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1

This invention relates to communication sys-

tems and particularly to a system for transmit-
ting from a plurality of outlying stations to a
central or principal station indications of the
operative condition of such outlying stations.

An object of the invention is to transmit signals
indicative of the existence and identity of trouble
conditions at the outlying stations.

Another object of the invention is to cause a

central station upon receiving an indication ofi:

the existence of a trouble condition at an out-
lying station to perform a roll call of all of the
outlying stations in the course of which each
outlying station is afforded opportunity to iden-

tify any trouble conditions that may exist thereat.-

Another object of the invention is to cause the
roll call operation to be performed automatically
upon the occurrence of a trouble condition at any
of the outlying stations.

A further object of the invention-is to provide
for the transmission from the central office of
signals for selectively ecalling a particular one of
the outlying stations which has identified 2
trouble condition.

A further object of the invention is to provide
at the outlying stations means responsive to sig-
nals for remedying an existing trouble condition.

The invention features a vibrating relay system
for generating the signals for calling the outlying
stations.

The invention also features a sequence switch
mechanism for controlling the vibratory relay
signal generating mechanism to effect the trans-
mission of station calling signals ‘in roll call
manner. :

In accordance with the preferred embodiment
of the invention two communication paths extend
- between the central or principal station, which
may be an attended station, and the outlying or
subordinate stations which may be unattended
stations. One of these paths is a transmission
path from the standpoint of the central station
and at the central station the signal transmitting
mechanism is associated with this path whereas
at the outlying stations the signal receiving mech-
anisms are associated with this path. The other
communication path is a receiving path from the
standpoint of the central station and the signal
receiving mechanism of the central station iz
associated with it, whereas the signal transmit-
ting mechanisms of the outlying stations are
asscciated with this path. '

Both of the transmission paths are normally in
marking condition and when a trouble condition
occurs at any one of the outlying stations .a relay
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assigned  to the - detection of that particular
trouble condition will be operated and will cause
the central office receiving communication ‘path
to go to spacing condition, which is interpreted
by the central office as an indication that a trouble
condition has occurred at:one of the outlying
stations. .

In response to the spacing condition imposed
by one of the outlying stations-the central sta-
tion transmits over the other path a signal which
is received by all of the outlying stations to con-
dition them to respond to their respective call
signals for reporting whether or not 'z trouble
condition exists at each station as called and the
identity of an existing trouble condition.

Following the conditioning of the outlying sta-
tions the central station automatically transmits
in succession the ¢all signal of each of the outly-
ing stations.” As each of the outlying stations is
called it transmits a signal consisting of a. single
impulse in the event that there is no trouble
condition thereat, whereas if there is a trouble
condition the station transmits a signal consist-
ing of 'a plurality of impulses, the number of
impulses being determined by the identity of the
trouble ' condition. :

At the central station there are a plurality of
banks of indicators, one bank corresponding to
each of the outlying stations and each bank con-
taining at least as many indicators as there are
trouble condition detectors at the outlying sta-
tion plus an indicator for indicating a trouble-
free condition of a station. 'As each of the outly-
ing stations is called by the central station, its
bank ~of indicators becomes associated with a
sequence device which is responsive to the sig-
naling impulses transmitted by the outlying sta-
tions.  The sequence device advances from nor-
mal position one step for each impulse received
from an outlying station and at the end of the
single impulse or train of impulses comprising
the signal from-an outlying station ‘the trouble
condition indicator selected by the  sequence
device is operated and remains operated. The
sequence device returns automatically to normal
<ondition in preparation for reception of the
next outlying station signal.

It is within the contemplation of the invention
that signal responsive selector mechanisms at
the outlying stations may control devices for
remedying trouble conditions such as the substi-
tution by switching operations’ of spare circuits
for circuits reported to be defective. It is also
within the contemplation of the invention to con-
&rol by means of the selector mechanism at the
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outlying stations alarm devices. at the outlying
station for informing a service attendant that the
central office station desires to communicate witix
him by. telephone. ]

For a complete understanding of the invention
reference may be had to the following detailed
description to be interpreted in the light of the
accompanying drawings wherein:

Pig. 1 is a diagrammatic eircuit view showing
the trouble condition indicators and their asso-

ciated selector at the central office station and

also showing the receiving relays and. associated
apparatus thereat; o
Fig, 2 is a diagrammatic cireuit view showing

signal transmitting mechanism-at the:-central of-:

fice and also showing circuits for timing the auto-
matic operation of that office;
Fig. 3 is a diagrammatic ¢ircuit view showing

signal generating relay systems at thé-centraléof-

fice and also showing sequence devices for con-
.- trolling the sequence-of operations thereat;. -
PFig. 4 is a diagrammatic:circuit view showing
signal receiving and transmitting mechanism at
-an.outlying station;
“Pig. 5 is a diagrammatic circuit view showing
-trouble condition detecting apparatus at the out-
lying station;
- Pig. 6 is a diagrammaitic view indicating another
-outlying station;
Pig. 7 is a diagrammatic view showing how Pigs.
- 1-to 6, inclusive, may be arranged to'show a.com-
:plete system, Figs. 1, 2 and 3 showing the central
office :station and Figs. 4, 5 and- 6 showing the
outlying stations; and

Figs. 8 to '14; inclusive, are diagrammatic rep-.

.resentations :of various station:calling: signals.
General description of system

-Referring now. to. the. drawings the-reference
numeral:.l'l--designates a normally -closed com-
munication loop which includes at the central of-
fice station the polar line relay {L and-the al-
ternating current relay -1K. - The communication
-loop ‘11 extends through the upper armatures.and
back contacts of a-transmitting relay £TI-at a
first outlying station shown in Figs: 4 and.-5 then
-in serial manner through two armatures-and back
contacts of transmitting-relays:of other outlying
stations and terminates at the upper:-armatures
of the transmitting relay 6T{ of a final outlying
station. - At the final outlying :station positive
battery is connected to the outer upper back con-
tact -and to the inner upper front contact of re-
~lay. 8Tt and ground is connected to. the:outer
.upper front contact and to the inner upper-back
-contact of -the relay so that when . the-relay is
.deenergized, which is-the normal-condition, posi-
_tive battery is connected to the ‘upper conductor
+of the communication loop {1 and: ground is con-

nected: to the lower conductor of ‘that:loop so:

that current will flow. over the leop-in a given
-direction and this direction of flow of-current is
~such as to maintain the armature of receiving line
relay 1L (Pig. 1) -on its-left~-hand. or marking
-contact. -When relay 6T is: energized the con-
-nections of battery and ground to the communi-
cation loop I1 are reversed and the -armature of
line relay fL-will-be shifted to its right-hand or
spacing contact which is -connected to.grounded
battery.

