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This invention relates to telephone systems and
particularly those in which conversational con-
nections are established by automatic switches.

The objects are to improve the releasing op-
erations of partly established connections, test
the condition of connectors from which a trouble
signal has been given and other connectors serv-
ing telephone connections without interfering
with established connections and otherwise im-
prove such systems.

Systems have been devised heretofore in which

the immediate release of all switches of the con-
nection takes place when the calling subscriber
replaces his receiver and in which release of the
final or connector switch is effected at the end of
a measured interval following the replacement of
the called subscriber’s receiver providing the call-
ing party is slow in hanging up his receiver.
Moreover it is common practice to employ the
relay of the connector that responds to the called
subscriber’s switchhook not only for the purpose
of controlling the release circuits but also to ef-
fect a reversal in the direction of current flow in
the established connection for supervision. '
" A feature of the present invention is an im-
provement in these prior systems which consists
in testing the condition of a switching connection
and in causing a responsive action in a testing
cireuit to a plurality of different switching con-
nection circuit conditions for either releasing said
switching connection or for stepping off of said
switching connection when the circuit condition
encountered does not warrant the release of the
connection.

Anocther and related feature consists in repeat-
ing the test of the switching connection until a
trouble is cleared.

Another and related feature consists in the use
of a vacuum tube circuit responsive to current
sources associated with the line conductors for
controlling the testing circuit responsive to dif-
ferent conditions enccuntered in a connector
switching circuit.

The foregoing and other features of the inven-
tion will be described more fully in the following
specification which should be taken in conjunc-
tion with the accompanying drawings and also
the appended claims:

Referring to the drawings, Fig. 1 illustrates a
calling subscriver (81 connected to a called sub-
seriber §18 by a line finder switch, a first selector,
a second selector and a connector. The line
finder and selectors are diagrammatically shown
and may be of any suitable type such as the
Strowger switch, the operation and release of
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which are well known. Figure 1 also illustrates
the commutator and a horizontal level of a con-
nector switch testing circuit and the brushes as-
sociated therewith. Fig. 2 illustrates a connector
switch testing circuit and Fig. 2A illustrates the
essential apparatus of a trouble indicating circuit
cooperatively associated with the testing circuit,
Fig. 2 and the connector circuit, Fig. 1.

In general the telephone system to which the
invention applies is known as the step-by-step
telephone switching system wherein after a tele-
phone connection has been completed from a
calling to a called subscriber through a line find-
er, first selector, second selector and connector,
the calling subscriber controls the release of these
switches after the conversation has ceased. The
failure of the calling subscriber to replace the re-
ceiver on the switchhook therefore holds this train
of switches in an operated position and prevents
the called subscriber from making further calls
until such time as the connector is released.
When a connector is held by the calling sub-
scriber and the called subscriber has replaced the
receiver on the switchhook or is held in an oper-
ated position by a fault in the connector, a cir-
cuit is established in the connector for actuating
what is known as a permanent signal shelf alarm
circuit. The actuation of the alarm circuit lights
a lamp to indicate that a connector is being held
by a calling subscriber or by a fault in the con-
nector or the associated circuits and normally
after an interval of time an alarm is sounded.

According to the present invention the ener-
gization of the permanent alarm circuit actuates
a testing circuit and causes the testing circuif to
associate itself with the connector in trouble by
the operation of a step-by-step switch. The ver-
tical movement of the testing circuit step-by-step
switch is arrested by a ground on a segment of
the switch commutator which ground is connect-
ed therewith by an alarm circuit actuated by a
connector switch in the corresponding horizontal
level. The rotary movement of the brushes is
under the control of the testing circuit in which
any of a plurality of circuit conditions may be es-
tablished depending upon the circuit condition
found to prevail in the connector tested. Assum-
ing that the connector giving the alarm is con-
nected to a set of terminals in the middle of the
herizontal level it is then necessary for the test-
ing circuit brushes to pass over other terminals
to reach the connector in trouble. The testing
circuit may therefore encounter other connectors
which are in different normal operating condi-
tions, either having completed a telephone con-
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nection from a calling subscriber to a called sub-
scriber or are in the process of completing such a
connection. The testing circuit is arranged to
respond to the different conditions found in con-
nectors. As the testing circuit brushes advance
around the terminal bank, the conditions to be
encountered on the various sets of terminals in
the horizental row may be as follows:

1. A normal release connector, i. e., not in use
for a service connection and not associated with
a trouble condition.

2. A cennector being used for a conversational
connection.

3. A connector associated with a called sub-
scriber with ringing current actuating the called
subscriber’s ringer.

4. A connector associated with a busy line and
transmitting a busy tone to the calling subscriber.

5. A connector associated with an intercepting
operator.

Any of the above conditions are recognized by
the devices of the testing circuit which cause the
testing circuit to advance its associated switch
brushes without disturbing the normal functicn-
ing of the connector encountered.

If the testing circuit is associated with a con-
nector which is being held by a calling subscriber
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and the called subscriber has replaced the re-

ceiver on the switchhook, the testing circuit actu-
ates the connector release mechanism which re-
stores the connector mechanism to normal and
restores the preceding switches to normal which
were actuated for making the telephone call.
Other conditions are caused by the varied actions
of the calling and called subscribers which if not
taken into consideration might create dissatis-
faction and annoyance to some subscribers even
though these conditions may be unusual in nor-
mal telephone usage or telephone practice. For
example, a circuit in a connector may be estab-
lished for actuating the testing circuit and when
the testing circuit switch brushes are associated
with this connector a telephone connection may
have been established between a calling and a
called subscriber or the connection may be in the
process of being established. Under this con-
dition. the testing circuit switch brushes are
stepped off of the terminals of the connector
which gave the alarm. If the trouble condition
persists repeated tests may be made until the con-
versation is terminated and the trouble is found.

A detailed description will first be given of the
connector circuit, Fig. 1, followed by a description
of the testing circuit Fig. 2, the trouble circuit
Fig. 2A and the relation of the circuit conditions
found in the connector to the responsive action
in the testing circuit.

