when read with
reference to the attached drawing in which:

Fig. 1 shows the manner in which Figs. 2 and 3
are arranged adjacent each other;

Figs. 2 and 3 show in outline form the repre-
sentative circuits at two switching centers and
the manner in which these circuits cooperate to
provide transmission paths from any calling sub-
seriber to any called subscriber; and

Fig. 4 shows the manner in which Figs. 5

5 through 40 are arranged adjacent to one ancther

and show details of exemplary circuits and their
mode of cooperation in the improved telephone
switching system embodying this invention.

The operaticn of the present embodiment of
the invention may best be understoed by the fol-
lowing brief description with reference to the
simplified block schematic of two central offices
shown on Figs. 2 and 3, when placed adjacent
to each other as indicaed in Fig. 1. Fig. 2 and
Tig. 3 each shows in outline form various cir-
enits and the manner in which they cooperate
in a central office of the type embodied in the
invention.

As shown in the drawing each office is provide
with a switching network usually located on a
plurality of supporting frames. Two line frames
and two trunk frames are shown in the drawing
and are arranged to handle calls within each of-
fice and between offices fo and from subseribers’
lines in each office via trunk circuits, of which
four incoming and three outgoing trunks and a
busy-tone trunk are shown in the drawing in
each office. Four subscribers’ lines are shown
connected to each office. While cnly a few sub-
seriber stations, lines, trunks, frames and other
circuits and apparatus are shown in the drawing,
it is to be understood that any suitable number
of the different circuits and apparatus may be
provided. Only a limited number are shown in
the drawing and described herein because the
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additional circuits will be substantially the same
as those shown and operate and cooperate with
each other and the other circuits and equipment
in a manner similar to the operation and co-
operation of the circuits shown and described
herein,

Each subscriber station comprises apparatus
for producing an audible ringing signal at the
station in response to power transmitted from
the central ofiice, switchhook apparatus for indi-
cating to the central office that the telephone set
is on or off of its cradle, apparatus for generat-
ing cdialing signals in response to power irans-
mitted from the central ofiice, talking apparatus
and apparatus for switching under control of the
central office from said signaling apparatus.to
said talking apparatus. A suitable form of sub-
scribers’ station eguipment which will cooperate
satisfactorily with the exemplary embodiment set
forth herein is shown in the drawings and is more
fully disclosed in the copending application of
Hill and Parkinson, filed on September 10, 1949,
Serial No. 115,018, and issued on June 3, 1952, as
United States Patent 2,598,695. Novel features
of this subscriber station equipment shown or de-
seribed but not claimed herein is claimed in the
above-identified applications or in applications
referred fto therein.

Common control apparatus is provided at each
central office for establishing talking paths
through the switching network on a one-ai-a-
time basis, either in response to dialing signais
received from a subscriber station associated with
the same central office, or in response to dialing
signals transmitited from a subscriber’s station
associated with another central office, through
the other central office and over a trunk eircuit
from said other central office. ’

Although the drawing actually shows only suf-
ficient switching circuits and apparatus at each
central office for only eight subscriber stations
and eight trunk circuits, this is not intended to
indicate the necessary or desirable size of such
a central office since the individual switches, the
number of switches per switching frame and the
numper of such switching frames provided can
be expanded in an obvious manner together with
suitably provided common control circuits of the
type disclosed to furnish satisfactory service to
the number of subscribers indicated by the cail-
ing habits of the subscribers and the operating
times of the apparatus. The particular types of
apparatus intended for the physical embodimens
of the invention have sufficiently fast operating
characteristics that satisfactory service can be
provided cn this one-at-a-time basis to a group
of subscribers of the size now commonly associ-
ated together in one existing central office.

Considering in a little more detail the central
office of Fig. 2, it comprises subscribers’ stations,
such as 210, equipped with preset repetitive dial-
ing means; line conduectors, such as 211, extend-
ing between the subscriber’s station and indi-
vidual central office line circuits, such as 212;
outgoing trunk circuits, such as 25§; and incom-
ing trunk circuits, such as 257; together with a
switching network comprising line frames, such
as 218; and trunk frames, such as 221; by means
of which desired connections may be established
between any of said subscriber sfations and any
of said out-trunks, or between any of said in-
trunks and any of said subscriber stations.

Associated with the office are commeon control
circuits, shown in Fig. 2 below the switching net-
work, comprising an originating actuator 214 for
transmission of power to a subscriber’s station
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for causing thereat the generation of dialing sig-
nals designating s called destination; an origi-
nating receiver and register circuit 215 for re-
ceiving such dialing signals from a calling sub-
seriber’s station and registering the information
ag to the desired destination; a connector circuit
2{6; 3 trunk number group circuit 218 for identi-
fying the location of desired out-trunks on the
switching network, performing an idle-busy-
vacant test on such designated trunks and for
establishing, in part, a connection through the
switching network from the calling subscriber
to one of said designated out-trunks. The com-
mon control equipment also includes an outward
actuator 244 for supplying signal generating
power to a calling subscriber station from an
out-trunk circuit and back through the switch-
ing network after a connection between the sub-

" seriber station and a designated out-trunk has
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been established, so that dialing or calling signals
representing the desired called destination may
again be generated at the subscriber’s station and
transmitted through the switching network and
the out-trunk for use in establishing subsequent
connections towards the called destination.
For the establishment of a terminating con-
nection between an in-trunk and a called. sub-
seriber station, the common control equipment
also includes an incoming receiver and register
266 for receiving the dialing signals designating
said called subscriber’s station affer transmis-
sion from a calling subscriber’s subset through
one or more switching systems through an ouf-
trunk circuit and over interconnecting trunk to
an in-trunk circuit of this terminating office, a
connector cireuit 267 and a subscriber’s number
group 268 for identifying the location of the said
called subscriber station on the switching net-
work and for making an idle-busy-vacant test of
said called station and for controlling the estab-
lishment, in part, at least, of a connection be-

‘tween said incoming trunk circuit and said called

subscriber station through the switching net-
work.

" Qutgoing connections from an out-trunk of
this office may terminate either in an in-trunk
of the same office for establishing a connection
to a called subscriber in the same office, for exam-
ple the connection 262, shown between out-trunk
256 and in-trunk 257 both in the office of Fig. 2,
or such connection from an out-trunk may ter-
minate in an in-trunk in another office for the
establishment of a connection to a designated
called station in said other office, for example the
connection 260 shown befween out-trunk 255 of
the office in Fig. 2 and in-trunk 312 of the office
in Fig. 3.

Fig. 3 shows another office of the same type as
the one shown in Fig. 2, comprising similar equip-
ment and connected to Fig. 2 to disclose the oper-
ation of the system on calls between different
offices.

A more detailed description with reference to
these figures will now be made of the establish~
ment of a connection between a subscriber in
office A of Fig. 2 and a designated called sub-
scriber in office B of Fig. 3. Assume, for exam-
ple, that the subscriber provided with subset 210
desires to make such a call. He first presets the
call signal generating apparatus in said subset
in accordance with the numbers or symhols rep-
resenting the designation of the called subscrib-
er’s station to which he desires to establish con-
nection by means of finger wheels or other man-
ually settable digit selectors provided on the sub-
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sef, one such finger wheel for each symbol or
number that may be required to designate a
called station, as set forth in the above-identified
application of Hill and Parkinson. with the
- complete desired number preset, the subscriber
then removes the telephone set from its cradle
or switchhook thereby completing a direct-cur-
rent circuit over conductors 211 for the operation
of a relay in line circuit 212, associated with his
station. The operation of said line relay causes
the operation of another relay in line circuit 212
for connecting an originating actuator 2{4 and
receiver 215 to the line 211 and for removing said
original direct-current line relay from the con-
ductors 211 connecting said calling subset to the
central office. The operation of said relay for
connecting said calling line to originating actua-
tor 2148 and receiver 215 is made in conjunction
with a cold cathode gas tube associated with
the line circuit which gas tube is connected in
lock-out with other similar gas tubes in other
line circuits as indicated by lock-out element 213
so that, in the event two or more subscribers si-
‘multaneously remove their telephone sets from
the cradle or switchhook, only one of such sub-
scribers will be immediately connected to said
originating actuator, and all other said calling
stations will be temporarily held with only their
direct-current line relays operated awaiting ac-
cess to an originating actuator and receiver until
the first selected subscriber has been served. The
types of gas tube lock-out circuits employed in
the present embodiment of the jnvention and the
operation of these lock-outs are set forth more
fully in the United States Patent 2,350,888,
granted to N. I. Hall on June 6, 1944, and the dis~
closures of said patent are hereby made a part
of the present disclosures as if set forth herein
in full.

" Assume that subseriber’s subset 210 has been
connected via line circuit 212 to the originating
actuator 214, for the establishment of a call.
Yorty-five-cycle alternating-current power is
transmittad from said actuator to said calling
subscriber’s subset causing signal generating ap-
paratus in said subset to generate calling or dial-
ing signals representing the called subscriber
station designation as preset on the finger wheels
of said calling subscriber subset. These dialing
‘signals are generated at the rate of 90 digits per
second, that is, one symbol or number for each
half cycle of the 45-cycle power transmitted from
actuator 2i4. A complete called designation
might consist, for example, of three symbols or
numbers designating the called subscriber’s cen-
tral office, four digits designating the called sub-
seriber’s line number in said office and an addi-
tional symbol designating the party letter of the
called subscriber associated with said called line.
Under the control of the actuator these eight
symbols or numbers designating the complete
called number are rapidly generated repetitively,
each complete number cycle being separated
from adjacent repetitions by a time interval equal
to two digits; thus, a complete transmission of
the called station designation is made every one-
ninth of a second after the originating actuator
has been connected to said calling subseriber sta-
tion. During the intervals in which an actuator
is supplying alternating-current power to a call-
ing subscriber’s subset, the connection between
the calling line circuit and the central office
switching and control equipment is held under
control of & monitoring detector in the alter-
nating-current power path so that, if the calling
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subscriber returns his telephone set to its cradle
or switchhook during such an interval, the inter-
ruption of this flow of power current through the
subset wil! result in the release of the connections
thus far established for the call and the return
to normal of all the associated circuits.

Associated with originating actuator 214 is the
originating receiver and register circuit 215.
Said originating receiver examines the dialing
signals zenerated in the calling subscriber’s sub-
s2t and transmitted to the receiver through the
line circuit and originating actuator. Said re-
ceiver detects the occurrence of the silent or
blaniz interval between repetitions of the called
station designation as an indication of the begin-
ning of such a designation. Having detected this
inszrval, it then proceeds to decode and regisier
the numbers or symbols represented by the sub-
sequent dialing signals. Suitable receiver and
register circuits employed at this point in the
present embodiment of the inveniion may be of
the type disclosed in the copending applications
of Malthaner-Newby-Vaughan, Serial No. 68,234,
filed on or about December 30, 1948 and issued on
October 28, 1952, as United States Patent
2,615,071, or of the type disclosed in Malthaner-
Newhy-Vaughan, Serial No. 35,924, filed on June
29, 1948, which issued as United States Patent
2,658,188 on November 3, 1953, the disclosures of
said applications are hereby made a part of the
present disclosures as if set forth fully herein.

In the present embodiment of the invention,
said originating receiver is arranged to decode
and register only those symbols or numbers which
designate the called central office; and as in the
example mentioned above, such central office
designation is commonly made by three symbols
or numbers which ordinarily will be arranged to
oceur at the beginning of each complete number
transmission from a subset. When said receiver
214 has registered the symbols or numbers desig-
nating the called centrail office, it connects itself
through connector eircuit 246 connected in lock-

‘out with other similar connectors as indicated by

lock-outb element to the trunk number group 218
for locating an idle trunk to said designated
office. Lock-cut is required between connector
2{5 and other similar connectors, such as 267,
by the one-at-a-time operation of the switching
network. The method of testing for idle paths
through the switching network and the selection
of such an idle path for use in a connection, as
set forth hereinafter for the present embodiment
of the invention, requires that such testing and
selection of paths through the switching network
be performed on a one-at-a-time basis. Further,

‘the testing and selection of paths through the

switching network may be performed either by
receiver 215 with number group 218 or by receiver
265 with number group 268, or in a large office a
plurality of receivers similar to 2{5 may be pro-
vided, each with access to number group 218 and
a plurality of receivers similar to 268 may be pro-
vided each with access to number group 268 with
each receiver serving either a group of line cir-
citits or a group of incoming trunk circuits; thus,
the lock-out arrangement between number group
connectors is required to insure that only one
connection between any number group circuit
and a receiver exists at any one time to insure
tests and selections on the switching network on
a one-at-a-time basis. Further, a large office
might be arranged with a plurality of originating
actuators and receivers with each such actuator-
receiver combination accessible to an individual
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group of lines. The speed of operation of the
present embodiment of the invention, however, is
such that this one-at-a-time operation does not
constitute a practical restriction on the general
use of the system.

By means of cold cathode gas tubes included
in the trunk number group, an jdle-busy-vacant
test is made of the trunks in the designated trunk
group and if there is one or more trunks idle in
said designated frunk group, 2 relay in said re-
ceiver applies a voltage to a control lead associ-
ated with said trunk group which lead passes
through the trunk circuits in said group and con-
nects to the control lead appearances associated
with idle trunks in said group at the trunk side
of the switching network of the central office. If
any of the out-trunks in the designated trunk
group is in use in the path of a previously estab-
lished connection, the voltage is not connected
to such out-trunk leads but is connected only to
the switching network appearances of the idle
trunks in the group. Assume, for example, that
the called office designated by the numbers pre-
<et on calling subscriber’s subset 218, and reg-
istered in receiver 215 designates a subscriber in
office B. By way of example, one circuit is shown
at Figs. 2 and 3 for the establishment of a con-
nection for a call originating in office A, and
terminating in office B. This is shown by the cir-
cuit comprising out-trunk 255, interoffice con-
ductors 260 and in-trunk circuit 310. Thus in
this case, with out-trunk 255 idle a voltage is con-
nected from receiver 215 through the trunk
number group 218 through this trunk to the ap-
pearance cf its control lead at the left vertical of
primary trunk switch 228 on trunk frame 227 of
the switching network of office A At the same
time, voltage is connected from originating re-
ceiver and register 218 through actuator 214 to
the calling line circuit 2{2 and then to the ap-
pearance of the control lead of this calling line
on the right vertical of primary line frame 219
of the switching network.

The switching network comprises line frames
and trunk frames. Both types of frames have
primary and secondary switches or switching
arrays of contacts. Fach primary line and trunk
switeh or switching array has a number of ver-
tical input columns across the switch to which
are connected line or trunk circuits respectively
and a number of horizontal output rows across
the switch. Each of these rows and columns con-
sists of three conductors, two for the usual talk-
ing path and the third for a control lead. At
the intersection of each row and column, herein-
after called a cross-point, is a relay consisting of
an operating coil and three sets of make con-
tacts. Two of these ccntact sets when closed
connect the talking conductors associated with
the particular input column to the talking con-
ductors associated with the particular output
row. A eold cathode gas diode is also associated
with each cross-point relay, and this diode in
series with the winding of the relay is connected
between the control lead of the vertical input
column and the conrol lead of the horizontal out-
put row. The third contact set of the cross-point
relay, when operated, short-circuits its associated
gas diode. The use of these cross-point gas
diodes in the control leads facilitates the identi-
fication and selection of idle paths through the
switching network, as described hereinafter, and
the short-circuiting of said diodes at operated
cross-points facilitates the holding of an estab-
lished connection through the network and the
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maintenance of 2 busy indication along said es-
tablished connection during the path selection
processes of subsequent calls. Each secondary
switch or switching array is connected to form a
similar rectangular array of cross-points except
that the horizontal rows are used as inpuf ter-
minals and the vertical columns as switch out-
1ets. . The term “switch” as used herein refers to

.such arrays of relays and contacts.

In addition, each line frame and trunk frame
comprises a number of such primary and sec-
ondary switches arranged so as to provide one
talking path from each primary switch to each
secondary switeh. Specifically for example, in
Fig. 2 the line frame 219 associated with calling
subscriber’s station 210 may comprise any suit-
able number of primary switches, two of which,
938 and 22! are shown in Fig. 2 by way of ex-
amaple, each switch having a plurality of inputcol-
umns two of which are represented in Fig. 2; each
column is connected to a particular subscribersta-
tion and each switch has a plurality, usually ten,
horizontal output rows, two of which, i. e, the
arst and last, are represented in Fig. 2. Line
frame 219 also comprises a plurality of secondary
switches, two of which, 224 and 225, are repre-
sented in the drawing each having horizontal in-
lets and a plurality of vertical outlets. The
interconnecting conductors between primary and
secondary- switches, hereinafter called links, are
connected as disclosed specifically, for example,
in line frame 219 in which the upper primary
switeh 220 has its outlets connected to the upper
inlets of the secondary switches, the top outlet
of switch 220 connecting via path 222 to the top
inlet of switch 224 and the lower outlet of 220
connecting via path 223 to the top inlet of switch
225, and in which the lower primary switch. 221
has its outlets similarly connected to lower inlets
of the secondary switches, the top outlet of switch
22§ connecting to the lower inlet of switch 224
and the lower outlet of switch 221 connecting to
the lower inlet of switch 228. Intermediate
switches will usually have their intermediate and
first and last levels connected in a similar man-
ner. Two such line frames are shown in each
office for disclosing the operations of the system
which relate to cooperation and differentiation
between frames. -

The line frames can be readily expanded in an
obvious manner so as to provide switches and
frames of any desirable size and any desirable
number of such frames having any desirable

number of input line circuits consistent with the

operating times of the system and the calling
habits of the subscribers and having a similarly
consistent number of primary-secondary link
paths and secondary outlets. For example, line
frames might be provided with seventy inlets and
ten outlets per primary switch and ten primary
switches per line frame and with ten secondary
switches per line frame, each having ten inlets
angd ten outlets. Thus such a frame would have
700 incoming lines and 100 secondary output
paths.

Proceeding from the trunk output side of the
switching network backwards through the office,
2 similar frame arrangement is disclosed. Trunk
frame 221, for example, consists of a plurality of
primary switches, such as 228 and 229, each hav-
ing vertical multiples to each of which a trunk
circuit is attached, such as trunks 255 and 251
connected to switch 228, and horizontal multiples
each of which is connected to the horizontal in-
put multiple of a secondary switch to provide one
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path or link from each primary switch to each
secondary switch, as shown by the indicated
paths 228 and 23! between primary switch 228
and secondary switches 232 and 233. .

The trunk frames can be readily expanded in
an obvious manner so as to provide switches and
frames of any desirable size and any desirable
number of such frames having a number of
trunk connections consistent with the operating
times of the system and the amount of traffic
to be handled and having a similarly consistent
number of primary-secondary link paths and sec-
ondary outlets. For example, trunk frames
might be provided comprising ten primary and
ten secondary switches, each switch having ten
inlets and ten outlets.
would provide connections between 100 trunk
terminals and 100 secondary switch terminals.

Connections are made between the secondary
line frame switches and the secondary trunk
frame switches to provide talking paths between
each line frame and each trunk frame. These
connections comprise a direct metallic connec-
tion for the two talking conductors of each path
but the control lead from each secondary line
switch outlet is connected to an individual con-
trol circuit, hereafter called a junctor, and the
control lead from each secondary trunk switch
outlet associated with the same talking path is
connected to the same control circuit or junctor.
Thus for example, junctor 234 is associated with
the path between the left vertical of line second-
ary switch 224 and the right vertical of trunk
frame secondary switch 232.

In the particular exemplary call being de-
scribed, it has been determined that out-trunk
255 is available for service and that it is desired
to connect the calling subscriber’s station 218 or
line to this trunk. Voltage is applied on the
switch control lead associated with this calling
line at the right vertical inlet of primary switch
220 on line frame 219. This voltage fires.-gas
diodes between this primary switch vertical line
input and the control lead to each idle horizontal
outlet of said primary switch. Assuming, in this
case, that line frame 219 is completely idle, gas
diode between the aforementioned primary
switch control lead inlet and the confrol lead
outlet to each secondary switch fires thereby
altering the voltage condition on the control
leads associated with primary-secondary link
paths 222 and 223. This altered link control lead
voltage, in turn, fires the gas diodes in the sec-
ondary switches between said link control leads
to which primary gas tubes have been fired and
each idle secondary line switch output path.
Thus in the case of a completely idle frame, gas
tubes are fired in the primary and secondary
switch control lead along the idle path from the
input terminal associated with line circuit 212,
line link path 222, to junctor 234, along similar
individual idle paths from the said line circuit
to junctors 235, 236 and 237 and also along other
idle paths to other junctors not shown in detail.
In a similar manner, the voltage applied to the
control lead of the right primary vertical of
trunk switch 228 associated with desired out-
trunk 255 fires gas diodes of the trunk frame
primary and secondary switches and, in the case
of a completely idle trunk frame, thereby estab-
lishes a connection through such fired diodes be-
tween said primary vertical lead, trunk link path
230 to junctor 234, other similar connections from
the same said trunk vertical control leads along
similar individual paths to junctors 236, 239 and

In this case the frame
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241 and also other similar individual paths not
shown in detail. If any of the link or junctor
sections of any of the above-described paths
through the switching network is in use as part
of a previously established connection, the volt-
age, established by virtue of the holding condi-
tion on the control lead of such busy sections,
as hereinafter described, is such that the gas
diodes will not fire between said busy sections
and the adjacent sections to which voltage marks
have been extended. Of the various idle line
frame and trunk frame paths now marked by
jonized gas diodes and shown in detail on the
drawing, only the paths with which junctors 234
and 236 are associated form possible complete
paths between the calling line circuit 212 and
the desired trunk 255. The other junctor cir-
cuits which have been marked from the line side,
for example, 235, terminate at trunk frames other
than trunk frame 227 on which the desired trunk
appears, and other junctors which have been
marked from the frunk side, for example, 239,
go to line frames other than line frame 219 on
which the calling line appears. Junctor cir-
cuits 234 and 236, by means of the combination
of altered voltages on the two control leads
connected to each said juncfor, each recog-
nizes that it is associated with a possible com-
plete desired path through the switching network
and start to function to complete this path. A
cold cathode gas tube in each of these junctors
is connected in a lock-out circuit associated with
the line frame, as indicated by lock-out element
242, so that only one of said junctors will suc-
ceed in fully operating. Assume for example,
that in this case junctor 234 is taken into serv-
ice and that junctor 236 is locked out. At this
time a relay in junctor 234 completes a circuit
through the gas dicdes and cross-point relay coils
-associated with the control lead path from the
calling line to this junctor causing sufficient cur-
rent to flow in said path to operate said cross-
point relays. A similar current flow circuit is
completed in the control lead path from junctor
234 through the primary and secondary cross-
point relays and diodes of trunk frame 227 to
out-trunk 255 for operating the cross-point re-
lays associated with this path. The operation of
these four cross-point relays completes a talk-
ing connection between said calling subseriber
station 210 and out-trunk 255. A relay in line
circuit, 212 associated with the control lead and
operating in series with the switching frame
cross-point relays, disconnects the originating
actuator 214 and originating receiver 215 from
the talking conductors and control lead of said
line. Originating receiver 215 in now restoring
to normal releases connector 216 and trunk
number group 28 which in turn removes the
voltage applied to the control lead of out-trunk
255. Completion of the talking path from said
calling subscriber’s station to out-trunk 255 by
the operation of said cross-point relays operates
a relay in the out-trunk circuit under control of
direct current flowing through the calling subset
which places a hclding condition on the control
lead through the switching networks associated
with this path. - In addition, said out-trunk con-
nects outward actuator 244 which is common to
@ plurality of out~trunks to the talking conduc-
tors of said path by means of a relay and gas
tube in said out-trunk, which gas tube, as indi-
cated by common element 243, is in a lock-out
arrangement with similar gas tubes in other out-
trunks in the same gctuator group so that, in
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the event of simultaneous attempt to connect to
said actuator, one trunk will connect to the ac-
tuator and the other out-trunks will be locked
out. Other outward actuators, not shown in de-
tail, may simultaneously be connected to other
ocut-trunks which are in different actuator
groups. The actuator 244 supplies 45-cycle
power through said out-trunk and over said talk-
ing connection through the line and trunk
switches to the calling subscriber’s subset 210, so
that this subset continues to generate repetitive~
ly the complete cycle of dialing sighals represent-
ing the called destination. During the intervals
in which an actuator is supplying alternating-
current power to a calling subscriber’s subset, the
connection between the calling line circuit and
the central office switching and control equip-
ment is held under control of a monitoring de-
tector in the alternating-current power path so
that, if the calling subscriber returns his tele-
phone set to ifts cradle or switchhook during
such an interval, the interruption of this flow
of power current through the subset will result
in the release of the connections thus far estab-
lished for the call and the return to normal of
all the associated circuits.

Out-trunk circuit 255 also completes a direct-
current circuit over interoffice loop 269 for the
operation of relay in in-trunk circuit 36 at the
desighated terminating office. The relay in said
in-trunk causes the connection of incoming re-
ceiver and register circuit 312 to said trunk, such
connection being established, as indicated by
common element 3{1, in lock-out with other in-
trunk circuits, which may simultaneously be at-
tempting to connect to receiver 3i2, by the use
of a cold cathode gas tube in each in-trunk cir-
cuit. Incoming receiver 312, when connected to
in-trunk 316, now receives over the established

connection to the calling subscriber’s subset 210

generating equipment the dialing signals repre-
senting the complete called station designation.
Said receiver detects the blank interval occur-
ring between repetitions of the complete called
number as an indication of the start of a com-
plete transmission of such number, and then
recognizes the occurrence of the symbols or num-
bers representing the desired office without de-
coding or registering this office code. It then

registers the succeeding digit signals designating :

the called subscriber’s line number and party
letter. The receiver and register circuit em-
ployed at this point in the present embodiment
of the invention may be of the type disclosed in
either of the copending applications of Mal-
thaner-Newby-Vaughan, Serial No. 68,234, filed
on or about December 30, 1498, and Malthaner-
Newby-Vaughan, Serial No. 35,924, filed on or
about June 29, 1948, the disclosures of said ap-
plications are hereby made a part of the present
disclosures as if set forth fully herein.

When the complete number designating the
desired called subscriber has been received by
receiver 312, the receiver operates a relay in in-
trunk circuit 310 reversing the direction of
direct-current flow over interoffice loop 260 and
thereby causing the operation of a polarized re-
Jay in out-trunk 255. The operation of said relay
in out-trunk 255 causes the release of outward
actuator 244 from the trunk cireuit, and in addi-
tion, the operation of said relay in out-trunk 255,
indicating that signaling has been completed,
alters the cireuit condition on the loop extending
between said out-trunk and the calling subscrib-
er’s subset thereby tripping a latch mechanism
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in the calling subset which removes the signal
generating apparatus in said subset from the
talking conductors and connects the talking ap-
paratus of said subset to the circuit. With the
application of the subset latch tripping condi~
tion to the subscriber’s line by the trunk cireuit
and the release of the actuator, a holding con-
dition on the established connection through the
switching network is maintained = thereafter
under the control of a relay in the trunk circuit
operated by direct current flowing in the talking
conductors and through the subset.

When the complete called line designation
has been received by incoming receiver 312, it
connects itself to subscribers’ number group 316
through connector circuit 314 in lock-out thus
acquiring for its use the test and control leads
from the various subscribers’ lines of office B.
Lock-out is required between connector 314 and
other similar connectors, such as 361, by the
one-at-a-time operation of the switching net-
work. The method of testing for idle paths
through the switching network and the selection
of such an idle path for use in a connection, as
set forth hereinafter for the present embodiment
of the invention, requires that such testing and
selection of paths through the switching network
be performed on a one-at-a-time basis. Fur-
ther, the testing and selection of paths through
the switching network may be performed either
by receiver 312 with number group 3i6 or by
receiver 366 with number group 368; thus, the
lock-out arrangement between the connectors is
provided to insure that only one receiver and
number group makes tests and selections on the
switching network at one time. The speed of
operation of the present embodiment of the in-
vention, however, is such that this one-at-a~time
operation does not constitute a practical restric-
tion on the general use of the system.

Over a combination of the test leads asso-
ciated with the designated ecalled line number,
the incoming receiver 312 applies voltages to
fire' a gas tube in that particular called line
circuit and by the operation and non-operation
of relays, in the line test leads in the receiver
associated with the varicus discharge paths of
the line gas tube, makes an idle-busy-vacant test
of said line. If said line is idle, one of these
relays operates and the receiver supplies voltage
for the further operation of the line circuit gas
tube which, in turn, places a voltage mark on

_ the control lead to the primary line switch ap-

pearance of said line, and at the same time the
operation of g relay in the register cireuit 342 also
connects a voltage to the incoming trunk which
is toc be connected to the designated line. These
voltages applied to the designated in-trunk and
called line appearances at the switching net-
work start the sequence of operations whereby
idle paths between said trunk and said line
are lecated, and one of said idle paths is used
in establishing the desired connection. In addi-
tion to applying these switching network con-
trol voltages when the called line is found to be
idle, the receiver also operates a relay in the
in-trunk circuit which connects ringing power
to the taiking conductors at the cailed subscrib-
er’s end of the trunk and ringing tone to the
talking conductors extending to the calling sub-
seriber’s subset.

The voltage from the register to the in-trunk is
connected, in turn, to the control lead at the pri-
mary trunk switch on which said in-trunk ap-
pears. The voltage applied to said primary trunk
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switch ‘control lead fires gas diodes in the pri-
mary and secondary switches of the trunk frame
to varicus junctor circuits thereby providing
through said diodes and their associated cross-
point relay windings individual circuits indicat-~
ing all the idle paths between this trunk appear-
ance and the junctor circuits, in a manner similar
to that described for the trunk frame of office A
on the originating half of the call. Similarly, the
voltage applied to the control lead of the primary
line switch appearance of the desired called line
fires gas diodes in the primary and secondary
switches of this line frame indicating all the idle
paths between said line circuit and various junc-
tor circuits. Assume for example, that the de-
sired called subscriber’s station is 369; in which
case, voltage is applied to the control lead of
line circuit 3{7 and in turn to the left vertical
of primary switch 318 on line frame 318, and
gas diodes in primary switches 319 and secondary
switches 328 and 321 become ionized to indicate
that idle paths via links 340, 341, etc., exist be-
tween said line and junctors 322, 323, 330 and
331 provided said links or junctors are not in use
as part of a previously established connection.
Since the in-trunk for use on this call was as-
sumed tc be 218, a voltage mark is applied to the
left vertical of primary switch 325 of trunk frame
324 in turn firing gas diodes in primary switch
325 and secondary switches 326 and 327 indicat-
ing idle paths via links 350, 351, efc., between said
in-trunk and junctors 322, 328, 323 and 329 pro-
vided said links or junctors are not in use. as
part of a previcusly established connection. - Oth-
er similar paths not shown in detail through the
network to other junctors are also thus estab-
lished. If any of the link or junctor sections
of any of the above-described paths are in use as
part of a previously established connection, the
voltage, established by virtue of the holding con-
dition on the control lead of such busy sections,
is such that the gas diodes will not fire between
said busy sections and the adjacent sections to
the voltage marks have been extended.

Of this group of junctors to which voltage
marks extend, only junctors 322 and 323 are
marked from both the line and trunk sides of
the switching network and are thus the only ones
actually shown in the drawing which are asso-
ciated with possible complete paths between said
in-trunk and said designated called line. In rec-
ognition of this condition, & cold cathode gas tube
in each of said junctors 322, 323, starts to oper-
ate in order to complete the connection; however,
since these said junctor gas tubes are connected
in a lock-out circuit associated with the line
frame, as indicated by lock-out element 332, only
one of said gas tubes will operate completely.
Assume for example, that the gas tube in junc-
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tor 222 operates theréby selecting this junctor -

for use and thereby locking out junctor 323. At
this time a relay in junctor 322 completes a cur-
rent path.through the gas diodes and the cross-
point relays in switches 325 and 326 of the trunk
frame and switches 319 and 328 of the line frame,
and the operation of these cross-point relays
completes a talking path from in-trunk 310 via
links 35¢ and 340 to the desired subscriber’s sta~
tion 380. Operation of a relay in line circuit 347
in series with the control lead removes from the
line talking conductors the line circuit apparatus
which would be used in originating a call from
said called line, and the operation of a relay in
incoming ftrunk ecircuit 310 in series with the
control lead results in the disconnection of in-
coming receiver 3{2 from said trunk and the plac-
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ing of a holding condition on the control lead
associated with this path. Incoming receiver
212 in now restoring to normal releases connec-
tor 214 and number group 3186.

With a complete path established from the
calling subscriber’s subset 210 to the called sub-
scriber’s subset 360, the calling subscriber is in-
formed of the establishment of said path by the
ringing tone connected to said-calling subset by
the in-frunk circuit and the called subscriber is
summoned to his subset by the operation of the
ringing apparatus in said called subsst by the
ringing power connected to said subset by the
in-trunk. .

When the called subscriber answers the call
by removing his subset from its switchhook or
cradle, a direct-current path is completed
through said subset for operating a relay in the
in-trunk, which relay removes the ringing power
and ringing tone from the talking conductors and
completes the circuit between the talking con-
ductors to the calling subscriber and the talking
conductors to the called subscriber. The in-
trunk also at this time establishes a current flow
condition in the talking conductor loop from said
trunk to the called subscriber’s subset whereby:
a latch mechanism in said called subset is
tripped removing the signal generating appa-
ratus in said called subset from the talking con~
ductors and connecting the talking apparatus
to said talking conductors and establishes an
additional holding condition on the switch net-
work connections under control of the direct
current flowing through the called subset. The
two subscribers may now engage in conversation.

When the calling and called subscribers replace
their telephone sets on the switchhook or cradle
at the end of the conversation, a relay in the out-
trunk in the originating office and a relay in the
in-trunk in the terminating office release re-
moving the holding condition from the confrol
lead to path established through their respective
switching networks causing the release of said
paths and the return to normal of the central
office circuits associated with this conversational
connection.

The foregoing description of a eall from a sub-
scriber in one office to a subscriber in a second
office assumed that the designated called sub-
scriber’s line was idle and, therefore, described
the successful establishment of a talking con-
nection between the calling subscriber in office
A and the. designated idle called subscriber in
office B. However, if the called subscriber’s line
is busy or vacant, a connection to said designated
called subscriber’s line is not made, and in such
a case the operation of the exemplary system set
forth herein is as described hereafter.

The operations of the system from the orig-
ination of a call by the calling subscriber in the
first office to the test of the called line for busy,
idle or vacan} condition by the receiver in the
second or called office, including all the opera-
tions of the control circuits in the first office in
receiving the information designating the called
office and in setting up a connection through
the switching network of said first office to a
trunk to the second or called office, and the op-
erations of the control circuits in said called office
in recelving from the calling subscriber’s sub-
set the information designating the called line
number and in starting the idle-busy-vacant test
of said called line are, of course, the same whether
the called line isidle, busy or vacant.