-At each of :the intermediate outlying stations
on the communication. lcop {1 the outer upper
.front: contact of ‘the transmitting. relay, such as
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positive battery, so that when relay 4TI becomes
energized that portion of the communication loop
{1 extending toward more remote outlying sta-
tions will be disconnected from the portion ex-
tending toward the central office station and. the
flow of current in the portion of the loop extend-
jng toward the central office station will-be re-

- versed, thus causing the relay 1Lto go fo its spac-

ing condition. Each of the outlying stations has
a break key, designated 401 and 631 in Figs. 4 and

" B, respectively, in one side of the loop H and when
-one of .the break keys is operated current to the

central office.station will be cut. off. Since the

-relay IK at the central office station is an alter-

nating ¢urrent relay it remains energized as long
as current is flowing in either direction in the
communication . Ioop and, accordingly, does not
release its grounded armature.in response to op-

.eration of the transmitting relays at any of the

outlying stations. However, when current is cut
off in the loop {1 due to the operation of one-of

" the break keys the relay iK becomes deenergized
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.the relay 4TI in Fig. 4, is connected to ground and .

.the. inner upper. front- contact. is-connected fo.

75

and -releases its armature. The function of re-
lay tK will be described later.

The reference numeral {2 designates the com-
munication loop upon which signals are trans-
mitted from the central office station to the out~
lying stations. One conductor of the communi-
cation loop 12 is connected to the outer back and
inner front contacts of a pulse transmitting re-
lay 2P which is normally deenergized and is con-
trolled by pulsing dial 201 and othey elements, and
the other conductor of the loop {2 is connected
to the outer front and inner back contacts of the
relay 2P. The two armatures.of relay - 2P are
connected to the two left-hand armatures of a
sending relay 2S. The oufer left-hand back con-.
tact and inner left-hand front contact of relay
28 are connected to grounded battery and. the
outer left-hand front contaet and inner left-hand
back contact are connected to ground. It will-
be apparent from this that the upper conductor
of the.communication loop 12 is mormally con-
nected to positive battery through the outer ar-
matures of relays 28 and 2P and the lower con-

. ductor of theloop is normsally connected to ground

through the inner armatures of the relays. When
either of the relays 28 and 2P is energized these
connections are reversed, ground becoming con-
nected to the upper conductor of the loop: [2
angd positive battery becoming connected to the
lower conductor of the loop. There is no circum-
stance under which the relays 2P and 28 should
be operated simultaneously as this: would estab-
lish the same marking condition in the loop that

exists’ when ‘neither ‘of those relays: is energized.

At each of ‘the outlying stations a polarized re-
ceiving relay, such as:the relay 402 in Fig. 4 and

-§82 in Fig. 6 has its upper winding connected in

the upper conduector of loop 2 and its lower
winding connected in the lower conductor of the

Joop. At the final outlying station the loop is

completed by connecting the upper winding of
relay 602 to the lower winding. The right-hand
or marking contact of each of the receiving re-
lays, such as 402 and 882, which is the contact
engaged by the armature when the line is in the
idle (marking) condition, is connected to ground-
ed battery ‘and the left-hand or spacing contact
of each of the receiving relays is connected to
ground.  Upon the operation of either of the re-
1ays 2P or 2S the flow of current through the loop
12 will be reversed and the armatures of all of
the receiving relays will go to their left-hand or
spacing contacts,
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Since the automatic operation of the system
results from the occurrence of a trouble condi-
tion at one of the outlying stations, the initia-
tion of an alarm will first be considered. Re-
ferring to Fig. 5 the outlying station is provided
with a plurality of different types of trouble con-
dition detectors, For example, an open door
alarm relay 5D is controlled by a switch 502
which is open when the door with which'it is as-
sociated is closed and which closes when the door
is opened, and the switch thereupon remains
closed. If desired, a plurality of switches 502 as-
sociated with different doors may be connected
in parallel for controlling the single open door
alarm relay 5D so that the relay will become en-
ergized when any one of the doors is opened.
The armature of relay 8D is connected to ground
and the front contact is connected through local
alarm lamp 503, conductor 504, back contact and
lower armature of relay §B5, conductor 506, in-
nermost lower armature and back contact of re-
lay 5H, conductor 587 and winding of relay 5A5
to grounded battery, Fig. 5 also shows a fire de-
tector device which consists of a normally ener-
gized relay BF, the energizing circuit of which
includes the fusible conductive link 588. Upon
the occurrence of g fire at the outlying station
fusible link 568 will be melted, thus interrupting
the circuit of relay 8F. The grounded armature

of relay SF is engageable with a back contact:

from which a conductive path extends through
local alarm lamp 509, conductor 51f, back con-
tact and lower armature of relay 5819, conduc-
tor 512, one of the armatures and back contacts
of relay §H, in the showing of Fig. 5 the outer-
most upper armature and back contact, although
it might be any other armature and back con-
tact of that relay, conductor 513, and winding of
relay 5A 10 to grounded battery.

Trouble 'occurs at outlying station

Assuming for the purpose of illustrating the
operation of the system that the conductive path
just described has been completed by the release
of the armature of relay 5F due tc the occurrence
of a fire, the relay 5A10 will be energized. At its
outermost  upper armature the relay 5A10 com-
bletes an energizing circuit from ground through
conductors 514, 518 and 5{1, winding of relay
5H to grounded battery whereby the relay 5H will
be energized. At the innermost upper armature
and front contact of relay 5A18 a holding circuit
therefor will be completed to conductor 512 and
back fhrough the original energizing circuit; in-
cluding the lower armature and back contact of
relay §BI8, to the ground at the armature of re-
lay 5F, so that the relay 5A10 will remain ener-
gized after the connection of conductor 512 to
conductor 512 has been. broken at the outermost
upper armature and back contact of relay 5H
upon the energization of that relay. At its lower
armature the relay 5AI0 prepares an energizing
circuit for the relay 5BI8 from ground through
the front contact and lowermost armature of re~
lay 5H, conductor 518, back contact and lower
armature of relay 5Al{, conductor 519, lower ar-
mature and back contact of relay 5A5, conductor
521, lower armature and front contact of relay
BAIQ, conductor 522, lower winding of relay
B{0, conductor 523, conductor 423 of Fig. 4 to
the No. 10 contact of contact bank 4SS2 of step-
ping switch 48S. At this time the. stepping
switch 488 is in the normal or idle condition with
its contact brushes in the zero position so that
the energizing circuit for relay 5Bi0 is merely
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prepared but is not completed. = At its middle up-
per front contact and armature relay 5A10 com-
pletes an energizing circuit for the transmitting
relay 4TI from the grounded front contact and
armature of relay 3A10 over conductor 524, con-
ductor 424, inner right-hand armature and back
contact of a “Hold” relay 4H, conductors 406 and
491, middle left-hand armature and back con-
tact .of relay 4C, conductor 408, inner armature
and back contact of relay 4A, conductor 409,
winding of transmitting relay 4T!, conductor 411,
back contact and armature of relay 4T2 to
grounded battery. Relay 4TI thus becomes en-
ergized to place that portion of the communica-
tion loop {!{ which extends toward the central
office station in spacing condition. The relay
5H, in addition to interrupting the original ener-
gizing circuit for the relay §AI8; also interrupts
the conductive paths to all of the other relays in
the series BA, and at its outermost lower arma-
ture and front contact operates relay 567 which
prepares a - holding circuit from ground on its
armature through the front contact and conduc-
tors 558 and 458 for a “Start” relay 4ST. No
further operation occurs at the outlying station
shown in Figs. 4 and 5 as an immediate and di-
rect result of the release of the relay 5F,