Let it be assumed that the subscriber of line
101 desires to establish a connection with the
station 148 and that the connection has been ex-
tended in the usual manner through line finder
LF and selectors 81 and S2 to the tip, ring and
sleeve terminals of connector C. When this cir-
cuit is seized by the selector 82 a circuit is closed
through the windings of relay 103 which may be
traced from batiery through the lower winding
of relay {03, normally closed contacts 2 of relay
104, ring terminals and brushes of selectors Si,
52, and the line finder LF, thence over line con-
ductor !5 and through subscriber’s telephone
181 and dial 132, over conductor 116 and through
tip terminals and brushes of line finder LF, and
selectors St and S2, normally closed contacts
I of relay 184 and upper winding of relay 183 to
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lay 117 through a circuit traceable from battery
through the winding of relay 117 to ground on
the contact of relay {93. Relay {17 in operating
connects ground on its contact 3 to the sleeve con-
ductor 135 and the sleeve terminals and brushes
of selectors S{, S2 and line finder LF, thereby
holding in the operated position the selectors and
line finder and guarding connector C from other
hunting selector circuits.

On the first break of the contacts of dial 162
for the purpose of dialing the tens digits of the
called number, relay 183 releases and closes a
circuit from battery through the windings of ver-
tical magnet 120 and relay (19, lead 122, con-
tact | of the vertical off-normal contact as-
sembly {21, contact 2 of relay 117 to ground on
the contact of relay 183, Relay 117 is slow to re-
lease and does not release during the momentary
open periods of the front contact of relay {03,
while responding to the pulses of dial 102. Relay
{18 and vertical magnet 128 are opsrated through
the circuit hereinbefore retraced. As soon as the
shaft of the connector switch is moved from its
normal position on its first vertical step, the ver-
tical off-normal springs 12{ operate and transfer
the operating circuit for relay 19 and vertical
magnet 20 from conductor {22, to conductor
123, thereby placing the windings of relay {19 and
vertical magnet (28 in series through the make
contact of relay (19, and contact 2 of the ver-
tical off-normal spring combination #2¢. 'This
transfer from conductor 122 to 123 is made with-
out interrupting the circuit, since the three upper
springs of combination 12{ are of the make-
before-break type. When the contacts of dial
182 are closed again after the first break, relay
108 reoperates and again closes the -circuit
through the winding of relay (17, before this re-
lay has had time to release, as hereinbefore ex-
plained. On the next open period of dial 102,
relay 183 again releases and transmits a second
ground pulse, through the circuit of relay (19 and
vertical magnet 129, Relay {19 is slow to release
and remains locked up over the open periods of
the back contacts of relay {83. The second
ground pulse aforesaid causes the shaft of the
switch to take another step upward. This action
continues until all required pulses for the tens
digits are transmitted by dial 102 and the con-
nector brushes {12, ({3 and {14 have reached the
level containing the terminals of the line being
called.

After the tens digit has been dialed and dial
102 is restored to normal, relay 183 remains oper-
ated, relay 119 releases, and the winding of ver-
tical magnet 129 is deenergized. When relay 119
releases, a circuit is closed through rotary mag-
net (24 for rotary stepping and a circuit is closed
for relay 125. These circuits may be traced from
battery through the winding of rotary magnet
124, contact 6 of relay 128 to junction point 129,
and from battery through the winding of relay
12§ to said junction point 129, thence through
the upper contact { of relay 130, back contact
of relay 119, over conductor 1283, contact of com-
bination 121 to contact 2 of relay I{1. On the
first break of dial {02 for dialing the units digits
of the called number, i. e., for rotary stepping,
relay 103 releases and connects a ground impulse
to contact 2 of relay 147 and over the rotary step-
ping circuit just traced. Relay ({1 remains oper-
ated during dial pulses, as in the case of vertical
stepping. In response to said first ground im-
pulse rotary magnet 124 will operate and cause
the switch brushes {12, [13 and {14 to rotate one
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step in a horizontal direction. Relay 125 oper-

ates to short-circuit the upper contacts of relay '

130 to maintain the above circuit closed if relay
{30 momentarily operates. Subsequent dial
pulses cause rotary magnet (24 to step the switch
around until the line 118 of the called subscriber
is reached.

When dial 182 has restored to normal the cir-
cuit for relay 125 and the rotary magnet 124 is
opened since relay 183 remains operated. Slow
relay 125 does not release at once. Before con-
necting ringing current to this line a test is made
to determine whether the line is busy or idle.
If the called subscriber line is busy, ground {45
will be found on the sleeve terminal connected
to conductor 188, and will cause the operation
of test relay 189 from battery through its wind-
ing, contact 2 of relay 128, contact 2 of slow-
release relay (25, conductor 144, to ground 145
on sleeve conductor 188 through brush 114. Re-
lay 138 in operating opens the original circuit
for rotary magnet 124 and when slow-release re-
lay 125 finally releases the second circuit estab-
lished for rotary magnet 124 is opened and a
holding circuit is established for relay 138. Re-
lay 130 in operating connects the secondary
winding of busy tone transformer {33 through
its contacts 8, ring conductor 134, condenser 159,
ring conductor of selectors 2 and | and the line
finder to the calling subscriber’s station, which
indicates to the calling subscriber that the called
line is busy. Relay 88 is locked up through a
circuit traced from battery through the winding
of relay 130, contact 2 of relay 128, contact 2 of

relay 125 relessed, contact 2 of relay 136 to -

ground on sleeve conductor 135. Under this con-
dition the calling subscriber will disconnect,
causing the release of relays 163 and 117, thereby
closing a circuit from battery through the wind-
ing of release magnet 118, contact 2 of VON com-
bination 121, contact 3 of relay 128, contact 2
of relzy 111 and contact of relay 163 to ground.
Release magnet 148 is energized and causes the
restoration of the connector switch to normal,
including VON springs 121. Relay (30, which
was locked to ground on sleeve conductor 135,
releases since ground was removed by the open-
ing of contact & of relay {{7 when this relay re-
Jeased. The removal of ground from conductor
135 causes in the well-known manner the ener-
gization of release magnets 189, 161 and 162 of
the preceding switches and the consequent re-
lease of these switches.