When the complete called line designation has
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been registered in incoming receiver 312, the
receiver operates a relay in in-trunk circuit i@
reversing the direction of direct-current flow over
interoffice loop 260 and thereby causing the op-
eration of a polarized relay in out-trunk 255.
The operation of said relay in out-trunk 25§
causes the release of outward actuator 244 from
the trunk circuit, and in addition, the operation
of sa2id relay in out-trunk 255, indicating that sig-
naling has been completed, alters the circuit con-
dition on the loop extending between said out-
trunk and the calling subscriber’s subset thereby
tripping a latch mechanism in the calling subset
which removes the signal generating apparatus
in said subset from the talking conductors and
connects the talking apparatus of said subset
to the circuit. With the application of the subset
latch tripping condition to the subscriber’s line
by the trunk circuit and the release of the ac-
tuator, a holding condition on the established
connection through the switching network is
maintained thereafter under the conitrol of a
relay in the trunk circuit operated by direct
current flowing in the talking conductors and
through the subset.

When the complete called line designation has
been registered in incoming receiver 312, it con-
nects itself to the subscriber’s number group 316
through connector circuit 314 in lock-out, as
previously described for the call to an idle line,
thus acquiring for its use test and control leads
from the various subscriber lines of office B.
As before, over a combination of these leads
associated with the designated called line num-
ber, the incoming receiver applies voltages to fire
3 gas tube in that particular called line circuit
and, by the operation and non-operation of relays
in said line test leads in the receiver associated
with various discharge paths of the line gas tube,
makes an idle-busy-vacant test of said line. If
said line is busy, a group of these test relays
‘operate in combination and if said called line
is vacant, i. e., there is no subscriber associated
with the registered called line designation, none
of these relays operate. In either case, busy or
vacant, register 316 operates a relay in the in-
coming trunk in use on the call which connects
a distinctive tone to the talking conductors
extending from said trunk to the interoffice con-
ductors. In the specific embodiment of the in-
vention as herein set forth, the same tone is used
for both the busy and vacant condition; how-
ever, it is to be understood that, by providing
separate busy and vacant relays in the incoming
trunk and separate control leads between these
relays and the receiver, a tone distinctive of each
condition could have been provided.

The establishment of said busy or vacant tone
condition in the incoming trunk also results in
the disconnection of the incoming receiver and
register 312 from said trunk and the incoming
receiver and register now restores to normal and
releases connector 3{4 and number group 316.
Thus in this condition of a husy or vacant con-
dition at the called subscriber’s line, no path
through the switching network between the in-
coming trunk and the called subscriber’s line
is set up. .

The distinctive tone, which in the case of a
busy or vacant called line has been connected
from the incoming trunk circuit to the inter-
office conductors, is transmitted through the path
established in the originating office to the calling
subscriber’s subset. In the specific exemplary
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or vacant tone condition in in-trunk 3i0 causes
the transmission of this tone over interoffice con-
ductors 260 and through out-trunk 288, frunk
switches 228 and 232, junctor 234, line switches
224 and 220 of office A, and subscriber’s line cir-
cuit 212 to the calling subscriber’s subset 210.
This tone informs said calling subscriber that
he cannot be connected to the designated called
line at the present time.

Said calling subscriber then replaces his tele-
phone set on its switchhook or cradle thereby
opening the direct-current path between his sub-
set and out-trunk and releasing a relay operated
in said trunk over this path which, in turn, re-
moves the holding condition from the control
lead through the switching network path of office

A established for this call. Removal of the hold-

ing voltage from said control lead releases the
path established through the switching network
between said calling subscriker and the out-trunk
in turn causing said line circuit and said trunk
circuit to return to their normal condition. The
out-trunk circuit in returning to normal opens
the direct-current path extending over the in-
teroffice conductors 268 between said out-trunk
255 and its associated in-trunk circuit 2310 in
the called office thereby causing the release of
a relay in said in-trunk circuit and in turn the °
return of normal of said in-trunk circuits. The
calling subscriber may then originate a new call
to another subscriber by altering the setting of
the finger wheels on his subset or may make a
new attempt to reach the original called sub-
seriber at a later time when he believes said
called subscriber may be available.

In the foregoing description of the operation
of present embodiment of the invention on a call
from a subscriber in one office to a designated
subscriber in a designated second office, the
operation of the system has been described for
the case in which an entire path to and includ-
ing the called subscriber’s line is idle and avail-
able, and for the case in which the called sub-
scriber’s line is busy or vacant. A third con-
dition of operation is that in which the trunk
or trunks from the calling subscriber’s office to
the called subseriber’s oifice are busy or vacant.
The operation of the invention in this condition
of all designated trunks busy or vacant is as
described hereafter.

The operations of the system from the origina-
tion of a call by the calling subscriber in the
first office to the test of the trunks to the des-
ignated ealled office, including all the operations
of the control circuits in the first office in receiv-
ing from the calling subscriber’s subset the in-

- formation designating the called office and in

40

70

starting the idle-busy-vacant test of the trunks
to said called office, are, of course, the same
whether said trunks are idle, busy or vacant.
‘When the originating receiver and register 215
of the calling subscriber’s own office has regis-
tered the symbols or numbers designating a sec-
ond or called central ofice, it connects itself
through connector circuit 248 in lock-out to the
trunk number group 218 as previously described
for a call to an idle trunk, thus acquiring for
its use test and control leads from cold cathode
gas tubes located in the -trunk number group
and associated with the various trunk groups and
control leads to the trunk outlets of these vari-
ous trunks on the switching network. As before,
over a combination of these control leads which
is associated with the trunk groups to the desig-

cail previously used, establishment of this busy 78 nated called office and its code as registered in
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the receiver, the receiver applies voltages to fire
the gas tube associated with said designated
trunk group. The operation or non-operation
of relays in the receiver in series with the leads
over which the trunk group gas tube was fired
indicates the condition of various discharge paths
in said gas tube and thus indicates that there
are idle trunks in the group, that all the trunks
in the group are busy or that the designated
trunk group is vacant. If all the trunks of the
group being tested are busy, a group of the test
relays in the receiver operate in combination and
if the trunk group is vacant, i. e., thsre is no
trunk group corresponding to the registered
trunk code, none of the test relays operate. In
this case of either a busy or vacant indication,
register 215 fires another gas tube in the trunk
number group associated with busy tone trunk
245, or with a group of such trunks. The oper-
ation of the busy tone trunk group gas tube piaces
voltage on the control lead to the busy tone
trunks which passes through said trunk circuits
and connects to the control lead appearances of
the idle trunks in said group at the primary
switches of the trunk frames. At the same time,
voltage is connected by the originating receiver
and register 215 to the calling line circuit and
then to the appearance of the conirol lead of
this calling line at the primary line switch of the
switch network. As described hereinbefore for
the case of a connection from the calling line
to an idle trunk to the called office, the voltage
applied to the primary trunk switch control lead
fires gas diodes in the primary and secondary
switches of the trunk frame to various junctor
circuits thereby providing through said  diodes
and their associated cross-point relay windings
individual circuits indicating all the idle paths
between the trunk appearance or appearances
and the junctor circuits. Similarly, the voltage
applied to the conirol lead of the primary line
switch appearance of the calling line fires gas
diodes in the primary and secondary switches of
the line frame indicating all the idle paths ke-
tween said line circuit and various junctor cir-
cuits. Assume as before that the calling sub-
scriber’s station is 219; in which case, voltage is
applied to the control lead of line circuit 242
and in turn to the right vertical of primary

switch 228 on line frame 218, and gas diedes In g

switches 220, 224 and 225 become ionized to in-
dicate that idle paths exist between said calling
line and junctors 234, 235, 236 and 237 together
with other similar idle paths not shown in de-

tail. Since the trunk to be used for this busy 5

or vacant condition of the designated frunks is
busy tone trunk 245, a voltage is applied to the
1eft vertical of primary switch 248 of trunk frame
246 in turn firing gas diodes in primary switch
248 and secondary switches 249 ang 288 indicat-
ing idle paths between said trunk and junctors
238, 235, 246 and 237 together with other simi-
lar idle paths not shown in detail. Of this group
of junctors to which voltage markers extend,
only junctors 235 and 237 are marked from hoth
the line and trunk sides of the switching network
and are thus the only ones associated with pos-
sible complete paths between the calling sub-
scriber 218 and the busy tone trunk 245. In
recognition of this condition, a ¢old cathode gas
tube in each of said junctors 235 and 237 starts
to operate in order to complete a connection;
however, since these said junctor gas tubes are
connected in a lock-out circuit associated with
the line frame 219, as indicated by lock-out ele-
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ment 242, only one of said gas tubes will operate
completely. Assume, for example, that the gas
tube in junctor 235 operates thereby selecting
this junctor for use and thereby locking out
junctor 237. At this time a relay in junctor 23§
completes a current path through the gas diodes
and the windings of the cross-point relays in-
switches 226 and 224 of the line frame and
switches 248 and 248 of the trunk frame, and
the operation of these cross-point relays com-
vletes the talking conductor path from the call-
ing line 210 to the busy tone trunk 245. A relay
in line circuit 212, associated with the control
lead and operating in series with the cross-point
relays of the line frame, disconnects the origi-

" nating actuator 214 and originating receiver 215
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from the talking conductors and control lead of
said line circuit. Originating receiver 215 in now
restoring 1o normal releases connector 216 and
trunk number group 218 which in turn removes
the voltage applied fo the conitrol lead of busy
tone trunk 245. Completion of the talking con- .
ductor path from the calling subscriber’s station
to trunk 245 by the operation of the cross-point
relays operates a relay in said trunk which places
a holding condition on the control lead through
the switching network associated with this path
under control of the direct-current path through
subscriber’s subset. Completion of the talking
path to said trunk also establishes a current flow
condition in the talking conductor loop from said
trunks through the switching network to the call-
ing subscriber’s subset 210 whereby a latch mech-
anism in said calling subset is tripped which
removes the signal generating apparatus in said
subset from the talking conductors and connects
the talking apparatus of said subset to said talk-
ing conductors. In addition, busy tone trunk 245
connects a distinctive tone to the talking con-
ductors extending to the calling subseriber’s sub-
set which informs said calling subscriber that he
cannot be connected to the designated called of-
fice at the present time.

Said calling subscriber recognizing the tone
then replaces his telephone set on its switchhook
or cradle thereby opening the direct-current path
between his subset and the busy tone trunk and
releasing his subset and the busy tone trunk and
releasing a relay operated in said trunk over

‘this path which, in turn, removes the holding

condition from the control lead through the
switehing network. Removal of the holding volt-
age for said control lead releases the path es-
tablished through the switching network between
said calling subscriber and the busy tone trunk,
in turn, causing said calling line circuit and said
trunk circuit to return to their normal condition.
The calling subscriber may then originate a new
call to another subscriber by altering the setting
of the finger wheels on his subset or may make
a new attempt to reach the original called sub-
scriber’s office at a later time when he believes
3 path may be available.

The foregoing description has covered the gen-
eral operation of the circuits angd equipment in
an exemplary embodiment of the invention for
the case of a call from a subscriber in one office,
such as office A in Fig. 2, to a called subscriber
in a second office, such as office B in Fig. 3,
including not only the successful establishment
of the connection desighated by the calling sub-
scriber but also the alternate operations of the
exemplary system in case said designated con-
nection cannot be established because the called
subscriber’s line is busy or because all the trunks
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to the designated called office are busy. The
operation of the exemplary embodiment of the
invention will next be described for the case of
a call from one subscriber in one office, such
as office A of Fig. 2, to a second called subscriber
in the same office as said calling subscriber.

Briefly, the operation is similar to that de-
scribed for a call between two offices except that
the designated out-trunk to which a path is es-
tablished is one which is connected to an in-
trunk in its own office and thus the subsequent
operations for terminating the call to the desig-
nated called subscriber occur in the circuits of
the originating office rather than in a second
office as in the previously described case. Con-
sidering such an intraoffice call in more detail
2 description will now be made of the establish-
ment of a connection between one subscriber in
office A of Fig. 2 and a second designated called
subscriber in the same office for the conditions
in which the apparatus and circuit paths re-
quired for the connection are idle and available.

Assume, for example, that the subscriber pro-
vided for subset 218 desires to make a call to
the subscriber with subset 282. The subscriber
at subset 210 first presets the signal generating
apparatus in said subset in accordance with the
numbers of symbols representing the designation
of the called subscriber’s station, fo which he
desires to establish connection, by means of fin-
ger wheels or other manually settable digit se-
lectors provided on the subsef, one such finger
wheel for each symbol that may be required to
designate a station. A suitable form of sub-
seribers’ station equipment with which the ex~
emplary embodiment set forth herein is designed
to cooperate is more fully disclosed in the co-
pending application of Hill and Parkinson filed
on September 10, 1949, Serial No. 115,016, and
issued as United States Patent 2,598,695 on June
3, 1952. The disclosures in the above copend-
ing application are hereby made a part of the
present disclosures as if set forth herein in full.
With the complete desired number preset, the
subscriber removes the telephone set from its
cradle or switchhook thereby completing a di-
rect-current circuit over conductors 21t for the
operation of a relay in line circuit 212 associ-
sted with this station. The operation of said
line relay causes the operation of another relay
in line circuit 2{2 for connecting originating
actuator 2{4 and receiver 215 to and for remov-
ing said original direct-current line relay from
the conductors 211 connecting said calling sub-
set to the office. The operation of said relay
{for connecting said calling line to the originat-
ing actuator 214 and receiver 215 is made in
conjunction with a cold cathode gas tube associ-
ated with the line circuit and connected in lock-
out with other similar gas tubes in other line
circuits as indicated by lock-out element 213
so that in the event two or more subscribers si-
multaneously remove their telephone sets from
the cradle or switchhook only one of such sub-
seribers will be immediately connected to said
originating actuator and all other of said calling
stations will be temporarily held with only their
direct-current line relays operated awaiting ac-
cess to said originating actuator and receiver
until the first selected subscriber has been served.
The types of gas tube lock-out circuits employed
in the present embodiment of the invention and
the operation of these locks-outs are set forth
more fully in the United States Patent 2,350,888
granted to N. I. Hall on June 6, 1944,
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Assume the subscriber subset 210 has been con-
nected by 2 line circuit 212 to originating actuator
214 for the establishment of the call, 45-cycle
alternating current is supplied from said actu-
ator to said calling subscriber subset causing
signaling generating apparatus in said subset to
generate dialing signals representing the called
subscriber station designation as preset on the
finger wheels of said calling subscriber’s sub-
set. These dialing signals are generated at the
rate of 90 digits per second, that is, one symbol
or number for each one-half cycle of the 45-
cycle power transmitted from actuator 2i4. A
complete designation might consist, for example
of three symbols or numbers designating the
called subscriber’s central office, four digits desig-
nating the called subscriber’s line number in said
office and an additional symbol designating the
party letter of the called subscriber associated
with said called line number. Under control of
the actuator these eight symbols or numbers
designating the called subscriber are rapidly gen-
erated repetitively, each complete cycle being
separated from adjacent repetitions by a time
interval equal to two digits. Thus, a complete
transmission of the called station designation is
made every one-ninth of a second after the origi-
nating actuator has been connected to said call-
ing subscriber’s station. Associated with the
originating actuator 214 is the originating re-
ceiver and register circuit 215. During the in-
tervals in which an actuator is supplying alter-
nating-current power to a calling subscriber’s
subset, the connection between the calling line
circuit and the central office switching and con-
trol equipment is held under control of a moni-
toring detector in the alternating-current power
path so that, if the calling subscriber returns
his telephone set to its cradle or switchhook
during such an interval, the interruption of this
flow of power current through the subset will
result in the release of the connections thus far
established for the call and the return to normal
of all the associated circuits.

Said originating receiver examines the dialing
signals generated in the calling subscriber’s sub-
set and transmitted to the receiver via conductors
211 through the line circuit 212 and the originat-
ing actuator 2i4. Said receiver detects the oc-
currence of the blank interval between repeti-
tions of the called station designation as an in-
dication of the beginning of such a station desig-

‘nation. Having detected this interval, it then

proceeds to decode and register the numbers or
symbols represented by the subsequent dialing
signals. The receiver and register circuit em-
ployed at this point in the present embodiment
of the invention may be of the type disclosed in
the copending application of Malthaner, Newby
and Vaughan, Serial No. 68,234 filed on or abouf
December 30, 1948, and issued on October 28, 1952,
as United States Patent 2,615,971, or of the type
disclosed in Malthaner, Newby and Vaughan,
Serial No. 35,924, filed June 29, 1948, and issued
on November 3, 1953 as Patent 2,658,188.

In the present embodiment of the invention
said originating receiver is arranged to decode
and register only those symbols or numbers which
designate the called central office and, as in the
example mentioned above, such central office
designation is commonly made by three symbols
or numbers which ordinarily will be arranged
to occur at the beginning of each complete num-
ber transmission from a subset. When receiver
215 has registered the symbols or numbers desig-
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nating the called central office, it connects itself
through connector circuit 216, which is con-
nected in lock-out with other connectors as in-
dicated by lock-out element 2i7, to the trunk
number group 218 for locating an idle trunk to
the designated office by means of cold cathode
gas tubes included in the trunk number group.
Lock-out is required between connector 216 and
other similar connectors, such as 2617, by the one-
at-a-time operation of the switching network.
The method of testing for idle paths through the
switching network and the selection of such an
idle path for use in a connection, as set fortk
hereinafter for the present embodiment of the
invention, requires that such testing and selec-
tion of paths through the switching network be
performed on a one-at-a-time basis. Further,
the testing and selection of paths through the
switching nefwork may be performed either by
receiver 215 with number group 2i8 or by re-
ceiver 266 with number group 26§; thus, the
lock-out arrangement between the connectors is
provided to insure that only one receiver and
number group makes tests and selections on the
switching network at one time. The speed of
operation of the present embodiment of the in-
vention, however, is such that this one-at-a-
time operation does not constitute a practical
restriction on the general use of the system. An
idle-busy-vacant test is made of the frunks in
the designated trunk group and: if there is one
or more trunks idle in the said designated trunk
group, a relay in receiver 245 applies voltage to
a control lead associated with said trunk group
which passes through the trunk circuits in said
group and connects to the control lead appear-
ances associated with idle trunks in said group
at the trunk side of the switching network of
the central office. Assume, for example, that
the called office designated by the number preset
on the calling subscriber’s subset and registered
in receiver 215 designates that the desired: called
subscriber is also in office A. By way of ex-
ample two circuits are shown in Fig. 2 for the
establishment of calls originating in office A for
other subscribers in the same office. One such
circuit, for example, comprises oub-trunk 2586,
conductors 262 and in-trunk ecircuit 2571. Thus
in this case, with out-trunks 256 and 258 both
idle, voltage is connected from the receiver
through these trunks to the appearance of their
-control leads.at the left vertical of primary trunk
switch 228 of trunk frame 227 and the left verti~
cal of primary trunk switch 247 of trunk frame
2435 respectively. If one of the out-trunks in this
designated trunk group is in use in the path of
a previously established connection, voltage is
connected only to the switching network appear-
ance of the idle trunks At about the same time,
voltage is connected from the originating re-
ceiver and register 215 through actuator 214 to
the calling line circuit 212 and then to the ap-
pearance of this calling line at the right vertical
of primary line switch 220 of line frame 219 of
the switching network.

In the particular exemplary call being de-
scribed it is assumed that out-trunks 256 and
258 are found available for service and that call-
ing subscriber station 210 desires connection to
one of these trunks. Voltage is applied on the
switch control lead associated with this calling
line at the right vertical inlet of primary switch
220 on line frame 219. This voltage fires gas
diodes between this vertical line switch input
and the control lead to each idle horizontal out-
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let of the primary switch. Assuming in this case
that line frame 2i9 is completely idle, gas diodes
between the aforementioned primary line switch
control lead input and the control lead outlet
to each secondary switch fires, thereby aliering
the voltage condition on the control leads as-
sociated with the primary-secondary link paths
222 ang 223. This altered link voliage, in turn,
fires gas diodes in the secondary switches be-
tween the said link control leads, to which pri-
mary gas tubes have been fired, and each as-
sociated secondary line switch output path.
Thus in the case of a completely idle line frame,
gas tubes are fired in the primary and secondary
switches completing a confrol lead path from
the input terminal associated with line circuit
2¢2 to line link path 222 to junctor 234, along
simiiar ingividual idie paths from the same said
line circuit to junctors 238, 2356 and 237, and
aicng other similar paths not shown in detail.
In a similar manner, the voltage applied to the
control lead of the right primary vertical of trunk
switch 229 associated with one of the desired
out-trunks, 256, fires gas diodes of the primary
and secondary trunk frame switches and in the
case of completely idle trunk frames, thereby
establishes a connection through said fired diodes
between said primary vertical control lead, via
iink path 258 to junctor 234, other similar con-
nections from the same said trunk vertical along
similar individual paths to junctors 239, 236 and
24{ and along other similar paths not shown
in detaii. Similarly, the voltage applied to the
other out-trunk, 258, fires gas diodes in the
primary and secondary- switches of its trunk
iframe and in the case of a completely idie trunk
frame, establishes a connection through said
fired diodes between the trunk appearance on
the right primary vertical of trunk switch 247
along link 252 to secondary switch 250 and to
junctor 2439, along other similar paths from the
same said trunk vertical to junctors 238, 235
and 237, and along other similar paths not shown
in detail. If any of the link or junctor sections
of any of the above-described paths through the
switching network is in use as part of a previous
established connection, the voltage, established
by virtue of the holding condition on the conftrol
lead of such busy sections, as hereinafter de-
seribed, is such that the gas diodes will not fire
between said busy sections and the adjacent sec-
tions to which voltage marks have been extended.
Of the various idle line frame and frunk frame
paths now marked by ionized gas diodes and
shown in detail on the drawing, only the paths
with which junctors 235, 237 are associated form
possible complete paths befween calling line cir-
cuit 212 and one of the desired trunks, namely,
258, whereas junctors 234 and 23§ are associ-
ated with possible complete paths between the
said calling line circuit and the other available
desired out-trunk 258. The other junctor cir-
cuits which had been marked from the trunk
side of the switch network, for example 24I,
terminate at line frames other than line frame -
2i3 on which the calling line appears. Junctor
circuits 234, 235, 286 and 237, by means of the
combination oi altered voltages on the two con-
trol leads connected to each said junctor, each
recognize that they are associated with a pos-
sible complete desired path through the switch-
ing network and start to function to complete
this path. A cold cathode gas tube in each of
these junctors is connected in a lock-out circuit
associated with the line frame as indicated by
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lock-out element 242 so that only one of said
junctors will succeed in fully operating. As-
sume for example, that in this case junctor 234
is taken into service, and that the other junctors
associated with this line frame are locked out.
This lock-out arrangement of selecting an idle
path through the switching network in this case
selects not only such a path but also selects one
trunk from the group of idle trunks available
for use in the call. This feature of automatic
selection of trunks within a trunk group is made
possible by the switching network plan employed
in this system if the trunks in a common group
are distributed over the trunk frames of the
office in such a way that only one trunk of a
group appears on each trunk frame.

With junctor 234 selected for service in the
call, a relay in said junctor completes a circuit
through the gas diodes and cross-point relay coils
associated with the control lead path from the
calling line to this junctor ecausing sufficient cur-
rent to flow in said path to operate said cross-
point relays. A similar current flow circuit is
completed in the control lead path from junctor
234 through the primary and secondary Cross-
point relays and diodes of trunk frame 227 to
out-trunk 256 for operating the cross-point re-
lays associated with this path. The operation of
these four cross-point relays completes a talk-
ing connection between said calling - subseriber
station 210 and out-trunk 958. A relay in line
circuit 212, associated with the control lead and
operating in series with the line frame cross-
point relays, disconnects the originating actuator
7{4 and the originating receiver 2{5 from the
talking conductors and control lead of said call-
ing line. Originating receiver 2{5 is now re-
storing to normal releases connector- 218 and
trunk number group 28 which in turn removes
the voltage applied to the control lead of out-
trunks 256 and 258. Completion of the talking
path from said calling subscriber’s station by the
operation of said cross-point relays operates a
relay in the out-trunk circuit which places a hold-
ing condition on the control lead through the
switching network associated with this path. In
addition, said out-trunk 256 connects outward
actuator 244, which is common to a plurality of
out-trunks, to the talking conductors of said path
by means of a relay and gas tube in said out-
trunk, which gas tube, as indicated by common
clement 243, is in a lock-out arrangement with
similar gas tubes in other out-trunks in the same
actuator group so that, in the event of a simul-
taneous attempt to connect said actuator to more
than one trunk, one trunk will be connected and
the other trunks locked out. Other outward
actuators, not shown in detail, may simultane-
ously be connected to other out-trunks which are
in different actuator groups. The actuator sup-
plies 45-cycle power through said out-trunk and
over said talking connection through the line and
trunk switches to the calling subscriber’s subset
210, so that this subset continues to generate
repetitively the complete cycle of dialing signals
representing the called destination. Out-trunk
circuit 256 also completes a direct-current cir-
cuit over the local loop 262 for the operation of
a relay. in in-trunk 267. The operation of this
relay in in-trunk 257 causes the connection of
the incoming receiver and register circuit 286 to
said trunk, such connection being established by
the use of the cold cathode gas tube in each in-
trunk circuit connected in lock-out with similar
gas tubes in other in-trunk circuits which may
simultaneously be attempting to connect to re-
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ceiver 266 as indicated by common element 265.
Incoming receiver 266, when connected to in-
trunk 257, receives over the established connec-
tion to the calling subscriber’s subset generating
equipment the dialing signals representing the
complete called station designation. Said re-
ceiver detects the blank interval occurring bhe-
tween repetitions of the called number as an
indication of a start of a transmission of such
number, then recognizes the occurrence of the
symbols or numbers representing the desired of-
fice without decoding or registering this office code
information, and then registers the succeeding
signals - designating the called subscriber’s line
number and party letter. The receiver and regis-
ter circuit employed at this point in the present
embodiment of the invention may be of the type
disclosed in the copending applications of
Malthaner-Newby-Vaughan, Serial No. 68,234,
filed on December 30, 1948, and Malthaner-New-
by-Vaughan, Serial No. 35,924, filed June 29, 1948.
When the complete number designating the
called subscriber has been received by receiver
266, the receiver operates a relay in in-trunk 251
reversing the direction of direct-current flow over
the local leads 262 and thereby causing the op-
eration of a polarized relay in out-trunk 266.
The operation of said relay in out-trunk 256
causes the release of outward actuator 244 from
the trunk ecircuit and in addition the operation
of said relay in out-trunk 256, indicating that
signaling has been completed, alters the circuit
conditions on the loop ‘extending between said
out-trunk and the calling subscriber’s subset
thereby tripping a latch mechanism in the call-
ing subset which removes the signal generating
apparatus in said subset from the talking conduc-~
tors and connects the talking apparatus of said
subset to the circuit. With the application of
the subset latch tripping condition to the sub-
scriber’s line by the trunk circuit and the release
of the actuator, a holding condition on the estab-
lished connection through the switching network
is maintained thereafter under the control of a
relay in the trunk circuit operated by direct cur- -
rent flowing in the talking conductors and
through the subset. When the particular called
line designation has been received by the in-
coming receiver 266 it connects itself to the sub-
seribers’ number group 268 through connector
cireuit 267 in lock-out, thus acquiring for its use
the test and control leads from the various sub-
scribers’ lines of office A. Over a combination of
these leads associated with the designated called
line number, the incoming receiver 266 applies
voltages to fire a gas tube in that particular
called line circuit and by the operation and non-
operation of relays in the line test leads in the
receiver associated with the various discharge
paths of the line gas tube, makes an idle-busy-
vacant test of said line. If said line is idle, one
of these relays operates and the receiver sup-
plies voltage for the further operation of the line
circuit gas tube which, in turn, places a voltage
mark on the control lead to the primary switch
appearance of said line and at the same time
the operation of the relay in the register 268
also connects a voltage to the incoming frunk
which is to be connected to the designated line.
These voltages applied to the designated in-trunk
and called line appearances at the switching net-
work start the sequence of operations whereby
idle paths between said trunk and said line are
located, and one of said idle paths is used in
establishing the desired connection. In addition
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to applying these switching network control volt-
ages when called line is found to be idle, the re-
ceiver also operates a relay in the in-trunk cir-
cuit which connects ringing power to the talk-
ing conductors at the called subscriber’s end of
the trunk and ringing tone of the talking con-
ductors extending to the calling subscriber’s
subset.

The voltage from the register to the in-trunk
is connected, in turn, to the control lead of the
primary trunk switch on which said trunk ap-
pears. The voltage thus applied to said pri-
mary trunk switch control lead fires gas diodes
in the primary and secondary switches of the
trunk frame to various junctor circuits thereby
providing through said diodes and their asso-
ciated cross-point relay windings individual cir-
cuits indicating all the idle paths between this
trunk appearance and various junctor circuits
in a manner similar to that described for office
A on the originating part of the call. Similar-
1y, the voltage applied to the control lead of the
primary line switch appearance of the desired
called line fires gas diodes in the primary and
secondary switches of this line frame indicat-
ing all the idle paths between said line circuit
and various junctor circuits.

It was assumed for example, that the desired
subscriber station is 282 in which case voltage
is applied to the control lead of line circuit 289
and in turn to the right vertical of primary
switch 272 on line frame 210 and gas diodes in
primary switch 272 and secondary switches 213
and 274 become ionized to indicate that pos-
sible idle paths exist via links 276 and 277 be-
tween said called line and junctors 238 and 239,
240 and 241 provided said links or junctors are
not in use as part of a previously established con-
nection. COther similar -marking paths not
shown in detail are similarly established. Since
the in-trunk for this call was assumed to be 257,
the voltage mark is applied to the right vertical
of primary switch 228 of trunk frame 227 in
turn firing gas diodes in primary switch 228
and secondary switches 232 and 233 indicating
idle paths via links 221 and 230 to junctors 234,
235, 238 and 24! provided said links or junctors
are not in use as part of a previocusly established
connection, and along other similar paths not
shown in detail. If any of the link or junctor
sections of any of the above-described paths
through the switching network is in use as part
of a previous established connection, the voltage,
established by virtue of the holding condition
on the control lead of such busy sections as
hereinafter described, is such that the gas di-
odes will not fire between said busy sections and
the adjacent sections to which voltage marks
have been extended. .

Of this group of junctors to which voltage
marks extend, only junctors 238 and 241 are
marked from both the line and frunk sides of
the switching network and are thus the only ones
associated with complete paths between said
in-trunk 257 and said designated called line 282.
In recognition of this voltage marking condi-
tion, a cold cathode gas tube in each of said
junctors 239 and 241 starts to operate in order
to complete the connection. However, since
these said junctor gas tubes are connected in a
lock-out circuit associated with the line frame
as indicated by lock-out element 279, only one
of said gas tubes will fully operate. Assume for
example, that the gas tube in junctor 24{ oper-
ates, thereby selecting this junctor for use and
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thereby locking out junctor 238. At this time
a relay in junctor 241 completes a current path
through the gas diodes and cross-point relays in
switches 233 and 228 of the trunk frame and
switches 274 and 2712 of the line frame and the
operation of these four cross-point relays com-
pletes a talking path from in-trunk 257 via
links 231 and 217 to the desired subscriber’s sta-
tion 282. The operation of a relay in line cir-
cuit 280 in series with the control lead removes
from the line talking conductors the line cir-
cuit apparatus which would be used in originat-
ing a call from said called line and the opera-
tion of a relay in incoming trunk 257 in se-
ries with the control lead results in the discon-
nection of the incoming receiver 266 from said
trunk and the placing of a holding condition
under control of the direct-current flow in the
interofiice conductors on the control lead asso-
ciated with this talking path. At this time the
direction of direct-current flow over the talk-
ing conductors between the in-trunk and the
out-trunk is returned to its original direction
thereby releasing the polar relay in the out-
trunk. Incoming receiver 266 in now restoring
to normal releases connector 2671 and number
group 268. .

With a complete path established from calling
subscriber’s subset 210 to the calling subscriber,

the calling subscriber is informed of the estab- =

lishment of such a path by the ringing tone
transmitted to said calling subset by the in-trunk
circuit and the called subscriber is summoned
to his subset by the operation of the ringing ap-
paratus in said called subset by the ringing pow-
er connected to said subset by the in-trunk.
When the called subscriber answers the call by
removing the subset from its switchhook or
cradle, a direct-current. path is completed
through said subset for operating a relay in the
in-trunk which relay removes the ringing pow-
er and ringing tone from fhe talking conduc-
tors, completes the circuit between the talking
conductors to the calling subscriber and the talk-
ing conductors to the called subscriber and es-
tablishes an additional holding condition on the
switch network connections under control of
the direct current flowing through the called
subset. The in-trunk at this time again reverses
the direction of direct-current flow over the
talking conductors to the out-trunk thereby re-
operating the polar relay in the out-trunk as an
indication that .the calling subscriber may be
charged for the call. The in-trunk also at this
time establishes current flow condition in the
talking conductor loop from said in-trunk to
the called subscriber’s subset whereby a latch
mechanism in said called subset is tripped, re-
moving the signaling generating apparatus in
said called subset from the talking conductors
and connecting the talking apparatus in said
subset to said talking conductors. The sub-
scribers may now engage in conversation.

When the ealling and called subscribers re-
place their telephone sets on the switchhook or
cradle at the end of the conversation, a relay in
out-trunk 256 and a relay in in-trunk 257 re-
lease, removing respectively the holding con-
ditions from the control lead to the path estab-
lished through their respective sections of the
switching network causing the release of said
paths and the return to normal of the central
office circuits associated with this conversation-
al connection.

It is to be understood that the method of self-
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selection of an cut-trunk within a group of out-
trunks to the same destination by the operation
of a path-selecting gas tube in the junctor cir-
cuits of the switching network can be applied to
any such group of trunks whether such group
terminates in in-trunk cireuits of its own office
as described in the just preceding section or
whether such out-trunks terminate in a second
office as described previously for a call between
office A and office B. In the specific embodiment
of the invention here disclosed only one trunk eir-
cuit is shown connecting from office A to office B,
although additional interoffice trunk circuits
could obviously be provided in which case the
above-described method of self-selection within
the trunk group would also be employed for this
group of trunks. ) :

The foregoing description of a call from a sub-
scriber in office A to another called subscriber in
the same office assumed that the designated called
subscriber’s line was idle and, therefore, de-
seribed the successful establishment of a talking
connection between the calling subscriber in of-
fice A and the designated idle called subseriber
also in office A. However, if the called sub-
scriber’s line is busy or vacant, a connection to
said - designated called subscriber’s line should
not be made and in such a case the operation of
the exemplary system is as described hereafter.