Had the trouble'condition at the outlying sta-
tion been that of an open door instead of a fire the
relay 8D would have become operated and would
have completed an energizing circuit previously
described for the relay 5A5. This relay would have
become energized and would have caused the en-
ergization of relay 5 from the outeranost upper
grounded armature of relay 5A%, would have com-~
pleted its own-holding circuit to the conductor 506
at its innermost upper armature, would have pre-
pared an energizing circuit for its associated re-
lay B35 at its lower armature and front contact to
the No. 5 contact of stepping switch bank 48S2,
thus cutting off at its lower back contact the pos-
sibility of preparing an energizing circuit for the
relay SB{)-or to any other relay in the 5B series
numbered above 8BS, in view of the isolation of
conductor §21 from the ground provided at the
lower- armature and front contact of relay 5H. It
is to-be understood that the dotted lines in the
conductor 818 and in the conductor 521 indicate
that lower armatures and back contacts of other

relays in the §A series are included in the con-

ductive path extending to the lower armature of
relay 5A10.. It will also be understood that there
may be more than ten relays in the 5A and 5B
series-for responding to the detection of addition-
al trouble conditions and in the event that addi-
tional A and %B relays are required, the lower
back contact of the relay 5A10 would have a con-
nection to the lower srmature of the next relay in
the BA series. All of the relays in the BA series
have their middle upper. armatures connected to
the conductor 528 so that upon the operation of
any of those relays the energizing circuit for the
relay 4T{ is completed.

Central office responds fo trouble occurrence

The imposition of a spacing condition on com-
munication loop Il by the relay 8T! causes the
line relay (L.at the central office station to go to
its right-hand or spacing contact, the relay K
remaining energized by the reversed cuwrrent in
the loop 11. The armature of line relay (L com-
pletes an energizing circuit for.slow-operating re-
lay 2R fromn grounded hattery at the spacing con-
tact of relay 1L through the armature, conductor
101, right-hand armature and back contact of re-
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_1ay 1Q; conductor F92;-conductor 202, and-winding
_of relay 2R to ground. — A-circuit is-also completed
-from conductor 102 through conductor 106 and
‘winding- of relay 187 to ground, so that relay 1981
becomes energized.  The armature and-back con-
tact of relay 18T arein the energizing circuit of re-
‘Jay 4Q, but as this relay had not yet been ener-
_gized; the operation of relay 187 hasno immediate
-effect. ~Relay 18T serves to time the operation of
relay-1Q, as will be described later.

“The - armature ~of - ‘relay 2R is connected to
;grounded -battery -and.upon-engaging -its front
contact:-completes:a ‘circuit for the flow of cur-
rent; through. resistor. 283. The batiery connec-
‘tion to the armature of relay 2R is positive and
~condensers 286 and 287 connected in - series across
resistor 263 become charged to change the poten-
‘tial-on the grid-of an electron discharge tube 2B
from negative with respect tothe cathode, as nor-
mally -provided by the negative terminal of a
biasing battery 288, to-a positive potential with
fespect to the cathode, whereby the tube 2B .is
rerdered conductive: 'The delay afforded by the
slow-operating characteristic of relay 2R provides
-for-operation of tube 2B only in response to a long
spacing -condition of loow | 1-so that the:tube 2B
shall not:be operated-in response to “hits” on the
Joop 11. | Biasing battery 208 has in series with it
.a;grid leak resistor- 208. of relatively high value
swhich -permits the charge on condenser 207 to
eak off, whereby the battery 288 restores the po-
tential on -the grid of tube 2B to a negative value
relative to the cathode. . Thus the combination of
resistors -and condensers first operate and then
after an interval cut off the tube 2B and the in-
‘terval during which the tube is operated is inde-
‘pendent of relay 2R, which remains-operated.

“The plate circuit of tube 2B includes the relay
27U which is energized during the interval that
tube 2B is conductive. The grounded front con-
.tact -completes an energizing circuit for the step-
-ping magnet 3C of a stepping switch which will
‘be referred to generally by the reference number
3C and which has six contact brushes and banks
.of ‘contacts identified 3C§{ to 3CS, inclusive.- The
energizing circuit extends from the grounded
front’ contact of relay 2U through the armature,
conductor 24 {; conductor 2§12, conductor 812 and
‘winding of stepping: magnet 3C to grounded bat-
tery. - Stepping switch 3C is preferably of the type
4in ‘which the contact brushes are advanced upon
‘the back stroke of the stepping magnet and ac-
cordingly theé contact arms are’ stepped to the
No. 1 contact of each bank when the tube 2B is cut
-off.

With the brushes of stepping switch 3C ad-
vanced to the first position, no circuits are estab-
lished through contact banks 3Ci and 3C2 be-
cause their-No, 1 contacts have no :connection.
Ground is connected - over the brush and No.
1 contact -of. bank 3C3 and over- conductor
301 to the contact No. 12 of contact bank 3B§
of the sequence switch 8B, but as this se-
quence switch is at this time in the normal po-
sition with its” brushes engaging the zero con-
taets, no circuit is completed through the con-
‘tact banks '3€3 and- 3BG. Contact bank 3C4
completes an energizing circuit for the relay 2W
from ground through the brush and No. 1 contact
‘of bank 3C#, conductor 3i%, conductor 317, con-
ductors 217 and 218, and winding of relay 2w tfo
grounded battery. “All of the contacts  of se-
quence switch bank 3C5H except the zero contact
are ‘connected together so that when the switch
jsoff-normal :a “ground “connection . is.extended
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8
over condugtor 319, conductor. 219.and conductor
19 to the-left-hand front contact of relay 1Q,
the ‘cooperating armature of which is connected
to one terminal of the left-hand winding of the

relay, the other terminal being connected to

grounded battery. :The left-hand winding of the
relay: 4@ is a holding winding but since, as pre-

‘viously stated, the relay {Q is not yet energized, a

holding circuit for that relay is merely prepared
at this time by the contact bank 3C5. The No. 1
contact of the bank 3¢5 is connected by conductor
32} to contacts Nos. 15.and 16 of contact bank

:5B5 of the sequence switch 3B which has not yet

advanced from- ifs normal position so that no
electrical circuit is established.

From the foregoing it will be apparent that
the only operation performed- by the stepping
switch 3C in the first step while stepping switch
3B remains unoperated is the energization of re-
lay 2W. At its right-hand armature and front
contact the relay 2W connects grounded battery

-over. conductor 222, outer right-hand armature

and back contact of a relay 2X, which at this time
is deenergized, and conductor 223 to the arma-
ture of a relay 2Y which-at this time is deener-
gized and as the relay 2Y has no back contact
connection, no electrical circuit is completed. At
its-left~-hand armature the relay 2W completes
a circuit from the grounded outer-left-hand ar-

‘mature and back:contact of relay 2X, conduc-

tor 224; left-hand-armature and front contact of
relay: 2W, ‘conductor 226, conductor- 326, outer
left-hand armature-and back contact of relay
3AC, conductor 327, conductor 2271;.inner left-
hand armature and back contact of slow-release
relay 2V, conductor 229, winding of relay 28, con-~
ductor 231, conductor 232 and armature and back
contact of slow-release relay 2Z to grounded
battery: The relay 25 thus becomes: energized.