T.et it be assumed now that the line {10 of the

called subscriber is found idle. Under this con- !

dition battery will e found by sleeve brush 114
on the terminal connected to sleeve conductor
168 through the winding of cut-off relay {46,
Under this condition relay 130 will not operate
as hereinbefore described when the line ({9 was
found busy. After relay {25 has released upon
the completicn of rotary stepping, a circuit is
closed for the cperation of relay 128, which may
be traced from aforesaid battery connecticn on
brush 14, through contact 2 of relay 128, lower
winding of relay 128, contact 2 of relay 138, to
ground on sleeve conductor 1385.
operating locks through its upper winding and
its contact 4 to ground on contact 1 of relay (1.
In operating relay 128 also connects tip condue-
tor 158, through its contact § to ground on con-
tacts | of relay 1239; opens the circuit of the
winding of relay 138, by opening its contact 2;
connects ground from pick-up interrupter 140
through its contact 5, contact I of relay 141,
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contact 3 of relay 139 to battery through the
winding of relay 141, Relay 141 operates and
locks through its contact 1 to ground on contact
3 of relay 117. Relay (28 in operating also opens
the lead to the rotary magnet 124 through its
contacts §; connects ring conducter 142 to ring
conductor 143 through its contact 7, and joins
sleeve conductor 135 to sleeve conductor 144,
thereby grounding said conductor (44 for oper-
ating cut-off relay 148, and guarding the termi-
nals of the line of subscriber {18 from seizure
by another connector,

When relay 14§ operates it closes a circuit for
ringing the station 1{8. This eircuit is traced
from source of ringing current (47, which may
comprise an interrupter connected with an alter-
nating-current generator and with battery on
different segments, through coniact 2 of relay
141, lower winding of relay 139, contact 4 of
relay 139, over conductor 143, contact T of relay
128, conductor (42, through connector brush 13
and associated contact, over the line of subscriber
{19, connector brush 12 and asscciated contact,
conductor 138, contact § of relay (28, to ground
on contact 1| of relay 139. The ringer (not
shown) ‘of station 118 is now actuated, but relay
139 does not operate until subscriber 140 answers
by removing the receiver from the switchhook,
therehy removing the ringer winding from the
circuit and connecting a low impedance bridge
across the line. Ringing tone is sent back to the
calling subscriber over conductor 134 during the
periods when ringing current is connected with
station 116. The contacts of reiay §39 are ad-
justed so that in cperating a locking circuit is
closed from hbattery through its upper winding
and contact 2 to sround on contact | of relay
{ 1T before the circuit through its lower winding
is brcken at either of its contacts 1 or 4. The
operstion of relay 39 disconnects ringing cur-
rent frem subscriber’s station [18. The locking
circuit for relay {41 is also cpened causing the
release of the latter relay to disconnect the ring-
ing source 147. In some instances the called sub-
scriber such as the subscriber at station 168 may
remove his receiver to make a call after a con-
pector has been connected to his line, but before
relay 181 has been operated by pick-up inter-
rupter 148, To guard this condition a circuit is
provided to operate relay {38 before ringing cur-
rent is applied to this called station. This circuit
may be traced from battery through contact 2 of
relay 141, lower winding of relay §39 and thence
over the line conductors as traced through sta-
tion §19 to ground cn contact ! of relay 138, Un-
der this condition the lecking circuit for relay 138
is established through its upper winding in the
same manner as previcusgly described.

The conversational circuit between the calling
and called subscribers is completed by relay 39
by closing through the tip conductors on its con-
tact 1, and the ring conductors on its contact 4,
Relay 139 in operating also completes the oper-
ating circuit for relay {84, which may be traced
from battery through the upper winding of relay
104, contact { of relay {38, contact | of relay 128,
over the tip conductor {25 and the line of station
{19, through station ({0 including dial #t{, ring
conduectors of the line, conductor {42, contact T
of relay 128, contact & of relay {39 to ground
through the lower winding of relay 184. Relay
104 in operating reverses the direction of current
over the line of calling station 18i, thereby caus-
ing the operation of an associated line message
register (not shown) in the well-known manner,
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After the aforesaid reversal, battery through the
lower winding of relay 103 is connected by con-
tact | of relay 104 to the tip conductor, and
ground through the upper winding of relay 103 is
connected by contact 2 of relay 184 to the ring
conductor.

At the end of the conversation, when the call-
ing subscriber disconnects, relays 103 and {7 re-
lease, removing ground from the upper locking
windings of relays 139 and {28, which release.
The release of relay 128 closes a circuit for oper-
ating release magnet {18, which may be traced
from battery through the winding of magnet (18§,
contact 2 of VON combination {21, contact 3 of
relay 128, contact 2 of relay {17, and the contact
of relay {83 to ground. The operation of release
magnet 118 restores the connector switch to nor-
mal in the well-known manner. 'The removal of
ground from conductor 185 causes the operation
of release magnets 160, {61 and 162 and the im-
mediate release of the preceding switches LF,
Si and S2.

The connector switch operates satisfactorily in
the manner outlined above unless equipment be-
comes out of adjustment through carelessness of
a maintenance man or when a calling subscriber
fails to replace the receiver on the switchhook
when a telephone conversation is terminated and
the called subscriber has replaced the receiver or
when an attempt has been made to connect a
calling subscriber with g called subscriber and the
called subscriber does not answer or the line has
been found busy. As outlined above, the release
of the connector and the breceding switches LF,