The operations of the system from the origina-
tion of a call by the calling subscriber in the of-
fice to the test of the called line for busy, idle or
vacant condition by the incoming receiver 266 in
the office, including all the operations of the con-
trol circuits in the office in receiving in receiver
215 the information designating the called office
and in setting up a connection through the
switching network of said office to an out-trunk
to the called office and the operations of the
control ecircuits in said called office in receiving
from the calling subscriber’s subset the informa-
tion designating the called line number and in
starting the idle-busy-vacant test of said called
line, are, of course, the same whether the called
line is idle, busy or vacant.

When the complete called line designation has
been received by the incoming receiver 266, it
operates a relay in in-trunk circuit 267 revers-
ing the direction of direct-current flow in -the
local leads 262 and thereby causing the operation
of a polarized relay in out-trunk 256. The opera-
tion of said relay in out-trunk 256 causes the re-
lease of outward actuator 244 from the frunk cir-
cuit and in addition the operation of said polar
relay in out-trunk 256, indicating that signaling
has been completed, alters the circuit conditions
on the loop extending between the out-trunk and
the calling subscriber’s subset thereby tripping a
latch mechanism in the calling subset which re-
moved the signal generating apparatus in the sub-
set from the talking conductors, connects the
talking apparatus of the subset to the circuit, and
places the holding of the established connection
under the control of the direct current flowing
through the calling subset. In addition, when
the complete called line designation has been re-
ceived by the incoming receiver 266, it connects
itself to the subscriber’s number group 268
through connector circuit 2671 in lock-out, as
previously described for the call to an idle line,
thus acquiring for its use test and control leads
from the various subscribers’ lines of office A. As
before, over a combination of these leads asso-
ciated with the designated called line number,
the incoming receiver applies voltages to fire a
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gas tube in that particular called line circuit and
by the operation and non-operation of relays in
said line test leads in the receiver associated with
various discharge paths of the line gas tube makes
5 an idle-busy-vacant test of said line. If said line
is busy, a group of these test relays operate in
combination and if said called line is vacant, i. e.
there is no subscriber associated with the regis-
tered called line designation, none of these relays
10 operates. In either case, busy or vacant, register
266 operates a relay in the incoming trunk in use:
on the call, which connects a distinctive tone to
the talking conductors extending from said trunk
to the local intertrunk conductors. In the spe-
15 cific embodiment of the invention as herein set
forth, the same tone is used for both the busy
and vacant conditions; however, it is to be under-
stood that, by providing separate busy and vacant
_relays in the incoming trunk and separate con-
20 ¢rol leads between these relays and the receiver,
a tone distinctive of each condition could have
been provided.
The establishment of said busy or vacant tone
.. condition in the incoming trunk also resulfs in the
23 disconnection of the incoming receiver and regis-
ter 266 from said trunk and the incoming receiver
and register now restores to normal and releases
connector 267 and number group 268. Thus in
this condition of a busy or vacant condition at
30 the called subscriber’s line, no path through the
switching network between the incoming trunk
and the called subscriber’s line is set up.
The distinctive tone, which in the case of a
busy or vacant calied line has been connected
35 from the incoming trunk circuit to the intertrunk
~ conductors, is transmitted through the path
established in the originating office to the calling
subseriber’s subset. In the specific exemplary
call previously used, establishment of this busy
40 ,r vacant tone condition in in-trunk 257 causes
the transmission of this tone over conductors
262 and through out-trunk 256, trunk switches
229 and 232, line switches 224 and 220 of office A,
and subscriber’s line circuit 212 to the calling sub-
45 scriber’s subset 210. This tone informs said call-
ing subscriber that he cannot be connected to the
designated called line at the present time.
Said calling subscriber then replaces his tele-
phone set on its switchhook or cradle thereby
50 opening the direct-current path between his sub-
set and out-trunk and releasing a relay operated
in said trunk over this path which, in turn, re-
moves the holding condition from the control
lead through the switching network path of
55 office A established for this call. Removal of
the holding voltage from said control lead re-
leases the path established through the switch~
ing network between said calling subscriber and
the out-trunk in turn causing said line circuit
g0 2nd said trunk circuit to return to their normal
condition. The out-trunk cireuit in returning to
normal opens the direct-current path extending
over the conductors 262 between said out-frunk
256 and its associated in-trunk circuit 257 in
65 the office thereby causing the release of a relay
_in said in-trunk cireuit and, in turn, the return
to normal of said in-trunk circuits. The call-
ing subscriber may then originate a new call to
another subscriber by altering the setting of the
70 finger wheels on his subset or may make a new
attempt to reach the original called subscriber
at a later time when he believes said called sub-
seriber may be available.
In the foregoing description of the operation
75 of the present embodiment of the invention on



2,686,837

33

a call from one subscriber in office A to a second
designated subscriber in the same office, the op-
eration of the system has been described for the
case in which an entire path to and including
the called subscriber’s line is idle and available,
and for the case in which the callad subscriber’s
line is busy or vacant. A third condition of op-
eration is that in which the out-trunk or trunks
from the office to the in-trunk or trunks of the
same office are busy or vacant. The operation
of the invention in this condition of all desig-
nated trunks busy or vacant is as described here-
after,

The operations of the system from the origina-
tion of a call by the calling subscriber in the
office to the test of the trunks to the designated
called office, including all the operations of the
control circuits in the office in receiving from
the calling subscriber’s subset the information
designating the called office and in starting the
idle-busy-vacant test of the trunks to said called
office, are of course, the same whether said trunks
are idle, busy or vacant. .

When the originating receiver and register 215
of the calling subscriber’s own office has regis-
tered the symbols or numbers designating the
second or called central office, it connects itself
through connector circuit 216 in lock-out to the
trunk numbker group 218 as previously described
for a call to an idle trunk, thus acquiring for its
use test and control leads from cold cathode gas
tubes located in the trunk number group and
associated with the various trunk groups and
control leads to the trunk outlets of these various
trunks on the switching network. As before,
over a combination of these control leads which
is associated with the trunk group to the desig-
nated called office and its code as registered in
the receiver, the receiver applies voltages to fire
the gas tube associated with said designated
trunk group. The operation or non-operation of
relays in the receiver in series with the leads
over which the trunk group gas tube was fired
indicates the condition of various discharge
paths in said gas tube and thus indicates that
there are idle trunks in the group, that all the
trunks in the group are busy, or that the desig-
nated trunk group is vacant. If all the trunks
of the group being tested are busy, a group of
the test relays in the receiver operate in combi-
nation and if the trunk group is vacant, i. e.
there is no trunk group corresponding to the
registered trunk code, none of the test relays
operates. In this case of either a busy or vacant
indication, register 215 fires another gas tube in
the trunk number group 218, associated with a
busy-tone trunk 245, or with a group of such
trunks. The operation of the busy-tone trunk
group gas tube places voltage on the control
lead to the busy-tone itrunks which passes
through said trunk circuits and connects to the
control lead appearances of the idle trunks in
said group at the primary switches of the trunk
frames. At the same time, voltage is connected
by the originating receiver and register 2{5 to
the calling line circuit and then to the appear-
ance of the control lead of this calling line at
the primary line switch of the switch network.
As described hereinbefore for the case of a con-
nection from the calling line to an idle trunk
to the called office, the voltage applied to the
primary trunk switch control lead fires gas diodes
in the primary and secondary switches of the
trunk frame to various junctor circuits thereby
providing through said diodes and their associ-
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ated cross-point relay windings individual cir-
cuits indicating 211 the idle paths between this
trunk appearance and the junctor circuits.
Similarly, the voitage applied to the control lead
oi the primary line switch appearance of the
caliing line fires gas diodes in the primary and
secongary switches of the line frame indicating
21l the idle paths between said line circuit and
various junctor circuits. Assume as before that
the cailing subscriber’s station is 2i0, in which
case voltage is applied to the control lead of line
circuit 242 and in turn to the right vertical of
primary switch 220 on line frame 219, and gas
diodes in switches 228, 224 and 225 become
ionized to indicate that idle paths exist between
said calling line and junctors 234, 235, 236 and
231 as well as other similar paths not shown in
detail. Since the trunk to be used for this busy
or vacaut condition of the designated trunks is
busy-tone trunk 2485, a voltage: is applied to the
right vertical of primary switch 248 of trunk
frame 246 in turn firing gas diodes in primary

-switch 248 and secondary switches 249 and 250

indicating idle paths beiween said trunk and
junctors 238, 235, 249 and 237 as well as other
similar paths not shown in detail. Of this group
of junctors shown to which voltage markers ex-
tend, only junctors 235 and 237 are marked from
both the line and trunk sides of the switching
network and are thus the only ones shown which
are associated with possible complete paths be-
tween the calling subscriber 2i8 and the busy-
tone trunk 245. In recognition of this condition,
a cold cathode gas tube in each of said junctors
235 and 237 starts to operate in order to com-
plete a connection; however, since these said
junctor gas tubes are connected in a lock-out
circuit associated with the line frame 219, as
indicated by lock-out element 242, only one of
said gas tubes will operate completely. Assume,
for example, that the gas tube in junctor 235
operates, thereby selecting this junctor for use
and thereby locking out junctor 231. At this
time a relay in junctor 235 completes a current
path through the gas diodes and the windings of
the cross-point relays in switches 228 and 224 of
the line frame and switches 248 and 249 of the
trunk frame, and the operation of these cross-
point relays completes the talking conductor’s
path from the calling line 210 to the busy-tone
trunk 245. A relay in line circuit 212, associ-
ated with the control lead and operating in
series with the cross-point relays of the line
irame, disconnects the originating actuator 214
and originating receiver 2(5 from the talking
conductors and conirol lead of said line circuit,
Originating receiver 245 in now restoring to nor-
mal releases connector 216 and trunk number
group 218 which in turn removes the voliage
applied to the control lead of busy-tone trunk
245. Completion of the talking conductor path
from the calling subscriber’s station to trunk 245
by the operation of the cross-point relays op-

. erates a relay in said trunk which places a hold-
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ing condition under control of the direct cur-
rent flowing through the calling subset. on the
control lead through the switching network asso-
ciated with this path. Completion of the talk-
ing path to said trunk also establishes a current
flow condition in the talking conductor loop
from said trunks through the switching network
to the calling subscriber’s subset 2i0 whereby a
latch mechanism in said calling subset is tripped
which removes the signal generating apparatus
in said subset from the talking conductors and
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connects the talking apparatus of said subset
to said talking conductors. In addition, busy-
tone trunk 245 connects a distinctive tone fo
the talking conductors extending to the calling
subscriber subset which informs said calling sub-
scriber that he cannot be connected to the desig-
nated called office at the present time.

Said calling subscriber recognizing the fone
then replaces his telephone set on its switch-
hook or cradle thereby opening the direct-cur-
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rent path beiween his subset and the busy-tone .

trunk and releasing his subset and the busy-tone
trunk and releasing a relay operated in said
trunk over this path which, in turn, removes
the holding condition from the control lead
through the switching network. Removal of the
holding voltage for said control lead releases
the path established through the swifching net-
work between said calling subscriber and the
busy-tone trunk, in turn, causing said calling
line circuit and said trunk circuit to return to
their normal condition. The calling subscriber
may then originate a new call to another sub-
scriber by altering the setting of the finger
wheels on his subset or may make a new attempt
to reach the original called subscriber’s office at
a later time when he believes a path may be
available. ’

Having described the general arrangement and
functioning of the invention, the operation of
the present embodiment will now be described
in more detail for various types of calls with
reference to Figs. 5 t0 40. Fig. 4 shows how
the above figures should be placed in relation to
one another to completely disclose the invention.
Figs. 5 to 22 show the apparatus and circuits of
one central office, and Figs. 23 to 40 show & simi-
lar arrangement of apparatus and circuits for a
second associated central office.

Fig. 6 shows four subscriber subsets including
one subset 609 in detail which may be in accord-
ance with the disclosures in patent application
of Hill-Parkinson filed September 10, 1949, Serial
No. 115,016 filed on same date herewith and
jssued on June 3, 1953 as United States Patent
2,598,695. When the subsecriber with subset 600
places a call, he first sets up the desired number
on the finger wheels or other manually settable
selectors associated with digit selector switch
610, thereby making a connection between each
vertical digit wire and the corresponding desired
horizontal digital value busses.

At and before this time a charge is maintained
on the ringer capacitor §9% by the negative
battery in the central office. After the number
is preset the subsecriber lifts the handset 64
from the cradle so that switchhook contacts 612
are operated which close the tip and ring of the
subscriber’s line 614 thyough the switchhook con-
tacts 615, which are maintained in the position
shown in the drawing, to the signal generating
apparatus of the subset. At the same time the
ringer capacitor 609 is transferred to a discharge
path through the bias coils 616 surrounding the
relays of the stepping chain. This discharge
kick is necessary to insure that the stepper starts
operating in its proper mode. The discharge
current from the ringing capacitor positions one
relay in an operated’ position and all the other
relays of the stepping chain in an uncperated
position.

A direct-current path to the central office is
established over the line gi4 through the oper-
ated contacts 612, the mechanically held contacts
615, and the winding of the latch magnet 6i1.
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At the centra] office the subseriber’s line is con-
nected to a line circuit, four of which are shown
in Fig. 8. Line 614 is connected to line circuit
880 which is shown in detail. Ground is sup-
plied to the tip of line 614 through a back con-
tact of relay 8ii and a series back contact of
relay 810. This ground extends through the di-
rect-current path of line 14 and subset 600, set
up as hereinbefore described, back over the ring
lead, through back contacts on relays 8i0 and
811 and the winding of relay 812 to negative bat-
tery. Thus, current flows in the winding of relay
g8iz causing its operation. When the relay ob-
erates, the high positive potential on lead 813
which is common to all line circuits, is applied
to the anode of the right control gap of cold cath-
ode gas tube 814. The cathode of this control gap
js connected in common with all other line cir-
cuits through inductor 815 in series with resistor
816 to positive battery. If no other line fubes
are fired, there is no potential drop across the
common inductor 815 and resistor 816 and the
voliage difference between anode and cathode of
the control gap of tube 814 causes 2 breakdown
of the gap. The discharge wil] then transfer to
the gap from the main anode 817, which is ener-
gized by the operation of relay 812, to the con-
trol cathode of the tube and then to the gap from
the main anode 817 to the main cathode 818 of
tube 814, which is connected through a back
contact of relay 810 and a series make contact
of relay 812 through resistor 820 to the wind-
ing of relay 819 and from the other side of the
winding in common with leads from similar re-
lays of ali other line circuits to ground through
the front contact of relay 8ig in the actuator
shown in -Fig. 9 provided the actuator is idle.
Relay §16 is operated if the actuator is idle.

If the line relay of some other line circuit or
of several line circuits, similar to relay 812 in line
eircuit 800, operated at the same time as relay
812, the lock-out clements 815—816 common to
the start cathodes of the gas tubes of all line cir-
cuits would insure that only one of the tubes
could remain fired on its secondary anode-start
cathode gap. Which tube reaches this condition
is a matter of chance since it is a function of
start gap breakdown voltage, transier voltage and
transfer current, all of which vary from tube to
tube and are somewhat dependent on the past
history of the tube.

When several of the fubes start to fire on their
start gaps, .current flows in the lock-out im-
pedance §15—81% which produces & voltage drop
across said impedance S0 that the voltage across
the start gap of all tubes is reduced and only
a few tubes, in most cases only one tube, will be
fired. If more than one tube is fired, only one
will transfer to the secondary anode~-start cath-
ode gap due to differences in the tubes and it
will produce an inereased current in the common
impedance 815—816 which causes a voltage drop
capable of preventing any other tube from fir-
ing. This means of producing lock-out between
iine tubes has been disclosed in United States
Patent 2,350,888 granted to N. I. Hall on June 6,
1944.

When conduction in tube gi4 obtains from
main anode to main cathode, current flows in
the winding of relay 819 causing it to operate.
Operation of relay 819 applies ground to the
winding of relay 8t1 to cause its operation, applies
voltage to the common inductor 8(5 and resistor
816 to maintain the jock-out, applies ground to
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operate relay 911 in the actuator which is com-=
mon to all line circuits, and applies a positive
battery to its own winding which causes relay 819
to lock under control of a back contact on relay
810. This positive relay-locking voltage causes
the drop across the main gap of tube 814 to fall
below the sustaining value and the discharge in
the tube goes out, but lock-out to prevent the
firing of other line fubes is maintained by the
voltage drop in elements 815 and 816 as herein-
before described, said voltage being applied
through a contact of relay 8189. Operation of
relay 811 causes the tip and ring of the line to
be transferred from ground and the winding of
relay 812 to the upper winding of repeat coil
or transformer 9812 in actuator $00. Interrup-
tion of the circuit of winding of relay 812 per-
mits this relay to release. Operation of relay
811 also connects the lead common to both wind-
ings of relay 822 to the trunk number group,
Fig. 9, where a positive voltage mark will be ap-
plied later; opens the path from the cathode of
tube 814 to relay 822; and connects ground to
lead 823 which is common to all lines and con-
nects to the receiver of Fig. 5. Opening of the
cathode lead of tube 814 makes the tube appear
busy if an attempt is later made to place g call
to that line. Thus at this time, we have relay
812 released, tube 814 extinguished, but lock-out
maintained, relays 811, 819 and 91| operated and
the tip and ring of the line connected to repeat
coil 812,

Operation of relay 81l causes a load resistor
909 to be removed from the output of the 45-cycle
power amplifier 813 and starts the release of relay
810 which cannot release until the current main-
tained in its right winding by the discharge of
capacitor 814 decays below the hold current of
the relay. When load resistor 909 is removed
from the amplifier output, 45-cycle current flows
through monitoring transformer 9 15 to the center
tap of the upper winding of repeat coil 8i2 and
over the two conductors of the line 614 on a sim-
plex basis to ground in subset 600. Current flow-
ing through secondary winding of transformer
915 is amplified and rectified in the 45-cycle de-
tector 816, the output current of which flows
through the left winding 817 of relay 810 which
has not released due to the slow-release feature
deseribed above. Thus 45-cycle current over the
simplex path holds relay 910 operated.

If the subscriber hangs up after relay 812 has
been released, the reduction in current through
transformer 915 permits relay 910 to release which
in turn removes ground from the winding of relay
819 and the connection between line circuit 800
and actuator 900 is released. i

If the subscriber does not hang up, the 45-cycle
current over the simplex ‘continues to pass to the
subset 600. At the subset the current passes
through switchhook contacts 612 operated and
615 normal to the winding of the latch magnet
617 which serves as a receiving simplex coil. The
45-cycle current produces no magnetic flux in the
jatch. From the center tap of the latch winding
611 the current passes through the stepping chain
616 and a phase shifting network 618 in parallel
with it to the phase splitting network 619, one
branch of which is in series with the right wind-
ings 620 of each of the signal pulse generating
transformers, and the other branch of which is
in series with the left windings 621 of each of the
pulse transformers. Due to the phase splitting
network 619 and the above-described connections
the current in one group of windings is 90 degrees
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out of phase with current in the other group.
After passing through the transformer windings,
the current passes to ground which completes the
circuit since one output terminal of the 45-cycle
power amplifier 813 is grounded. The power.
amplifier has a high impedance output which
tends to provide constant current to the subset
regardless of the length of the subscriber’s line
and to reduce effects of noise pick-up. This am-
plifier may be any conventional amplifier with
sufficient power output and having substantial
current, feedback from output to input.

Operation of the subset under control of an
actuator is disclosed in the aforementioned appli-
cation of Hill and Parkinson. The subset gen-
erates pulse position signals, one digit for each
half cycle of the 45 cycles. The eight preset digits
are transmitted, followed by a silent interval of
two digits duration and the signaling process is
repeated each one-ninth second as long as power
is supplied by an actuator. Each digit comprises
a start pulse followed after a controlled time in-
terval by a stop pulse, the interval between the
start and stop pulses determining the value of
the digit. These signal pulses pass over line 6i4
on a loop basis, through the relays of line circuit
860 and the upper or primary winding of repeat
coil 912. From the secondary of repeat coil 912
the signal pulses are applied to the signal receiver
of Fig. 5. 'This receiver may be of the type dis-
closed in the patent application of Malthaner-
Newby-Vaughan, Serial No. 25,924, which issued
on November 3, 1953, as United States Patent
9,658,188, or the type disclosed in Malthaner-
Newby-Vaughan, Serial No. 68,234, which issued
as United States Patent 2,615,971 on October 28,
1952, both of which are designed to cooperate with
the hereinbefore-mentioned subset. In the spe-
cific embodiment shown the receivers used in the
originating office are similar to the one described
in the first of said aforementioned applications
with a few additions which will be described in
detail.

At the same time thai ground was applied on
lead 824 to operate relay 911 it was also applied
to relays 5190, 54{ and 512 in the receiver. Oper-
ation of relay 5i2 applies battery to lead reset
« A" which in turn prepares the receiver for oper-
ation. Closure of the lower contact on relay 510
causes operation of a counting device 514 which
records the number of times the receiver is used.
The upper contact of relay §i0 in closing com-
pletes a path from the left winding of repeat coil
5{3 to band-pass filter 51T through which the sig-
nals pass. Release of relay 5il, which has its
contacts normally biased closed, removes & ter-
mination from left winding of vepeat coil 513,
releases relay 515 and relay 516 which relays in
turn prepare the rest of the receiving circuit for
operation.

The signaling pulses, as received by the receiv-
ing cireuit through the path hereinbefore de-
seribed and shown in Fig. 5, first pass through
filter 5471 to the volume limiter 5i8 causing the
gain of said limiter to be set at the proper level as
described in the above-identified application of
Malthaner-Newby-Vaughan. In addition, these
pulses after being repeated by the limiter circuit,
are transmitted to the code detector 520 through
amplifier 519, which detector is provided with a
timing circuit which recognizes the blank interval
between the series of pulses representing a com-
plete called number designation. The other cir-
cuits of the receiver are rendered ineffective and
are blocked until such a blank interval is received.
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At this time the code detector 528 as well as the
other portions of the start circuit respond to the
blank interval and cause the various other circuits
of the receiver to be conditioned to thereafter re-
ceive the pulses. These circuits then respond to
the succeeding pulses received from the subscriber
station and cause the magnitudes represented by
the various pulses to be stored on binary counters
531, 532 and 533. It is to be understood of course
that any suitable number of such counters may
be provided, one counter for each digit of the

called subscriber’s designation which is to be em--

ployed to control the switching equipment at the
switching center. In this case since three digits
are required to designate a desired central office,
three such counters are provided to register the
first three digits occurring in a train of pulses
from a calling subscriber’s subset.

The manner in which these pulses are received
and recorded is described in detail in the above-
identified signal receiver application. As set forth
in the above-identified application of Hill and
Parkinson and the above-identified application of
Malthaner-Newby-Vaughan, when pulses of short
duration of the type described above are trans-
mitted over voice frequency communication paths
and through the various types of associated
equipment such as repeat coils, amplifiers, con-
densers, filters and the like, transient currents are
set up which effectively prolong the pulses as re-
ceived. In addition, since the signal generating
equipment at.the subscriber station 603 is oper-
ated by power received over the subscriber’s line,
it is desirakle to separate the power currents from
the signaling currents generated by the calling
equipment. Due to the above factors and also to
reduce the effects of noise and exiraneous cur-
rents, the band-pass filter 517 is provided. This
filter likewise tends to have transients set up in
it due to the application of signaling pulses fo it.
As a result a signaling pulse which is about one-
thousandth of a second in duration as transmitted
is extended or lengthened to about 3% thou-
sandths of a second by the above-described ef-
fects. Conseguently, pulses must be spaced far-
ther apart than this time interval. This mini-
mum time interval together with the length of the
pulses and the information tc be conveyed by the
pulses as set forth in the above-identified appli-

cations of Malthaner-Newby-Vaughan and Hill- ;

Parkinson requires about 124 milliseconds for
the transmission of each digit in an exermaplary
system such as set forth herein and in said co-
pending applications.

In order to more clearly describe the operation
of the system it has been assumed that each time
interval assigned to a digital position has been
divided into twenty-five increments each incre-
ment being slightly less than one-half millisec-
ond. Thus, each received pulse persists for ap-
proximately seven increments not icluding the
one in which the pulse starts or is transmitted.
In order to recognize the pulses more accurately
and to distinguish them from noise and also to
render the system less subject to noise interfer-
ence, provision has been made tc block the re-
ceiving equipment for approximately seven incre-
ments of time fcllowing the reception of each
pulse.

As set forth above, the pulses are received and
amplified by the volume limiter circuit §18. The
gain of this volume limiting amplifier is auto-
matically regulated so that the amplitude of the
pulses from this amplifier are substantially inde-
pendent of the amplitude of the pulses as re-
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ceived. Pulses are then further amplified by am-
plifier 519 and then supplied to code detector 520
and digit detector 521. As described above, the
code detector together with the blank interval
timer 522 recognize the blank inferval between
each complete series of pulses representing an
entire subscriber station designation. The digit
detector 521 is normally rendered inoperative.
However, in response to the operation of the blank
interval timer which in turn operates the code
start circuit 523, the digit detector 521 is rendered
operative so that it will respond to the succeed-
ing pulses received from the calling device of
subscriber station. 600. The first start pulse
thereafter is received by the digit detector 521 and
is employed to control the square wave generator
or switching device 524 and in turn to start the
operation of a timing circuit such as multivibrator
525. The switching circuit 524 also causes the
steering and stepping circuit 526 to condition the
digit steering circuit 527 so that when pulses are
applied to it, as will be described hereinafter, they

will be directed to the first digit counting and

storing circuit 53I.

In response to the first start pulse applied to
digit getector 521, disabling circuit 541 is actuated
which in turn renders the digit detector unre-
sponsive to any further received currents for the

- interval of time required for the signal transients
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to decay substantially to zero. At the end of this
time digit detector 521t is again rendered operative -
so that it will properly respond to the stop pulse.
Meantime, however, the multivibrator or timing
circuit 525 has been arranged to fransmit or gen-
erate seven pulses which pulses are applied to the
selective switching circuit 529. The selective
switching circuit 529 was set by the output of
square wave generator 524 and switch controlling
circuit 528 in response to the first start pulse as
described above so that selective switching circuit
529 causes the first pulses received thereby to be
transmitted to counter circuit 530. The counting
circuit 530 counts seven of these pulses, that is,
the pulses received during the time the transient
of the initial or start pulses is dying out, and at
the end of the seventh pulse actuates switching
control circuit 528 so that switch 529 is actuated
to & position or condition where it causes the re-
mazining pulses received from multivibrator 52%
to be transmitted through digit steering circuit
521 instead of to counter 530. Each suecceeding
pulse fromx the source 9§25 is then transmitted
through digit" steering circuit 527 to binary
coumter circuit $3{ whieh cireuit counts each of
the succeeding pulses from said timing circuit.
If the first digit has a masgnitude of one, the
timing multivibrator 525 will have time to trans-
mit only one pulse to the counting circuit 531
before the stop pulse will be received. If the
magnitude of the first digit is five, then five pulses
will have been transmitted te circuit 531 before
the stop pulse is received. Thus, the time of re-
ception of a stop pulse relative to a start pulse
is employed to designate the magnitudes of the
digits or characters of the designation of the
called station code. The reeception of the stop
pulse operates digit detector 521 and square wave
generator 524 to stop the operation of multivi-
brator 825. The stop pulse also causes the digit’
detector 521 to be disabled by disabler 541 for
seven: increments of time during which the tran-
sients associated with the stop pulse can decay.
The next or second start pulse will then cause the
circuits to operate in a manner similar to that
described above in reference to the first start
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pulse except that stepping circuit 526 will ad-
vance the digit steering circuit 527 and cause the
succeeding pulses over and above the first seven
from multivibrator 525 to be transmitted to and
recorded by counter circuit 532.
manner the magnitude of the third digit is re~
corded on digit counter 533. .

Checking provisions have also been provided
for checking the operation of the circuits to insure
that the proper number of signal pulses have been
received. As pointed out above, two pulses are
required to represent each digit. Since the com-
plete subscriber’s designation comprises eight
digits then sixteen pulses should be included in
each series of pulses between the blank intervals.
The output of digit detector 521 is applied to a
sixteen-pulse counting circuit §34. If more or
less than sixteen pulses are received by counting
circuit 534 between two blank intervals, the cir-
cuits are arranged to cancel all registrations and
start over in response to the next series of pulses.

In order to accomplish this, the sixteen-pulse
counter 534 controls the counter reader 535.
If counter 534 has counted other than sixteen
pulses, the counter reader 535 conditions the
recycle circuit 536 so that it will repeat a pulse
from the code-end circuit 560, in response to the
next blank interval, and cause the operation of
relay 538 through cathode follower circuit 537.
Relay 838, in operating, removes a short circuit
from inductive networks 539 and 548 in battery
supply 551 to the various counter and switching
circuits.  Removal of this short circuit has the
effect of momentarily interrupting the battery
supply or applying a negative pulse of short dura-
tion to the battery supply lead so that these cir-
cuits are all restored or set to their initial condi-
tion, after which time they may again respond
to the succeeding series of pulses transmitted
from the calling subset 690.

If a total of sixteen pulses, as required in the
exemplary embodiment of the invention set
forth herein, is received between the two blank
intervals then the counter reader 535 will condi-
tion the locking circuit 542 instead of the recycle
eircuit 536 to repeat a pulse from the code-end
circuit 569 in response to the succeeding blank
interval. The locking circuit 542 then functions
through cathode follower 543 to operate relay 544

thus indicating that the proper number of pulses :

have been received.

The setting of the counter tubes in each of the
digit counters 531, 532 and 533 determines the
hias on cathode follower tubes 118 fto 715 inclu-
sive, which are associated with the individual
stages of the counters, so that the settings of these
counters are fransferred to an operated com-
bination of relays in the corresponding three sets
of register relays shown in Fig. 7. The first digit
is then represented in binary code form by the
operated combination of relays 728 to 723, the
second digit by the operated combination of
relays 130 to 733, and the third or last digit of
the office code by the operated combination of
relays 748 to 143. The contact springs on each

of these digit groups of relays form a translator

network for converting the binary digit registra-
tion into a decimal digit registration. This trans-
Iation is accomplished, for example, by the con-
tact network shown associated with relays 12§ to
123 in that if voltage is applied to the armature
of relay 128 it will pass through various contacts
of relays 720 to 723 and appear on one of the ten
output leads shown associated with relay 720
and bearing a decimal designation corresponding

In a similar .
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to the original decimal designation preset by the
calling subscriber. In the case of the second
and third digits, this decimal translation results
in the operation of decimal register relays, two
of which for each digit are shown by way of
example. in detail in Fig. 9. ‘If it is assumed,
for example, that the office code designated by
the calling subscriber is 421, voltage applied to
the output lead 7135 of the translator network for
the second digit operates relay 934, and voltage
applied to the translator output lead 745 for the
third digit operates relay 936. This registration
of the office code, designated by the calling sub-
seriber, on the decimal relays of Fig. 9 occurs
during the interval in which the remaining five
digits are being transmitted to the receiver of
Fig. 5 and thus this registration occurs before the
operation of relay 544. :

Relay 544, in operating as an indication that
sixteen total pulses have been received, operates
relays 545 and 546. Relay 545 resets pulse
counter 534 and square wave generator 524 to
their initial conditions, removing a short circuit
from around the impedance network 539 and this
applies a resetting pulse or condition to the
“reset B” lead. Relay 546 places a short circuit
across the left side of receiver input repeating
coil 513 to prevent the reception of any further
signaling pulses by this receiver, and to prevent
any alteration of the established registration by
transient signals generated by subsequent
switching operations in neighboring apparatus.
Relay 544, in operating, also removes batiery
from lead 550 which releases relay 825 thereby
removing the voltage applied to the main anodes
of the cold cathode gas tubes in the various line
circuits so that any other line circuits which
have originating calls awaiting on them are pre-
vented from connecting to the receiver of Fig. 5
until this receiver has completely restored to
normal as described hereinafter. In addition,
relay 544 in operating connects battery to lead
54% in order to connect this receiver to the trunk
number group of Fig. 9 if the switching network
is not at the moment being operated upon by the
incoming register and subscriber’s number group
circuits of Figs. 10 and 13 as described herein-
after.

Voltage is applied through a mske contact
relay 544 to the control anode of cold cathode
gas tube 918 through voltage dividing circuit
819 and to the main anode of tube 918 through
resistor §64. If no other receivers are connected
to either number group, tube 918 will break
down across its control gap, transfer its discharge
to main anode 928-control cathode 921 gap, and
then to the main anode 928-main cathode 922
gap. The control cathode is connected through
a varistor 923 to a series inductive and resistive
circuit 924 to ground. Varistor 923 is used to
insure that the start cathode of tube 918 does not
act as an anode when such a tube fires just as
another such tube is being extinguished. A var-
istor 950 connected across lock-out element 924
is used to damp transients caused by extinguish-
ing of such tubes. This impedance 924 is com-~
mon to all connector gas tubes and provides lock-
out to prevent more than one tube from being
operated at a time. The operation of lock-out
cireuits of this type is described in greater detail
in the heretofore-mentioned Patent 2,350,888 to
N. I. Hall. This lock-out feature is required
because the switches are operated on a one-at-a-
time basis. If the trunk number group or some
other number group connected in the same lock-
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out circuit was in use the voltage drop across
impedance 224 would prevent tube 818 from fir-
ing. When tube 818 is fired across the main gap
228822 current flows in relays 928, 228 and 927
which causes them to operate and to connect
leads representing all possible A, B and C digits
from the register relays to trunk number group
network and trunk group gas tubes. Contact 828
on relay 927 applies ground through capacitor
931 to relay 229 which controls the initiation of
the test to determine whether trunks in the trunk
group called are busy, idle or vacant. The top
contact of relay 927 applies a positive voltage 1o
lead 938 which is used to mark the appearance
of the calling line on the switches. The second
contact from the top on relay §27 enables a path
to the all-trunks-busy tube if needed later and
the bottom contact of relay 82% applies main
anode battery through the winding of relay 952
to the all-trunks-busy gas tube 946 main anode.