Central office sends preliminary stgral

At its left-hand armatures the relay 2S re-
verses the battery and  ground connections: to
transmitting loop 12, thus impressing a spacing

“condition on theloop 12. The inner right-hand
“armature of relay 28 is operable between back and

front-contacts, both of which are connected to
ground. The armature is connected to the grid
side of the input circuit of an electron discharge
tube 2C and the input circuit includes a resistor

‘and battery in series between the grid and cath-

ode, with the battery poled positively toward the
grid, a condenser between the grid and cathode; a
second resistor and battery in series between the
grid and’ cathode,; with the battery poled nega-
tively toward the grid for biasing-the discharge
tube to cut-off, arid a. varistor between the first-
mentioned resistor and the grid side of the con-
denser. When the right-hand inner armature of
telay-2S is in engagement with either of its-con-
tacts the condenser is charged to negative on the
grid-side by the negative biasing battery and the
tube is biased to cut-off. During the interval
in which the inner right-hand armature of re-
lay 28 is in transit from one contact to the other
ground is removed from the grid side of the in-

‘put-circuit and the battery which is poled positive-

1y toward the grid is‘enabled to charge the.con-
denser through' the varistor and thus bias -the
grid positively ‘with respect to cathode so that
the effect of the negative biasing -battery -is
overcome and the tube is rendered -conductive.
The interval during which ground is removed
from the grid side of the input circuit is extreme-
ly short but.the-interval during.which:discharge
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tube 2€ continues.to be conductive is prolonged
due to the fact that the varistor prevents the
condenser -from discharging directly back to
ground when the armature of relay 2S completes
its transit and the return of the grid to its origi-
nal condition of negative charge on the grid side
is delayed by the grid leak resistance of high
value. The plate circuit of the discharge tube
2C includes the relay 2Y so that that relay is ener-
gized during the interval that the tube remains
conductive, ‘ : ‘ :

A battery connection from the right-hand ar-
mature of the relay 2W-to the armature of the

10

relay 2Y has previously been traced. With the

relay 2Y now energized this battery connection
is extended over conductor 236, right-hand arma-
ture and back contact of relay .2V, conductors
2317 and 231, and winding of stepping magnet 3B
of the stepping switch, hereinbefore also referred
to -:as 8B, to ground. Upon the cutting off of
plate current in the discharge tube 2C the relay
2Y is released and the stepping magnet 3B ad-
vances its associated brushes to their first posi-
tion on its back stroke.

The outer right-hand front contact of relay 28
is connected to battery. and its armature is con-
nected by conductor 238 to one terminal of the
winding of relay 2Z the other terminal of which
is connected by conductors 238 and 338 to the
outermost left-hand back contact of relay 3AA,
the armature of which is grounded. Thus the
energizing circuit of relay 27 is completed and
that relay operates to interrupt the energizing
circuit for relay 28. The relay 2S releases slow-
ly and (1) restores the loop 12 to marking con-
dition; (2) momentarily removes ground from
the grid side of the input: circuit to: discharge
tube 2C to activate the tube and thus. effect the
advancement of stepping switch 3B another step;
and .(3) interrupts the energizing circuit for the
relay 2Z. The relay 2Z has a slow-to-release
characteristic, and upon its release it again com-
pletes the energizing circuit for the relay 2S,
again sending the-loop 12 to spacing, advancing
the brushes of stepping switch 3B another step
and interrupting its own energizing circuit. From
this it will be apparent that the relays 2S and
2Z form a vibratory system for sending out upon
the communication loop 12 alternate marking
and spacing impulses and for advancing the
brushes of stepping switch 3B one step for each
transition of the line condition from marking to
spacirig or spacing to marking. = ,

The odd-numbered contacts of bank 3B2 down
to and including contact No. 9 are connected to
even-numbpered ones of the contacts of bank 3C{
and since the brush associated with bank 3CI is
now in engagement with the contact No. 1 no
conductive path is completed to.the ground on
that brush as the brush. of contact bank 3B2 is
advanced step by step. ‘'The brush associated with
contact bank 3B2 is connected by conductor 333
to the right-hand armature and left-hand front
contact of relay 3AB. ‘The right-hand back con-
tact of relay 3AB is connected through the wind-
ing of relay 3AA to grounded battery, so that the
relay 3AA will become energized when the brush
of bank 3B2 picks up a ground connection. The
odd-numbered ones of the contacts of bank 3B2
are also connected by.a group of conductors
through the windings of odd-numbered ones of
the relays represented by IDi and IDI0 but as
those relays have grounded battery connection
of the same polarity as that connected to the re~
lay 3AA neither the relay 3AA nor any one of the
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relays' {D1 to IDI8 will be energized as the brush
associated with contact bank 3B2 advances over
the odd-numbered contacts down to and includ-
ing the No. 9 contact.

The even-numbered contacts. of bank 3B4 are
connected to:odd-numbered contacts of the bank
3Cl, excluding contact No. 1 of bank 3CI, and
to even-numbered ones of the series of relays 1D1
to {DI8. The brush associated with contact
bank 3B4 is connected by conductor 234 to the
right-hand front contact and left-hand back con-
tact of relay 3AD and the left-hand armature of
relay 3AD is connected through the winding of
relay 3AC to grounded battery which is of the
same polarity as the batteries connected to the
windings of the relays ID{ to IDI19, so that the
relay 3AC cannot become energized during the
advancement of stepping switch 3B while the
brush associated with bank 3C{ engages its No. 1
contact,

All of the contacts of bank 3B3 except the zero
contact are connected together and to ground
and the brush associated with the bank 3B3 is
connected to conductor 317 to provide a substi-
tute ground for the energizing circuit of relay 2W
which ground is not independently -effective at
this time since the brush associated with contact
bank- 3C4 has maintained relay 2W  energized
through the No. 1 contact of that bank as step-
ping switch 3B advances.

The earliest connection in the bank 3B5 is
at contact No. 15 and in the bank 3B6 is at
contact No. 12 but when the several brushes of
stepping switch 3B reach their contact No. 11 the
brush associated with bank 3B2 finds ground. on
its contact No. 11 and completes the energizing
circuit for the relay. 3AA. The relay becomes
operated and at its outermost armature it in-
terrupts the energizing circuit for the relay 2Z.
By reference to Fig. 8, which represents the sig-
nal that is being transmitted by relay 28, it may
be seen that the energization of relay 2S puts the
loop 12 in spacing condition and causes the odd-
numbered steps of stepping switch 3B and that
the energization of the relay 2Z causes the loop
to return to marking condition and effects the
even-numbered steps of switch 3B, this being ac-
complished by cutting off relay 2S. It will also
be seen that incident to the eleventh step of the
sequence switch relay 28 is energized and seeks
to energize relay 2Z. However, relay 3AA pre-
vents the energization of relay 2Z and therefore
the energizing circuit of relay 28 is not inter-
rupted and the loop (2 remains in spacing condi-
tion for a longer interval than the previous spac-
ing intervals, under the control of other factors
which will now be described.