S1 and S2 is under the control of the calling s

subscriber 181 since relays 183 and (17 must re-
lease in crder to establish a circuit for release
magnet ! i8. When a connector is not released by
the calling subscriber, the called subscriber’s line
i1s maintained busy and this subscriber cannot ob-
tain connection with other telephone lines until
this connector has been released. Assuming that
this condition brevails, certain apparatus in the
connector circuit will be in the following operated
or released positions. Relay 104 is released since
this relay is under the control of the called sub-
Scriber who has replaced the receiver on the
switchhook. Relay 183 would remain operated
since the subscriber st station 101 has not re-
placed the receiver on the switchhook and conse-
quently a circuit is established for this relay
through switches S1, 82 and LF over the sub-
scriber’s loop. Relay 10623 holds relay 11T oper-
ated and a holding circuit is maintained for re-
lays 138 and 128 through the upper windings of
these relays to ground on contact | of relay 1117.
Under this condition, a supervisory circuit is
established to energize g permanent signal timing
circuit shown in Fig., 2A. This circuit may be
traced from ground through contact 3 of relay
184, contact 5 of relay 139, filament of lamp 245
in paraliel with resistance 258, contact 2 of re-
lay 218, left winding of relay 218, tuning circuit
pick-up interrupter (not shown), to battery in
the timing circuit. The high resistance of the left
winding of relay 28 prevents the illumination
of lamp 248 at this time. The energization of re-
lay 218 causes the closure of a timing circuit
which actuates different equipment after differ-
ent time intervals have elapsed and will ulti-
mately energize an audible slarm afier a com-
paratively long time interval to indicate that the
connector and preceding switches are held in an
operated position, 'This timing circuit is dia-
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grammatically shown and may be any timing cir-
cuit well known in the art.

The testing circuit Fig. 2 is shown arranged
for association with a plurality of connectors C
which are connected by multiple wiring to the
T, R and S terminals of the horizontal levels,
such as {72 of the testing switch and the con-
nectors which are so wired to a terminal level
would ordinarily be mounted on the same shelf of
an equipment frame. The testing circuit is thus
associated with a plurality of shelves of con-
nectors and may be energized by any of these
connectors over a circuit extending from a con-
nector to the electrical equipment shown in Fig.
2A. One lamp 245 is provided for each connector.
Relays 214 and 218 are provided for each shelf
of connectors. The commutator {70 of the test-
ing switch has one segment for each shelf of con-
nectors. Relay 244 may be common to a com-
blete frame of connectors and the timing circuit
may be common to a plurality of frames of con-
nectors.

In accordance with the present invention this
timing circuit is employed to energize the con-
nector test circuit after a short time interval
by first energizing relay 244, 'This relay asso-
ciates ground through resistance 259 and its
contact 1, contact | of relay 218, winding of
relay 214 to battery energizing relay 214 in the
shelf alarm circuit. The energization of relay
214 associates battery through the winding of
the test circuit start relay 213 to ground. Relay
214, in operating, establishes a locking circuit
for itself to ground on contact 3 of connector
relay 104 through lamp 245 and resistance 258.
The winding of relay 214 is of low resistance and
causes the illumination of lamp 245. The lock-
ing circuit for relay 214 is established in this
manner so that if at any time when the test cir-
cuit is functioning, the connector ground is re-
moved from the test circuit, the testing circuit
will restore to normal. With test circuit start
relay 213 energized, g circuit is established for
relay 210 from ground through contact 2 of re-
lay 213, winding of relay 210, contact 2 of nor-
mally operated relay 242 to battery. Relay 213
also establishes a circuit from battery through
its contact 1, contact I of relay 212, contact of
rotary magnet 260, winding of relay 286, wind-
ing of relay 285, contact of vertical magnet 207,
winding of relay 211 to ground. Relays 285 and
208 are marginal ang do not operate in the
circuit traced. Relay 211 operates for energiz-
ing the vertical magnet 207 a circuit for which
may be traced from ground through the contact
of relay 211, winding of vertical magnet 267,
contact 5 of relay 210 to battery on contact 2 of
the normally operated relay 242, Relay 210 con-
nects leads 269, 261, 262 and 263 from the tube
circuit to the testing relays and to the testing
circuit switch brusheg 254, 255 and 256 for in-
dicating different conditioris encountered in cen-
nector circuits as described later. The energiza-
tion of vertical magnet 207 causes the elevation
of commutator brush 17f and the tip, ring and
sleeve brushes 254, 255, and 258. The brush (71
seeks a terminal on a level | to {0 which has
been associated with ground by the connector
shelf alarm signal circuit. This ground may be
traced from contact of relay 218 to the coms-
mutator segment associated with the tenth hori-
zontal level. When the vertical magnet 287 at-
tracts its armature, the circuit for relay 21 is
opened causing its release. The release of relay
211 opens the circuit for vertical magnet 2§7
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causing its release and relay 211 thereupon re-
operates to reenergize the vertical magnet 207.
The alternate operation and releases of the ver-
tical magnet and relay 211 continues until
ground is encountered on one of the commutator
terminals. A circuit is shown from ground
through the tenth segment of commutator 170
and brush (71 to a point between the winding
of relay 211 and the windings of relay 285. This
ground shunts relay 211 causing its release which
opens the circuit for the vertical magnet 207,
This ground also increases the current flow
through relays 265 and 205 to cause the opera-
tion of the marginal relay 265. In the above
example, this ground was encountered cn com-
mutator segment {80 which shunted relay 211
and arrested the further operation of the vertical
magnet 287. This ground may be encountered
on any one of the segments { to 16 which would
arrest the operation of the vertical magnet when
brush i71 reaches this commutator segment and
brushes 284, 255 and 256 reach the correspond-
ing horizontal level of the connector switch ter-
minals such as 172. The operation of relay 205
establishes a circuit for the rotary magnet 208
which may be traced from ground on the con-
tact of relay 205, winding of rotary magnet 208,
contact 5 of relay 210 to battery on contact 2 of
relay 242. The energization of the rotary mag-
net causes the progression of the brushes 254,
255 and 256 over the tip, ring and sleeve ter-
minals of connectors which are wired to these
terminals.