Ground applied through contact 92¢ and ca-
pacitor 93¢ to the winding of relay 928 causes
that relay to be operated for a short time. Op-
eration of relay 929 applies positive battery over
lead 952, to the armature of relay 723 which
passes through the contact network of the A
digit translator relays to lead 72§ and then
through the second from the top contact of relay
825 and through resistor 932 to the control anode
of cold cathode gas tube 833. At the same time
relay 929 applies negative battery to the armature
of the B group relays 8534, 835 and others not
shown in detail and shorts the wingding of relay
938, and positive battery to the C group relays
036, 627 and others not shown in detail and
chunts the winding of relay 838 with resistor 941.
The operation and circuits for the busy-idle-
vacant test and number group are the same as
disclosed in an application of Cornell-Hall-
Hecht - Koechling - Korn - Powell, Serial No.
114,392, filed September 7, 1049, With batteries
applied by relay 929, as stated above, all trunk
group gas tubes having the decignated AB digit
combination breakdown across their control gaps,
tube 933 is the only tube shown in the drawing
which will do so, and then the one tube having
the designated ABC digit combination will trans-
fer to the secondary anode-start cathode which
as shown in the drawing will he the 940—843 gap
of tube $22. Thus only one tube of a possible
thousand is fired across the secondary anode-
start cathode gap.

A short time later relay 929 releases and hat-
tery is removed from the A-group translator
relays 720 to 723 causing all tubes fired on the
start gap only to be extinguished. Release of
relay 829 also removes batteries from the arma-
tures of relays 924, 925, 836, 837 and the other
similar register relays not shown in detail. How-
ever, the path frdm tube 833, start cathode 943
through the contacts of operated relay 834 is
still connected through the winding of relay 938
to negative battery and the path from the sec-
ondary anode $49 through the contacts of op-
erated relay 938, the resistor 841, and the wind-
ing of relay 939 is still completed to positive
battery.

If all trunks in the trunk group are busy, the
main cathode 842 of tube eg2 is grounded
through contacts of relays in the out-trunk cir-
cuits of the trunk group. Uader this condition
the discharge path in tube 933 remains from start
cathode 943 to secondary anode a48. The cur-
rent fowing in this gap also flows through the

winding of relay 938 and through the closed
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contacts of relays 926, 934 and 936 and the wind-
ing of relay 935. This current causes the op-
eration of relays 938 and 939 which indicates that
all trunks in the desired trunk group are busy.
Relays 838 and 959 when operated apply a posi-
tive voitage through a closed contact on relay
838, recistor 844 to capacitor 945 and the start
anode of the busy group tube 946. The com-
bination of resistor 944 and capacitor 945 causes
a delay in the rise of the voltage applied to the
start anode of tube 946.

1f there is no trunk or trunk group correspond-
ing to the ABC digit code called, no such gas
tube exists and neither relay 938 nor relay 939
operates. With relays 938 and 938 normal, indi-
eating a vacant office code, a circuit is completed
from positive battery through an RC delay net-
work 947, 945 to the start anode of tube 846.
The time delay is provided to allow time for
possible operation of relays 938 and 939 after
the release of relay $29. The start anode of
tube 245 is kept disabled and capacitor 945 is
held discharged during the operated interval of
relay 929 by connecting ground through resistor
648 to said capacitor. Application of voltage
after the above delay to the start anode of tube
246 causes breakdown of its control gap. Sepa-~
rate tubes for busy and vacant condition could
have been provided if desired.

Tf there are idle trunks in the trunk group,
after the trunk group tube is fired on a sec-
ondary gap, the discharge in the tube will trans-
fer from the secondary anode 940-start cathode
943 gap to the secondary anode 940-main cathode
942 gap since the main cathode 942 of tube 933 is
at negative potential. Current in this path flows
only through relay 939 and not through relay 938
causing the operation of relay 939 only. In this
not-busy, not-vacant condition a circuit is com-
pleted from positive battery through a closed con-
tact of relay 938, a back contact of relay 938, and
the winding of relay 949 to ground causing op-
eration of relay 849 which in turn applies positive
battery through its comtact, and the lower con-
tact of relay 826 to the windings of the relays in
the main anode circuits of all trunk group tubes.
This voltage causes the fired trunk group tube 933
to transfer to its main anode-main cathode gap
causing the operation of relay 950 which in turn
applies a positive voltage to lead 95{ to all trunks
in the trunk group. - At this time there is a posi-
tive voltage applied as a mark on lead 821 to
line circuit 888 of the calling subscriber and
there is a similar mark on lead 951 to all trunks
of the trunk group to which a connection is
desired. There is only one trunk shown in the
drawing in the trunk group so lead 821 extends
to this trunk only. Lead 821 also extends to
such other trunk circuits of this trunk group
as may be provided. -

The voltage mark on lead 951 is applied to out-
trunk cireuit 2198 through a back contact of relay
2112, and through a series back contact of relay
21{( to the common point of the two windings
of relay 2{12. The other terminal of the left
winding of relay 2112 is connected via lead 2113
to the control lead of the left vertical of primary
cwiteh 1112 of trunk frame (119 shown in Fig. 17.
The voltage mark on lead 821 is applied through
a closed centact of relay 811 to the common point
of the windings of relay 822 and extended from
the other end of the right winding of relay 822
via, lead 826 to the control lead of the left ver-
tical of the primary switeh t{{2 of line frame
{118 in Fig. 11.
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The switching network comprises line frames,
two of which are shown by way of example in
Figs. 11 and 12, and trunk frames, two of which
are shown by way of example in Figs. 17 and 18.
Each line frame and trunk frame comprises pri-
mary and secondary switches. Each primary line
and trunk switch has a plurality of vertical input
columns across the switch, which are connected
to line and trunk circuits respectively, and a plu-
rality of horizontal output rows across the switch.
Each of these rows and columns comprises three
conductors, two for the usual talking path and
the third for a control lead. At the intersection
of each row and column, hereinafter called a
cross-point, is a relay comprising an operating
coil and three sets of make contacts. Two of
these contact sets, when closed, connect the talk-
ing conductors associated with the particular out-
put row. A cold cathode gas diode is also as-
sociated with each cross-point relay and -this
diode in series with the winding of the relay is
connected between the control lead of the vertical
input column and the control lead of the hori-
zontal output row. The third contact set of the
cross-point relay, when operated, short-circuits
this associated gas diode. The use of these cross-
point gas diodes in the control leads facilitates
the identification and selection of idle paths
through the switching network as described here-
inafter, and the short-circuiting of said diodes
at operated cross-points facilitates the holding
of an established connection through the network
and the maintenance 6f a busy indication along
said path during, the path selection processes of
subsequent calls.

Each secondary switch is connected to form
a similar rectangular array of cross-points except
that the horizontal rows are used in input ter-
minals and the vertical columns as switch out-
lets. In addition, each line and trunk frame
comprises a number of such primary and sec-
ondary switches arranged so as to provide one
talking path from each primary switch to each
secondary switch. In Fig. 11 of the exemplary
system line frame {{{0 shows by way of example
two primary switches (112 and 1113 which are
cross-connected to two secondary switches {114
and {{15. The primary switches {112 and {143
each show by way of example two input columns

each of which is or may be connected to a sub- 5

scriber line circuit, such as 880, and two hori-
zontal output rows which are connected to the
horizontal inlets of secondary switches (114 and
1115. Each secondary switch has two vertical
outlets shown by way of example. The intercon-

necting conductors between primary and second-

ary switches, hereinafter called links, each link
consisting of three conductors, are connected so
that each primary switch on the frame is con-
nected to each secordary switch on the frame.
In the specific embodiment shown by way of
example the upper horizontal output of switch
1112 is connected by link 1116 to the upper hori-
zontal inlet of secondary switch 114, the lower
horizontal outlet of switch {112 is connected by
link {17 to the upper horizontal inlet of switch
1115, Similarly, the upper outlet of switch 112
is connected by link {118 to the lower inlet of
switch (114 and the lower outlet of switch {1(3
is connected by link #1119 to the lower inlet of
switch {116. A second line frame is shown on
Fig. 12 which can be connected to lines in the
same manner as the line frame {110. Although
only two primary and two secondary switches
each having two inlets and two outlets are shown
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on each frame it is to be understood that both
the number of switches and the number of inlets
and outlets per switch can be readily expanded
in an obvious manner so as to provide switches
and frames of any desirable size and any desirable
number of such frames, having a number of in-
put line circuits consistent with the operating
times of the system and the calling habits of the
subscribers and having a similarly consistent
number of primary-secondary link paths and
secondary outlets. For example, line frames
might be provided with seventy inlets and ten
outlets per primary switch and ten primary
switches per line frame and with ten secondary
switches per line frame, each secondary switch
having ten inlets and ten outlets.

Proceeding from the trunk output side of the
switching network backward through the office
& similar frame arrangement is disclosed. Fig.
17 shows by way of example trunk frame 1710
comprising two primary switches {712 and {113,
and two secondary switches (T(4 and 1715. The
primary and secondary switches are intercon-
nected in the manner described above for the
line frame so that primary switch 1712 is con-
nected by link (7i{6 to secondary switch #1714,
and by link {747 to secondary switch (715 and
primary switch (713 is connected by link (718
to secondary switch (T14 and by link 7119 to sec-
ondary switch 1715. A similar trunk frame is

- shown in Fig. 18. Although only two primary
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and two secondary switches each having two in-
lets and two outléts are shown on each frame
it is to be understood that both the number of
switches and the number of outlets and inlets
per switch may be readily expanded in an obvi-
ous manner so as to provide switches and frames
of any desirable size and any desirable number
of switching frames, having a number of trunk
connections consistent with the operating times
of the system and the amount of trafic to be
handled and having a similarly consistent num-
ber of primary-secondary link paths and sec-
ondary outlets. For example, trunk frames might
be provided comprising ten primary and ten sec-
ondary switches, each primary and secondary
switch having ten inlets and ten outlets.
Connections are made between the secondary
line frame switches and the secondary trunk
frame switches to provide talking paths between
each line frame and each trunk frame. These
connections comprise a direct connection for the
two talking. conductors of each such path, and
the third 6r control lead from each secondary line

5 switch outlet is connected to an individual con-

trol circuit, hereinafter called a junctor, and the
control lead from each secondary trunk switch
outlet associated with the same talking path is
connected to the same control ecircuit or junctor.
A group of four junctors, one of which, 1410, is
shown in detail, are shown by way of example in
Fig. 14. Thus junctor 1410 is associated with the
yath 1120 from the left vertical of line switch
{114 by means of control lead (411 and with the
path {720 from the right vertical of trunk switch
{144 by means of control lead 1412, and when the
control leads are properly marked as will be here-
inafter described junctor {418 will cooperate with
the switches, line circuit 800, out-trunk circuit
2189 and the control circuits to establish a line-
to-trunk connection.

- As hereinbefore described under the assumed
conditions, a positive voltage mark is applied to
lead 826 which is connected to the left vertical of
line switch (#12 and another mark is applied to



2,686,837

47
lead 2113 which is connected to the left vertical
of trunk switch $712. Assuming further that the
paths through the line frame 1110 and trunk
frame 1110 are all idle, the positive voltage on
lead 826 causes gas diodes {111 and {121 to break
down since the other sides of the diodes are con-
nected through large resistors {124 and 1125 to
negative battery. These resistors are of sufficient
value that the discharge in the diodes is main-
tained but the current through the associated
series relay windings 1122 and 1123 and the wind-
ing of relay 822 is considerably below that neces-
sary to operate the relays. When tube itif is
fired a voltage drop is produced across resistor
1124 so that the potential of lead {126 changes
from the original negative battery potential to a
positive potential.
1126 causes diode 127 in secondary switch (114
to fire since the other side of diode {127 is con-
nected by lead {411 through a large series re-
sistor* 1413 to negative battery in junctor (4186,
When the diode 1121:is fired the potential on lead
_1411 rises from the negative battery voltage to a
less negative potential. In a similar manner the
rise in potential of lead (126 also causes break-
down of diode {128 also in secondary switeh (114
the other side of which is connected via lead 1417
through a high resistance to negative battery in
junctor 1414, At the same time breakdown of
tube {121 causes a rise in potential on lead 1129
which causes breakdown of the diode associated
with cross-point #1130 in secondary switech 115
and of the diode associated with cross~point 1131
in the same secondary switch. The breakdown of
these diodes in secondary switch 1115 marks leads
(418 and 1419 to junctors 141§ and {416 respec-
tively in the manner described above for switch
{114, Thus, as a result of the mark placed on the
switches through lead 826 the line circuit of the
calling line, diodes (111, {121, {1271, 1128, 1130
and 1131 are fired and the potential on leads 1411,
1441, 418 and 1419 has been raised from negative
battery potential to a less negative value which
in effect puts a voltage mark on the gas tube
associated with each of the above-mentioned
junctor circuits. The voltage mark on lead 1441
is applied through resistor 1423 to the screen
of tube 1420 in junctor {410. Junctors 1414,
1415, 1416 although not shown in detail are
marked in g similar manner. ’

At trunk frame 1710 @ positive potential mark
on lead 2113 causes the breakdown of diode 1721
due to negative potential on its other side applied
via resistor 17271, control lead {7123 and relay
winding 1725. Diode {722 is caused to break down
at the same time due to negative potential on its
other terminal applied through resistor 1728, lead
{724 and relay winding {726. As a result of the
operation of diodes 1721 and 1122, the potential
rises on leads. 1123 and 17124, respectively. The
change in potential on lead 1723 of link 716
eauses diodes 1729 and 17130 to fire since the other
terminal of diode {730 is connected via lead 1412
and resistor 1422 to a more negative potential
1433 in junctor 1410 and the other side of diode
1729 is connected via lead 1512 in & similar man-
ner to a more negative potential in junctor {514,
Operation of diode 17130 produces a voltage mark
‘on the start anode of tube 1420 through resistor
i421. In a similar manner the gas tube of junctor
{514 is marked as a result of operation of diode
1729. The change in potential on lead 1724 causes
operation of the gas diodes associated with cross-
points 1731 and 1732 in secondary switch 1T(5
which results in a change in voltage on lead 1424
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to. junctor 1415 and lead 1739 to junctor 15186.
Thus, as a result of the mark applied through
the out-trunk circuit 21909, diodes 1721, 17122, 1129
and 1786 and the diodes associated with cross-
points 1731 and 1782 are fired and marks are
applied to the start anodes of gas tubes associated
with junctors 1416, 1415, 1514, and {516.

The junctor circuits are arranged to operate
when a mark is present on both the control lead
from the line frame and the control lead from
the trunk frame, As described for the exemplary
system, four of the junctors shown in the draw-
ing are marked from the line side and four of the
junctors shown in the drawing are marked from
the trunk side but of these only two junctors, 14io
and (415, are marked on both sides.. Now con-
sider tube 1420 of junctor i410. Presence of the
mark on the start anode of the tube through re-
sistor 1821 causes breakdown of the start gap of
the tube and presence of the mark on the screen
via resistor 1423 permits the discharge to trans-
fer to the main path, that is, from main anode to
main cathode. The main anode is connected to
ground through resistive-inductive circuit 1425,
which is used to provide lock-out as hereinafter
discussed. The main cathode of tube {429 is con-
nectad through a capacitor {426 shunted by a high
resistance resistor 1427 and then through the
lower winding or relay {428 to negative battery.
When the tube fires in its main gap a current
pulse through capacitor 1426 causes operation of
relay 1428, the contacts of which shunt capacitor
1426 with a low resistor {429 so that the relay is
held operated by direct current through the tube.
Operation of relay (428 causes battery 1433 to be

- applied through a small protective resistor 1430,
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the top closed contact of said relay and the upper
winding of said relay to lead (411, and through
resistor {431 and the bottom closed contact of
said relay to the common point of the windings
of relay 1432, and then through the lower wind-
ing of relay 1432 to control lead 1412.

Tn the representative showing in the drawing
as described above, two junctors were marked on
both sides so that the gas tubes in each of these
junctors will have a discharge initiated between
their control gap cathodes and control gap an-
odes. Tn addition to the junctors actually shown,
other additional junctors, which may be provided
in a typical switching system, will also have
voltage potential supplied to both sides thereof.
As g result, additional discharges will be initjated
across the control gaps of the corresponding
tubes “of these other junctors. However, as in
the exemplary arrangement shown in the draw-
ings, the tubes of all the junctor circuits which
are marked on both sides and thus have dis-
charges initiated between their control gap an-
odes and between their control gap electrodes
and voltage applied to their shield or screen
members are connected in a lock-out circuit.

The lock-out circuit elements comprising the
common impedance network {425 which is shown
as o resistor and inductor connected in series
may take any other suitable form. In addition,
the control gap cathode is connected to ground
through a condenser. The main gap cathode is
also connected to ground through a condenser.
These condensers are of such size that they
maintain these respective cathodes of all of the
tubes of a junctor group abt substantially the
same potential during the lock-out interval. As
a result there is substantially no impedance in-
dividual to the main anodes or to either the con-
trol gap cathodes or the main cathodes of the
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tube. The only impedance in such circuits dur-
ing the lock-out interval which takes place be-
fore the above-mentioned condensers receive an
appreciable charge is the common lock-out im-
pedance 1425. As a result, the discharge ini-
tiated between the control gap electrodes of all
the tubes marked as described above can trans-
fer to the main anode in only one tube. ILike-
wise, the transfer to the main cathode can oc-
cur only in said cone tube, first because the dis-
charge is first transferred to the path between
the control gap cathode to the main anode in
only one tube due to the lock-out circuits as de-
seribed above and then to the main cathode
which is also connected in a lock-out circuit.

If the transfer has taken place in one of the
tubes, the voltage drop across the network {425
will reduce the voltage on the other main cath-
odes so that discharges cannot transfer in any
of the other tubes. Such lock-out circuits are
described in greater detail in the above-identi-
fied patent of Hall.

Assuming for purposes of illustration that the
discharge transfers in tube 1420 first to the path
between the main anode and the control gap
cathode and then to the path between the main
anode and the main cathode but that a similar
discharge is prevented from occurring in any of
the other junctor tubes. Thus. by this lock-out
action only one junctor will. have its gas tube
and relays operated so that only one path will
be established through the switch network for
the connection of the subscriber to a trunk cir-
cuit.

With negative battery (433 applied through
low resistance {430, the current in control lead
{411 increases and since this current flows
through diode 1127, relay winding (132, lead
1126, relay 1123, diode ({11, lead 826, relay 822
and hack over lead 811, ete., to positive battery,
relays {132 and {123 operate. Operation of
cross~point relay 1132 shorts out diode 1127 and
operation of cross-point relay {123 shorts out
diode ({11 thereby increasing the current in the
above described series circuit and causing the
operation of relay 822 on its right winding,
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Application of negative battery 1433 through '

low resistance {42{ to the lower winding of re-
lay 1432 and in turn to lead 14i2, diode 1730, re-
lay 1734, lead (123, relay 1725, diode {721, lead
2113, etc., to positive battery causes an increase
in current which operates cross-point relays 1734
and (125 which in turn short out diodes 1730
and (712{, respectively. 'The operation of the
cross-point relays 1132, 1123, 1734 and 17125 com-
pletes a circuit for the operation of relay 2111 as
will be described hereinafter.

Shorting of the diodes causes a further in-
crease in current such that relay 1432 operates
on its lower winding and relay 2112 operates on
its left winding. Operation of relay 1432-closes
a holding path to low voltage negative battery
{438 through varistor 1434, through both wind-
ings of said relay to lead 1412 and a holding path
from battery (438, through varistor (435, the
upper winding of relay 1428 to lead 1411. Varis-
tors 1434 and (435 are so poled that negligible
current flows through them until the negative
battery through resistors 1430 and (431 is re-
moved. Operation of relay (436 is caused by
ground closed to its winding by a make contact
on relay (432 which also causes lamp {437 to
light as a visual indication of the operation or
busy condition of the junctor circuit. The re-
sistor and capacitor 1438 are employed fo make
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relay 1436 slow release. Operation of relay (436
connects a release transient damping varistor
{448 through the upper winding of relay {428
to lead 1411 and a negative extinguishing poten-
tial (441 through resistor 1442 to the start anode
of tube {420 and shorts out the lower winding
of relay 1428.

When relay 822 operates, it causes the opera-
tion of relay 810 which in turn opens the con-
nection from the T and R leads of the line 614
to the contfacts of relay 8it, opens the main
cathode lead 814 of tube 818 which will make
this line test busy for any incoming calls, and

- opens the locking battery to relay 819. Release

of relay 819 releases relay 811 and opens lead
824 which permits relays 811, 510, 511, and 512
to return to normal. Release of relay 8{{ opens
lead 823 which permits relay 544 to release which
in turn removes anode voltage from fube 818,
extinguishing the tube, which  releases relays
925, 826, and 927. Release of relay $27 removes
the positive voltage mark from lead 938 and
thereby from lead 821 fto all the line circuits.
However, relay 822 holds operated on the circuit
from ground through varistor 829, its own two
windings in series, the windings of cross-point
relays (123 and 1132, lead {411, the upper winding
of relay 1428, a closed contact of relay (432 and
varistor 1435 to negative battery 1438. At the
same time that current is reduced by removal of
positive marking voltage, relay 1428 which  was
held on its upper winding is released.

Release of relay 926 removes main anode bat~
tery from the windings of the relays associated
with trunk group tubes of the number group and
thus relay 950 releases, removing marking voli-
age from lead 951, which connects by .the pre-
viously traced path to the common point of the
windings of relay 2112 so that the current in
the left winding of relay 2112, the windings of
cross-point relays 1725, 1734 and junctor relay
1432 is reduced. However, the holding path from
battery t438 in junctor 1410 through varistor
{434, winding of relay 1432, windings of cross-
point relays 17125 and {734, both windings of
out-trunk relay 2112 in series aiding and varistor
2114 to ground through the operated contacts of
relay 2111 provides sufficient current to hold
these relays operated.

The T and R leads of line circuit 800 are car-
ried through the closed contacts of cross-point
relays 1123 and 1132 to path 1§20 and then
through the closed contacts of cross-point relays
1734 and 1125 to the T and R leads of trunk cir-
cuit 2109. At this time the direct current
through the subset, the line circuit and the
switches to the trunk causes the operation of
relay 2111 which has its right winding between
the T lead and ground and its left winding be-
tween the R lead and negative battery. Opera-
tion of relay 2i1i closes holding ground via lead
2126 to varistor 2[(4. The varistor connected
from lead 2126 to negative battery is used to
damp release transients caused by the later re-
moval of holding ground and thereby to prevent
accidental refiring of diodes in the switching
network. Thus, there is now a connection be-

_ tween line 614 and frunk 2109 through the
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switches, which is held under control of relay
2{11 operated on the direct current flowing
through the subset 600. If the subscriber should
hang up and interrupt the direct-current circuit
by opening switchhook contacts 612, relay 2111
would release and in turn cause. all the associ-
ated circuits to return to normal. When the
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voltage marks are removed from leads 32! and
91t3, all switch gas diodes which had broken
down to indicate idle paths but which did not
take part in the final connection are extin-
suished and the switches and junctors ave ready
for use on another connection. The paths
through the switching network which were used
are marked busy by having the pofentials on
the control leads altered so they will not be indi-
cated as available when paths are tested in the
process of setting up a subsequent call. The ex-
tinguishing of all diodes results in removal cf
voltage marks from all junctors.

The establishment of the connection described
ahove has assumed that all possible paths were
jdle. When the connection is set up, the confrol
lead 1126 between cross-point relays {{Z3 and
{132 for instance is negative but near ground
potential; thus, if a subscriber ecnnecied to the
right vertical multiple of switch {12 desired to
make a call or some one desired to call him,
diode {133 would not break down in responss to
application of marking voltage o this vertizal
since with path ({26 busy the voltage across
diode {133 is substantially below that required
for breakdown, but diode {134 would break down
since path ({17 is idle. )

As hereinbefore deseribed, operation of relay
822 initiated a sequence of operations which re-
sulted in the release of relays 510, 512, and 844
and the reoperation of relay §i{{. Relay 544 in
releasing releases the trunk number greup so
that it is available for use by another receiver-
register if required. Release of relay 544 also
reoperates relay 825 which recloses main anode
battery to the line circuits so that some other
subseriber’s line gas tube may fire if conditions
require it to do so. Operation of relay 825 is
delayed slightly by the presence of resistor 827
and capacitor §28 in its winding circuit. This is
done to permit the receiver to be completely reset
before another line circuit can function to con-
nect to said receiver.

As hereinbefore described the direct-current
path across the T and R leads of out-trunk 21598
causes the operation of relay 2{{i on a circuif
which includes battery, ground and back con-
tacts of relay 2{15. The subset at this time is
still in the signaling condition since the direction
of direct-current flow through polarized latch
magnet 8i71 is in the non-operate divection.
Operation of relay 2112 closes a circuit from
ground via lead 213 to the cathode of gas tube
833 making it appear busy for any subsegquent
calls while the trunk is in use and closes posi-
tive battery 2020 through resistor 2021, which is
shown in Fig. 20 and is common to all out-trunk
rircuits, through normal contacts of relay 2415
to lead 2111. Lead 2117 is connected to the voli-

age dividing metwork 2148 and to the main anode

of gas tube 2116. The tap on voltage divider
2118 is connected to the start anode of tube 211E.
Tf no other out-trunk gas tubes are fired, the
voltage condition on tube 21i{8 will cause break-

down in the start gap and current transfer to

the main gap of said tube. Impedance 2322 in
wig, 20 is common to the start cathodes of all
trunk tubes to provide for transfer lock-out in
case of simultaneous tube operation and com-
mon resistor 202{ in the main anode provides
steady state -lock-out. This lock-ou$ cireuit
operation is disclosed in the heretofore men-
tioned Moht and Hall patents. When tube 2115
transfers to its main gap, current in its main

cathode circuit flows through the winding of 7
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relay 2118 causing its operation thereby connect-
ing outward actuator 2218 to the trunlk. Vvaris-
tor 2195 across the winding of relay zitf
not affect this operation but is a releas

damping device used tc prevent the 1 of
tube 21§ when relay 2118 is released bY the

later cperation of relay 2445,

Operation of relay 2110 extends the ground on
lead 21214 to lead 2126 which is already grounded
by operation of 2111 and splits the trunk so that
the T and R leads from the switches are con-
nected to the upper winding of transformer of
repaat coil 2214 instead of to the windings of
relay 24{t. This action causes relay 2411 to be

s removed from the circuit so that it rsleases and

the ground path furnished to lead 2426 by said
relay is removed. The secondary winding of re-
pzat coil 2214 is connected through «ontacts of
operated relay 2410 to leads 2427 and 2128 which’
connect to the interoffice trunk. Operation of
relay 2{16 also applies ground to izad 2122 to
operate relay 2242 in actuator 221¢ and closes a
shunting path through resistor 2129 across the
main gap of tube 21{8 thus reducing the voltage
across this gap so that the tube is extinguished
put steady state lock-out against the firing of
other out-trunk tubes is maintained by the volt-
age drop across common resistor 292¢.

When relay 222 operates, a shunt resistor 22 (5
is removed from the output of the 45-cycle power
amplifier 2216 so that 45-cycle current flows from
the amplifier through the upper winding of moni-
toring transformer 22{7 into the center tap of
the upper winding of transformer 2214, through
the windings of transformer 2214 on a simplex
basis, the closed contacts of relay 2418, and the
established path through the switching networks
to the subscriber line circuit 614, and the signal
generating apparatus of subset 599 to ground.
In response to the 45-cycle current, signals are
2gain generated and the called number code
transmitted repetitively by the subset as long
ag the 45-cycle current is supplied as herein-
before deseribed. Operation of relay 2212 starts
the release relay 22123, which is the alternating-
current supervisory relay, but due to the net-
work ecireuit comprising resistors 2248 and capac-
itor 2218 the relay is slow to release on its upper
winding and before it can dc £0 rectified 45-
cycle current from the detector 2228 flowing over
the subscriber’s line and through the lower wind-
ing of said relay causes it to remain operated.

Although in the exemplary embodirment of the
invention only one outward actuator is shown
in each office, in most systems a plurality of out-
ward actuators will be provided with each actu-
ator accessible to an individual specific group of
out-trunks through a lock-out arrangement
associated with each such trunk-actuator group
operating in the manner disclosed herein.

Tf after this time, the calling subscriber hangs
up the 45-cycle current flowing over the sub-
scriber’s line and through monitoring trans-
former 22{7 will be stopped by the opened con-
tacts of switchhook assembly 6i2 and the current
in the lower winding of relay 2213 will be reduced
and said relay 2213 will release thereby remov-
ing ground from leads 212{ and 2126 which will
in turn cause the release of the connection
through the switches, and actuator 2219 will re-
lease due to the release of relay 2(42.

Operation of relay 2118 also connects the wind-
ing of polar relay 2124 between leads 21271 and
2128 which extend over the interoffice trunk con-
ductors to the incoming trunk circuit 2408 at the
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distant office thereby providing a direct-current
path to the incoming trunk circuit as a signal to
the trunk that a call is being placed to it so that
said trunk may connect itself to apparatus for
receiving digit code signals.

Signals generated in the subset now pass on
a loop basis over line 614, through the switch-
ing network and closed contacts of relay 2118
to the upper winding of transformer 2214, and
from the lower winding of transformer 22(4,
through the closed contacts of relay 2110 o leads
2127 and 2128 which connect over the interoffice
trunk conductors to the incoming trunk circuit
2408 at the distant office. This condition is
mantained until the distant office has all the in-
formation it requires regarding the called sub-
seriber’s number.

The connection of polar relay 2124 between the
‘tip and ring talking conductors of out-trunk
2109, as described above, completes a direct-cur-
rent circuit over interoffice loop conductors 2§22
to battery and ground through the windings of
relay 2410 in incoming trunk 2400 in the ter-
minating office. Under this condition, relay
2410 operates and the direction of direct-current
flow over the interoffice loop is such that polar
relay 2124, in the out-trunk remains unoperated.
Relay 2410, in operating, connects positive bat-
tery from the normally operated contacts of re-
lay 2325 through the closed back contacts of
relay 2421 to the main anode 2412 of gas tube
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2411 in the incoming trunk circuit and connects

a fraction of this same voltage through poten-
tial dividing resistors 2413 and 2414 to the start
anode 2415 of this gas tube. Start cathode 2416
of this trunk gas tube is connected to ground in
common with the start cathodes of similar gas
tubes in other incoming trunks through lock-out
circuit elements or networks 2321. Under this
condition, the start gap of tube 2411 will fire
unless other similar gas tubes in the other trunk
circuits having access to the same incoming re-
ceiver in operating have already caused a volt-
age drop in the lock-out element 2327. Assum-
ing that tube 2411 fires on its start gap, the dis-
charge then transfers from start anode 24i5 to
main -anode 2412. The current path between
elements 2412 and 2416 of this gas tube, consti-
tutes another stage in the lock-out. process, as
described in the patents of Mohr and Hall re-
ferred to hereinbefore. If tube 24(1 is not locked
out from service, the discharge finally transfers
to the main cathode 2418 at which time the cur-
rent flow in this main gap circuit of the tube
through resistor 2419 and the winding of re-
ceiver and register connector relay 2420 causes
the operation of this relay. Relay 2420, in oper-
ating, locks to ground under control of a back
contact of relay 2421 but the discharge in gas
tube 2811 is continued to keep all other incoming
trunks in a locked-out condition by means of the
voltage drop produced in main anode lock-~out

resistor 2326 and the resistor in network 2327.

Relay 2420, in operating, closes ground to lead

2422 which operates relay 3116 in the terminating .

- yeceiver of Fig. 31 and releases relay 3111 which
is normally biased into an operated position.
Relay 2420 also extends through its operated
contacts the incoming tip and ring conductors
2122 from the originating office, on which signal-
ing pulses are now being received, to conductors
2423 to the left winding of the input trans-
former or repeat coil 3113 of the terminating
receiver.

The receiver and register disclosed in the spe-
cific embodiment of the present invention as the
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terminating receiver in office B is similar to the
receiver and register disclosed more fully in
copending application of Malthaner-Newby-
Vaughan, Serial No. 68,234, filed on or about
December 30, 1948, which issued on October 28,
1952, as United States Patent 2,615,971, Alter-
natively, the receiver and register, disclosed in
copending application of Malthaner-Newby-
Vaughan, Serial No. 35,924, filed on or about
June 29, 1948, which issued on November 3, 1953,
as United States Patent 2,658,188, and used in
Fig. 16 as the terminating receiver in office A,
could also, of course, be used in place of the
above-mentioned terminating receiver of Fig. 31
in which case its operation would be as described
hereinafter for Fig. 16 and in the corresponding

" copending patent application.

The operation of relay 3110 in the terminating
receiver operates counting device 3{14 for sup-
plying a record of the number of times this ter-
minating receiver is used in the establishment of
cails and completes the circuit from the right
winding ' of transformer or repeat coil 3113 to
band-pass filter 3111 of the receiver circuit.
Relay 3111, in releasing, removes a resistance ter-
mination from the richt winding or repeat coil
3113 so that the incoming signal pulses may pass
into the band-pass filter. Relay 311 [ also removes
ground from the automatic volume control am-
plifier 3118 so that the incoming signal pulses
may cause the gain of this volume control circuit
to be adjusted as described hereinafter. In addi-
tion, relay 31{l removes ground from the upper
winding of relay 3138 permitting this relay to re-
lease, and relay 3138 in releasing in turn releases
relays 3116 and 3(45. The release of relays 3138,
3116 and 3145 connects direct-current power sup-
ply voltage to the various control circuits of the
receiver so that they are conditioned to receive
and decode the incoming signal pulses.

The signaling pulses as received by the receiv-
ing circuit first pass through filter 3117 to the
volume control amplifier 31i8. The gain of said
amplifier is regulated by the incoming pulses so
that the amplitude of the pulses from this ampli-
fier are substantially independent of the ampli-
tude of the pulses as received. In addition, these
signal pulses after being repeated by the ampli-
fier 3118 are transmitted to the digit detector
3128 and this detector circuit repeats a sharpened
pulse to the start circuit 3122 and the gate circuit
2123 on the reception of each signal pulse. This
gate circuit 3123 is in a normally closed position
so that the signal pulses are not repeated through
it. However, start circuit 3122 is in a condition
to operate and is provided with a timing circuit
which recognizes the blank intervals occurring
between repetitions of the complete called num-
ber designation as transmitted from the calling
subscriber’s subset. Recognition of a blank in-
terval by start circuit 3122 opens gate circuit 3123
permitting subsequent pulses from detector 3i20
to pass through this gate to the pulse absorbing
circuit 3124. This pulse absorbing circuit 3124
absorbs the detector pulse associated with the
first or start pulse of each digit signal and trans-
mits to the integrator control circuit 3125 a short
pulse each time the second or stop pulse of each
digit signal is detected. These pulses from the
circuit 3124 operate integrator control circuit
3125 which in turn operates digit steering circuit
3127 to cause the registration of the called sub-
seriber’s line number as described hereinafter.

The incoming signal pulses after being repeated
by automatic volume contro] circuit 3118 in addi-
tion to operating detector 3120 are further ampli-
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fied by recording amplifier 319 and recorded on
magnetic recorder 3129.