The middle armature of relay 3AA cooperates
with a front contact that is connected to ground-
ed battery and the armature is connected by con-
ductors 341, 242 and 242 to conductor 23! ex-
tending to the winding of relay 2S so that relay 28
will be held energized should the relative timing
of operation of relays 28, 2Z; 3AA and stepping
magnet 3B be such that relay 27 operates and
interrupts the energizing circuit for relay 2S be-
fore the energizing circuit of relay 2Z is inter-
rupted at the left-hand armature and back con-
tact of relay 3AA. This is desirable since the
slow-release characteristics of relay 22 might
permit relay 28 to release and return the loop
12 to marking condition.. The innermost arma-
ture and front contact of relay 3AA completes
the energizing circuit for relay 3AB which op-
erates. At its left-hand armature and front con-
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taet relay 3AB establishes its own holding circuit;
from ground on contact No:11 oficontact bank:
#B2 ‘through : conductor 338:~ At its right-hand:
armature and back contact therelay 3AB inters
rupts the energizing. circuit for the relay: 3AA
which reléases. Relay 3AA “has:a slow-release
characteristic-and upon-releasing. it removes the
holding battery corinection for the relay 28 and
completes the energizing-circuit for the relay 2Z
which becomes:energized to-release the relay 2S.
The ‘spacing. condition on loop 12 endures until
relay 28 has- released at which time the.loop:
again goes to marking condition and discharge
tube 2C is operated-to advance stepping switch
3Btoits twelfth position.
There is no .cénnection to -contact No. 12-of
bank 3B2 and o change of .condition is encoun- .
tered by any of: thé:other brushés- of . switch 3B:

12
the:relay 2V doesmot interruptsan-electrical cir~
cuit and from. this:it-will bé apparent:that:the ops:
eration of relay 2V at: thls time:performsno:direct
operation. Vs
When: the : brush assomated w1th the contact

" pank 3B5 encounters:the: contact:No.:15.0f  that:

bank a: circuit.is:completed. through:the: contaets.
Nos:. 15:and =16, which .are .connected: together;
from:-ground.on:the. brush associated with bank:

10: 3C8 through the No.:l contact.of that:bank, con-;

1.8

except in bank 3B&.‘where a:.conductor extends -

from contact No. 12 to contact No. 1 of bank 3€8.:
Here groundis applied from the brush associated
with ‘bank 3C3:over conductor 304, contact No.
12 and brush of+bank 3B6; conductors. 343 and:
243 and the winding of relay 2X to.grounded bat- -
tery, and relay: 2X is operated. .

At .its inner left-hand armature-and front. con-
taet the relay 2X provides a holding circuit- from
conductor 247, which is-receiving ground from
contact ‘bank:3B3 ‘at. every step of the stepping
switch and is holding relay 2W. .. At its outer left-
hand armature ;and: back: contact the relay 2X
interrupts: the -previcusly :traced energizing cir-
cuit’ for the relay 28; so.as to terminate the vi-
bratory opération-of relays 25 and. 2Z, with-relay
29 :remaining:in released condition, in which:it:
was ‘placed by the operation:of relay 2Z following
the release-of reldy 3AA; and:thus maintaining
steady mearking condition of communication loep.
12,7 At its-outer right<hand armature the relay
2X:transfers: the energizing: ciréuit for:stepping.
magnet 3B from: a direct connection through the
conriductor-337 .toan indirect connection:through
the interrupter contacts of :stepping magnet 3B;.
the eircuit béing: traced from batterythrough the
right-hand front: contact and armature of ‘relay
3W; conductor: 222 cuter right-hand armature:
and: fronticontact of:relay 2X; conductors 244 and
344, interrupter -contacts -of-stepping: magnet 3B
through theswinding..of the magnet: to. ground.-
The-stepping:magnet 3B thus:operates inbuzzer:
manner; and:rapidly and autematically advances:
its brushes around:.to the zero or rest position.
Until--an -additional:control effected by the relay.
2X-is-described:it+will:be assumed merely.-that:
the-stepping switch 3B starts to.operate in buzzer:
manner and the brushes.leave contacts No: 12. .

At its inner right-hand.armature and front
contact the relay 2X completes the enérgizing cir-
cuit-for-the.relay 2V  from ground. through the:
armature- andrfront: contact; conductor:246-and:
winding of relay 2V to-grounded battery. . The re-
lay 2V-further:interrupts at-its right-hand.arma-
ture-and- baek--contact: the: direct-energizingcis-
cuit -for: the- stepping magnet- 3B for which the
buzzer: energizing circuit has already. been substi-.
tuted.  At-its inner-left-hand -armature and back:
contact the relay-2V: further- interrupts the ener-
gizing circuit: for the relay 2S which has:already "
been interrupted by-the relay 2X. The operation.:
of relay 2V cauges its outerileft-hand armature to
be:disengaged from a back contact from which.a
conductive- path: not-yeét identified extends to the
No. 2 -contact:of the - stepping: switch bank:3C2;:
Since the brushes.of-the stepping: switch :3C-are"
not--yet-in ‘engagement with their:No. 2 ‘contacts:

20

ductor 321; contact No. 15 and in the:mnextstep;
contdct No, 16‘0f'bank 3B5;:brush.associated:with
that bank,: conductors-348-and;248:and winding:
of relay:2U to-grounded battery: .

As previously set' forth the: outer armature of
relay 2U- connects.ground:to the: conductive path’
consisting of conductors2 k2 and:312extending to:
stepping :‘magnet:3C: so:that-the magnet is eners.
gized preparatory.to stepping.the:brushes to.the:
No. 2-contacts:. As-thebrushes of stepping switch:
3B pass from :contact No. .16 :to contaet No::.17,”
relay :2U 'is releasedand the.brushes. of stepping:
switch -3Ciare stepped:to the No.:2:contacts. - The:
brushes of the stepping switeh:3B in‘the mean-

, tire: continuesto-be advanced to their zerc ‘posi-
" tions: and:noe:circuit/changes-are: effected- as.the:

brushes complete their-cycle and-move info:nor-
mal-or zerc:positionexcept that as.the brush as-
sociated Wwith contact bank 3B3 moves-out of en-.

. gagement-with the last ofithe interconnected:con--
" tacts and into thezero:position; ground.on:the in-.

terconnected contacts is rernoved from conductors
317 and: 217 4n the holdingcircuits. for the relays:
2W:and 2X so. that. thosesrelays.are released and-
5. therelay*2Vawhich was held: energlzed ‘by:the:

5 relay:2Xisalso relessed.