Let it be assumed that connectors of the type
shown in Fig. 1 are wired to the sets of terminals
of the tenth level 172 and that the connector
wired to one set of these terminals has given an
alarm signal. Any of these connectors may be
in use and as previously shown the removal of
the switchhook in the calling station causes re-
lays 103 and ({7 to be energized and conse-
quently ground is associated through contact 3
of relay t!7 with sleeve conductor 135 and with
the sleeve ferminal of the connector. The op-
eration of rotary magnet 260 in making its first
step dissociates its armature from its contact
which opens a circuit for relay 205 causing its
release. The release of relay 285 releases the ro-
tary magnet 286 which reestablishes the operat-
ing circuit for relay 285 unless ground is con-
nected to the sleeve terminal of contact set No.
| by the connector wired to this set of terminals.
If ground is encountered on the sleeve terminal
a circuit is established from this ground through
brush 2585, contact of relay 201 to a point be-
tween the winding of relay 205 and the winding
of relay 286 which releases relay 285 arresting
the action of the rotary magnet and causes the
operation of marginal relay 206. If the con-
nector wired to a set of terminals is idle and no
ground is encountered on the sleeve terminal,
relay 283 is reoperated which reenergizes the
rotary magnet for moving the brushes another
step. When relay 286 is operated it establishes
a circuit from ground through its contact, wind-
ing of relay 284, contact b of relay 210, to bat-
tery through contact 2 of relay 242 which op-
erates relay 204.

Calling party permanent

The testing circuit is arranged to function in
different manners responsive to different condi-
tions which may be found in each connector
switching circuit encountered by the testing
switch brushes. As previously stated, the perma-
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nent signal shelf alarm circuit may be actuated
when a calling subscriber has not replaced the re-
ceiver on the switchhook whereas the called sub-
scriber has replaced the receiver and the testing
circuit responds to this condition to cause the re-
lease of this connector. A time interval is usual-
1y provided before the testing circuit acts to re-
lease the connector. For this purpose the releas-
ing circuit is established through an interrupter
such as interrupter 2471 for operating relay 202
after the operation cf relay 286. The circuit for
relay 202 may be traced from battery, through
the contact of interrupter 241, winding of relay
202 to ground through the contact of relay 208.
The energization of relay 282 connects ground to
the tip conductor and battery to the ring con-
ductor of the calling line Ioop which shunts relay
i83 anrd causes its release. This circuit may be
traced from ground through the upper winding
of relay 103, contact | of relay {04, brush 254,
lead 251, contact | of relay 262, contact | of re-
lay 203 to ground. The circuit from battery
through the lower winding of relay {63 may be
traced through contact 2 of relay (84, ring brush
255, conductor 252, contact 2 of relay 202, con-
tact 2 of relay 203, contact | of relay 243, wind-
ing of relay 243 to battery. Relay 243 is a low
resistance marginal relay for use with either com-
paratively short subscribers’ loops or long sub-
scribers’ loops. The operation of relay 282 also
establishes a circuit for relay 212 traced from
ground through contact 3 of relay 147, lead 135,
brush 258, conductor 253, contact of relay 201,
contact 3 of relay 202, contact 3 of relay 2903,
winding of relay 212 to battery. Relay 22 es-
tablishes a locking circuit for itself through its
contact 3 to ground on contact 2 of the vertical
off-normal springs 2117,

When relay 183 is caused to be released by
shunt, the circuit for relay 117 is opened causing
the release of this relay and the release of relays
139 and 128 since the holding circuits through
their upper windings has been opened by the re-
lease of relay (11. The release magnet 118 is
thus energized for releasing the connector over a
circuit from battery through the winding of re-
lease magnet {8, contact 2 of vertical off-normal
springs 121, contact 3 of relay 128, contact 2 of
relay 111 to ground on the contact of relay 103.
The removal of ground from conductor 135 causes
the energization of release magnets (86, 161 and
{62 for the release of the line finder, selector |
and selector 2, respectively, in the manner well
known in the art. The release of the connector
removes ground from sleeve brush 256 which re-
moves the shunt ground from the junction point
between the windings of relays 2865 and 28% caus-
ing the reoperation of relay 235 and the release
of the marginal relay 285. Relay 205 is operated
over a circuit from battery through contact I of
relay 213, contact | of relay 212, contact of the
rotary magnet 208, winding of relay 288, winding
of relay 265 to ground on the rotary off-normal
contact and to ground through brush 17i. The
operation of relay 265 extends ground through
the winding of the rotary raagnet 280, contact 5
of relay 213, contact 2 of relay 242 to batiery.
The operation of rotary magnet 280 causes the
release of relay 205 which réleases the rotary
magnet causing relay 205 to again operate which
continues until the brushes 254, 255 and 2586 reach
the 11th rotary step. The release of relay 206
opens the circuit for relay 282 which releases.
When the testing circuit switech brushes reach
the 11th rotary step ground is connected through




6

springs 219, winding of relay 212 to battery op-
erating relay 212 which locks through its contact
3 to ground on the vertical off-normal contact
217. The operation of relay 212 establishes an
energizing circuit for relay 209 from ground
through its winding, contact 2 of relay 212, con-
tact 4 of relay 202 to battery. The operation of
relay 289 connects greund through its centact,
winding of release magnet 268 to battery causing
the release of the testing circuit switch.

Called subscriber answers

In the above circuit traced for shunting the
winding of connector relay 103 to cause its re-
lease and the release of the connector switch, bat-
tery was connected through the lower winding of
relay 183 and the contact of relays 104 and 202,
thence through the winding of relay 243 to bat-
tery. Relay 243 does not operate in this circuit,
buf if the subscriber at station 1[0 should re-
move the receiver from the switchhook before or
approximately at the same time that relay 202
is operated the condition is altered by the opera-
tion of relay (84 in response to the removal of
the receiver in station 118. This is the same
condition found by the testing circuit when it is
associated with a connector in normal use for a
conversational connection between g calling sub-
scriber and a called subscriber but since the cir-
cumstances are different a different circuit com-
bination is formed in the testing circuit as later
described. The operation of relay 104 reverses
the current from the windings of relay 103
through the contacts of relay {84 over the calling
subscriber’s loop and to the tip and ring test