The digital code, as previously described, com-
prising a series of signal pulses representing a
complete number code as preset by the subscriber
at his subset, is generated repetitively with a
blenk interval of two digits’ duration for use by
start circuits, between  each complete number
code repetition. Digits are transmitted at the
rate of 90 digits per second, and each digit is rep-
resented by a “start” pulse and a “stop” pulse with
the numerical value of the digit defined by the
time interval between associated ‘“start” and
“stop” pulses. The digital increment which dis-
tinguishes one digital value from its adjacent
value is called A and is approximately 0.44 milli-
second, The minimum space between start and
stop pulses, which defines the digit one is 8A. This
minimum spacing is required to permit the tran-
sient of a received pulse to decay to a negligible
amplitude before the following pulse is received.
The spacing between successive start pulses is
25A which provides a similar space of 8A between
the stop pulse position for digital value 0 and the
start pulse of the succeeding digit.

The decoding operation of the receiver in Fig.
31 is performed by a signal pulse matching proc-
ess as follows. Simultaneous with the detecting
action, the “start” pulse and in turn the “stop”
pulse is recorded on a rotating magnetic disc in
recorder 3129. The recorder disc driven by a
motor synchronized with the 45-cycle power used
in actuators, such as the actuator of Fig. 36,
makes one revolution per digit or 90 revolutions
per second. After each pulse has been recorded
the dise moves it through a reference pick-up or
reproducing coil and then through ten additional
channe] pick-ups in turn. These ten channel
pick-up coils are spaced in time around the disc
at 84, 94, ete., with respect to the position of the
reference pick-up coil to correspond to the pos-
sible time spacing of signals in the digital code.
Thus, each pulse appears in time sequence on the
output of the reference coil and the ten channel
pick-up coils so that at the time a “stop” pulse
is passing the reference coil, the associated “start”
pulse is passing some of the ten channel coils.
Afier a pulse passes the ten channel coils, it comes
to an erasing magnet which clears the disc so
thas it is ready to record the pulses of the next
digit.

As described below and more fully in the afore-
mentioned patent application of Malthaner-New-
by-Vaughan, the “stop” pulse output of the
reference pick-up is subtracted from each of the
ten delayed channel pick-ups and the resulting
net difference output of each channel pick-up is
vectified and integrated. The channel contain-
inz the delay which corresponds to the time spac-
ing between the trahsmitted “start” and “stop”
pulses of the digit will have an integral which
does not exceed a reference value since under
ideal conditions the “stop” pulse and the delayed
“start” pulse as subtracted should be actually
equal and opposite. Following the integration for
each digit a test is made for the channel integra~
tor having such a .value and after the corre-
spondingly designated digit has been registered,
the integrator is reset for use in decoding the sue-
ceeding digit. ‘Thus, magnetic recorder 3129 is a
form of delay device having ten digit channel out-
puts arranged in time sequence so that upon re-
production of the stop pulse of a digit signalin a
reference channel, one of these ten outputs should
indicate a match as described above correspond-
ing to the transmitted digital value.

]
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The process of matching the second or stop
pulse of a digit with the start pulse is accom-
plished as mentioned above, by recording said
stop pulse and then reproducing it through refer~
ence amplifier 3128 and adding this reproduced
stop pulse in phase opposition in all the delayed
start pulse output circuits of magnetic recorder
3128. The identification of a digit corresponding
to the information received is obtained from
these matched output channels by rectifying and
integrating the output of each channel for a short
interval after the reception of the stop pulse.

Integrator circuit 3130 is normally held in a
reset condition by reset circuit 3135 of the inte-
grator control circuit 3125. Upon reception of

_the second or stop pulse of a digit, the outpui of

pulse absorbing circuit 3124 causes integrate
multivibrator 31268 of the integrator control cir-
cuit to enable reference amplifier 3128 and in
turn, through the matching channels of magneiic
recorder 3128 enable the integrator circuit 343%.
At the same time, integrate multivibrator 3{28
operates reset circuit 3135 to remove the reset
condition previously maintained on integrator
3138. Integration is continued for a time interval
determined by integrate multivibrator 3126 which
is sufficient in duration to include the signal
pulse and most of the tail transients which may
develop. on these signal pulses as descrited here-
inbefore. After this predetermined time interval,
integrate multivibrator 3126 returns to normal
causing the operation of read multivibrator 3(3("
which causes & voltage pulse to be developed on
one of the ten output leads of integrator 3130
within the group of leads 3132 corresponding to
the integrator channel -having an acceptable
minimum integrated voltage developed in it,
which channel is the one corresponding to the
received digit signal designation. :

A checking cireuit is provided in connection
with integrator circuit 3130 to insure that on
each integration one and only one digital value
is established by the integration process. The
operation of read multivibrator 313{ causes a
signal to be generated on lead 315 of the inte-
grator 3130 indicating the number of integrator
channels having the acceptable minimum inte-
grator voltage. There should, of course, be ex-
actly one such channel. In addition, read multi-
vibrator 3{31 in operating, also transmits an en-
abling signal to the checking or recycle circuit
3{33. The signal on lead 3115 is connected to
recycle circuit 3133 and if the signal received
over this Iead indicates that more than one digital
value has been identified, the recycle circuit 3133
when enabled directly by the read multivibrator
cperates relay 3138 on ifts lower winding and in
turn relays 3116 and 3145 causing a reset of all
the circuits of the terminating receiver to their
initial normal condition and then permits the
release of these relays so that the receiver may
decode the digital information contained in the
next, complete transmission of a2 number from the
subseriber subset. In the event no signal is re-
ceived from the integrator circuit over lead 3115
at the completion of integration, thereby indicat-
ing that the digital informsation for this digit
was ineapable of being decoded due to signal dis~
tortion, the recycle circuit 3133 also operates
relays 2138, 3116 and 3145 momentarily, as de-
scribed above, to reset the circuits for a second
attempt at decoding the received signals.

The operation of start circuit 3122 enables digit
steering circuit 3127 permitting the output of

& pulse absorbing circuit 3124 on the reception of
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each stop pulse to enable, in turn, the various
digit register circuits as described hereinafter.

Since this receiver in the exemplary system is
required to register only the digits designating
the called subscriber’s line number, the digits
preceding this line number information, which
represent the office code and, therafore, were used
by receiving equipment in the originating office
as described hereinbefore, must be disregarded.
This is accomplished by the absorb- office code
circuit 3{60. This absorbing circuit 3160 is oper-
ated by pulses transmitted from integrate multi-
vibrator 3126 at the end of each integrate period
over lead 3181 through a small coupling con-
denser to both grids of tube 3161 which is a
gate tube permitting the pulses to be repeated
either to tube 3163 or to the digit steering circuit
3127. In this pulse absorbing circuit tubes 3163
and 3165 are two double stability or flip-flop cir-
cuits arranged to form a two-stage binary coun-
ter. These two counter stages jointly conirol
tube 3168 so as to enable either the left section or
the right section of gate tube 316( depending
upon the setting of said counter stages.

In the normal condition of this absorbing cir-
cuit, counter tubes 3163 and 3165 are conducting
in their left sections and cuf off in the right sec-
tions. In this normal condition, voltage con-
nected from the left plate of counter tube 3163
through resistance 3167 to the left grid of tube
3168 together with a similar voltage connected
from the left plate of tube 3165 through resist-
ance 3166 to the same grid of tube 3168 causes
this left section of tube 3168 to be cut off. With
the left section of tube 3168 cut off, ground is con~
nected from the cathode of this section through
resistor 3179 to the grid of the right section of
tube 3168 and negative battery is connected
through resistor 3180 to the same right grid. The
bias thus established on the right section of tube
3168 keeps this right section also cut off. Af this
time, ground from the left cathode of tube 3168 is
connected through resistance 3iT{ to the left
grid of tube 3161 which, together with the nega-
tive voltage supplied to this same grid through
resistor 3172, keeps this left section of tube 3161
also cut off. Positive voltage taken from the right
plate of tube 3168 through resistor 3i69 to the
right grid of tube 3161 together with the negative
voltage supplied to this same grid through resis-
tor 3170 enables the right section of this tube to
just below cut-off so that it will amplify the pulses
received over lead 3181 from the integrate multi-
vibrator. The negative pulses thus produced in
the plate circuit of the right section of tube 3161
are connected through condenser 3162 to the first
stage of the counter 3163. Each pulse thus re-
ceived by counter stage 3163 causes a reversal of
the current conditions in the two halves of the
stage and the negative pulses generated in the
left plate of tube 3163 each time it returns to
its normal condition are connected through con-
denser 3164 to the second stage of the counter
3165 causing its operation in a similar manner.

When three pulses have been transmitted to
the counter circuit from lead 3181 and through
the right section of tube 3161, indicating that
the first three digits of the incoming number
signals have been received, both counter tubes
will be conducting in their right sections and cut
off in their left sections, thus raising the volt-
age at the plates of these left sections. The
voltage, thus connected to the left grid of tube
8168 through the circuit of resistors 3166 and
31617 previously described, brings the left section
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of tube 3168 to full current conduction, and with
the left section of tube 3168 at full conduction,
the positive voltage developed in the cathode of
this section and connected through resistance
3119 to the grid of the right section brings this
right section into a similar conducting condi=
tion. With both sections of tube 3168 at full
conduction, the potentials whieh this tube ap-
plies to the two sections of tube 316{, through
resistors 317{ and 3169 as previously described,
causes the right section of tube 3161 to be cut off
and the left section to be enabled to just below
cut-off. With the left section of tube 3161 thus
enabled, subsequent pulses from the integrate
multivibrator 3126 over lead 3i8i1 are amplified
and repeated on lead 3113 to the digit steering
circuit 3127T.

The first pulse received by digit steering cir-
cuit 3127 over lead 3113, indicating that inte-
gration has been performed for the first digit
that it is desired to register, causes the appli-
cation of a positive potential on lead 31715 to
the first row of register gas tubes 3481 in the
register circuit shown in Fig, 34. - This voltage
applied to lead 3175 is connected through the
pulse shaping network of resistor 34({1 and ca-
pacitor 3412 to the screen electrode 3413 of reg-
ister tube 3410 and to the screen electrode of
nine other gas tubes of which only an inter-
mediate and last tube are shown in detail in a
similar manner in the digit register row 3401,
associated with the first digit to be registered.
This voltage, applied to the screens of the ten
tubes associated with possible digit values of
the first digit, enables these tubes so that the
application of a positive voltage on the grid
electrode of a tube in this row will fire the tube .
and cause full conduction through it. The voltage
pulses for firing one of these register tubes is
obtained from one of the ten input leads of the
integrator circuit 3130 in group of leads 3132
which are connected to ten correspondingly des-
ignated vertical columns in the gas tube register
circuit of Fig. 34. If, for example, the value
designated by the integrator circuit for the first
digit is eight, a positive voltage is transmitted
from the integrator circuit 3130 upon the ap-
plication of the read pulse through resistor 3414
to the grid of the register gas tube 3418 desig-
nating the digit eight-and through similar resis-
tors to the corresponding grids of the other gas
tubes in the same vertical column, at a time
when screén 3413 has been enabled by the steer-
ing circuit as described above. This will result
in the firing of register tube 3418 and the opera-
tion of relay 3416 in its cathode circuit. In a
similar manner, at the end of the second digit
the screen electrodes of the second row 3402 of
the register circuit comprising ten tubes such as
3430, 3438 and 3440 are enabled by the digit

- steering circuit- over lead 3116 and a pulse on

one of the ten integrator output leads within the
group of leads 3132 fires one of the ten register

- tubes provided for the second digit. In a similar
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manner, the third row 3403 of the register circuit
is enabled by the steering circuit over lead 31717
and one of its ten tubes fired by a voltage puise
from the integrator 3130 for the third digit.

The operation of a register tube in row 3402
causes the operation of the corresponding relay
in the group of ten register relays 3730 to 37134
shown in Fig, 37. Assuming that the designa-
tion of the second digit is zero, for example, re-
lay 3730 will be operated in the cathode circuit
of tube 3440, In a similar manner the digit reg-
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istered on one of the gas tubes in row 3403 of
the register circuit of Fig. 34 results in the oper-
ation of a corresponding relay in the group of ten
relays 3156 to 3151, If the value of the third
digit, for example, is 4, relay 3764 will be operated
in the cathode circuit of fired tube 3454.

After the digit steering circuit 3127 has en-
abled the three rows of register gas tubes, in
turn, it then operates relay 3144 as an indication
that the registration has been completed. Relay
3144, in operating, operates relay 3146 and re-
leases relay 2325. Relay 3146, in operating, short-
circuits the right winding of input repeat coil
3113 of the receiver so that subsequent signal
pulses or transients set up in the signaling circuit
by subsequent switching operations will not re-
sult in the alteration or mutilation of the num-
bers now registered in the register circuit of Figs.
34 and 37. Relay 2325, in releasing, removes
battery from lead 2326, extinguishing gas tube
24i1{ in the incoming trunk circuit 24860 and pre-
venting the operation of similar gas tubes in
other trunk ecircuits in the same receiver group
until after the release of the terminating re-
ceiver as described hereinafter. - Relay 3144, in
operating, also connects positive battery to lead
3185 to connect this receiver to the subscriber’s
number group circulit, as described hereinafter.

As described above the voltage on lead 3185 is
applied to the main anode 3720 of cold cathode
tube 3718 through a resistor and to the start
anode 3719 of this gas tube through a potential
dividing resistance network 3790, The start
cathode 3721 of this gas tube is permanently con-
nected through varistor 3723 to the lock-out ele-
ment 3724. This lock-out element also connects in
a similar manner to the start cathode of gas tube
3621 in the trunk number group circuit of Fig. 36.
Since the connections through the switching net-
work, which these connector circuits in part es-
tablish, must be performed on a one-at-a-time
basis as described hereinbefore, lock-out is pro-
vided between the connector tubes 3718 and 3621
by the lock-out elements on a simultaneous basis
by the inductance of element 3724 and on a steady
state basis by resistance in order to prevent the
operation of connector relays 3625, 3626 and
3627 of the trunk number group at a time when
the connector relays 3710, 3711, 3712 and 3713

of the subscriber number group are -operated.

and vice versa.

Although only one originating and one termi-
nating receiver is shown in each office in the
drawing, a plurality of each type receiver may
be and usually will be provided, each receiver
serving a group of line or incoming trunk circuits
and each receiver having access to the corre-
sponding number group circuit through the lock-
out arrangement shown so that this lock-out may
serve to insure that only one connection between
a number group circuit and a receiver exists at
one time regardless of the fact that there are
two types of number group circuits in an office
and that receivers may desire simultaneously to
connect to the same or different number groups.

The voltage applied to tube 3718 results in the
firing of the tube between the start anode 37{9
and the start cathode 3721, followed by transfer
to the main anode 3720-start cathode 3721 path,
and either of these operations may he prevented
if tube 3621 of the trunk number group is fully
operated or simultaneously attempting to oper-
ate.

Assuming that tube 3718 is not locked out by
this process, the discharge within it will finally
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transfer to the main anode 3720-main cathode
3722 path, thereby operating connector relays
3710 to 3113, inclusive. Relay 37i0 connects ten
test and control leads, associated with the possi-
ble first or hundreds digits of called subscriber
line number designations, from the cold cathode
gas tubes of the line circuits to the incoming reg-
ister of Figs. 34 and 37. Relays 3711 and 3712
make similar connections for the test and control
leads associated with the second or tens digits
and with the third or units digits of possible line
designations respectively. The operations over
these leads will be described hereinafter.

Connector relay 3113 completes, in part, cir-
cuits for controlling the switching network, as
described hereinafter, and connects ground to
lead 3714 for interpreting the results of an idle,
busy or vacant test to be performed on the des-
ignated called line and to cause the circuits of
the originating office and the calling subscriber’s
subset to transfer from signaling condition to a
talking condition.

This transfer to a talking condition is accom-
plished as follows: The ground, applied to lead
37114, extends through contacts of the operated
receiver connector relay 2420 of the incoming
trunk 2400 to operate relay 2425. Relay 2425, by
means of its transfer contacts reverses the con-
nections between the interoffice lcop conductors
2122 and the ground and battery supplied to these
conductors through the windings of relay 2410
thus causing a reversal in the direction of direct-
current flow over this interoffice loop and through
the winding of polar relay 2124 in the associated
out-trunk 2109 of the originating office. Relay
2124 now operates, in turn operating relay 2115.

Relay 2115 applies ground through varistor
2114 to the right winding of relay 2112 to main-
tain a holding condition on relay 2112 and on
the connection established through the switch-
ing network of this originating office, as pre-
viously described. Relay 2115, in operating, also
reconnects battery and ground through the wind-
ings of relay 2111 to the tip and ring conductors
extending from this ouft-trunk through the
switching network and over the calling sub-
seriber’s loop 6i4 to the calling subscriber’s sub-
set in the reverse manner to that in which the
connection of this relay to the subscriber’s loop
was originally made as described hereinbefore.
The reverse flow of direct current thus estab-
lished through the windings of polar latch mag-
net 617 of the calling subscriber’s subset causes
this magnet to operate releasing the previously
latched switchhook contact assembly €15, thus
removing from the loop conductors 614 the sig-
naling apparatus in the subset comprising digit
selector 610, digit stepper (16, signaling pulse
generator transformers such as §28 and 621 and
the other signaling apparatus previously de-
seribed, and in turn connecting to the loop con-
ductors 614 the usual talking apparatus compris-
ing a transmitter and receiver in the handset 611,
condenser 622 and the induction coil of trans-
former 623. Relay 2115 in operating also opens
the path from common battery 2020 on which
the actuator connector relay 2(10 was being held
permitting relay 2110 to release and thus open-
ing the connections between out-trunk 2199 and
outward actuator 2210. Interruption of the path
from the common battery 2020 will permit tubes
corresponding to tube 2116 of other out-trunk eir-
cuits to fire in lock-out if they are waiting for
connection to an actuator circuit.

Relay 2212 in the outward actuator circuit
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now releases, reestablishing a ground connection
through conductor 2211 and resistor 2215 to the
output circuit of signaling power amplifier 2216,
thus discontinuing transmission of signaling
power through output transformer 22{4. Relay
2212 also establishes a holding connection on the
upper winding of relay 2213 in turn maintaining
ground on lead 2121 to all the out-trunk circuits
in this actuator group.

Relay 2115 also closes a circuit for maintaining
the connection of the winding of relay 2124 be-
tween the tip and ring conductors of interofiice
leads 2122 after the release of relay 2115, Relay
2115 connects the tip and ring conductors of the
loop extending to the calling subscriber to the
tip and ring conductors of interoffice loop 2112
through series capacitors 2140 and 2{4( respec-
tively, thereby establishing a talking connection
between the said subseriber’s loop and interoffice
loop conductors. Relay 211(, operating on the
direct current applied over the subscriker’s loop
circuit from the battery and ground connected
to its windings, supplies an additional holding
ground through varistor 2114 to relay 2112 and
the switching network connection through the
originating office, and also completes a locking
circuit for relay 2115, thus placing the main-
tenance of the connection established between
the calling subscriber and this out-trunk circuit
now under the control of switchhook contacts §12
of the cazlling subscriber’s subset and direct-cur-
rent relay 2111 of this out-trunk.

Meanwhile relay 3713 supplies ground through
capacitor 3715 for momentarily operating relay

37116 in order to start the process of selection of 3

the called subscriber’s line and the busy-idle-
vacant test of this line. Relay 3716 in operating
connects positive battery to lead 3725 which
passes through the contacts of the operated relay
associated with the first digit of the called sub-
scriber’s number in register row 3401, such as
relay 3416 if the registered digit is 8. From the
contacts of this relay the voltage is extended to
the associated register lead, lead 3423 in this ex-
emplary case of the digit 8. Lead 3423 is in turn
connected through operated contacts of relay
3710 to lead 3125 within the group of conductors
38727 and in turn through a resistor to start ancde
3535 of the designated called line gas tube 3518
of line circuit 35090 and through similar resistors
to the start anode of similar gas tubes in other
line circuits having the same first digit designa-
tion. Ground is also connected by the operation
of relay 37i{6 to conductor 3728 and in turn

through the operated register relay associated

with the second designating digit of the called
subscriber’s line, such as relay 3738 if this second
digit is 0, to conductor 3729 and in turn through
an operated contact of relay 3711 to conductor
3732 of the group of conductors 2733. This
ground connection is extended through a resistor
to the start cathode 3537 of the gas tube 3518 in
the called subscriber’s line circuit and through
similar resistors to the start cathode of similar
gas tupes in other line circuits having the same
second digit designation. These potentials, ap-
rlied to the start cathode and start anode, result
in the firing of this gap in all gas tubes having
tinis combination of first and second digits. How-
ever, relay 3116 also connects positive battery to
conductor 3135 and through the register relay
associated with the third digit of the called sub-
seriber’s number, such as relay 3754 if this third
digit is four, and in turn to conductor 3736. This
voltage on conductor 37136 is further extended
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through an operated contact of relay 3712 to the
common junction of a group of resistors, one re-~
sistor for each possible first digit, and through one
of these resistors to conductor 3737 within the
group of conductors 37138 to anode 3737 of the
called line gas tube and to the corresponding
anode of gas tubes in the other line circuits and
having the same last digit as this designated line.
The voltage connected through a contact of re-
lay 3712 to the group of resistors associated with
the registered third digit is similarly connected
through other resistors of the group to the anodes
of groups cf line tubes having other first digits.
Thus, of the group of line gas tubes fired on the
start cathode-start anode gap only the tube in
the designated called line circuit will also have
voltage applied to the second anode and thus
will be tha only tube to transfer its discharge to
tize second anode-start cathode path. Relay 3716
is ocerated long enough for the above discharge
paths to be established in the line circuit gas tube
after which time relay 3716 releases, removing the
original battery and ground circuits which it had
ciosed to initiate said discharges. However, relay
3741 continues to supply ground through its wind-
ing to conductor 3128 which is connected, as de-
scribed above, to the start cathode of the des-
ignated called line circuit, and relay 3742 con-
tinues to supply positive battery through its
winding to conductor 3735 which is connected to
the second anode of the called line gas tube, as
previously described. The idle, vacant or busy
condition of the called line is determined by the
operation or non-operation of relays 3741 and
3742 after the release of relay 37{6 in response
to the current flow conditions which they find to
have been established in the gas tube of the called
line cireuit.

Considering in a little more detail the line cir-
cuit and its associated gas tube, assume that line
circuit 3500 is the desired called line circuit and
corresponds to line number 804 in the directory
listing plan. The potentials applied by relay 3716
to the paths previously described to the control
slemnents of the line gas tube associated with the
digits 804 will have produced conduction on one
of various paths within the gas tube 3518 asso-
ciated with this line. The discharge will have ini-
tially been caused between the start cathode and
start anode, and will have transferred to the start
cathode-secondary anode path, as previously de-
scrived. In addition, however, if this line is in
an idle condition the circuif from main cathode
3516 will be completed through the back contact
of relay 35t0 in its normal position and a back
contact of relay 85i2 in its normal position
through resistor 38541 to ground and also from
this point through a back contact of relay 3511 in
its normal position to the junction of the two
windings of relay 3522 and through the left wind-
ing of this relay to conductor 3526 to the confrol
appearance of this line on the switching network
of Fig. 32. A path will also. be completed from
the common point of the windings of relay 3%22
through the right winding and varistor 3538 to
ground. Under this idle line condition, the dis-
charge in gas tube 3518 will transfer to the path
ketween anode 3737 and main cathode 3514. If
the line is busy, however, the main cathode 3514
will be connected to ground only through a high-
valued resistor 2540, the connection to resistor
3541 having been opened by the operation of 3510
or relay 8512 in which case the discharge through
the gas tube will remain through the gap between
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anode 3737 and start cathode 3537. Furthermore,
if there is no line in the office corresponding to
the received designation 804, there will be no
corresponding line gas tube and will be no dis-
charge through g line gas tube, after the release
of relay 3116. ’

Assuming that the called line is idle and that
the discharge in the line gas tube is transferred
to the anode-main cathode path, as described
above, the current in this discharge path will
cause the operation of relay 3742, but relay 374(
which is connected to the start cathode of the
line tube will remain unoperated, hecause the
discharge current will fiow through the tube to
the main cathode and not to the start gap cath-
ode under these conditions. If the called line is in
a busy condition, the discharge through the line
gas tube will be between the starter cathode and
anode 3137 and will cause the operation of relay
3741 as well as relay 3742; and if the line is
vacant, of course neither of these relays will be
operated.

Considering the case of an idle called line,
the ground connected to conductor 3714 by the
operation of relay 3713, as described herein-
before, will be extended through an operated
make contact of relay 3742 and a back contact
of unoperated relay 374( to the winding of relay
3143 thereby causing its operation. At the same
time, ground will be removed by the operation
of relay 3742 from conductor 3744 which is used
in the trunk circuit in case the line is busy or
vacant, as will be described hereinafter. Relay
3143, in operating, places a shunting ground
around the winding of relay 3741 to insure that
it does not operate subsequently and -applies
ground to conductor 3748 which passes through
4 contact of connector relay 2420 in the incoming
trunk circuit 22409 to the winding of relay 2428
thereby causing its operation. Relay 2428 opens
the operating circuit of relay 2428 to prevent its
subsequent operation. Relay 2428 also connects
a source of ringing power through relay 2429
to the ring conductor and directly to the tip con-
ductor of the outgoing talking leads of this trunk
which will be extended through the switching
network to ealled subscriber’s subset as described
hereinafter. In addition relay 2428 removes
short circuits from the series resistor capacitor
networks 2432 and 2431 in the tip and ring con-
ductors of the in-trunk so that a fraction of
the ringing voltage will be transmitted through
these networks and through the tip and ring
talking condensers 2432 and 2433 to the tip and
ring conductors which extend from trunk 2109
and through the switching network of the orig-
inating office to the calling subscriber. This ring-
ing tone informs the calling subscriber that a
connection to the subscriber, he has designated
by the setting of the signal generating apparatus
in his subset, is being established.

Relay 3143, in operating as described above to
indicate that the desired called subscriber’s line
is idle, applies a positive voltage over lead 3431,
through an operated contact of relay 2420 and
a closed back contact of relay 2421 to the common
junction of the windings of relay 24271 and
through the right winding of this relay to the
appearance of the control lead 2436 of trunk
2488 on the switching network of Fig. 27. Positive
voltage through resistor 3788 is applied through
another contact of operated relay 3143 and a
series contact of operated relay 3743 to con-
ductor 3746 which is connected through a back
contact of relay 35(2 to a main anode 357 of
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the called line circuit 3500 and in a similar
manner to the main anodes of the gas tubes in
the other line circuits. This application of volt-
age to main anode 8517 causes a transfer of the
discharge in this line gas tube to the main cath-
ode-main anode path thereby developing a posi-
tive voltage marking potential in the main cath-
ode circuit across resistor 3541 which mark is
extended over the path previously described to
the control lead 3526 of this line circuit and its
appearance on the switching network of Fig. 32.

With voltage applied to the control lead 243§
at the trunk side of the switching nefwork and
to control lead 3526 at the line side of the switch-
ing network, the various possible paths between
these two points through the switching network

.are revealed by the ionization of the cold cath-

ode gas diodes in the various cross-points of the
switching network in a manner similar to that
described previously for the switching network
in the originating office. Specifically, assuming
that all the paths shown in the drawing are idle
in the exemplary system, the voltage applied
to lead 2436 together with the voltage from bat-
teries 2714 and 2719 fires diodes 2711 and 271§
in primary switch 2781 of frunk frame 2700 and
thereby produces by the voltage drop in resistors
2713 and 2718 an altered voltage condition on
link leads 2712 and 27171 between the primary
and secondary switches of this trunk frame.
This altered voltage condition on primary-sec-
ondary link lead 2742 results in the firing of cold
cathode gas diodes 272{ and 2726 in secondary
switch 2103 of this trunk frame producing, in
turn in a similar manner, an altered voltage
condition on leads 2722 and 2727 respectively.
Lead 2722 connects through resistor 2921 to the
start anode of cold cathode gas tube 2910 in
junctor circuit 2800 and similarly lead 2727 con-
nects to the start anode of a similar gas tube in
junctor circuit 3001. In addition, the altered
voltage condition on primary-secondary link
lead 2717 similarly fires the cold cathode gas
diodes in cross-points 2130 and 2732 of secondary
switeh 2164 of the trunk frame, in turn pro-
ducing an altered voltage condition on lead 2731
to the start anode of the gas tube in junctor 2992
and on control lead 2723 to the conirel anode of
the gas tube in junctor 3823.

Again assuming that all the paths shown in
the drawing in the line frame 3200 are idle and
considering specifically the voltage applied to
lead 3525 at the line side of the switching net-
work, cold cathode gas tubes 3211 and 3216 in
primary switch 3281 of line frame 3280 fire
thereby altering the voltage on primary-second-
ary link leads 32{2 and 3211, respectively. The
altered voltage condition on lead 3212 in turn
fires the diodes 3221 and 3226 in secondary switch
3283 of this line frame extending voltage marks
on conductors 3222 and 3227 to the screen elec-
trodes of the gas tubes in junctors 2960 and 2901,
respectively. In a similar manner the altered
voltage condition on primary-secondary link
iead 32{7 fires the gas diodes in cross-points 3230
znd 3232 of secondary switch 3204 of this line
frame extending voltage marks on conductors
5231 and 3233 to the screen electrodes of the gas
tubes in junctors 2902 and 2903, respectively.

Of the various junctors to which voltage marks
have thus been extended, only junctors 2908 and
2902 are marked from both frunk and line sides
of the switching network and are thus the only
junctors shown associated with possible complete
paths through the switching network. The tubes
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of juhetor circuits 2900, 2962, 3601 and 3603 have
voltage marks supplied to their start anodes which
will initiate g discharge between the start anode
and start cathode of the tubes of each of these
_junctor ecircuits. These discharges will then
transfer to the screen or shield element of these
tubes in junctors 2908 and 2982 and will start
a transfer to the conduction path extending from
the start cathode to the main anode. ‘However,
junctors 2980 ‘and 2992 have their main anode
circuits connected to main anode lock-out net-
work 2925 and the control cathodes are effective-
1y grounded at this time by condensers coxre-
sponding to condenser 2916 so that by the process
of lock-out previously described the tube in only
one of these two junctors will succeed in accom-
plishing this transfer. Assuming that the dis-
charge in the tube in junctor 2988 transfers to
the main anode-start cathode gap, the discharge
then further transfers to the main anode-main
cathode circuit operating relay 2828 in the main
cathode circuit on its lower winding by the pulse
of current through capacitor 2926. The operation
of relay 2923 completes a -circuit from battery
2833 through resistor 2939 and the upper windg-
ing of the relay around resistor 2948 across which
the voltage on lead 3222 was developed, and in
a similar manner the operation of relay 2§28
completes a shunt through resistor 2931 and the
lower winding of relay 2932 around resistor 2922
on which the marking voltage on lead 2722 was
originally developed. These shunt paths permit
additional current to flow from battery 2933
through the windings of relays 2832 and 2328
and through the various cross-point diodes in
each direction from the junector and their asso-
ciated cross-point relay windings to the mark-
ing voltages supplied to the switching network
on conductors 2436 and 3526 causing the opera-
tion of the cross-point relays associated with said
switching path.

The operation of the cross-point relays in the
line frame places short circuits around the gas
diodes of these cross-points thereby causing a
further increase in the current flow in the con-
trol lead path between the junctor and the line
circuit through the upper winding of relay 2828
which in turn operates relay 3522 in the line
circuit on its left winhding. The operation of the
cross-point relays in the trunk frame places short
circuits around the gas diodes of these cross-
points thereby causing a similar further increase
in the current flow in the control lead between
the junctor and the trunk circuit which operates
junctor relay 2922 on its lower winding and trunk
relay 2427 on its right winding.

The operation of relay 2932 prepares a hold-
ing path from negative battery 2938 through
varistor 2934 and both windings of relay 2832
which path is completed through the cross-point
relay windings, both windings of relay 2421, a
contact of relay 2427 and varistor 2437 to ground
through the right-hand operated contacts of re-
lay 2416. Relay 2932 also prepares a holding path
from negative battery 2938 through varistor
2935 and the upper winding of relay 2928 which
path is completed through the line frame cross-
point relay windings, both windings of relay 3522
and varistor 3529 to ground. Relay 2932 operates
relay 2936 and lights a lamp 2937 as a visual
indication of the operation of the circuit. The
winding of relay 2932 is shunted by a resistor-
capacitor network 2939 to make it slow-release.
Operation of relay 2936 connects a release
transient damping varistor 2949 through the
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upper winding of relay 2938 to lead 3222; con-

- nects a negative extinguishing potential 284{
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through resistor 2942 to the start anode of tube
2910; and, short out the lower winding of relay
2928.

The operation of relay 3522 in line circuit 3503

on the increased current in the control iead path
through the swiiching network, as described
above, operates relay 3518 through resistor $531.
Relay 3518, in operating, opens the marking volt-
age path between line gas tube 25{8§ and the
windings of relay 3522, opens the locking path
for relay 25i5 which is used on originating from
this line, and removes the winding of relay 35{2
and ground from the tip and ring conductors of
the line. Tube 3518 is extinguished and a busy
indication for subsequent tests by the subscriber’s
number group established at this tube by the
open contacts of relay 35i186. Relay 3522 is held
operatéd by current fiowing over the circuit ex-
tending from ground through varistor 3528,
through both windings of relay 3522 to control
lead 3526 and then through the switching net-
work, the upper winding of relay 2928, and re-
sistor 2930 to negative battery 2933. Varistor
2835 is so poled that negligible current flows to
battery 2938 at this time. The removal of mark-
ing voltage from the line side of the switching
network by the operation of relay 3522 reduces
the current flow over the control lead path
through the switches. This is a lower value of
current than that established by the marking
voltage and permits the release of junctor relay
2828. The release of relay 2928 removes battery
2933 from the control lead paths; thus, per-
mitting holding current for these paths to now
flow from negative battery 2938 through varistors
25934 and 2935.
" Relay 2421, in operating, extends ground from
an operated contact of relay 2819 to the junc-
tion of the two varistors 2437 and 2438 associated
with the winding of relay 2427, thus preparing a
holding condition for the path established
through the switching network between the trunk
and junctor circuit 29888. Relay 2427 also con-
nects the ground through a back contact of
relay 2429 for locking relay 2428 in an operating
condition to maintain the connection of ringing
power to the called subscriber’s line after the
relay 2420 to the terminating receiver and sub-
seriber number group circuits has released. Re-
lay 2427 also operates relay 242i which in turn
opens the-marking voltage path to the common
point of the windings of relay 2421, extinguishes
gas tube 2411 and releases relay 2429.