40

45

507

55

60

.Before . describing:the rsequence. ofi: operatlons
whichsoceursias:a.result of ithe stepping-of the:
brushes-of :stepping: switch :3C 16 the No:-2: conx:
tacts;: the effect produced at the-outlying:stations:
by the:transmission of ithe:alternate marking and.
spacing:signals, in:accordande - with' the:pattern:
shown in Fig:8 due to:the vibratory operation of.
the relays:2S:and.2Z/as-influenced following:the
eleventhtransition:by-the reldys 3AA“and ‘3AB:
will:be described:

Outlymg statzons respond to ;m elzmmary szgnal‘

-At-each of the outlymg statmns as exemphﬁed
i Pig:- 4, the armature of the polar ‘receiving .
relay 402 is-conhmected by conductor 416 to one;
terminal of a-condenser 4!1 the other. termmal
of which is conhnected” to one termlnal of a polar
magnet 418 this other: termmal of wh1ch is con-.
nected to ground, The polar magnet 418 is the-
operating 1nstrumenta11ty of a’ step by-step
selector- mechamsm such as- that dlsclosed in:
Patent 1,343,256 granted ‘JOnE- 157 1920 to J. C
Pigld: " Thé dlsclo'sure ‘of-'the’ patent is 1ncorpo- '
rated-heréin: by reference as “part: of the present
specification: Brieﬁy¥ such. a;seléctor consists of’
5 -polar magnet - having: an armature which “is,
rocked clockwrse or:counterclockwise from a cen~
ter‘or-neutral’ posltlon in- response to polar im--

65" pulsés-of current! The armature is prov1ded with

an: arm- which' opérates-a: pawt mechamsm fo1'
steppingia contact:wheel or dise and: ‘the: dlSC is~

advanced-two -steps for ‘each’ full’ eyclé”of“oscils
lation:of: the armatiires lever by ‘whichis- meant

70 from -thé-neutral- posmon to “one- suie then to"

the opposite« sidé and’ back ‘to-the neutral: posi=
tion...The ‘contaet Wheel or-disc-is provided -with-
selectively-locatéd pins which Wwill e engaged by'
a-check pawl: 'assomated: W1th the ‘armatire lever

75 whenithe- arimattire 1ever is: momentarily- pers
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mitted to be at rést in the neutrsl position after
having been operated through :a plurality of
cycles or half cycles and such pawl prevents the
contact disc or wheel from returning to normal
position under the influence. of its restoring
spring. When a plurality of such selectors with
differently located stop pins respond. to signals
consisting of current reversals, g pause in the
transmission of signals will cause those which
have stop pins presented to their check pawls to
be held in the positions to which they have been
advanced, whereas all selectors which have no
stop pins in those positions will return to normal
positicn under the influence of the disc restoring
springs. When transmission of current reversals
is resumed, those discs which were held in ad-
vanced positions are further advanced from those
positions whereas in 2all of the selectors the discs
of which were restored to normal, those discs are
again advanced from the normal position.
Step-by-step selectors of the type disclosed in
the patent to Field are provided with contacts
which are engaged by a contact arm carried by
the step-by-step wheel or disc for the completion
of electrical circuits.
completed through the check pawl as a circuit
element, so that as the contact arm comes into
engagement with a contact, as it is being ad-
vanced step by step, an electrical circuit is not

completed if the advance continues but only if -

there is 'a pause in the signal train which permits
the check pawl to engage a stop pin and hold
the disc or wheel in the position to which it has
been advanced. When selectors of this type are

employed in a system, all may have their elec- -

trical contacts in the same relative positions, such
as in the eleventh, thirteenth, fifteenth and sev-
enteenth steps as shown in Fig. 4. Taking the
thirteenth step as an example, it is not neces-
sary to send thirteen impulses in regular . suc-
cession in order to cause the selector to reach
that position. The selector may be provided with
che or two stop pins intermediate the rest posi-
tion and the thirteenth step, whereby the thir-
teenth step may be reached by the transmission
of sets of impulses which total thirteen, with a
pause between each two sets of impulses. . During
the pause at the end of the first set of impulses
those selectors which have stop pins in the posi-
tions to which' the discs of all of the selectors
have been advanced, will be held and the discs of
the remaining selectors will be restored to normal,
In a two-digit system only one disc would be so
held and all of the others would: be returned.
In g three-digit system a plurality of discs would
be held and the remainder would be restored to
normal. - Upon the resumption of transmission
of .impulses, all of the selector discs would again
be advanced, some.from their initial positions
and one or more from its advanced position. At
the end of the.second group of impulses the disc
of one selector closes an electrical circuit if the
system operates on a two-digit call and all of the
remaining discs return to their normal positions,
with the exception that the second set of impulses
may correspond to the first digit for some other
selector in the system and the disc of that selector
may be held in its first digit position,. although
it will close no electrical circuit in this position.
Following the closure of the electrical -circuit the
transmission of a single impulse will restore all of
the selectors to normal. If the system is operable
upon a three-digit call a plurality of dises will be
held at the end of the second set of impulses, the
number being smaller than the number which

The electrical circuits are -
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were held at the end of the first set of impuilseés.
At the end of the third set of impulses only .one
of the discs will have been advanced to a position
to close an electrical circuit.

In the arrangement shown in Fig. 4 only g sin-
gle battery on the marking contact of line relay
402 is employed for energizing selector magnet
418 but the condenser 417 serves to give a polar
eifect to impulses.. In the idle condition the con~
denser is charged positively on the side toward
the battery and negatively on the side toward the
magnet 418, and no current is flowing through
the magnet.” When the relay 492 goes to spacing
the condenser discharges through the magnet 418
and rocks the armature to one side of the magnet.
If the relay 402 returns to marking before the
discharging current has died out condenser 417
will be recharged and the charging current will
rock the armature to the other side of magnet
418 without any pause of the armature in the
neutral position.. A pause in the signaling train
of either marking or spacing nature will permit
the armature of magnet 418 to go to its neutral
position because ' the charging or discharging
current for condenser 417 dies out before the end
of the pause. :

Since as shown in Fig. 8 the signal transmitted
by the relays 2S and 2Z consists of eleven transi-
tions followed by a pause of spacing hature, the
contact discs of all of the selectors in the system
will be advanced to the eleventh step. At each
of the outlying stations a similar electrical circuit
will be completed which, in the case of the sta-
tion shown in Figs. 4 and 5, extends from ground-
ed battery through the selector disc and contact
arm, the eleventh step contact, conductor 419, and
winding of relay 4S1 to ground. - At its left-hand
armature and front contact the relay 4Si pre-
pares ‘a holding circuit for the relays 452, 4S3
and 4S4, none of which is at this time energized.
At its inner right-hand armature and grounded
back contact the relay 4S1 removes ground con-
nection from a relay 4B, which has no effect be-
cause the relay 4B is not at this time energized.
At its outer right-hand armature and grounded
front contact relay 45t completes the energizing
circuit for the “hold” relay 4H through conduc-
tor 426, conductor 427 and the right-hand wind-
ing of relay 4H to grounded kattery. The relay
481 also completes the energizing circuit for re-
lay 4E over conductors 426 and 428 and winding
of relay 4E to grounded battery.

At its left-hand armature and front contact

‘the relay 4E establishes a holding circuit for relay

4H over conductor 429, inner left-hand arma-
ture and front contact and left-hand winding
of relay 4H to grounded battery. At its inner
right-hand armature and front contact the relay
4E prepares its own holding circuit from ground
through its right-hand winding, conductor 432
and conductor 416 to the armature of line relay
402. At its outer right-hand armature and front
contact relay 4E prepares a holding circuit for
the relay 5BI, which will be fraced later, Relay
402 returns to marking following the long spacing
pause after the eleventh step and completes the
holding circuit for relay 4E. The relay 402 also
steps the discs of all of the selectors to the twelfth
step, where none of the selectors has a holding
pin and accordingly all are returned to the nor-
ma] position, thus releasing the relay 4S1.-and
corresponding relays at all of the outlying sta-
tions and leaving the relays 4E and 4H energized
and held at all outlying stations. -
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Refereiice 16 made to.the fact:that the relay -
5A10+has been assumed to bé energized:due.to:

the.operation. of the fire detection apparatus: at.

the station shown in Figs.4-and 5 and:that this:.

has.eaused the relay 4T to be. operated to:place

the: communication loop I leading to the cens=

tral office’ station in:spacing condition.. The fol-
lowing sequence of -operations. is predicated:upoén
this: assumption but the operational: differences

which would result:from a trouble~free condition: .

of the station shown-in Figs. 4 and 5 will.also be
mentioned.