rushes 284 and 255 in the testing circuit, causing
the operation of relay 243 which locks to ground
on the vertical off-normal springs 287. The op-
eration of relay 243 opens the battery circuit ex-
tending through its winding to the ring conduc-
tor of the connector circuit and operates relay
28f. Under this condition the connector relay
183 does not release and the testing circuit rotary
stepping magnet 2088 is energized to move the
testing circuit brushes off of the connector ter-
minals. The operation of relay 201 disassociates
the connector sleeve ground from the junction
point beétween relays 286 and 205. The removal
of this ground causes relay 206 to release and
relay 285 to again operate over a circuit from
battery through contact | of relay 213, contact
I of relay 212, contact of the rotary magnet 260,
winding of relay 286, winding of relay 205 to
ground on the rotary off-normal contact and to
ground through brush (71 and commutator 10
which is placed thereon by contact | of relay
2i8. The operation of relay 285 extends ground
through the winding of the rotary magnet 280,
contact § of relay 2{8, contact 2 of relay 242 to
battery. The operation of the rotary magnet 280
causes the release of relay 205 which releases the
rotary magnet causing relay 285 to again oper-
ate which continues until the brushes 254, 255
and 256 reach the eleventh rotary step if an-
other connector in an off-normal condition is not
encountered on terminals between the released
connector and the eleventh rotary step. The re-
lease of relay 268 opened the circuit for relay 202
which released.  When the brushes reach the
eleventh rotary step, ground is connected through
spring 215, winding of relay 22 to battery oper-
ating relay 212 which locks through its contact
8 to ground on the vertical off-normal contact
2{1. The operation of relay 212 establishes an
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through its winding, contact 2 of relay 212, con-
tact 4 of relay 202 to battery. "'The operation of
relay 209 connécts ground through its contact,
winding of release magnet 288 to battery causing
the release ef the testing circuit switch.

Repeated test

The foregoing restoration of the testing circuit
switch took place so as to cause no interference
between subscribers who may want to continue
conversation. The circumstances may, however,
be such that the alarm signal circuit is again ac-
tuated by the time the testing circuit has restored
to normal. For example, the subscriber at 101
may have the receiver off the switchhook and the
subscriber at {{8 may have attempted to make
another call to a different subscriber. After fail-
ing to obtain service the subscriber at ({0 may
have replaced the receiver on the switchhook
which would again restore relay (84. Under this
conditicn relays 183, 117, 139 and {28 would re-
main operated and ground would be associated
through contact & of relay {84, contact 5 of relay
188 to either maintain relays 2{8 and 214 oper-
ated or recperate relay 218 which would reoper-
ate relay 214. Under this circumstance, relay
213 is operated which actuates the testing: cir-
cuit to repeat the test of this connector switch.
The circuit previously traced for the vertical and
rotary magnets is again established from battery
through contact I of relay 213, contact | of relay
2i2 which has restored to normal, centact of
rotary magnet 286, winding cf relay 268, winding
of relay 205, contact of vertical magnet 207,
winding of relay 2{f to ground which energizes
relay 2ii as previously described. Since relays
285 and 286 are marginal they do not operate in
the circuit traced and the vertical magnet is ener-
gized through the contact of relay 2. The cir-
cuit operations procesd as previously explained
to elevate brushes 254, 255 and 256 to the ter-
minals of the connector giving the alarm signal.
On this repeated test, if the subscriber 1§98 has
replaced the receiver on the switchhook and sub-
scriber {84 has not, relay 183 is released by shunt
as previously described. The connector is re-
leased causing the release of the associated line
finder, selector | and selector 2 which causes the
release of the testing circuit. :

Conversational connection

Under some circumstances the shelf alarm sig-
nal circuit is actuated and the testing circuit
switch brushes are elevated to the terminal level
containing the connector giving the alarm but
upon reaching this level connectors are encoun-
tered over which conversation is taking place
between two subscribers. This condition is dif-
ferent from the one previously described under
the subheading of (Calling party permanent)
since sufficient time does not elapse for relay 262
to operate. It will be remembered that relay 206
is energized when ground is encountered on the
sieeve of the connector, which under this condi-
tion is connected thereto through contact 3 of
relay 1§71, and that the circuit for relay 202 is
established from battery through the interrupter
241, winding of relay 282 to ground on relay 206
for releasing relay i83. But with conversation
taking place between subscribers over the con-
nector, the following circuits are established
which causes the testing circuit switch to step
its brushes 254, 285 and 256 off of the terminals
associated with this connector before the circuit

- of relay 282 is connected through the contact of.
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interrupter 247. This circuit involves tube 223
and it should be noted that this tube circuit is
arranged for normally creating a plate current
to energize relay 219, which maintains relay 281
normally released. A connector in use for tele-
phone conversation has both relays 184 and 103
operated and consequenily battery through the
lower winding of relay 103 is extended to the
tip terminal of the connector over the calling
subscriber’s line loop to ground through the
upper winding of relay i03. A circuit is estab-
lished from this battery through switch brush
254, contact 2 of relay 210, lead 268 to a junction
point between resistances 221 and 222 in the
circuit wiring of tube 220. Since the battery
connected to relay 103 and the battery connected
to tube 220 are of the same voltage this creates
a negative bias on the grid circuit of tube 220
which sufficiently reduces the plate current
through the winding of relay 219 to cause the
release of the latter relay. The operation and
release adjustments of relay 219 are so arranged
that this relay may be released by a certain
percentage reduction in the plate current. If is
recoghized that the potential impressed upon the
sleeve terminal of the connector through the
lower winding of relay 103 will vary to some ex-
tent depending upon the length of the line loop.

o
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The release of relay 218§ establishes a circuit .

from ground, through its contact, contact 1 of
relay 210, winding of relay 281 to battery which
operates relay 201. The operation of relay 291
opens the ground circuit which had been estab-
lished from the sleeve of the connector placed
thereon through contact 3 of relay (17 which
extends through brush 256 to a junction point
between relays 265 and 206, The operation of
relay 201 thus causes the release of relay 286 and
the energization of relay 205. As previously de-
scribed, this establishes a circuit for the rotary
magnet from ground on the contact of relay 205,
through the winding of rotary magnet 288, con-
tact 5 of relay 210 to battery on contact 2 of
relay 242. The brushes 254, 2565.and 256 may be
rotated to the eleventh rotary step if another off-
normal connector is not encountered and a cir-
cuit is established for relay 212 from ground on
springs 215, winding of relay 212 to battery. The
operation of relay 212 energizes relay 289 and

the energization of relay 209 establishes a circuit ;

for the release magnet 208 in the manner previ-
ously described.