The release of relay 2420 opens the connec-
tion between this incoming trunk circuit and the
terminating receiver of Fig. 31 causing the re-
lease of relay 8119, the reoperation of relay 3ilt
in this receiver circuit, and the release of trunk
relay 2425. The release of relay 2425 restores
the direct-current flow over interoffice conduc-
tors 2122 to its original direction, thereby re-
leasing relay 2124 in the out-trunk.

Relay 3110, in releasing, releases call count-
ing deviece 3{(4 and opens the path between the
signal inpuft transformer 3113 and the bhand-
pass filter 31{1. Relay 21{1{, in operating, con-
nects ground to automatic volume control cir-
cuit 3118 restoring this circuit to its maximum
gain condition, applies a resistance termination
across the right winding of input transformer
3112 and reoperates relay 3138. Relay 3138, in
operating, removes battery from the digit steer-
ing circuit 3127 thereby restoring this circuit to
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its normal condition, and supplies batbtery to
start circuit 3i22 to restore it to its normal con-
dition and operates relay 3{i6. Relay 3116, in
operating, removes battery from the integrator
circuit 3130 and from the tubes of the register
circuit of Fig. 34 to restore these circuits to
their normal conditions, ‘and operates relay 3 145.
Relay 3145, in operating, removes 2 short cir-
cuit from inductive element 3{498 thus produc-
ing a negative pulse in the battery supply lead
3147 to the start pulse absorbing circuit 3124
and the office code absorbing circuit 3160 re-
storing these circuits to their normal condition.

With the connection established as described
above from in-trunk 2460 through the switching
network, the line circuit 3500 and local sub-
scriber loop conductors 3814 to subset 3830, the
ringing power supplied from in-trunk 24959 op-
erates ringer 3813 through capacitor 3868 and
the closed contacts of switchhook assembly 3812
to summon the called subscriber.

When the called subscriber answers the call
by removing handset 3811 from its switchhook
cradle, switchhook assembly 3812 operates re-
moving ringer 38(3 from the line conductors
3314 and connects these line conductors through
‘closed contacts of latched switchhook assembly
3815 to the windings of latch magnet 3811. The
impedance of the direct-current path compieted
through the latch magnet windings causes the
operation of the trip ringing relay 2429 in the
in-trunk on the ringing power and/or the super-
imposed direct current provided therewith. Re-
lay 2428, in operating, opens the locking path
to relay 2428 which releases, in turn removing
ringing power from the conductors extending to
the called subscriber and causing the release of
relay 2425. Relay 2428, in releasing, also places
short-cireuits around networks 2430 and 2431
through which ringing tone was supplied to the
calling subscriber’s subset, and thereby com-
pletes a direct-current path from ground and
battery through the windings of relay 2438 fo
the conductors extending to the called sub-

seriber’s subset and through the windings of 13

latch magnet 38{7 thereat. Relay 2439 now
operates, and the direction of current flow
through latch magnet 3817 from the battery
and ground at the windings of relay 2438 causes

the operation of this latch magnet releasing

switchhook assembly 28(5. Relay 24639, in op-
erating, supplies an additional locking ground to
relay 2427 and reoperates relay 2425. The reop-
eration of relay 2425 reverses the direction of

current flow over interoffice conductors 2122 3

causing the reoperation of polar relay 2124 in
ocut-trunk 21869. This reoperation of relay 2124
may be used, by means not shown but well knowi
in existing telephone systems, to operate a reg-
istering device for charging the call to the call-
ing subscriber’s account.

The release of switchhook assembly 3815 in the
called subscriber’s subset 3800 removes lateh
magnet 3817 and the signaling apparatus com-
prising digit selector 3810, signal generating de-
vice 3820, digit stepper 3816 and the phase-
splitting networks 3818 and 3819 from the loop
conductors 3814 and completes the talking cir~-
cuit from these loop conductors through the
usual talking apparatus comprising a receiver
and transmitter in handset 3811 and the usual
gagacitor 2822 and transformer or induction coil
823.

The calling subscriber at subset 6§30 may now
converse with the called subscriber at subset 3300
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with transmitter bias current provided for these
subsets through the windings of relays 211{ in
out-trunk 2109 and the windings of relay 2439
in in-trunk 2460, respectively.

The talking connection through the originat-
ing office is maintained at this time under the
joint control of out-trunk relays 211 and 2115
which relays are in turn held by the direct cur-
rent fiowing in the called subscriber’s talking
loop and by the current flowing over the trunk
circuit 2122. For the trunk frame section of
the originating .office, ground is provided from
relays 2111 and 2115 in the out-trunk through
the windings of relay 2112, the windings of the
associated operated cross-point relays of trunk
frame 1710 and the windings of relay 1432 in
junctor 1410 to negative battery {438; and for
the line frame section of the originating office,
battery (438 is connected through the contacts
of the operated relay 1432 in the junctor {410
through the upper winding of relay 1428, the
windings of the associated operated cross-point
relays of line frame (110 and the windings of
relay 822 in the calling line circuit 800 to ground.

In g similar manner, the talking connection
through the trunk frame of the terminating of-
fice is maintained at this time under the direct
control of in-trunk relay 2439, which is in turn
held by the direct current flowing in the called
subscriber’s talking loop, and in a joint manner
by relay 2410 which in turn is controlled by the
out-trunk relay 2{!{, which in turn is held by
the direct current flowing in the calling sub-
seriber’s talking loop. Ground is provided from
relays 2439 and 2410 in the in-trunk through
the windings of relay 2427, the windings of the
associated operated cross-point relays of trunk
frame 2700 and the windings of relay 2932 in
junctor 2900 to negative battery 2938; and for
the line frame section of the terminating office,
battery 2938 is connected through contacts of
the operated relay 2§32 in junctor 2900 through
the upper winding of relay 2938, the windings
of the associated operated cross-point relays of
line frame 3208 and the windings of relay 3522
in the calling line circuit 35¢0 to ground.

As described above, the talking connection in
both the originating and terminating office is
held under the joint control of both the calling
and called subscribers. If the calling subscriber
hangs up first at the end of conversation, the op-
eration of switchhook assembly 612 opens the
current path to out-trunk relay 2111 which re-
leases and thereby opens its locking ground path
to out~trunk relay 2115; however, relay 2115 is
held operated by the operated relay 2124 so that
holding ground is maintained to relay 214{2 and
the switehing network. When the called sub-
scriber then hangs up, the operation of switch-
hook assembly 3812 opens the current path to in-
trunk relay 2439 which releases in turn releas-
ing relay 2425. With relay 2425 normal, the re-
versal of the direction of direct-current flow in
the interoffice loop conductors 2122 releases polar
relay 2124 in the out-trunk in turn releasing
relay 2115. The release of relay 2115 opens the
holding ground to relay 2112, and this relay to-
gether with the series operated cross-point relays:
in trunk frame 1710 and junctor relay 1432 releases.
The release of junctor relay {432 in turn opens the
circuit from battery 1438 through the upper wind-
ing of relay 1428 and the series of windings of
the operating cross-points in the line frame {1i0
and the windings of relay 822 in the calling line
circuit, permitting the release of the relays aglong
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this current path. The release of junctor relay
1432 also releases relay 1436 restoring the junctor
to its normal condition and the release of line
circuit relay 822 releases relay 810 restoring the
calling line circuit to its normal condition.

The release of relay 2115 in the out-trunk also
opens the bridging connection through the wind-
ing of relay 2124 established between the talk-
ing conductors of interoffice loop 2122 thus caus-
ing the release of in-trunk relay 2410. The re-
lease of relay 2418 opens the holding ground to
relay 2421 and this relay together with the series
operated cross-point relays in trunk frame 2709
and the junctor relay 2932 releases. The release
of junctor relay 2932 in turn opens the circuit
from battery 2938 through the upper winding of
relay 2928 thus releasing the series operated
cross-point. relays of the line frame and relay
3522 in the line circuit. The release of junctor
relay 2932 also releases relay 2936 restoring the
junctor to its normal condition and the release
of relay 3522 releases relay 3510 restoring the
called line circuit to its normal condition.

If the called subscriber hangs up first, the op-
eration of switchhook assembly 38{2 opens the
direct~current path to in-trunk relay 2439 which
releases in turn releasing relay 2425. With re-
lay 2425 normal, the reversal of the direction of
current flow in the interoffice loop conductors 2122
releases polar relay 2124 in the out-trunk; how-
ever, the connection in the originating office is
still held under the confrol of relay 2i1t, and
relay 24190 in the in-trunk remains operated over
the interofiice loop to hold the connection in the
terminating office. When the calling subscriber
then hangs up, the operation of switchhook as-
sembly 6§12 opens the direct-current path to out-
trunk relay 2{{{ which releases, in turn releas-
ing relay 2115, The release of relay 2115 then
causes the release and return to normal of out~
trunk 2i08, in-trunk 2400, line circuits 608 and
3500 and the junctors and cross-point relays used
in the connection as described above when both
subseribers have hung up.

The operation of the circuits disclosing the spe-
cific exemplary embodiment of the invention has
been described for the completion of g eall from
a calling subset 640 in office A to a called sub-
set 2860 in office B for the case in which the
called subset 3860 was idle. Returning to the
operation of the terminating receiver and regis-
ter of Figs. 31 and 34 and the subscribers’ num-
ber group of Fig. 37 in making an idle-busy-va-
cant test of the called subscriber’s line as de-
scribed hereinbefore, the alternate operations of
the system will now be described for the case
in which this test results in an indication that
the called line is busy or vacant.

As described hereinbefore, if the called line
designated by the number registered on the regis-
ter relays of Figs. 34 and 37 is vacant, relays 3741
and 3742 both remain unoperated after the re-

lease of relay 3716. The release of relay 3716

removes the battery connected through resistor
3738 to capacitor 3740 which has been holding the
capacitor in a substantially uncharged condition,
thus permitting this capacitor to charge through
resistor 3745 and a back contact of relay 3742
to ground provided from relay 3713. As a result
of the charging of this eapacitor, the voltage on
lead 3744 connected to the capacitor will approach
ground potential thereby operating relay 2426 in
the in-trunk circuit after a time interval sufficient
to permit the operation of relay 3742.

If instead of a vacant line, the call is to a
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busy line, relays 3741 and 3742 both operate
after the release of relay 3716 as described here-
inbefore. With relays 374f and 3742 operated,
the ground from relay 37{3 is connected directly
to lead 3744 operating relay 2426 in the in-frunk
without delay. )

Relay 2426, when operated, locks under con-
trol of operated relay 2410, connects negative bat-
tery to lead 2448 to cause the operation of the
busy tone generator 2658 and connects the result-
ing busy tone on lead 244{ through capacitor
2442 to the ring conductor of the in-trunk. This
tone is transmitted over the previously established
and described connection of interoffice conductors
2122, cut-trunk 2109, and the switching network
of ‘the calling office to the calling subscriber’s
subset 608 which is now in talking condition
as described hereinbefore to inform the ecalling
subscriber that the desired called subscriber may
not at present be reached.

The operation of the busy tone generator 2650
is as follows. Briefly, the negative voltage ap-
plied to lead 2440 cuts off the right section of
tube 2652 permitting tube 2654 to operate as a
multivibrator, in turn operating and releasing
relay 2653 through the left section of tube 2552
which operates as a cathode follower. The nega-
tive voltage on lead 2440 also causes relay 2§55
to buzz on its back contaet and upper winding at
a rate determined by the inductance and re-
sistance of the relay winding and by the associ-
ated resistor-capacitor network. .A echaracter-
istic tone rich in harmonics, thus generated in
the lower winding of relay 2655, is connected
through condenser 2662 and the tone interrupt-
ing contacts of relay 2653 to the in-trunk via lead
2441 as described above. )

Reiay 2426, in addition to providing busy tone
to the calling subscriber, operates relay 2421
thereby extinguishing gas tube 241 and releas-
The
release of relay 2420 permits the return to nor-
mai of the terminating receiver and register and
the subscribers’ number group as described here-
inbefore. )

When the calling subscriber recognizes the busy
tone and hangs up, the connection established
through the switching network, out-trunk 2189
and in-trunk 2400 will release and restore to nor-
mal, as described hereinbefore for the case of the
calling subscriber hanging up last.

The specific embodiment of the circuits dis-
closing central office B and its associated sub-
scriber stations as shown in Figs. 23 to 40, in-
clusive, are similar to the circuits for central of-
fice A shown in Figs. 4 to 22, inclusive, except for
tire signal receiving circuits. The two signal re-

- ceivers of office A are of the same type, and the
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two signal receivers of office B are of a second
type; and the operation of each type has been
described hereinbefore. In addition to the vari-
ous calls described hereinbefore wherein all the
calls were assumed as originating at subscribers’
stations in office A, calls may, of course, be simi-
larly originated by subscribers in office B and
will be handled in a similar manner as may be
readily understood by reference to the descrip-
tions of circuit operations given hereinbefore.
In the hereinbefore described conditions it was
assumed that trunks in the desired trunk group
were idle. Mention was made, however, if all
trunks in a trunk group are busy, the trunk group
tube 933 will be marked busy by application of a
ground on its main cathode 942. If this condi-
tion arises relays 939 and 938 will both operate as
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4 result of the idle-busy-vacant test hereinbefore
described and positive battery will be applied
through the closed contacts of said relays, the
closed contacts of relay 926 and resistor 944 to
the start anode of tube 946 and to a shunt ca-
pacitor 945 to ground. The combination of re-
sistor 944 and capacitor 845 slows down--the rise
of the anode voltage so there is a small delay in
firing the start gap of tube 946. The tube 946
having fired on its start gap will transfer to its
main gap causing operation of relay g52 which
causes a positive voltage to be applied to lead 953
which is connected through a back contact of
relay 2231 in busy tone trunk 2239 to lead 2237
which is the control lead to the right vertical of
primary switch 18{4 on trunk frame 1819.

The presence of the positive voltage mark on
lead 2237 causes the diodes associated with cross-
points i815 and (816 to fire. Breakdown of these
diodes causes a change of potential on the con-
trol lead of links 1821 and 1822 so that diodes
associated with cross-points (820, {819, 1818 and
1811 break down. As a result of the above-men-
tioned diodes firing, marks of increased voltage
are applied to control leads. 1826, {827, 1823 and
1825 which cause control gaps of cold cathode
gas tubes similar to tube 1420 in junctor {410
to break down across the control gap in junctors
414, 1416, 1510 and 1515.

As hereinbefore described, when a connection
was made to the trunk number group, a positive
voltage mark was applied through the winding of
line relay 822 to lead 826 which causes break-
down of diodes {111 and (121 which resulted in
an increase of potential on control lead {126 of
link 1116 and control lead {128 of link (1. In-
crease of potential on lead 1128 caused breakdown
of diodes 1121 and {128 which in turn caused in-
creased potential on control lead {41 i to junctor
{418 and lead 1417 to junctor 1414. Increase of
potential on lead 112§ of link t117 caused diodes
associated with cross-points {130 and 1131 to fire
which caused an increase in pofential on lead
(418 to junctor 1415 and lead {419 to junctor 1616,
These marks increase the screen voltage of cold
cathode tubes in the junctors similar to tube §42G
in junctor (410. Of all the junctors shown as
marked due to increased potential on contrel
leads only junctors 14{4 and 1416 have marks
on both sides thus permnitting their gas tubes to
Are on the control gap and transfer to the main
gap. However, due to the presence of common
lock-out impedance (425 in the main anode cir-
cuit and the condensers between the control gap
cathode and ground and between the main cath-
ode and ground, only one tube will transfer to the
main gap, which is assumed to be the tube 1456
of junctor 14i6. When the tube fires, a relay in
the junctor similar to relay (428 in junctor {418
will operate and the action will be then identical
to that hereinbefore deseribed for junctor 1419
with the final result that relay-822 in the line cir-
cuit will be operated, relays in the junctor simi-
lar to relays {432 and 1436 in junctor 1410 will
be operated and a metallic path will be estab-
lished through cross-point {22, link (117, cross-
point 1131, path 1824, cross-point 1818, link 1822,
cross-point 1816 to the tip 2239 and ring 2243
leads of busy tone trunk 2238. A direct-current
path through the subset over line 614, the above-
mentioned path and through supervisory relay
2236 causes operation of said relay 2236 which
places a holding ground on lead 2237 through
varistor 2233 and resistor 2232 for holding the
connection to the busy tone trunk. Varistor 2234
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is used to suppress fransients which might refire
cross-point diodes when the connection is re-
leased.

Operation of relay 8§22 starts a sequence of
events which causes the release of actuator 908,
the receiver-register and number group, the ex-
tinguishing of all diodes in the switches and the
removal of marks from the junctors so that an-
other line circuit and/or incoming trunk circuit
may proceed with the establishment of a con-
nection, as described hereinbefore.

When relay 2236 operates, it operates relay
2231 through resistor 223%. Operation of relay
2231 opens the marking path between lead 953
and lead 2231.

At the time the transmission path is cut
through the switches to the busy tone trunk and
relay 2236 is conmnected to the subset, the con-
dition of battery on tip lead 2237 and ground on -
ring lead 2248 is such as to trip the electromag-
netic latch §17 in the subset 600 so said subset
is now in the talking condition. Lead 2240 is
connected through capacitor 2251 to the busy
tone generator 2258 which can be common to a
group of busy tone trunks and incoming trunks
in the office. If some busy tone trunk or incom-
ing trunk is already using the generator it will
already be enabled and sending a busy tone
which is an intermittent buzzer tone replete with
harmonics. ’ .

When the busy tone generator is not in use,
the left triode of vacuum tube 2252 rests with
its grid at ground and saturation current is grawn
through resistor 2256. Under this condition the
voltage on the plate of said triode is consider-
ably below the plate battery 2257 with the re-
sult that the voltage on the grid of the right tri-
ode of tube 2252 is below cut-off since it is de-
rived by summing the plate potential of the left
triode of tube 2252 through resistor 2258 with
the negative battery through resistor 2259. When
the right triode of 2252 is cut off, no current
flows through relay 2253. Saturation of the left
triode maintains low potential on the right plate
Operation of relay
2236 applied negative battery through varistor
2238 to cub off the left triode of tube 2252. At

this time, tube 2254 which has normally low -~

potential on the right plate functions as a con-
ventional free running multivibrator. At the
part of the on-off cycle during which the right
triode of tube 2254 is cut off and the left triode
of tube 2252 is cut off, the grid of the right tri-
ode of tube 2252 becomes positive and current
flows in the cathode circuit of said triode causing
the operation of relay 2253 which connects the
tone generating circuit consisting of a buzzing
relay circuit 2255 to the ring side 2240 of the line.
Application of battery through varistor 2238 also
causes ‘the tone generating relay to buzz on its
back contact and thereby to generate the busy
tone in its secondary winding. During the part
of the multivibrator cycle when the right triode
of tube 2254 is saturated and the right triode of
tube 2252 is cut off, relay 2253 releases Thus,
the interrupter circuit comprises a free running
multivibrator 2254, which may be normally dis-
abled by the left triode of tube 2252, with a cath-
odg follower, right triode of tube 2252 and relay
2253.

The voltage output of the tone generator is
fractionated by means of the capacitors 2262
and 2263. .

The interrupter buzzing tone continues to be
transmitted to the subset until the subscriber
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hangs up. At that time relay 2236 releases due
to opening of the direct-current path, the busy
tone generator circuit releases and removal of
ground from lead 2237 releases relays in junctor
{416 similar to relays (432 ang {438 in junctor
{410 and relay 822 in line circuit 860 releases.
Release of cross-points (122, 1£31, 1818 and 1816
is also accomplished. The switches and junctor
are then ready for use in another call. Release
of relay 822 permits the conditions in line cir-
cuit 808 to return to normal as hereinbefore de-
scribed so that it may handle another call.

Only one busy tone trunk is shown in the
drawing. However, the office would be engineered
with a sufficient number of busy tone trunks to
satisfy the maximum simultaneous busy tone
demand.

1t has been hereinbefore stated that a vacant
eall is routed to the busy tone trunk. This has
been done in the exemplary embodiment of the
system shown but it is assumeqd that in a large
office a separate group of trunks would be avail-
able to handle this condition by routing the call
to an intercept operator who would render as-
sistance to the subscriber. The size of this group
of trunks would be engineered to give good serv-
ice and be consistent with the number of sub-
seribers and trunks in the office.

The following description traces the operation
of the system for a call from a subscriber in
central office A to another subscriber in the same
office.

When the subscriber having subset 500 desires
to place a call he presets the number of the de-
sired line on the finger wheels or other manually
settable selectors associated with digit selector
switch €10, thereby making a connection between
each vertical digit wire and the corresponding
desired horizontal digital-values buses of said
subset. Specifically in the exemplary system
shown by way of example, if the called line is
in the same office as subset 606 assume that the
first three digits of the number will be CHS8 or
numerically 248 the office code. The final part
of the number of the called station is also seb
by the subscriber. The handset 611 is then lifted
from the cradle causing closure of switchhook
contacts 612 so that a direct-current path is
established through subset 680, line 614 and line
circuit 800 to cause the operation of relay 812 in
the manner hereinbefore described.

Operation of relay 8!2 causes firing of the
control gap and transfer to the main gap of gas
tube 814 provided no other line tubes are fireq at
this time. When tube 814 is operated, all other
lines are locked out and relay 818 operates oper-
ating in turn relay 811. Operation of relay 813
applies ground to lead 824 which operates relay
81{{, which enables tHfe 45-cycle power amplifier.
The ground applied to lead 824 by the opera~-
tion of relay 819 also operates relays 5i0 and
‘512 and releases relay 511 which relays in turn
connect the receiver of Fig. 5 to actuator 908
and render the receiver ready to cooperate with
the subset for the reception and registration of
the called number as hereinbefore deseribed.

. Operation of relay 811 connects actuator 998
to line 614 and subset 600 so that 45-cycle current
may pass over the associated simplex circuit to
control generation of the signals in said subset
which are returned over the loop through the
aforementioned connections to the receiver. Su-
pervision of the call is maintained by monitoring
the 45-cycle simplex current by means of trans-
former 815, detector 916 and relay 910 as herein-
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before described. If the 45-cycle current is inter-
rupted, release of relay 918 results, which removes
ground from the winding of relay 819 which
veleases and causes the connection to be discon-
tinued.

The signaling pulses as received by the receiv-
ing cireuit shown in Fig. 5 first pass through filter
547 to the volume limiter 518 causing the gain
of said limiter to be set at the proper level as
described in the above-identified application of
Malthaner et al. In addition, these pulses, after
being repeated by the limiter circuit, are trans-
mitted to the code detector 520 through amplifier
516 which detector is provided with a timing cir-
cuit which recognizes the blank interval between
the series of pulses representing a complete called
number designation. The other circuits of the
receiver are rendered ineffective and are blocked
until such & blank interval is received. At this
time the code detector 520 as well as the other
portions of the start circuit respond to the blank
interval and cause the various other circuits of
the receiver to be conditioned to thereafter re-
ceive the pulses. These circuits then respond to
the succeeding pulses received from the subscriber
station and cause the magnitudes represented by
the various pulses to be stored-on binary count-
ers 531, 532 and 533 which counters are arranged
to register the first three diigts following the
plank interval occurring in a train of pulses
from the calling susberiber’s subset. :

As set forth above, the pulses are received
and amplified by the volume limiting amplifier
circuit 518. The gain of this amplifier is auto-
matically regulated so that the amplitude of the
pulses from this amplifier are substantially in-
dependent of the amplitude of the pulses as
recéived. Pulses are then further amplified by
amplifier 5i9 and then supplied to code detector
528 and digit detector 521. As described above
the code detector 520 together with the blank
interval timer 522 recognizes the blank intervals
between each complete series of pulses repre-
senting the entire subscriber station designation.
The digit detector 521 is normally rendered in-
operative. However, in response to the operation
of the blank interval timer which in turn oper-
ates the code start circuit 523, the digit detector
521 is rendered operative so that it will respond
to the succeeding pulses received from the calling
device of subscriber station 6608. The first six
signaling pulses received thereaffer are received
by the detector 521 which controls the switching
device 524, the multivibrator 525, the step-steering
circuit 526 and the steering circuit 527 in the
manner hereinbefore described so that the first
seven timing pulses from multivibrator 525 are
passed through switch 529 to the seven-counter
530 and the subsequent pulses through switch
529 to the binary counters 534, 532 and 533 which
register the magnitudes of the A, Band C digits
respectively of the called office code.  The output
of digit detector 521 is also applied to a sixteen-
pulse counting circuit 534 which controls counter
reader 535. .

Assuming that a total of sixteen pulses, as
required in the exemplary embodiment of the
invention set forth herein, is received between
the two blank intervals then the counter reader
535 will condition the locking circuit 542 instead
of the recycle circuit 536 to repeat a pulse from
the code end circuit 560 in response to the suc-
ceeding blank interval. The locking circuit 542
then functions through cathode follower 543 to
operate relay 544 thus indicating that the proper
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number of pulses have been received. The set-
ting of the counter tubes in each of the digit
counters 531, 532 and 533 alters the bias on
cathode follower tubes 710 to 71 5, inclusive, which
are associated with the individual stages of the
counters so that the settings of these counters
are transferred to an operated combination of
relays in the corresponding three sets of trans-
lator relays shown in Fig. 1.

The first digit is then represented in binary
code form by the operated combination of relays
726 to 723, the second digit by the operated com-
pination of relays 130 to 133 and the third on
last digit of the office code by the operated com-
bination of relays 740 to T43. The contact springs
on each of these digit groups of relays form a
translator network for converting the binary digit
registration. into a decimal digit registration.
This translation is accomplished, for example,
by the network shown associated with relays 722
to 723 in that if voltage is applied to the arma-
ture of relay 7123 it will pass through various
contacts of relays 120 to 123 appearing finally
on only one of the ten output leads shown as-
sociated with relay 720 and bearing a decimal
designation corresponding to the original decimal
designation preset by the calling subscriber. In
the case of the second and third digits, this decl-
mal translation results in the operation of deci-

mal register relays shown in Fig. 9. Since the

office code designated by the calling subscriber
is 248, voltage applied to the output lead 736 of
the translator network for the second digit oper-
ates relay 935 and voltage applied to the trans-
lator output lead 146 for the third digit operates
relay 931. This registration of the office code,
designated by the calling subscriber, on the deci-
mal relays of Fig. 9 occurs during the interval
in which the remaining five digits are being
transmitted to the receiver of Fig. 5 and thus
this registration occurs before the operation of
relay 544.

Relay 544, in operating, operates relays 545 and
546. Relay 545 resets fhe pulse counter 534 and
the square wave generator 524 to: their initial
conditions, and relay 546 places a short-circuit
across the left winding of receiver input repeating
coil 513 to prevent the reception of any further
pulses by this receiver and to prevent any altera-

tion of established conditions by spurious pulses. A

Relay 544, in operating, also removes battery from
lead 530 which releases relay 825 thereby remov-
ing the voltage applied to the main anodes of the
cold cathode gas tubes in the various line cir-
cuits so that any other line circuits which have
originating calls awaiting on them are prevented
from connecting to the receiver of PFig. 5 until this
receiver has completely restored to normal as
described hereinafter. In addition relay 544 in
operating connects battery to lead 549 in order to
connect this receiver to the trunk number groun
of Fig. 9-if the switching network is not at the
moment being operated upon by any other com-
bination of register and number group.

Battery on lead 548 is applied through resistor
961 to the main anode 920 of tube 918 and through
the voltage divider 819 to the start anode of said
tube. If no other similar tubes are fired, tube
048 breaks down across its start gap, transfers
the breakdown to the 920—921 gap and maintains
lock-out by virtue of the voltage drop across im-
pedance 924. Next, breakdown is established

_geross the main gap and current flows causing
the operation of relays 925, 826 and 921. Opera-
tion of relay

927 applies a positive voltage to lead Kt
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930, which marks the calling {ine appearance on
the switches, and operates relay 929 momentarily,
which initiates the busy-idle-vacant test of the
called trunk group. Relays 925 and 926 connect
the A, B and C digit register leads to the frunk
number group gas tubes. Operation of relay 929
causes capacitor 945 to be discharged through re-
sistor 848, thereby preventing tube 946 from firing
at this time; causes positive battery to be applied
to the armature of relay 123; causes positive bat-
tery o be applied to armatures of C digit relays;
and causes negative battery to be applied to
armatures of B digit relays. The battery on the
armature of relay 723 passes through the back
contact of said relay, & back contact of relay 122,
a front contact of relay 12{, which is operated
due to registration of 2 for the A digit, and
s back contact of relay 720 to jead 725 which
is connected .through a contact of relay 925 to the
start anode of cold cathode gas tube 954.

The battery from the armature of relay 123 is
also connected to the start anode of other tubes
having the same A digit. The path from the
armature relay 123 is the same as that described
above through the contacts of relay 925. There~
after the circuit extends through an individual
resistor similar to 932 to the respective start gap
anodes. Inasmuch as there may be one hundred
such trunks having the number 2 as the A digit,
this voltage may be applied to one hundred start
gap anodes. If the office is not fully equipped
with one hundred such trunk groups, then the
voltage is applied to a lesser number of tubes.
For a-purpose of illustration, however, assume
that this voltage is applied 1o one hundred start
gap anodes each. associated with one of one
hundred different: trunk groups having 2 as the

The negative battery applied to the armatures
of the B-digit relays is connected through the
operated contacts of relay 929, a closed contact of
relay 935, which is operated due to registration
of 4 as a B digit, and a contact on relay 925 to
the start cathode 959 of tube 954. This voltage
is likewise applied through an individual resistor
to the start gap cathode of all the tubes of the
number group being designated by the number 4
as the B digit. In a three-digit number group
such as seb forth herein, there will therefore be
a maximum of one hundred such tubes. Of
course, if the entire possible maximum of one
hundred trunk groups is nob required, then a
lesser number of tubes will be required so that
this voltage may be applied to a lesser number of
start gap cathodes. For the purpose of illustra-
tion, however, assume that this voltage is applied
to one hundred start gap cathodes, It should be
noted, however, that the voltage from the A-digit
relays and the voltage from the B-digit relays
are simultaneously applied to only ten tubes. In
other words; only ten tubes are common to both
groups of one hundred tubes. Consequently, the
presence of these two voltages on the start gap
cathode initiates a discharge across the ten tubes
having 2 for the A digit and 4 for the B digit.

The positive voltage on the armature of the
C-digit relay is connected through the operated
the front contact on relay
831, which is operated for the registration of an
8 for the C digit, and through a contact on relay
926 to a main anode 958 of tube 954. This voltage
is likewise applied to a maximum of one hundred
tubes, that is ninety-nine tubes similar to tube
954 which one hundred tubes all have 8 as the C
digit, assuming, of course, that all of said tubes
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are provided. It should be noted, however, that
only one tube of said one hundred tubes
will be common to the group of ten tubes having a
discharge between its control gap cathode and
control gap anode. As a resuli, the discharge
transfers to the path between the main anode and
the control gap cathode in this one tube. As will
be described hereinafter, the discharge will again
transfer between the path between the main
anode and main cathode of the tube if a trunk in
the associated trunk group is idle. On the other
hand, if all of the trunks in the trunk group are
busy, the discharge will not make the second
transfer. Instead it will continue between the
control gap cathode and main anode as will be
described hereinafter,

After a very short time relay 923 releases since
operating ground was applied through capacitor
93{. Release of relay 929 removes the neeative
battery from the armatures of the B-digit relays
and positive battery from the armatures of the
C-digit relays and in so doing permits the op-
eration of relay 939 since positive battery is now
furnished to the gas tube throusgh its winding
and series resistor 94f. The operation of relay
939 and non-operation of relay 938 is the result
of an idle indication on ‘the idle-busy-vacant
test of the trunk group tube as described here-
inbefore. Operation of relay 938 with relay 938
released operates relay 949 which shorts the
winding of relay 938 so that it cannot operate
subsequently and applies positive battery through
a contact of relay 826 and the winding of relay
$55 to the main anode of tube 854; and dis-
charge in said tube now transfers to the main
gap causing the operation of relay 955 which
applies a positive voltage on lead 856 for mark-
ing the appearance of idle trunks in the desired
trunk group on the trunk frames of the switeh-
ing networks. .

If the trunk group had been busy when the
test was made, the main cathode of tube 854
would have been at ground potential and the
breakdown in the tube would have remained
across the 958—859 gap causing the operation of
both relays 939 and 838 with the result that
tube 946 would be fired and the calling line
eventually connected to a busy-tone trunk as
hereinbefore described. This method of locai-
ing the trunk tube and making the busy-idle-
vacant test is similar to that described in the
heretofore identified application of Cornell, Hall,
Hecht, Koechling, Korn and Powell.

‘When the trunk group tube 954 transfers to
its main gap, the current flowing through the
circuit causes operation of relay 955 which ap-
plies a positive voltage to lead 95§. This volt-
age is applied in out-trunk 2188 through the
back contact of relay 2158, and a series back
contact of relay 2151 if the trunk is idle to the
common point of the windings of relay 2152, and
extended through the left-hand winding of relay
2152 via lead 2453 to the right vertical of pri-
mary switch {713 on trunk frame {718 of the
switching network. 'The voltage is also applied
through a similar circuit in out-trunk 2091 if
idle to lead 2053 and via lead 2053 to the right
vertical of primary switch 1812 of trunk frame
1818 of the switching network. Thus, a voltage
mark exists for each idle trunk of the group of
two trunks shown, one appearing on each of the
two trunk frames so that the calling line may
be connected to either out-trunk circuit.

The mark on lead 2153 causes firing of the di-
odes of cross-points 1735 and 1738 provided the
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associated links are idle. - Firing of the diode of
cross-point 1735 causes g rise in potential on the
control lead of link {718 so that the diodes of
cross-points 1742 and 1743 are fired and the po-
tential on lead 1412 to junctor 1410 and on lead
1512 to junctor 1514 is raised and the junctor gas
tubes similar to tube 1429 in junctor 418 fire
on their start gaps. Firing of the diode of cross-
point 1136 causes a rise in potential on the con-
trol lead of link 1719 so that diodes of cross-
points {740 and 17141 are fired and the potential
on leads 1738 and {424 is raised and the start
gaps of the gas tubes in junctors 1516 and 1419,
similar to tube 1420 in junctor 1410, are fired.

The marking on lead 2653 causes diodes in
cross-points {828 and 1829 to fire thereby rais-

- ing the potential of leads 1833 and 1831 so that
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the diodes of cross-points 1834, 1835, 1836 and
18371 are fired in the manner hereinbefore de-
scribed. Firing of the diode of cross-point 1834
causes the gas tube of junctor {4i4 to fire on its
start gap due to increased potential on lead
i1826. In a similar manner firing of diodes of
cross-points 1833, 1836 and 1837 cause firing of
start gaps of gas tubes in junctors 1510, {416, and
1518 respectively. Thus, in this exemplary case
with two trunks in a trunk group, the trunk
sides of all eight junctors have been marked, if
all are idle. .