At its outer right- hand.armature and -front

10

contact the relay 4H.connects ground through,

conductor.£33, armature and back contact-of re-

lay 4G,.conductors 834 and 534, back contact and:

lower armature of relay §Bf :to.the second lowest
armature-of. relay. SIL

relay:5Al. the other; terminal. of ‘whichis " con-

nected: to. grounded -battery.  Thus-if. relay 5H

were nhot-energized; the relay 5A1 would become
energized to indicate:that no- trouble condition
existed at the station and the relay 5Al would.be

_From. the:back. contact.
with-which this:armature of relay §H cooperates,
conductor: 837 extends' to.one terminal of: the.

15

20

-+ 2B

held from .its innermost upper armature -and-

front contact to conductor 538 :and-to. the outer
right-hand armature and front contaet of relay.

4H through conduetor 538. The relay AL would .

in:turn energize relay 5H, so, that after relay 4H-
has:been.operated, relay S$H will be in the oper-.

30

ated condition. ..Since it has been assumed that
relay 5H was.previously energized the: relay 5Al -

does not. become energized.

At its outer left hand ar mature and front con-;
tact the relay 4T connects ground over.conductor:

444, winding ; of -relay T2, conductor 442, -inner=

35

most-lower, armature and, front. contact of relay -
4T to grounded battery.- The. smgle armature -

of the relay. 4T2 removes battery ‘from-the con-
ductor:41{ in the energizing c1rcu1t for.the relay .

£T{-50 that that relay.is deenergrzed The relay
4Tt is -slow-to-release and accordingly-.an. in-
terval elapses before it releases to. restore the
comunication loop ll _tovrard ‘the. ,central office
station to marking condition. At its inner right-
hand armature the rela,y 4 transfers the ground

40

connection supplled over conductm 424, befrmnmg,

at,the upper m1ddle armature and front contact -

of relay 5A46,. and pxevrously extended to. relay
4T over the back contact of relay 4H, to a front
contact and over conductor 442, zero contact and
brush of ‘the . contact, bank 4&SSi: of. stepping
switeh: 458, conductor. 443; winding -of: stepping
magnet liSS conductor Md to- the -lower -outer
armature of.relay 4T, .conductor 446 back con-

B8

tact and outer armature of relay 4A, conductorp
447;. back contact angd outer left- hand ;armature -

of -relay -4C€ -and: conductor. 448, to: the middie
armature. of- “start” relay 43T, The back con-
tact. with ‘which the armature of relay QST co-

~60

operates. is connected to crroundecl battery but as ..
the relay,is not energlzed at this:time.and relay..

AT is in. pxocess ‘of bemg 1e1eased an: electhcal.
cireuit: thloufrh the steppmg magnet -4SS.is. not:

yet completed

65

When- relay tlTl releases At open; the enei-:

gizing circuif for: relay aT2 Whlch is-also a:slow-

release-relay and which upon release restoa es the.
battery connectvon to conductor M t..extending,
However the lattel .
relay will, not at: this, time be reenerluzed because,-

to the wmdmg of. relay AT

ground connectlo‘a has.; been:, lemoved at the
inner right-hand armature-of: relay AH:

T8

50:

16/
Centml office: prepares - to: conduct roll ‘cldliof
outlying stations:: )

The operations -which take place at the out<
lying stations’in response. to reception of the; sig-;
nal represented in Fig. 8 occur duringthé long:
spacing interval following the eleventh tran51t10n
Following this there is a steady marking interval”
on loop 12, the duration of Which is’ defermined .
by the tlme mvolved in: the restoratlon of step-~
ping sw1tch 3B to normal and by the release: time
of the relay 2V which is slow ‘to release, ' The
restoration of the marking. condition.on the com=
munication loop.i{-due to. the release of ‘relay -
4Tt causes the relay iLto bé drlven to the’ mark-
ing condltlon whereby the relay 2R is. released
This does ‘not cause’ tube 2B’ to operate, since-
positive ‘battery is ' disconnected - from'. condenser
206 The relay L also release the relay 0T, the"
purpose.of which will ‘be described later :

With ‘the brushes of stepping switch- 3¢ “ad-
vanced to the No. 2 contacts as previously de-
scribed, -a circuit is completed from- ground on’
the brush associated with bank 8CI. through the
No. 2 contact of the bank, conductor 351A con<
ductor 8524, conductor 1524 in Fig.'1-and ‘wind<"
ing of relay 1D ‘to grounded battery, Relay Dl
thus becomes -energized and attracts its- arma-
tures, -of which there are-as many as there may
be:trouble conditions ‘at outlying statiohs to be-
registered. The armatures of the relay-ID(-are
connected to individual contacts of bank [Al of"
o -stepping switch [A. The front contacts of the
relay 4D ‘are individually connected to the wind-~
ings of:-relays, such as relays tEl, {EI0-and 1520,
whlch control individual alarm lamps iBLIBI0-
and 4826 Additional conductors 35iBt035tT are-
connected ‘to contacts No, 3 to No: 11; inclusive;-
of bank 3¢ and extend through conductors 3528°
to 852F and conductors: {52B to 1527 to additional
relays of ‘the (D seriés, of which only the relay:
1D18-is shown.  All of the ID relays have: their:
armatures connected to the conductors-extending -
to the contacts of Stepping switch bank 1At and
theit-front contacts connected to individual re<
laysfor controlling alarm lamps. Thus:the front:.
contacts of:the 1elay {D#6 are connected-to lamp
controlling relays, of which:the relays 1Pl [Fi0:
and:{F29 dre-shown. It will'be understoodﬂthat :
there will be as.many of .the 1D series relays‘as’
there. are outlying stdtions in-the system and-:
that:there will'be as ‘many relays-in each-of the
series: represented: by ithe (B relays-and: the. |F
relays in ‘Fig. 1 as 'there -are:trouble .conditions
to:be registered.:

Ugpon-the.release. of relay (87174 circuit-is com=
pleted :from the:grounded brush assoeciated:with:
cantact bank 3C4. through:the ‘No::2 contact: of:
that bank, conduectors. 3i4, 214 and |14, right--
hand :winding of relay. (@, conductor:: £3;;arma-

:ture and-back contact of relay 10T;,-asstiming that:

relay 487 has released, to. grounded: battery: At:
its left-hand armature .and front:contact the rex
lay.4Q completes a holding .circuit.from:ground-
ed:battery through: the.left~hand winding of the-
relay, conductors: 419, 219 ;and 319:through the:
interconnected ‘contacts -of .contact bank 3¢5, all-
of .which :are connected together except; the zero:
contact: to. the ‘grounded brush:through :contaet
No..2 of that:bank which the. brush.at. this time::
engages. It will ‘be.apparent that:relay Q. wilk:
be:held-energized until the: brushes of stepping.
switch 2C2 have completed a.cycle-and-have been:
restored to. their Zero positions. At:its.right-hand:
armaturethe relay. 1Q.transfers the.connection:
of:thie-armature .of: receiving: line. relayIL-from-
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the energ1z1ng circuit of the relays 107 and 2R
to the stepping magnet of stepping switch 1A
through the right-hand front contact of relay
{Q, conductor 116 and conductor 117, winding
of stepping magnet {A {o ground. - A conductive
path extends in parallel with the one just.de-
scribed, from conductor 116, through conductor
fi8 and winding of slow-release relay IM to
ground.