Tt is possible that a fault may be present in the
connector giving the alarm and that this fault
continues to be present after the conversation
has ceased between subscribers using the con-
nector when. the first test was made. A fault
of this character may occur through carelessness
of a repair man who may have dropped solder
causing a cross between contacts which does not
prevent the use of the connector but which may
create a condition to give a permanent alarm
signal. Under this circumstance, the testing cir-
cuit repeatedly establishes connection with the
connnector and when conversation over this con-
nector has ceased it may seize the connection
and give an alarm after a timed interval.

Busy called lines or no answer

Other conditions may be encountered in con-
nectors which have been directed by a calling
party to a busy line or to a called party such as
110 who has not answered by removing the re-
ceiver from the switchhook. TUnder these cir-
cumstances, either an audible ringing tone is
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found on the ring conductor of the calling line
or & busy tone is found on the ring conductor
of the ecalling line when the testing switch
brushes reach the terminals wired to the con-
nector. Under this circumstance, the testing
circuit may have been energized in the manner
previously described and associates the tip, ring
and sleeve brushes 254, 255 and 2§68 with the
connectors in a switch bank. The foregoing con-
ditions are automatically recognized by the test-
ing circuit. The tone circuit may be traced from
the ring conductor of the connector over testing
circuit brush 253, conductor 252, contact 3 of re-
lay 219, conductor 261, condenser 226 to the grid
of tube 228. This busy tone or audible ringing
tone is fed from a current source in the form of
alternating or pulsating current which is ampli-
fied and placed across tube 236. Tube 238 recti-
fies this current and applies direct current volt-
age to tube 248 for diminishing the plate current
flow through the winding of relay 241 causing
the release of the latter normally operated relay.
This connects ground through the contact of re-
lay 244, contact | of relay 218, winding of relay
5814 to battery which operates the latter relay to
cpen the ground circuit extending from the sleeve
conductor of the connector switch circuit to the
junction point between relays 205 and 288. This
causes the release of relay 206 and the reopera-
tion of relay 285 for reactuating the stepping
circuit of the testing switch in the manner previ-
ously described for stepping the test brushes to
the next set of terminals. Any off-normal con-
nectors encountered actuate the testing circuit
as descriced herein and the testing circuit is re-
stored to normal when the test switch brushes
reach the eleventh rotary step.

Relay 242 is normally operated from battery
supplying current to the tubes. The release of
this relay indicates a battery failure by estab-
lishing a circuit for the alarm bell 248.

Intercepting cwerator’s trunk

The testing circuit may encounter a connector
which is associated with an intercepting oper-
ator’s trunk circuit having been routed thereto
from a calling subscriber who called for a tele-
phone line which no longer existed. The inter-
cepting operator’s circuits are arranged for con-
versational connections with a calling subscriber
through the equipment of a connector without
operating connector relay (84 in order to prevent
the operation of the message registered in the
calling subscriber’s line. This connection, there-
fore, presents the same circuit conditions to the
testing circuit as a connector which is held by a
calling subscriber after the called subscriber has
replaced the receiver on the switchhook. The
intercepting operator’s trunk is, however, ar-
ranged to transmit a tone over the sleeve con-
ductor, as shown, in place of the usual sleeve
ground. This tone is transmitted to the testing
circuit over a circuit which may be traced
through the secondary winding of transformer
175, sleeve terminal 183, brush {14, contact 8 of
relay 128, conductor 35, sleeve terminal asscci-
ated with test brush 256, contact 4 of relay 210,
conductor 262, condenser 232 to the grid of tube
230. Tube 235 is arranged to rectify this cur-
rent and apply the rectifying current to tube 240
causing the release of relay 241, The release of
relay 241 connects ground through contact 1 of
relay 218, winding of relay 210 to battery for
operating the latter relay. The operation of
relay 261 immediately opens the circuit extending
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from the sleeve of the connector switch to the
junction point between. reldys 285 and 20§ the
same &s previously described. This causes the
release of relay 286 and the reoperation of relay
285 for reactuating the stepping circuit of the
testing switch, stepping the test brushes to the
next set of terminals in this horizontal level.

False ground

If a false ground is present on the sleeve con-
ductor of & connector the testing circuit remains
associated with the connector for a sufiicient
time to cause the operation of relay 282 from
ground, through the contact of relay 208,
winding of relay 282 to battery to inter-
rupter 241. TUnder this condition relay 2§2 is
energized from ground on the sieeve, conductor
£35, brush 288, conductor 253, contact of relay
2G4, contact 2 of relay 282, contact 3 of relay 288
normal, winding of relay 212 to battery. Since
relay 282 is operated, & circuit is not established
at this time for relay 28% or the release magnet
238.  After an interval of time a release alarm
is sounded in the alarm circuit. Relay 184 is
operated when a connector is removed from
service so that the testing circuit will not receive
a false indication during a test of this connector.

What is claimed is:

1. In an automatically operable telephane of-
fice, automatic switches including connectors, a
connector testing circuit, means in a connector
for operating a signal circuit for initiating the
operation of said testing circuit and for indicat-
ing the location of said connector to said testing
circuit, means in said testing circuit responsive
to the operation of said signal circuit for con-
necting said testing circuit with said connector,
means in said testing circuit for disconnecting
from a connector in use for normal telephone
service and means in said testing circuit for re-
leasing a connector held operated but not in use
for normal telephone service. .

2. In an automstically operable telephone of-
fice, automatic switches including connectors, a
connecior testing circuit, means in a connector
for operating a signal circuit for initiating the
operation of said testing circuit and for indicat-
ing the location of said connector to said testing
circuit, means in said testing circuit responsive
to the operation of said signal circuit for con-
neciing said testing circuit with said connector,
means in said testing circuit for disconnecting
from said connector when found in use for nor-
mal telephone service and means for repeating
said test under the control of said signal circuit.