When connection of the register to the trunk
number group was completed as hereinbefore de-
scribed, a voltage mark was applied over lead
82t through the winding of relay 822 to lead 826
which caused breakdown of diodes Hili and
1121, if not busy. Firing of these diodes causes
a rise in potential on control leads (125 and
{129 provided the links are idle. Rise in poten-
tial of lead 1126 causes firing of diodes 1127 and
1128 with the result that the potential on leads
{411 and 1417 is raised causing a mark on the
screen of tube (420 in junctor 1410 and a mark
on the screen of a similar gas tube in junctor
1414. Rise in potential of lead 1128 causes the
sereens of tubes in juncfors 1415 and {416 to be
marked due to breakdown of diodes 1130 and (31
respectively in the manner described hereinbe-
fore. Thus, four junctors {410, 14{4, 14i5 and
{418 of the eight have their screen marked and
are fired across their start gaps and two possi-
ble paths are provided from the calling line to
each of the two trunks of the trunk group. Due
to the presence of common impedance {425 in
the main anode circuit of the junctor tubes only
one tube will transfer to its main gap. Which
one transfers is a matter of chance. Assume that
tube (420 in junction {416 transfers. At this

“time the voltage drop across common impedance

1425 causes the voltage across the main gaps of
all other tubes to be below the transfer value
and thus all other tubes are iocked out. Break
down of the main gap of tube {426 operates relay
1428 which applies negative battery through low
valued resistors {430 and 1431 to the marked
leads to the switching networks so that the in-
crease in current due to this low impedance voit-
age source operates cross-point relays 1132 and
{123 in line frame {1t0 a2nd operates relays
associated with cross-points {743 and 17135 in
trunk frame 17{0. Operation of relays 1132
and (123 shorts their associated diodes there-
by raising the current flowing through the
right winding of relay 822, which operates and
initiates a sequence of operations described
hereinbefore which disconnect the line circuit

-800 from actuator 900, from receiver of Fig. 5,
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from register and translator of Fig. 8, and from
the trunk humber group so that these circuits
may serve ancther call when required to do
so. Operation of relays in cross-points 1743
and 1135 shorts out their associated diodes there-
by raising the current flowing through the left
winding of relay 2152 and the lower winding of
relay 1432 causing their operation. Operation
of relay (432 operates relay 1436 and operation
of relay 2152 closes part of the path which marks
the trunk group tube 954 busy. If both trunks
are in use, a ground supplied in out-trunk 2001
is applied over lead 2170 through the closed con-
tact of relay 2152 to the cathode 957 of tube
954, TIn the case of more trunks in the same
group, this ground path is extended in series
through contacts of relays similar to relay 2152
in out-trunk 2108 to the relay of the last frunk
in the group so that the cathode of the trunk
group of tube 954 is only grounded when all
trunks in the group are busy. -

After operation of relays 822 and 2152, the
marks are removed, all fired diodes are extin-
guished and the switches are ready to handle
the next call over existing idle paths and with
the paths just established marked busy as here-
inbefore described. Operation of cross-point re-
lays established & direct-current path.from sub-
set 600 through line 614, line circuit 800, switch
cross-points (123, (132, (743 and 17135 to relay
2151 which has battery and ground applied
through its windings to ring and tip respectively
of the out-trunk circuit. Thus, current flows in
in this circuit and relay 2151 is operated which
furnishes through its contacts a holding ground
through varistor 2154 and the windings of relay
2{52 to the established switching network con-
nection. :

‘Operation of relay 2152 applies battery 2020
through resistor 2021 to cold cathode gas tube
2{56. If no other gas tubes in this gap are fired,
tube 2156 will break down and transfer to its
main gap in the manner hereinbefore deseribed
causing the operation of relay 2{50 which, in a
manner similar to that hereinbefore described,
splits the input and output tip and ring talking
conductors of the out-trunk circuit, connects re-
peat coil 2214 through fhe switches, line circuit
806, and line 614, back to the subscriber’s set
808, provides a temporary holding ground to
varistor 2154 under control of relay 2213, re-
leases relay 2151, connects relay 2164 across
leads 2168 and 2161 of trunk 2162, causes tube
2158 to be extinguished and provides 2 locking
path for itself through resistor 2169. Operation
of relay 2150 also operates relay 2212 which re~
moves a short from the output of power ampli-
fier 2216 so that 45-cycle current is applied to
the subset 600 through the simplex of the con-
nection previously described for the generation
of signals which are returned over the loop of
said connection and pass through repeat coil
2214 and the closed contacts of relay 2150 to
the tip 2167 and ring 2168 of the trunk 2162.
When relay 2212 operates, relay 2243 starts to
release bub is held operated on its upper wind-
ing due to slow-release circuit 2218,.2219 until the
detected 45-cycle current in its lower winding
causes said relay to-be held. Supervision of the
connection is maintained during signaling by this
process of monitoring the 45-cycle current which
is substantially reduced if the calling subscriber
hangs up or the connection is broken in any way.
The connection of relay 2164 across the trunk
2162 provides a direct-current path to incoming
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80
trunk {900 to inform said trunk that it should
call for a receiver to receive, decode, and register
the signals identifying the called line.

The connection of polar relay 2164 between
the tip and ring talking conductors of out-trunk
2108 completes a direct-current circuit over local
trunk 2162 to battery and ground through the
windings of relay 910 in in-trunk 1980 in the
same office. -Under this condition relay (818 op-
erates and the direction of direct-current flow
over the intertrunk loop is such that polar relay
2164 in the out-trunk remains unoperated. Re-
lay 1916, in operating, connects positive battery
from the normally operated contacts of relay
{955 through the normally closed contacts of re-
lay (921 to the main anode 1912 of gas tube 1811
in the incoming trunk circuit and closes a frac-
tion of this same voltage through potential di-
viding resistors 1913 and 1314 to the start an-
ode 1915 of the same gas tube. Start cathode
1916 of this trunk gas tube is connected to ground
in common with the start cathodes of similar gas
tubes in other incoming trunks in the same re-
ceiver group through lock-out element 1951. Un-
der this condition, the start gap of tube 191l
fires unless other similar gas tubes in the other
trunk circuits have already operated causing a
voltage drop in the lock-out element [957. As-
suming that tube {911 fires on this start gap,
the discharge will then transfer from start anode
{915 to main anode 1812. The current path be-
tween elements 1812 and 1916 of this gas tube,
constituting another stage in the lock-out proc-
ess, is described in the patent to Hall referred to
hereinbefore. If tube 1811 is not locked out from
service, the discharge finally transfers to the
main cathode (818 at which time current flows
in this main gap circuit of the tube through re-
sistor 1919 and the winding of relay 1920 causing
the operation of this relay. Relay 1920, in op-
erating, locks to ground under control of a back
contact of relay 1921 but the discharge In gas
tube 1911 is continued to keep all other incoming
trunks in a locked-out condition. Relay 1920,
in operating, closes ground to lead 1922 which
operates relays 1610 and 1612 in the terminating
receiver and releases relay 1611 which is nor-.
mally biased into an operated position.. Relay
1920 also extends through ifs operated contacts
the incoming tip and ring conductors on which
signaling pulses are now being received from out-
trunk 2108 via conductors 1923 to the input
transformer or repeat coil 1613 of the terminat-
ing receiver.

The operation of relay 1610 in the terminating
receiver operates counting device 1614 for sup-
plying a record of the number of times this ter-
minating receiver is used in the establishment of
calls and completes a circuit from the right wind-
ing of repeat coil 1613 to the band-pass filter 1617
of the receiver circuit. Relay 1611, in releasing,
removes 2 resistance termination from repeat coil
{613 so that the incoming signal pulses may pass
into the band-pass filter. Rlay (611 also removes
ground from the automatic volume control cir-
cuit {618 so that the incoming signal pulses may
cause the gain of this volume control circuit to
be adjusted as described hereinafter. In addition,
relay 1611 removes ground from the winding of
relay 1618 permitting this relay to release and
relay 1615, in releasing, enables the code detector
1620. The release of relay 1611 also releases relay
{616 to apply battery supply potentials to the vari-
ous control circuits of the receiver so that they are
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conditioned to receive and decode the incoming
signal pulses.

The signal pulses as received by the receiving
circuit shown in Fig. 16 first pass through filter
1617 to the volume limiter 1618 causing the gain
of said limiter to be set at the proper level as de-
scribed in the above-identified application of
Malthaner, Newby and Vaughan. In addition,

these pulses, after being repeated by the limiter .

circuit, are transmitted to the code detector 1620
through amplifier 1619 which detector is provided

10

with a timing circuit which recognizes the blank -

interval between the series of pulses representing
a complete called number designation. The other
eircuits are rendered ineffective and are biocked
until such a blank interval is received.: At this
time the code detector 1620:as well as the other
portions of the start circuit:respond:to the blank
interval and cause the various-other circuits to be
conditioned to thereafier: receive “the pulses.
These circuits then respond:to the. .succeeding
pulses received from the:subscriber station and
cause the magnitudes represented by the various
pulses to be.stored on binary counters.1631,:1632
and 1633 -after absorbing the three pairs of. pulses
which it is not:desired’ to register smce they
designate the called office. -

The gain of volume lnmtmg amphﬁer IGIB 1s
automatically regulated:so that the amplitude of
the pulses from this amplifier.are. substantially
independent of the amplitude of the pulses as re-
ceived. Pulses are then further amplified hy am-
plifier 1619 and then supplied to code. detector
1620 and digit detector .1621.- As- described above
the code detector. together with the blank interval
timer 1622 recognizes the blank ;ntervals between
each complete series of pulses. representing the
entire subscriber station designation. The digit
detector 1621 is normally rendered inoperative.
Howeyver, in response to the operation of the plank
interval timer which in turn. operates the code
start circuit 1623, the digit detector. 1621 is ren~
dered operative so that it will respond to the
succeeding pulses received from the calling device
of subscriber station §00. The first start pulse
thereafter is received by the digit detector 1621
which pulse is employed to control the square
wave generator or switching device 1624 and in
turn to start the operation of a timing circuit such
as multivibrator 1623,

Since this receiver is required to register the
digits designating the called subscriber’s line
number, the digits preceding this line number in-
formatlon which represent the office .code and
were therefore used. by receiving equipment in
Fig. 5 as described hereinbefore, must be dis-
carded. This is accomplished by absorb office
code circuit 1369. This absorbing circuit 1360 is
operated by pulses transmitted from square wave
generator 1624 on the first or start pulse of each
digit over lead 1660 through a small coupling con-
denser to both grids of tube 1361. In this pulse
absorbing circuit tubes 1363 and 1385 are two
double stability or flip-flap circuits arranged to
form a two-stage binary counter.. These two
counter stages jointly control tube 1368 so as to
enable either the left section or the right section
of tube 1361 depending upon the setting of said

_counter stages. In the normal condition of this

absorbing circuit, counter tubes 1363 and 1365

are conducting in their right sections and cut oﬁ
in the left sections.

In this normal condition voltage connected
from the right plate of counter tube 1363 through
resistor 1367 to the right grid of tube 1368 to-

gether with a similar voltage connected from the
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right plate of tube (365 through resistor 1366 to
the same grid of tube {368 causes this right sec-
tion of tube 1368 to be cut off. With the right
section of tube 1368 cut off, ground is connected
from the cathode of this section through resis-
tor 1375 to the grid of the left section of tube 1358
and negative battery is connected through resistor
‘1886 to the same left grid. The bias thus estab-
lished on the leit section of tube (368 keeps this
1eft section also cut-off. At this time ground from
the right cathode of tube 1368 is connected
through resistor i311 to the right grid of tube 1361
which, together with the negative voltage suppliea
to this same grid through resistor §372, keeps this
right sectioh of tube 1381 cut off. Positive voltage
taken from the left plate of tube 1368 through re-
sistor (368 to the left grid of tube i36i together
with ihe negaiive voltage supplied to this same
grid through resistor 1870 enables the left sec-
tion of this tube to amplify the pulses being re-
The
negative pulses thus produced in the plate cir-
cuit-of the left section of tube 1361 are connected
through capacitor 1362 to the first stage of the
counter 1363... Each pulse thus received by
counier stage 1383 causes a.reversal of the cur-
rent conditions in the two halves of this stage and
the negative. pulses generated in the right plate
of tube 1363 each time it returns to its normal
conducting condition are connected through con-
denser 1364. to. the second stage of the counter
4365 causing. its.operation in a similar manner.,
When three puises have been transmitted to this
counter circuit from lead 1660 and through the
lett section of tube 1361 indicating that the first
three digits of the incoming signals have been
received, both counter tubes wili be conducting
in their left sections.

- The voltage thus connected to the right grid
of tube 368, through the circuit of resistors 1366
and 1361 previously described, brings the right
section of tube 1368 fo current saturation. With
the right section of tube i368 at saturation, the
positive voitage developed in the cathode of this
section and connecied through resistor 1378 to
the grid of the left section brings this leit sec-
tion into a similar condition of saturation. With
both sections of tube (868 at safuration, the po-
tentials which this tube applies to the two sec-
tions of tube. 1361 through resistors isii and
{369 as previousiy described, causes the leit sec-
tion of tube i38i to be cut off and the right
section to be gnabled. With the right section of
tube 186i. enabied, subsequent pulses irom the
square wave generator 1624 over lead iGvd are
amplified and repeated on lead 373 to the step-
steering circuit 1626, The first pulse received by
scep~steering circuit 1626 over lead 13i3 causes
the step-steering circuit 1626 to condiiion the
digit-steering -circuit. 1627 so. that when pulses
are applied to i, as will be described hereinatter, -
they will be directed to the first digit counting
and storing circuit 163i. In response o each
first or start pulse applied to the digit detector
the disabling. circuit 1641 is actuated which in
turn renders the digit detector unresponsive fo
any further received currents for the interval
time required for the transients to die out. At
the end of this time the digit detector 1621 is
again rendered operative so that it will properly
respond to the stop pulse. Meantime, however,
the multivibrator or timing circuit 1625 has been
arranged to transmit or-generate seven pulses
which pulses are applied to the selective switch-
ing circuit 1629. The selective switching circuit
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1629 was set by the output of the square wave
generator {624 and the switch controlling circuit
1628 in response to the first start pulse as de-
seribed above so that the selective switching cir-
cuit 1629 causes the first pulses received thereby
to be transmitted to the counter circuit 1630.
The counting circuit 1630 counts seven of these
pulses, that is, the pulses received during the
time the transient of the initial start pulses are
dying out, and at the end of the seventh pulse
actuates the switching control circuit 1628 so
that switch 1629 is actuated to a position or con~
dition where it causes the remaining pulses re-
ceived from multivibrator {625 to be trans-
mitted to the digit-steering circuit 1627 instead
of the counter 1630.

10

15

Until the absorb office code circuit 1360 has

completed its operations, steering circuit 1627 is
in a non-transmitting condition; however, when
the right section of tube (36f has been enabled
and has transmitted a pulse to the step-steering
circuit 1626 to condition in turn steering circuit
1621 to transmit pulses to counter 1631, as de~
scribed above, each succeeding pulse from source
1625 over the initial seven is transmitted to the
binary counter circuit 1631 which circuit counts
each of the succeeding pulses from the said tim-
ing circuit.. If the first digit has a magnitude of
one, the timing multivibrator 1625 will have time
to transmit only one pulse to the counting cir-
cuit 1631 before the stop pulse is received. If
the magnitude of the first digit is 5, then five
pulses will be transmitted to circuit (631 before
the stop pulse is received. Thus, the time of
reception of the stop pulse relative to the start
pulse is employed directly to designate the mag-
nitudes of the digits or characters of the desig-
nation of the called station code.

. The reception of the stop pulse operates digit
detector 1621 and square wave generator 1624 to
stop the operation of multivibrator {625, The
stop pulse also causes the digit detector 1621 to
be disabled by disabler i64f for séven incre-
ments of time during which the transients asso-
ciated with the stop pulse can die out. The next
start pulse will then cause the circuits to operate
in a manner similar to that described above in
reference to the preceding start pulse except
that the stepping circuit (626 will advance the
digit-steering circuit (627 and cause the succeed-
ing pulses over and above the first seven from
multivibrator 1625 to be transmitted to and re-
corded by the counter circuit 1632. In a similar
manner the magnitude of the third digit is
recorded on digit counter (633.

Checking provisions have also been provided
for checking the operation of the circuits to in-
sure that the proper number of signal pulses
have been received. As pointed out above two
pulses are required to represent each digif.
Since in the exemplary embodiment set forth
herein the complete subscriber’s designation
comprises eight digits then sixteen pulses should
be included in each series of pulses between the
blank intervals, The output of digit detector
{621 is applied to a sixteen-pulse counting cir-
cuit 1634. If more or less than sixteen pulses
are received by counting circuit 1634 between
two blank intervals, the circuits are arranged to
cancel all registrations and start over in response
to the next series of pulses. In order to acom-
plish this the sixteen-pulse counter 1634 con-
trols the counter reader 1635. If counter 1634
has counted other than sixteen pulses, the
counter reader 1635 conditions the recycle cir-
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cuit 1636 so that it will repeat a pulse from the
code end circuit 1661 through circuit 1636 in

-response to the next blank interval and cause the

operation of relay {638 through cathode follower
circuit 1637. Relay (638, in operating, removes
a short-circuit from inductive networks 1639 and
1640 in battery supply 1651 to the various
counter and switching circuits so that these cir-
cuits are all restored or set to their initial con-
dition, after which time they may again respond
to the succeeding series of pulses transmitted
from the calling subset 600. If a total of sixteen
pulses as required in the exemplary embodiment
of the invention set forth herein is received be-
tween the two blank intervals then the counter
reader 1635 will condition the locking circuit
1642 instead of the recycle circuit 1636 to repeat
a pulse from the code end circuit 1661 in re-
sponse to the succeeding blank interval. The
locking circuit 1642 then functions through
cathode follower 1643 to operate relay 1644 indi-
cating that the proper number of pulses have
been received. . oo RS,

The setting of the counter tubes .in each of
the digit counters (631, 1632 and. 1633 controls
the bias on cathode follower tubes (310 to {315
inclusive which are associated with the. individ-
ual stages of the countérs so that the setting
of these .counters is transferred through these
tubes 1310 through 1315 to.a combination of
relays in the corresponding three sets of.-trans-
lator relays shown in Fig. 13.  The: hundreds
digit is then represented in binary code form by
the operated combination of relays 1320 to 1323,
the tens digit by the operated combination of
relays (330 to 1333 and the-units or last"digit
of the called subscriber’s directory number -by
the operated combination of relays-1340 to 1343.
The contact springs on each of these digit groups
of relays form a translator network for convert-
ing the binary digit registration into a decimal
digit registration. 'This translation is accom-
plshed for example by the network shown asso-
ciated with relays -1320 to 1323 in that if volt-
age is applied to the armature of relay (323 it
will pass through various contacts of relays 1320
to 1323 appearing on one of the ten output leads
shown associated with relay 320 and bearing
a decimal designation corresponding to the orig-
inal decimal designation preset by the calling
subscriber. In the case of the tens and units
digits, this decimal translation resulfs in the
operation of decimal register relays shown in
Fig. 10. If we assume, for example, that the
directory number designated by the calling sub-
scriber is 284, voltage applied to the output lead
i336 of the trahslator network for the tens digit
operates relay 1034 and voltage applied to the
translator output lead 1345 for the third digit
operates relay 1054. This registration of the
called line directory number designated by the
calling subscriber is rapidly registered on the
decimal relays of Fig. 10 and thus occurs before
the operation of relay (644.

Relay 1644 in operating in response to the
reception of the proper number of pulses for a
complete subscriber’s designation operates relays
1645 and 1646. Relay 1645 resets the pulse
counter 1634 and the square wave generator 1624
to their initial conditions and relay {646 places
a short-circuit across the right side of receiver
input repeating coil 1613 to prevent the recep-
tion of any further signaling pulses by this re-
ceiver. Relay 1644 in operating also removes
battery from lead 1650 which releases relay {955
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thereby removing the voltage applied to the main
anodes of the cold cathode gas tubes in the vari-
ous line circuits so-that any other line circuits
which have originating calls awaiting on them
are prevented from connecting to the receiver
of Fig. 16 until this receiver has completely re-

stored to normal as described hereinaffer. In

addition relay (644, in operating, connects bat-

- tery to-lead (648 in order to connect this receiver
to the subscriber’s number group of Fig. .10 if
the switching network is not at the -moment
being operated upon by any other combination of
receiver and number group. .

The voltage of lead 1649 connects to the main
anode 1020 of cold cathode tube: {018 through
a resistor and to the start anode 1049 of said
gas tube through a potential dividing resistance
network. ‘The .start cathode 1021 of this gas
tube is permanently connected through varistor
1023 to the-lock-out elements-or networks 924.
This lock-out element also connects in a similar
manner to the start cathode of-gas tube. 918 in
the trunk number group circuit of Fig. 9 and-in
a:similar manner to similar gas fubes .associated
with other receivers and to number group-con-
nectors not shown in detail. Since the connec-
tions through the switching network which these
connector circuits in part establish must be per-
formed on a one-at-a-time basis, as: described
hereinbefore, lock-out-is provided in exemplary
system shown between the connector: tubes 948
and (018 by the lock-out elements, on a simul+
taneous basis by the inductance of element. 924
and on a steady state basis by resistance in order
to prevent the operation of connector relays 925,
826 and 927 at a time when the connector relays
1040, 10¢1, 1012 and 1043 of the subscriber num-~
ber group are operated and vice versa. . Thevoli-
age -applied to tube 10i8 results in the firing of
the tube between the start anode {019 and the
start cathode 1021 followed by transfer to the
main anode i1020—start cathode 1021 path, and
either of these operations may be prevented if
tube 818 of the trunk number group is fully oper-
ated or simultaneously attempting to operate.

Assuming that tube {0{8 is not locked out by
this process, the discharge within it finally trans-
fers to the main anode {020—main cathode 1022
path, thereby operating connector relays 1010 to
1013, inclusive. Relay 1010 connects the ten test
and control leads associated with. the -possible
hundreds digits of called subscriber line number
designations from the cold cathode gas tubes of
the line circuits to the incoming register of Figs.
10 and 13. Relays (01t and {042 make similar

connections for the test and control leads associ-

ated with the tens digits and with the units digits
of possible line designations respectively. The
operations over these leads will be described here-
inafter.

Connector relay (813 completes, in part cir-
cuits for controlling the switching network, as
described hereinafter, and connects ground to
lead 1014 for interpreting the results of an. idle-
busy-vacant test to be performed on the desig-
nated called line and to cause the circuits of the
originating office and the calling subseriber’s
subset to transfer from its signaling condition
to.a talking condition. This transfer to a talk-
ing condition is accomplished as follows.. The
ground applied to lead 1014 extends through con-
tacts of operated receiver connector relay 1920
of the incoming trunk 1900 to operate relay (925.
Relay 1925 by means of its transfer contacts re-
verses .the connections between the intraoffice
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loop conductors 2162 and the ground and bat-
tery supplied to these conductors through the
windings of relay {910 thus causing a reversal
in the direction of direct-current flow over this
intraoffice loop and through the winding of polar
relay 2164 in the associated out-trunk 2188 of
the originating section of the office. Relay 2164
now operates, in turn operating relay 2155.

Relay 2155 applies ground through varistor
2154 to the left winding of relay 2152 to maintain
a holding condition on relay 2152 and on the
connection established through the switching
network of this originating section of the office
as previously described. Relay 2155, in operating
also reconnects battery and ground through the
windings of relay 2151 to the tip and ring con-
ductors extending from this out-trunk through
the switching network and over the calling sub-
scriber’s loop 614 to the calling subscriber’s sub-
set 600 in the reverse manner to that in which
the connection of this relay to the subscriber’s
loop was originally made as described herein-
before. The reverse flow of direct current thus
established through the windings of latch magnet -
617 of the calling subscriber’s subset causes this
magnet to operate releasing the previously
latehed switchhook contact assembly 615, thus
removing from the loop conductors €14 the sig-
naling apparatus in the subset comprising digit
selector 610, digit stepper 616, signaling pulse
generator transformers such as 620 and 621 and
the other signaling apparatus previously de-
seribed, and in turn connecting to the loop con-
ductors 614 the usual talking apparatus compris-
ing a transmitter and receiver in the handset
611, condenser 622 and the induction coil or
transformer 623.

Relay 2155 in operating also opens the path
from common battery 2028 on which the actuator
connector relay 2150 was being held permitiing
relay 2150 to release, thus opening the connec-
tions between out-trunk 2108 and outward actu-
ator 2210, and thereby permitting another trunk
circuit to seize this actuator 22i0. Relay 22{2
in the outward actuator circuit now releases re-
establishing a ground connection through con-
ductor 2211 and resistor 2215 to the output cir-
cuit of signaling power amplifier 2216 to discon-
tinue transmission of signaling power through
output transformer 2214. Relay 2212 also estab-
lishes a holding connection on the upper wind-
ing of relay 2213 in turn maintaining ground on
lead 2i21 to all the out-trunk circuiis in the
same actuator group.

Relay 2155 also closes & circuit for maintaining
the connection of the relay 2184 between the tip
and ring conductors of intraoffice leads 2162 after
the release of relay 2150. Relay 2155 connects
the tip and ring conductors of the loop extend-
ing to the calling subscriber to the tip and ring
conductors of intraoffice loop 2162 through series
condensers 2180 and 2181 respectively thercby
establishing a talking connection between the -
said subscriber’s loop and the mtraoﬂice loop
conductors.

Relay 2151 operating on the direct current
applied over the subscriber’s loop circuit from
the battery and ground connected through its
windings supplies an additional holding ground
through ‘varistor 2154 to relay 2152 and the
switching network connection through the origi-
nating section of the office and also completes a
locking circuit for relay 2155, thus placing the
maintenance of the connection established be-
tween the calling subscriber and this out-trunk
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circuit now jointly under the control of switch-
hook contacts 612 of calling subscriber’s subset
which in turn control relay 2{5{ of out-trunk
. 2108 and relay 2164 of the out-trunk circuit 2108.
Meanwhile, relay 103 supplies ground through

condenser {015 for momentarily operating relay

1016 in order to start the process of selection of
the called subscriber’s line and the busy-idle-
vacant test of this line. Assume that line circuit
803 is the desired called line circuit and corre-
sponds to the line number 284 in the directory
listing plan. Relay {016, in operating, connects
positive battery to lead 1025 which connects o
the armature of relay 1323 and passes through
the contacts of the relay contact nefwork associ-
ated with the hundreds digit of the called sub-
seriber’s . number including a front contact of
operated relay 1321 and in turn to lead 1325 since
designated hundreds digit is 2. Lead (32§ is in
turn connected through .operated contacts of
relay (010 to lead 1026 within the group of con-
ductors 10271 and in turn through a resistor to
start anode 8990 of line tube 864 in the designated
called line and through similar resistors to the
start anode of similar gas tubes in other line
circuits having the same first digit designation.
. Ground is also connected by the operation of
relay 1016 to conductor 1028 and in turn through
the operated register relay associated with the
tens designating digit of the called subseriber’s
line, such as relay 1034 if this second digit is 8,
to conductor 1029 and in turn through an oper-
ated contact of relay 101{ to conductor 1832 of
the group of conductors 1033. This ground con-
nection is extended through a resistor to the
start cathode 891 of gas tube 864 in the called
subscriber’s line circuit and through similar re-
sistors to the start cathode of similar gas tubes
in other line circuits having the same tens digit
designation. These potentials, applied to the
start cathode and start anode, result in the firing
of this gap in all line gas tubes having this com-
bination of hundreds and tens digits, a maximum
" of ten in a thousand line group.

However, relay 106 also connects positive
battery to conductor {035 and through the regis-
ter relay associated with the units digit of the
called subscriber’s numbér, such as relay 1064
for the case in which this units digit is 4, and in
turn to conductor 1036. This voltage on conduc-
tor 1036 is further extended through an operated
contact of relay 1012 to the junction of a group
of resistors and through one of these resistors to
conductor 1037 within the group of conductors
{038 to anode 1037 of the called line gas tube and
to.the corresponding anode of gas tubes in the
other line circuits having the same units digit as
this designated line* Thus, of the group of line
gas tubes fired on the start cathode-start anode
gap only the tube in the designated called line
circuit will also have voltage applied to the sec-
ond anode and thus will be the only tube able

to transfer its discharge to the second anode-start-

cathode path.

Relay 1016 is operated only long enough for
the above discharge paths to be established in
the line circuit gas tube after which time it re-
leases, removing the original battery and ground
circuits which it had closed to initiate said dis-
charges extinguishing all discharges in line tubes
except the discharge in the tube of the desig-
nated called line. The tube of the called line
remains fired however, since relay 1041 continues
to supply ground through its winding to con-
ductor 1028 which is connected, as described
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above, to the start cathode of the designated
called line circuit 803 and relay 1042 continues
to supply positive battery through its winding
to conductor 1035 which is connected to the
second anode of the called line gas tube, as pre-
viously described. The idle, vacant or busy con-
dition of the called line is determined by the
operation or non-operation of relays 1041 and
{042 in response to the current flow conditions
which they find to have been established in the
gas tube of the called line circuit.

Considering in- a little more detail the hne
circuit and its associated gas tube, assume as
before that line circuit 803 is the desired called
line circuit and corresponds to the line number
284 in the directory listing plan. The poten-~
tials applied by relay (016 over the paths pre-
viously described to the control elements of the
line gas tube associated with the digits 284 will
have produced conduction on one of various
paths within the gas tube 864 associated with
this line. The discharge will have initially been
caused between the start cathode and start anode,
and will have transferred to the start cathode-
secondary anode path, as previously described.
In addition, however, if this line is in an idle
condition the circuit from main cathode 868 is
completed through a back contact of relay 860
and a back contact of relay 862 through resistor
892 to ground and from this resistor through a.
back contact of relay 86{ to the junction of the

two windings of relay 812 and through the right

winding of this relay to conductor 876 and to
the appearance of this line on the switching net~
work of Fig. 12. A path is also completed from
the common point of the windings of relay 812
through the left-hand winding and series varis-
tor 818 to ground. . Under this idle line condition
the discharge in gas tube 864 will transfer to
the path between secondary anode 1037 and main
cathode 868. If the line is busy however, the
main cathode 868 will be connected to ground
only through a high valued resistor 893 in which
case the discharge through the gas tube will re-
main across the gap between secondary anode
1037 and start cathode 891. Furthermore, if
there is no line in the office corresponding to the
received designation 284 there will be no corre-
sponding line gas tube and will be no discharge
through a line gas tube after the release of re-
lay 1018, )
Assuming that the called line is idle and that
the discharge in the line gas tube has transferred
to the secondary anode-main cathode path, as
described above, the current in this discharge
path causes the operation of relay 1042 but relay
1641 which is connected to the start cathode of
the line tube remains unoperated because  the

‘discharge has transferred from the start cathode

to the main cathode. If the called line is in 3
busy condition, the discharge through the line
gas tube will not transfer to the main cathode.
Instead it will continue to the start cathode and
as a result will.cause the operation of relay {041
as well as relay {042, and if the line is vacant of
course neither of these relays will be operated.
Considering the case of an idle called line,
the ground connected to conductor {0(4 by the
operation of relay 1013, as described hereinbefore,
will be extended through an operated make con-
tact of relay 1042 and a series back contact of
unoperated relay 1041 to the winding of relay
1043 thereby causing its operation. At the same

_time ground-will be removed by the operation

of relay 1042 from conductor 1044 which is used
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in the frunk circuit in case the line is busy or
vacant, as will be described hereinafter. Relay
1043, in operating, places a shunting ground
around the winding of relay 1041 to insure that it
‘does not operate subsequently and applies ground
to conductor (048 which ‘passes through -a con-
tact of connector relay 1920 to the winding of
relay 1928 thereby causing its operation. Relay
1928 opens the operating circuit of relay 1926
to prevent its subsequent operation.. Relay 1928
also connects a source of ringing power through
relay 1929 to the ring conductor and directly to
the tip conductor of the outgoing talking leads
of this trunk which will be extended through the
switching network to the called subscriber’s sub-
set as described hereinafter.  In addition, relay
1928 removes short circuits from the series re-
sistor capacitor networks 1930 and 1931 in the
tip and ring conductors of the incoming trunk
so that a fraction of the ringing voltage is trans-
mitted through these networks and through the
tip and ring talking capacitors 1932 and 1933 to
the tip and ring conductors which extend through
trunk 2108 and through the switching network
of the originating section of the office to the call-
ing subscriber. This ringing tone informs the
calling subscriber that a connection to the sub-
scriber, he has designated by the setting of the
signal generating apparatus in- ms subset is
being established.

Relay 1043, in operating as described above to
indicate that the desired called subscriber’s line
isidle, applies a positive voltage from an operated

contact of relay 1013 via conductor { 041 through
an operated contact of relay -1820 and a_serles:

closed back contact of relay 1921 to the common
junction of the windings of relay 1927 and
through the left winding of this relay to-the ap-
pearance of control lead 1936 of trunk 19008 on
the switching network of Fig,17. Positive voltage
is also applied through another contact of oper-
ated relay {843 and an operated series contact of
relay 1613 to conductor 1046 which is ‘connected
through a back contact of relay 862 normal to
the main anode 867 of the tube 864 of the called
line circuit, and in a similar manner to the main
anodes of the gas fubes in the other line circuits.
The application of voltage over lead {046 to the
main anodes of the line tubes associated with
idle lines produces no effect in any of these tubes
except tuve 887 hecause none of the other tubes
have a discharge between any of their elements
at this time and the voltage applied to lead 1046
is not high enough to initiate 2 discharge between
the electrodes to which it is applied and any other
element of the tubes. This application of voltage
to main anode 887 causes a transfer of the dis-
charge in this line gas tube to the main cathode~
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cifically, and assuming that the paths are all idle
except those employed in establishing the con-
nection for the call being described, the voltage
applied to lead 1936 fires diodes associated with
cross-points 1787 and (738 in primary switch 1712
of trunk frame (718 and thereby produces by the
voltage drop in resistors 17127 ang 1728 an allered
voltage condition of leads 1723 and 1724 between
the primary and secondary switches of this
trunk frame. This altered voltage condition on
primary-secondary link lead 1723 results in the
firing of eold cathode gas diode {729 in secondary
switch {7(4 of this trunk frame, producing in
turn in & similar manner an altered voltage con-
dition on:lead 15i2. Diode 1730 which is also
connected to link lead 1723, however, does not

- fire since the voltage on lead 1412 is being main-
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main anode path thereby developing a positive -

voltage marking pofential across resistor 892 in
the main cathode circuit which is extended over
the path previously described to the control lead
876 0f this line circuit and its appearance on the
switching network of Fig. 12.