3. In an automatieally operable telephone of-
fice, automatic switches including connectors, a
connector testing circuit, a trouble indicating
circuit, means in a connector for operating said
trouble indicating circuit, means in said trouble
indicating circut for initiating the operation of
said testing circuit and for indicating the loca-
tion of said connector to said testing circuit,
means in said testing circuit responsive to the
operation of said trouble indicating ecircuit for
connecting said testing circuit with said con-
nector, means in said testing circuit responsive
to voltage polarity of current connected to the
calling subscriber’s line upon the release of the
called subseriber for restoring said connector to
normal and means in said testing circuit respon-
sive to the voltage polarity of current connected
to the calling subscriber’s line with the receivers
of two connected subscribers off their respective
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switchhooks for disengaging the testing circuit
from said connectors.

4. In an automatically operable telephone of-
fice, automatic switches including connectors, a
connector testing circuit having a step-by-step
switch therein, a trouble indicating -circuit,
means in a connector for operating said trouble
indicating circuit, means in said trouble indicat-
ing circuit for initiating the operation of said
connector testing circuit and for indicating the
location of the connector having a trouble con-
dition to said testing circuit, means for connect-
ing said testing circuit switch with said connec-
tor, means in said testing circuit responsive to
a current from a tone source in a connector for
actuating said testing circuit to disengage the
testing circuit switch brushes from said connec-
tor, and means to repeatedly test said connector
responsive to the continued actuation of said
troubled indicating circuit.

5. In an automatically operable telephone of-
fice, automatic switches including banks of con-
nector switches, a connector testing circuit hav-
ing a step-by-step switch therein, a trouble in-
dicating circuit, means in a connector for oper-
ating said trouble indicating circuif, means in
said trouble indicating ecircuit for initiating the
operation of said testing creuit and for indicat-
ing the bank location of the connector having
a trouble condition to said testing circuit, means
for connecting said testing circuit switch with
said connectors, means in said testing circuit
responsive to current from a source in a con-
nector cireuit for disengaging the testing cireuit
switch brushes from said connector and means in
said testing circuit responsive to current from
ancther source in a connector for arresting the
advance of said testing circuit switch brushes.

6. In an automatically operable telephone of-
fice, automatic switches including banks of con-
nector switches, a connector testing circuit hav-
ing a step-by-step switch therein, a trouble in-
dicating circuit, means in a connector for oper-
ating said trouble indicating circuit, means in
sald trouble indicating circuit for initiating the
operation of said testing circuit and for indicat-
ing the bank location of the connector having a
trouble condition to said testing circuit, means
for connecting said testing circuit switch with
said connectors, a vacuum tube circuit in said
testing circuit responsive to current from a source
in a connector circuit for actuating said testing
circuit to disengage the testing circuit switch
brushes from said connector and means in said
testing circuit responsive to current from an-
other source in a comnector for arresting the
advance of said testing circuit switch brushes.

7. In an automatically operable telephone of-
fice, automatic switches including connectors, a
connector testing circuit having a step-by-step
switch therein, a trouble indicating circuit, means
for operating said trouble indicating circuit,
means in said trouble indicating circuit for initi-
ating the opération of said connector testing cir-
cuit and for indicating the location of the con-
nector having a trouble condition to said testing
circuit, means for connecting said testing circuit
switch with said connector, an alternating cur-
rent source in said connector for indicating a
service connection, an amplifying circuit and a
rectifying circuit in said testing circuit respon-
sive to said alternating current source for devel-
oping a direct current source to actuate said
testing circuit for disengaging the testing cireuit
switch brushes from said connector. terminals
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and for restoring said testing circuit to normal.

8. In an automatically operable telephone of-
fice, automatic switches including connectors, an
automatic connector testing circuit having a
switch, means for directing said testing circuit
switch to the location of particular connectors,
means in said testing circuit variably responsive
to variable connector circuit conditions, in a
connector in use for conversational service be-
tween two subscribers, in a connector associated
with a subscriber’s station being actuated by
ringing current, in a connector associated with
a busy line and in a connector for use for con-
versational service between a calling subscriber
and an intercepting operator, for disassociating
said testing circuit from a connector in any one
of said circuit conditions, and means responsive
to a connector circuit condition in a connector
held operated by a calling subscriber after the
called subscriber has replaced the receiver for
restoring said connector to normal,

9. In an automatically operable telephone of-
fice, automatic switches including connectors, a
connector switch testing circuit, a switch in said
testing circuit having a plurality of sets of ter-
minals in groups, each set being wired to a
connector, a signal circuit, means in the con-
nectors of a group for operating said signal cir-
cuit, means in said signal circuit responsive to
its operation for marking a group of connectors
for test, means in said signal circuit for actuat-
ing said testing circuit to cause its switch to
hunt for said marked group, means in said test-

. ing circuit to cause its association with the con-
nectors of said group, means in said testing cir-
cuit responsive to varied circuit conditions in a
connector in any phase of completing a service
connection or which has completed a service
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connection for disassociating the testing circuit
from said connector and causing the test switch
to step to the next succeeding connector of the
group and means in said testing circuit respon-
sive to a non-service circuit condition in a con-
nector for restoring said connector to normal.
10. In an automatically operable telephone of-
fice, automatic switches including connectors, a
connector switch testing circuit, a switch in said
testing circuit having o plurality of sets of ter-
minals in groups, each set being wired to a
connector, a signal circuit, means in the con-
nectors of a group for operating said signal cir-
cuit, means in said signal circuit responsive to
its operation for marking a group of connectors
for test, means in said signal circuit for actuat-
ing said testing circuit to cause its switch to
hunt for said marked group, means in said test-
ing circuit to cause said switeh to step from one
connector to the next connector throughout said
group respcnsive to variable connector circuit
conditions, in a connector in use for conversa-
tional service between two subscribers, in a con-
nector associated with a subscriber’s station be-
ing actuated by ringing current, in a connector
associated with a busy line and in a connector
for use for conversational service between a call-
ing subscriber and an intercepting operator, for
disassociating said testing circuit from connec-
tors in any of said circuit conditions and means
in said testing circuit responsive to a circuit in
a connector held operated by a calling subscriber
after the called subscriber has replaced the re-
ceiver for restoring said connector to normal.

GEORGE LELAND CAIN.
ELTON SMITH.
HAROLD ARTHUR SOUCY.