With voltage applied to the control lead {936
at the trunk side of the switching network and
to:control lead 816 at the line side of the switch-

60

65

ing network, the various possiblé paths between

these two points through the switching network
are revealed by the ionization of the cold cathode
gas diodes at the various cross-points of the
switching network in a manner similar to that
described previously for this switching network
in -establishing - the originating connection be-
tween calling line 680 and out-trunk 2108. Spe-
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tained near ground potential by the busy junctor
circuit- f410 which is in use on the originating
section of the call. Lead 1512 connects to the
start anode of a gas tube in junctor circuit 1514
similar to the tube shown in junctor {410. In
addltlon, the altered voltage condition on pri-
mary-secondary hnk lead 1724 similarly fires the
cold’ ca.thode gas diodes in cross-points 1731 and

_ 1132 of secondary switch 1115 of the trunk frame,

in turn producing an altered voltage condition
on'lead 1739 o the start anode of gas tube (570
in junctor 1516 and on control lead (424 to the
control anode of a. simila.r gas tube in junctor
1415,

Considering Speciﬁcally the voltage apphed to
lead 876 at thé ling side of the switching network,
cold cathode 8as tubes of cross-points 1210 and
{211 in primary switch {201 of line frame 1200 -
fire’ thereby altering the voltage on primary-sec-
ondary links leads 1217 and 1213 respectively.
The altered voltage condition on lead 1217 in
turn firés the diodes of cross—pomts 1218 and
1219 in secondary switch 1202 of this line frame
extending voltage marks on conductors 1511 and
1517 to the screen electrodes of the gas tubés in
junctors 1510 and 1514, respectively. In a similar
manner the altered voltage condition on the
primary-secondary link lead (213 fires the gas
diodes in cross-points (214 and 1215 of secondary
switch 1203 of this line frame exfending voltage
marks on conductors {518 and 1519 to the screen
electrodes of the gas tubes in junectors 1515 and
{516 respectively.

_Of the various Junctors to which voltage marks
have thus been extended, only junctors {514 and
{516 are marked from both trunk and line sides
of the switching network and are thus the only
junctors. associated with possible complete paths
through the switching network. Junctor circuits
1415, 1514 and 1516 have voltage marks supplied
to the start anodes of their gas tubes and these
tubes will fire to a circuit provided to their start
cathode. Junctors {54 and 516 will start a
transfer to the conduction path extending from
the start cathode to the main anode. However,
junctors 1514 and (516 have their main anode
circuits connected to main anode lock-out net-
work (525 so that by the process of lock-out
previously described only one of these two
junctors will succeed in accomplishing this trans-
fer,

Assuming that tube 1570 in junctor {516 trans-
fers to the main anode-start cathode gap, the
discharge then further transfers to the main
anode-main cathode circuit operating relay 1578 -
on its lower winding. The operation of relay 1518
completes a shunting circuit through resistor
1580, an operated contact of said relay and the
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upper winding of the relay around resistor 1563
across which the marking voltage on lead 1518
was originally developed.

In 2 similar manner relay {578 will complete
a shunt through resistor 1881 and the lower wind-
ing of relay 1582 around resistor 1572 on which
the marking voltage to lcad {139 was originally
developed. These shunt paths permit additional
current to flow. from battery 1583 through the
windings of relays 1582 and 1578 and through
the various ‘cross-point diodes in each direction
from the junctor and their associated cross-
point relay windings to the marking potentials
supplied to the switching network at conductors
IS§6 and 876 causing the operation of {he cross-
po;xﬁt relay contacts associated with said contact
path.

The operation of the cross-point relays in the
line frame places short-circuits around the gas
diodes of these various cross-points thereby
causing a further increase in the current flow
in the control lead path between the junetor and
the line circuit through the upper winding of

relay 1578 which in turn operates relay 8712 in-

the line circuit on its right winding.. The oper-
ation of the cross-point relays in the trunk frame
places short-circuits around the gas diodes of
these cross-points thereby causing a similar fur-
ther increase in the current flow.in the control
lead between the junctor and the trunk circuit
which operates junctor relay 1582 on its lower
winding and trunk relay 1921 on its left winding.
The operation of relay 1582 prepares a holding
path from negative battery 1588 through varistor
1584 and both windings of relay (582, which path
is completed through the cross-point relay wind-
ings, both windings of relay 1921, varistor. 19317
and a contact of relay 1921 to ground. - Relay
1582 also prepares a holding path from negative
battery 1588 through varistor 1585 and the upper
winding of relay 1578, which path is completed
through the line frame cross-point relay wind-
ings, both windings of relay 812 and varistor 879
to ground. Relay 1582 operates relay 1586 and
lights lamp 1587 as a visual indication of the
operation. The winding of relay 1586 is shunted
by resistor-capacitor network 1589 to make it
slow release.. Operation of relay {586 connects
a release transient damping varistor {590 through
the upper winding of relay 1578 to lead 1519;
connects a negative extinguishing potential 591
through resistor 1592 to the start anodes of tube
1510; and shorts out the lower winding of relay
1578. ' .

The operation of relay 812 in line circuit 803
on the increased current in the control lead path
through the winding network, as described above,
operates relay 860 through resistor 881. Relay
860, in operating, opens the marking voltage path
between line gas tube 864 and the windings of
relay 812; opens the locking path for relay 869
which is used on originating calls from this line,
and removes relay 862 and ground from the tip
and ring conductors of the line. Tube 864 is
extinguished and a busy indication for subse-
quent tests by the subscriber’s number group
established at this tube by the open contacts of
relay 860. Relays 8712 and (578 are held in their
operated condition on the circuit extending from
ground through varistor 879 through both wind-
ings of relay 812 to control lead 816 and then
through the switching network, the upper wind-
ing of relay 1578, and resistor {589 to negative
battery 1583. Varistor 1585 is so poled that neg-
ligible current flows from this holding circuit to
battery 1588. The current flow in this holding
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path is a lower value of current than that estab-
lished by the marking voltage at the line end
and permits the release of junctor relay 1578.
The release of relay 1578 effectively removes bat-
tery 1583 from the control lead paths, thus per-
mitting holding current for these paths to now
flow from negative battery {588 through varis-
tors 1584 and (585.

Relay 1921, in operating, extends ground from
an operated contact of relay 1910 to the junction
of the two varistors 1937 and 1938 associated
with the right winding of relay {927 thus pre-
paring a holding condition for the path estab-
lished through the switching network between
this trunk and junctor circuit 1516. Relay 1921
also connects ground through a back contact of
relay 1929 for locking relay 1928 in an operated

~ condition to maintain the connection of ring-
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ing power to the called subscriber’s line after
terminating receiver connecting relay 1920 has
released. Relay 1927 also operates relay (921
which in turn opens the marking voltage path
to the -common point of the winding of relay
{921, extinguishes gas tube (8f1, and releases
relay 1920. The release of relay 1920 opens the
connection between this incoming trunk ecircuit
and the terminating receiver of Fig. 16 causing
the release of relays {618 and 1612, the reopera~
tion .of relay 1611 in this receiver circuit. B
The release of relay 1920 also causes.the re-:
lease of trunk relay {925. The release of trunk
relay 1925 restores the direct-current flow over
intraoffice conductors 2162 to its original con-
dition, thereby releasing relay 2164 in the out-
trunk.
Relay 1610 in releasing releases call counting
device 1614 and opens the path between signal
input transformer {613 and band-pass filter
i611. Relay 1611, in operating, connects ground
to automatic volume control circuit 1618 restor-
ing this circuit to its maximum gain condition,
and applies a resistance termination across the

‘right winding of input transformer {613. Relay

{611 in operating also reoperates relay 1619,
which disables the code detector 1620. Relay
{611 in operating also reoperates relay {616 which
opens the short across inductance {649, said short
passing through a back contact of relay 1638 and
a series closed contact on relay (645. Removal
of the short causes a negative pulse on lead 1648
which resets counter reader 1635, lock circuit 1642
and the binary counter circuits 1631, 1632 and
i633. Reset of lock circuit (642 releases relay
1644 which removes battery from lead 16489,
thereby releasing the number group circuit. Re-~
lease of relay [644 also releases relays 1645 and
1646 and applies battery to lead 1650 which in
turn causes the operation of relay 1995 which
applies battery for use in operating gas tubes in
other incoming trunk circuits as required.

With the connection esfablished as described
above from in-trunk (900 through the switching
network, the line circuit 803 and local subscriber
loop conductors 664 to subset 603, the ringing

" power supplied from in-trunk 1900 operates
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ringer 663 through condenser 659 and the closed
contacts of switchhook assembly 662 to summon
the called subscriber. .

When the called subscriber answers the call
by removing handset 661 from its switchhook
cradle, switchhook assembly 662 operates remov-
ing ringer 663 from the line conductors 664 and
connecting these line loop conductors through
closed contacts of latched switchhook assembly
665 to the windings of latch magnet 661. The
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impedance of the direct-current path completed
through the latch magnet windings causes the
operation of the trip ringing relay {929 in the
in-trunk on the ringing power and/or the super-
imposed direct current provided therewith. Re-
lay 1928, in operating, opens the locking path to
relay 1928 which releases, in turn removing ring-
ing power from the conductors extending to the
~called subscriber and causing the release of re-
lay 1929. Relay (928, in releasing, also places
short circuits around networks {930 and {931
through which ringing tone was supplied to the
calling subscriber’s subset, and thereby completes
g, direct-current path from ground and bhattery
through the windings of relay 1938 to the con-
ductors extending to the called subscriber’s sub-
set and through the windings of latch magnet
§67 thereat. Relay 1339 now operates and the
direction of current flow through latch magnet
867 from the battery and ground at the windings
of relay 1939 causes the operation of this latch
magnet releasing switchhook ‘assembly 665. Re-
lay 1939, in operating, supplies an additional
locking ground to relay {927 and reoperates re-
lay 1925. The reoperation of relay 1925 reverses
the dzrectlon of direct-current flow over intra-
ofice conductors 2162 causing the reoperation
of polar relay 2164 in the out-trunk. This re-
operatio nof relay 2(64 may be used, by means
not shown but well known in existing telephone
systems, to operate a registering device for use
in charging the call to the calling subscriber’s
account, .

The release of switchhook assembly 885 in the
called subscriber’s subset 683 removes latch mag-
net 667 and the signaling apparatus comprising
a- digit selector, signal generating device, digit
stepper and the phase splitting networks from
the loop conductors 6864 (these elements used
for signaling being similar to those shown in
the detailed drawing of subset 680), and com-
pletes the talking circuit from these loop con-
ductors through the usual talking apparatus com-
prising a receiver and iransmitter in handset
661 and the usual condenser 672 and transformer
or induction coil 673.

‘The calling subscriber at subset 6§08 may now
converse with the called subscriber at subset 603
with transmitter bias current provided for these
subsets through the windings of relay 2451 in
out-trunk 2188 and the windings of relay (938
in incoming trunk 1908, respectively.

The talking connection through the originat-
ing office is maintained at this time under the
direct control of out-trunk relay 245! which is,
in turn, held by the direct-current flow in the
calling subscriber’s talking loop and is main-
tained indirectly in-a joint manner by in-trunk
relay 1939 which is, in turn, held by the direct-
current flow in ther called subscriber’s talking
loop. For the trunk frame section of the origi-
nating office, ground is provided from relays 2154
and 2155 in the out-trunk through the windings
of relay 2152, the windings of the associated op-
erated cross-point relays of line frame ({8 and
the windings of relay 822 in the calling line cir-
2uit 860 to ground.

.In a similar manner, the talking connectlon
through the trunk frame for the terminating
connection is maintained at this time under the
direct control of in-trunk relay (939, which is,
in turn, held by the direct-current flow in the
called subscriber’s talking loop, and is main-
tamed indirectly in & joint manner by out-trunk
relay 2151, which, in turn, is held by the direct-
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current flow in the calling subscriber’s talking
loop.  Ground is provided from relays (939.and
1910 in the in-trunk through the windings of
relay 1927, the windings of the associated op-
erated cross-point relays of trunk frame . (T10
and the windings of relay {582 in junctor {816 .to
negative battery (588, and for the line.frame
section of the terminating  connection batiery.
1588 is connected through contacts of held relay
1582 in junctor {516 through the upper winding
of relay 1518, the windings of the associated op~
erated cross-point relays of line frame 1200 and
the windings of relay 812 in the called hne cir-
cuit 803 to ground.. .

As deseribed above, the talkmg connectmn for,
both the originating and terminsting sections .of
the call is held under the joint control of both

‘the calling and called subscribers. If the call-

ing subscriber hangs up first.at the end of con--
versation, the operation of switchhook assem-
bly 612 opens the current path to out-trunk re-
lay 2151 which releases and thereby .opens its
locking ground path to out-trunk relay. 2155;
however, relay 2155 is held operated by the op-
erated relay 2164 so that holding ground is

" maintained to relay 2152 and the sthchmg net-
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- the release .of in-trunk relay [910.

work. .

When the called subscnber then ha.ngs up,
the operation of smtchhook assembly £62- opens
the current path to in-trunk relay -4939 which
releases and in turn releasing relay. 1925, With
relay 1925 normal, the reversal of the direction
of direct-current flow in the intraoffice.lJoop con-
ductors 2162 releases.-polar. relay -2164..in . the
out-trunik in turn.releasing relay 2155. The re-
lease of relay 2155 opens the holding ground: to
relay 2152, and this relay together with the series
operated cross-pomt relays in trunk frame. um
and junctor relay (432 releases. The release of
junctor relay. (432 in turn opens the circuit from
battery. {438 through the upper winding of, relay.
1428 and the series windings of, the operated
cross-points in line frame 1110 and the wmdmgs
of relay 822 in the calling line circuit, permlttmg
the release of the relays along this current path..
The release.of junctor. relay. 1432 also releases
relay 1436 restoring the junctor .to .its. normal
condztxen and. the . release .of. lme circuit refay .
822 releases relay 810. restoring the calhng line’
circuit to.its normal condition.. ..

The release of relay.2155;in the ouf- trunk also.
opens the bridging connection through the Wmd--
ing of relay 2164.established between the talkmg
conductors of intraoffice Joop 2162 thus causing:
A The. release
of relay {910 opens. fhe holding 'ground to relay
1927 and this relay.fogether with .the serjes.
operated .cross-point: relays in .trunk frame 1710
and the junctor relay 1582 releases, The release

“of ‘junctor relay 1582 in turn opens the circuit

from battery 1588 through the upper wmdmg of .
relay . {5718 thus . releasmg .the  series . operated.
cross-point relays of the line- frame and, relay
812 in the line. cireuit. . The.release of relay, 1582\
also releases relay 1586 restoring the Junctor to
its. normal condltlon and the release. of relay
872 releases relay 860 restoring the ealled line
circuit to its normal condition. .

If the called subscriber hangs up ﬁrst the
operation of switchhook assembly 6§62 opens the
current path to in-trunk relay l939 which re-
leases, in turn. releasing relay 1925. With relay
1925 normal, the reversal of the direction of di-
rect-current . flow, in the intraoffice loop conduc—
tors 2452 releases polar relay 2164 in the out-
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trunk; however, the connection for the originat-
ing section of the call is still held under the
control of relay 2151, and relay 1910 in the in-
trunk remains operated over the intraoffice loop
to hold the connection for the terminating sec-
tion of the call
then hangs up, the operation of switchhook as-
sembly 612 opens the current path to out-trunk
relay 2151 which releases, in turn releasing relay
2{55. The release of relay 2156 then causes the
release and return to normal of out-trunk 2108,
in-trunk (908, line circuits 600 and 603 and the
junctors and cross-point relays used in the con-
nection as described above when both subscribers
have hung up. . :

What is claimed is:

1. In combination in a telephone switching sys-
tem, a first or input ‘plurality of terminals and a
second or output plurality of terminals, a plu-
rality of switching stages for selectively electri-
cally connecting an
put terminal, each stage comprising a plurality
of relays arranged in a ccordinate array, a plu-
rality of intermediate control circuits each elec-
trically interconnected between different switches
of two of said stages, & two-element gas conduc-
tion tube individual to each of the relays at the
coordinate points of each of said-arrays and elec-
trically interconnected therewith, apparatus for
electrically marking through
tubes idle paths from an input terminal to said
intermediate control circuit, other means for elec-

said gas conduction .
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When the calling subscriber
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gas tubes for initiating discharges through tubes
individually connected to relays to mark idle
paths through said switching equipment from an
input terminal to said circuits, apparatus for
selecting one of the paths through said switch-
ing equipment marked by the tubes through
which discharge currents flow, and apparatus
electrically interconnected with said apparatus
for selecting one of said paths for inereasing the
current flowing through tubes marking the se-
lected path for operating the relays individually
connected thereto. i

4. In a telephone switching system, a first or
input plurality of sets of terminals, a second or
output plurality of sets of terminals, a plurality
of switching stages arranged in tandem for se-
lectively electrically connecting terminals of one

* set of said plurality of input sets of terminals

20

input terminal with an out-
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trically marking idle paths from an output ter- -

minal to said intermediate control “circuit, a
Jock-out circuit electrically connected to a plu-
rality of said control circuits for selecting one of
the marked idle paths between an input and an
output terminal and means for establishing the
selected path.

2. In combination in &
plurality of frames each
primary and secondary switches, links electrically
interconnecting said primary and secondary
switches, a second plurality of frames each hav-
ing g plurality of primary and secondary switches,
links electrically jnterconnecting said latter pri-
mary and secondary switches, input circuits ter-
minating in the primary switches of said first
frames, output circuits terminating in the pri-
mary switches of said "second frames, control
cireuits electrically interconnected between said
first and second frames, & two-element gas con-
duction tube interconnected with each of said
links, means for electrically marking through
the tubes interconnected with the links of a first
frame all idle paths from an input circuit to said
control circuits, other means for electrically
marking through the tubes
the links of said second frame all idle paths from
an output circuit t6 said control circuits, a lock-
out circuit electrically interconnected to a plu-
rality of said control circuits for selecting one of
the idle paths between an input circuit and an
output circuit and means for establishing a con-
nection over the selected path. )

3. In a telephone switching system, a plurality
of input terminals, & plurality of circuits, a plu~
rality of stages of switches for selectively estab-
lishing paths of electrical transmission between
terminals of said plurality of input terminals and
individual ones of said circuifs each stage of
which comprises a plurality of relays, & gaseous
conduction tube individually and electrically con-
nected to each of said relays, control means elec-
trically interconnected with said relays and said

telephone system a first.
baving a plurality of

interconnected with
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with terminals of a set of said plurality of out-
put sets of terminals, each of said stages com-
prising a plurality of relays arranged in a co-
ordinate array, intermediate control circuits
electrically interconnected between two of said
stages, a multielement gas conduction tube indi-
vidual to each of said relays and electrically in-
terconnected therewith, apparatus for applying
an electrical discharge initiating potential to one
terminal of a set of input terminals for initiating
discharges through said multielement gas con-
duction tubes for marking idle paths hetween
said input set of terminals and said intermediate
control circuits, other means for applying elec-
trical discharge initiating potentials to one of

. the terminals of one or more sets of said outpub

sets: of terminals -for initiating discharges
through said tubes individual to a plurality of
said - relays for initiating a discharge through
tubes marking idle paths from said one or more
sets of said output sets of terminals to said inter-
mediate control circuits, means electrically con-
nected to said intermediate control circuits for
selecting an idle path through both of said sets
of switching devices and apparatus electrically
interconnected with said intermediate control
cireuits operated incident to the selection of said
path for changing the current flowing through
said tubes marking said path for operating the
relays controlled by said tubes for establishing a
path from said set of input terminals to one of
said output sets of terminals.

5. In a telephone switching system, a plurality
of input terminals, a plurality of output ter-
minals, a plurality of relays having their con-
tacts inferconnected for selectively establishing
individual paths from said input terminals
to said output terminals, a multielement  elec-
tron discharge device individual to each of said
relays and electrically interconnected - there-
with for controlling the operation thereof, control
means interconnecting said relays responsive to
the application of a discharge initiating potential -
to one of said input terminals and to one of said
output terminals for initiating discharges through
said tubes individual to relays operable for estab-

lishing paths from the marked terminal of said

input terminals to a terminal of said output
terminals. :

6. In a telephone switching system, a first plu-
rality of switch frames each having a plurality

of primary and secondary switches, a second plu-

rality of switch frames each having a plurality
of primary and secondary switches, input termi-
nals for the switches of said first plurality of
switch frames, outpub terminals for the switches
of said second plurality of ‘switch frames, inter-
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connecting control circuits electrically intercon-
nected between the switches of said first plurality
of frames and the switches of said second plu~-
rality of frames, an electron discharge device
individual to each of said control circuits and
electrically interconnected therewith, an electri-
cal lock-out circuit electrically connected to an
element of a plurality of said electron discharge
devices, apparatus responsive to the application
of a discharge initiating potential to one of said
input terminals and one of said output terminals,
means electrically connected to said apparatus
for applying discharge initiating potentials to
said- tubes, impedance means connscted to said
elements of said tubes for preventing the initia-
tion of a discharge through more than one of said
tubes at any given instant of time.

7. In combination in a telephone switching sys-
tem, a plurality of line frames each having a
plurality of primary and secondary switches, a
plurality of subscribers’ line terminals on said
switches, a plurality of subscribers’ lines con-
nected to said terminals, a plurality of trunk
frames each having a plurality of primary and
secondary switches, a piurality of trunk termi-
nals on said switches, a plurality of trunk circuits
electrically connected to said trunk terminals,
apparatus for applying a discharge initiating and
marking potential to a terminal of one of said
subscribers’ lines over which a call is originated,
apparatus for applying discharge initiating and
marking potentials to a plurality of trunk termi-
nals each located on different switches on a plu-
rality of different trunk frames, an electrical con-
trol circuit electrically interconnected with said
switches responsive to the substantially simul-
taneous application of said potential conditions
to said line terminal and to said trunk terminal
for automatically establishing a connection from
said marked line terminal to one of the marked

trunk terminals.

8. In a telephone switching system, a ﬁrst or
input plurality of terminals, a second or output
plurality of terminals, a plurality of groups of
relays in which each group of relays is arranged
in tandem with respect to other groups of relays,
a two-element electron discharge device indi-
vidual to the windings of each of said relays and
electrically interconnected therewith for control-

ling the current flowing through said relay wind- &

ing, a plurality of control circuits electrically
connected between predetermined groups of said
relays, means including interconnecting circuits
responsive to the application of electrical dis-

charge initiating voltages to terminals in each of *

said plurality of terminals for initiating dis-
charges through said tubes individual to relays
operable to establish a path between said output
and said input terminals, apparatus electrically
interconnected with said control circuits for se-
lecting one of said idle paths, means electrically
connected to said control circuits operative in
response to the selection of one of said paths for
increasing the current flowing through tubes indi-
vidual to relays operable to establish said path
sufficiently to operate the said relays which re-
lays in turn establish a path between said inpuf
terminal and said output terminal.

9. In combination in a telephone switching sys-
tem, a plurality of subscriber’s lines, a plurality
of trunk circuits, a terminal individual to each
of said subscriber’s lines, a terminal individual to
each of said trunk circuits, a plurality of switch-
ing stages arranged in tandem for selectively con-

necting one of said subscriber’s line terminals
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with one of said trunk terminals, each of said
stages comprising a plurality of relays, a two-
element gas conduction tube individual to each
of said relays and electrically connected there-
with, intermediate control circuits electrically
interconnected between two of said stages, means
for applying an electrical marking -potential to
one of said line terminals, means for applying
an electrical marking potential to a plurality of
said trunk terminals, a multielement gas conduc-
tion tube individual to each of said intermediate
control circuits and electrically "interconnected
herewith, lock-out impedance elements electri-
cally connected in common to a plurality of said
multielement tubes causing a discharge to be fully
established within only one of said multielement
tubes a2t any given instant of time for simul-
taneously selecting an idle path through said
switching equipment and one of said idle trunks
asscciated with said marked terminals. .

10. In combination in a telephone switching
system, a plurality of line switch frames each
comprising a plurality of switches, a plurality of
subscriber’s lines terminating on switches on said
line frames, a plurality of trunk switch frames
each having a plurality of switches, a plurality of
groups of trunk circuits terminating on:switches
on said trunk frames, apparatus for siraulta-
neously selecting an idle trunk from one of said.
groups of said trunks and a.path through switches
on both said line frame and on said trunk frame
from a subscriber’s line to an idle trunk compris-
ing intermediate control: circuits electrically in-
terconnected between the switches of said frames,
a multielement gas discharge tube individually
connected to each of said control circuits and
having a main discharge .circuit- path, lock-out
impedance means electrically connected in com-
mon to a plurality of said gas:tubes causing a
discharge to become fully established across the
main discharge path of only one of said tubes,
and apparatus interconnected in said control cir-
cuits responsive to a discharge across the main
discharge path of one of said tubes for establish-
ing a communication path from: a subscriber’s
line to an idle trunk circuit.

11. In combination in a telephone sthchmg
system, a plurality of subscriber’s lines, a plu-
rality of switching devices connectable to said
subseriber’s lines, a plurality of trunk cireuits, a
plurality of switching devices connectable to said
trunk circuits, a plurality of control circuits in-
terconnected with said switching devices, means
for marking idle paths from any one of said
subscriber’s lines through the switches connect-
able thereto to said control circuits, means for
marking idle paths from a plurality of said trunk
circuits through the switches to said control cir-
cuits, means for selecting in one operation an
idle trunk and paths through said switching de-
vices to said line and through said switching de-
vices connectable to said: trunk circuits compris-
ing a multielement electron discharge tube indi-
vidual to each of said control circuits and elec-
trically connected therewith, and lock-out im-
pedance means connected in common to a plu-
rality of said’electron discharge tubes for caus-

ing a discharge to become fully established across

the main path within only one of said tubes at
a given instant of time. .

12. In combination in a- telephone switching
system, comprising a first or input plurality of
sets of terminals and a second or output plu-
rality of sets of terminals, a plurality of switch-
ing devices for selectively establishing paths be-
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tween an input set of terminals and an output
set.of terminals, an electromagnet for controlling
- said switching devices, a multi-element electron
discharge device individual to each of said elec-
tromagnets and electrically interconnected there-
with, control paths extending through said elec-
tromagnets, apparatus responsive to the appli-
cation of discharge initiating voltages to said
control path for initiating discharges through
saiq discharge devices for marking idle paths
from one of said input terminals to idle output
terminals and means electrically interconnected
with said switching devices for selecting one oi
said marked paths. . :

13. In combination in a telephone switching
system for automatically establishing telephone
paths, a plurality of switches each controlled by
an electromagnet, a gas discharge device indi-
vidual to each of said magnets electrically inter-
connected therewith, apparatus  interconnected
with said gas discharge devices responsive to the
application :of :a discharge initiating voltage to
said gas discharge devices for initiating dis-
charges through a plurality of said gas discharge
devices, means for increasing the current flowing
through one of said devices for operating the
electromagnet: to-which said discharge device is
individual, and circuits controlled by said elec-
‘tromagnets for extinguishing . the ‘discharge
through the gas discharge  device -individual
thereto. L Bree T

14. In combination ‘in a: telephone switching
system, a plurality of input communication paths,
a control path individual to each of said commu-
nication paths, a plurality of branch paths, a
plurality of electron discharge devices, switching
devices each individuallycontrolled by: one of
said discharge devices and each connected to a
branch path, a plurality of output paths, means
including said discharge devices responsive to a
discharge initiating voltage applied to said con-
trol path of one of said communication paths
for initiating discharges within said discharge de-
vices connected to idle branch paths for mark-
ing idle branch paths which may be combined
to form paths from said one of said communi-
cation paths to an idle output path and appa-
ratus electrically interconnected- with - said
switching devices for selecting and-combining-a
plurality of said marked branch paths to form
a path from said one line to an output terminal.

15. In combination in a telephone switching
system, a plurality of input communication paths,
a control path individual to each of said com-
munication paths, a plurality of branch paths,
an electron discharge device and a switching de-
vice included in each of said branch paths, a
plurality of output paths, apparatus responsive
to a discharge initiating voltage applied to one
of said control paths for initiating discharges
through said discharge devices individual to and
marking such branch paths which are idle which
may be combined to form a path from an input
path- to an idle output path, apparatus electri-
cally interconnected with said switching devices
for selecting one of said marked paths, apparatus
electrically interconnected with said branch paths
for applying a voltage condition to the control
path of busy communication paths through said

.- B

switching system for preventing discharges with-

in said discharge devices - leading from said
marked line path to said busy paths.

16. In a telephone switching system in combi-
nation, a plurality of subscriber’s lines, a plu-
rality of line switching devices at which said
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subsecriber’s lines terminate, a plurality of groups
of trunk ecircuits, a plurality of trunk switching
devices at which said trunk circuits terminate,
apparatus electrically interconnected with said
line switching devices for applying a marking
voltage to any one of said line terminals, other
apparatus electrically interconnected with said
trunk switching devices for applying a2 marking
voltage through a plurality of said trunk ter-
minals, a. control. circuit electrically intercon-
nected between said line switching devices and
said trunk switching devices for selecting idle
switching devices operable to form a path be-
tween one of said marked trunk terminals and
said marked line terminal, a double-wound relay
interconnected with said switching- devices hav-
ing its two windings connected in series, means
for applying an actuating voltage: condition. to
the mid-point between said windings for operat-
ing a plurality of said-selected-switching devices,
a rectifying . device:-electrically “interconnected
with one -of said windings for preventing current
flow therethrough in response to said voltage,
apparatus -responsive -to the actuation'of said
plurality of.selected -switching 'devices- for ‘re-
moving said potential and thereafter causing cur-:
rent -to flow through both the windings of :said
relay. and-sdid- rectifying ‘devicé for maintain~
ing actuated said ‘selected: switching' devices.”":

217:-In -a telephone switching -system, ‘afirst
plurality: of: terminals, ‘a second plurality of ‘ter-
minals, -a plurality of ‘relays having their: con-
tacts electrically” interconnected: and-electrically -
interconnected with said términals for selectively-
establishing individusl paths from individual ter-
minals’ of - said first’ plurality to individual ter-:
minals to:said second plurality of terminals, a
gaseous conduction discharge path ‘individual o
and connected with each of said relays for con-
trolling the operation thereof, connections re-
sponsive to the application of the‘discharge ini-
tiating potential to"a selected terminal”of said
first plurality- ‘of terminals and to a selected
terminal of said second plurality of terminals
for initiating discharges across said paths indi-
vidual to relays for éstablishing a path from said
selected terminal of said first plurality of ter-
minals to said selected terminal of said second
plurality of terminals. :

18. In a telephone switching system, a first
vlurality of switching frames each having a plu-
rality of primary and secondary switches, link
circuitg electrically interconnecting said primary
and said secondary switches, a second plurality
of switch frames each having a plurality of pri-
mary and secondary switches, link circuifs elec-
trically interconnecting said latter primary and
secondary switches, input circuits terminating
on the primary switches of said first frames,
output circuits terminating on -the primary
switches of said second frames, control circuits
electrically interconnected between said first and
said second frames, & plurality of gaseous con-
duction paths individually connected with each of
said links, means electrically interconnected with
said first plurality of switching devices for elec-
trically marking through said gaseous conduction
paths connected with links of the first frame, all
idle paths from an input circuit fo said control
circuit, other means electrically interconnected
with said second plurality of switching devices
for electrically marking through said conduction
paths connected with the links of said secornd
frame, all idle paths from an output circuit to
said control eircuit, lock-out circuit means elec- -
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trically interconnected with said control circuits
for selecting one of the idle paths between an
input and output circuit, and means intercon-
nected with said switching devices and said con-
trol circuits for establishing a connection over
the selected path.

19. In a telephone switching system, a plurality
of input terminals, a plurality of output termi-
nals, a plurality.of stages of switches for selec-
tively establishing electrical transmission paths
between said input and said output ferminals,
each of said stages comprising a plurality of
selectively operable switching contacts, a plu-
rality of control circuits electrically intercon-
nected between two of said stages of switches,
a negative resistance element individually con-
nected to each of said control circuits, a source
of electrical energy, a common impedance ele-
ment interconnecting a plurality of said nega-
tive resistance elements with said source of elec-
trical energy for preventing the simultaneous ini-
tiation of the flow of substantial current through
more than one of said negative resistance ele-
menfts and means electrically interconnected with
said control circuits and with said stages of
switching devices responsive to current flowing
through one of said negative resistance elements
for establishing an electrical transmission path
from an input terminal to an output terminal.
- 20. In a telephone switching system, a plu-
rality of input circuits, a plurality of output cir-
cuits, a plurality of stages of switches for selec-
tively establishing individual electrical transmis-
sion paths between said input circuits and said
output circuifs, an electrical gaseous conduction
path individually connected to each of said stages
of switches, apparatus interconnected with said
stages of switches for applying discharge initi-
ating potentials to said gaseous conduction paths
one after another, each in response to initiation

of a discharge across a path individually con-

nected with another stage of said switches.

21. In a telephone swifching system, a plu-
rality of input terminals, a plurality of stages of
switches, electrical connecting means for electri-
cally interconnecting said input terminals to
switches of one of said stages of switches, other
-electrical connecting means for electrically con-
necting said stages of switches in tandem for
selectively establishing electrical transmission
paths through said switches extending away
from said input terminal, a plurality of relays
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included in each of said stages, a gaseous con-
duction tube individually connected to each of
said relays, control means electrically intercon-
nected with said relays and said gas tubes for
initiating discharges through tubes individually
connected to relays to mark idle paths extending
through said switching equipment away from said
input terminals, apparatus electrically intercon-
nected with said switches for selecting one of the
paths through said switching equipment marked
by the tubes through which discharge currents
flow, and apparatus also electrically intercon-
nected with said switches for increasing the flow
of current through the tubes of the selected path
for operating the relays individually connected
thereto.

22. In a telephone switching system, a plu-
rality of input terminals, a plurality of stages of
switches, electrical connecting means for electri-
cally interconnecting said input terminals to
switches of one of said stages of switches, other
electrical connecting means for electrically con-
necting said stages of switches in tandem for
selectively establishing electrical transmission
paths through said switches extending to said
input terminal, a plurality of relays included
in each of said stages, a gaseous conduction tube
individually electrically connected to each of said
relays, control means electrically interconnected
with said relays and said gas tubes for initiating
discharges through tubes individually connected
to relays to mark idle paths extending through
said switching equipment to said input terminals,
apparatus electrically interconnected with said
relays for selecting one of the paths through said
switching - equipment marked by the tubes
through which discharge currents flow and appa-
ratus electrically interconnected with said relays
for increasing the flow of current through the
tubes of the selected path for operating the re-
lays individually connected thereto.
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