Neither the stepping magnet [A nor the relay
IM will become energized at the . instant that
relay IQ is operated, because relay 1Q can be-
come energized only when relay (L is in mark-
ing condition with its armature engaging the
dead left-hand or marking contact. The reason
for this is that the energizing circuit for the re-
lay 1Q . is controlled not only by the arrival of
the brushes of stepping switch 3C at their No, 2
contacts, but also by the relay 107, and the relay
107 is controlled by the relay 1L prior to the ener-
gization of relay 1Q so that the relay 107 can-
not prepare nor complete the energizing circuit
for the relay 1Q until the relay {L has been re-
stored to marking condition. - The purpose of this
timing control of the energization of relay I1Q by
the receiving relay IL is to prevent the energiza-
tion of relay IQ before the loop Il has been re-
stored to marking condition due to release of the
relay 4TI, at the outlying station where a trouble
condition exists, under the control of the “Hold”
relay 4H at that station. If this timing control
were not provided and the stepping switch should
be stepped to the No. 2 contacts before the relay
IL: had gone to marking condition an energizing
circuit for the stepping magnet (A and the relay
IM would be completed by the relay 1Q and the
energization of these instrumentalities is not de-
sired at this time. Since the right-hand arma-
ture of relay 1Q effects a transfer of the connec-
tion from the armature of relay IL, the energizing
circuit for the relays 107 and 2R are opened at
that point so that those relays will not respond to
nor follow any signals thereafter received from
outlying stations during the time that relay 1Q is
held energized from contact bank 3C5. .

The release of the relay 2V at the end of the
first cycle of stepping switch 3B results in the
completion of a circuit from grounded battery on
the brush. associated with the stepping switch
bank 3C2 through the No. 2 contact of that bank,
conductor 356, conductor 256, outer back contact
and outer left-hand armature of relay 2V, con-
ductor 257, left-hand armature and back contact
of a relay 255, conductor 260 and primary winding
258 of a transformer to ground. A circuit is also
completed in parallel with the primary 258 of the
transformer from conductor 257 through conduc-
tor 254, left-hand winding of relay 255 to ground.
Relay 256 has a slow-to-operate characteristic
and accordingly its operation is delayed. 'The
rise in flow of current through transformer pri-
mary 258 will produce an impulse in the second-
ary 259 of the transformer which is connected
across the input circuit of an electron discharge
tube 2A between the grid and cathode of that
tube. - The polarity of the impulse will be such as
to charge condenser 261 positively on the grid side
of the input circuit, thereby overcoming the ef-
fect of the negative biasing battery which is in
series with the high value grid leak resistor con-
nected between the grid and cathode. Tube 2A
will be rendered conductive and will continue to
conduct until the charge on condenser 261 which
was produced by the impulse in the transformer
leaks off through the grid leak resistor and nega-
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tive bias is restored to discharge tube 2A. The
plate circuit of the discharge tube 2A includes the
winding of relay 2—0. During the interval in
which relay 2—0 is energized ground is connected
through its inner front contact and armature and
through conductor 262 and the winding of relay
2BD to grounded battery.

When relay 255 operates. it interrupts at. its
left-hand armature and back contact the circuit
through transformer primary 258 thus causing
the current through that circuit to die out.. This
causes to be produced in transformer secondary

259 a pulse in the opposite direction which charges

condenser 261 in the reverse direction. Thus the
tube 2A is cut. off if current.had not already
ceased to flow in its plate circuit. It will be ap-
parent from this that relay 255 should be suffi-
ciently slow to operate, that it will not open the
circuit of transformer primary 258 until tube 2A
has operated relay 2—8 which in turn has oper-
ated relay 2BD. The relay 255 establishes a
holding circuit for itself from grounded. battery
through the right-hand winding of the relay,
front contact and inner right-hand armature,
conductors 265, 365 and 314 to the No. 2 contact
of contact bank 3C§ which at this time ‘is en-
gaged by its grounded armature. Since all of the
contacts. of bank 3C§ except the zero and No. 1
contacts are connected together, the relay 255 will
remain energized until the stepping switch 3C
has completed its cycle and. its brushes have re-
turned to their zero positions. The reason for
interrupting the circuit of transformer primary
258 following the activation of tube 2A will be set
forth hereinafter. .

At the same time that the pulse is generated
in secondary 259 of the transformer for activat-
Ing discharge tube 2A a circuit is ‘completed from
conductor 257 through conductor 263, winding
of relay 264, conductor 278, outer right-hand ar-
mature and back contact of relay 255 to ground.
At its armature and back contact the relay 254
prevents the completion of a circuit which the
relay 2—39 seeks to complete from ground through
its outer front contact and armature, armature
and back contact of relay. 264, conductors 2686,
212 and 312 and winding of stepping magnet 3C to

grounded battery. Were it not for the provision

of the relay 264 the brushes of sequence switch
3C would be stepped to their third contact at this
time, which is not desired.." If the relay 2—9 has
2 sllghtly retarded operating characteristic which
will not prevent it from operating during the time
that the discharge tube 2A is conductive but
which will permit relay 264 to operate before the
relay 2-—-0 operates, the stepping of sequence
switch 3C will be prevented.” Since the energiz-
ing circuit of relay 264 includes the outer right-
hand armature and back contact of relay 255,
that circuit will be interrupted when relay 255
becomes  operated and held. Relay 284 prefer~
ably has a.slow-to-release characteristic such
that it does not release until relay 2—8 has re-
leased. Thus the relay 264 prevents the ener-
gization of stepping magnet 3C in response to the
first operation of relay 2-—=8, but will not prevent
such energization in response to subsequent op-
erations of relay 2—0 whlle relay 255 remains
operated and held. -

The armature of relay 2BD is connected to
positive battery and the back contact with which
the armature cooperates is connected to the grid
side. of the :input circuit of a discharge tube 2D.
The input ‘circuit of the tube 2D is similar to that
of tube 2B, the difference being that: the second
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condenser in the circuit is: in shunt with the
leakage resistor only instead of being in shunt
with the leakage resistance and the biasing bat-
tery. Under the normal condition the.tube 2D
is bigsed negatively to cut-off by. its biasing bat-
tery, although current is flowing through resistor
267 and condenser 268 is charged. TUpon the en-
ergization of relay 2BD .the positive battery is

<t

disconnected from the grid circuit and condenser .

268 discharges but tube 2D is not rendered con-
ductive, Upon the release of relay 2—3 the ener-
gizing circuit of relay 2BD is interrupted and
after an interval the relay 2BD releases. Con-
denser 268 becomes recharged. and raises the po-
tential of the grid of tube 2D so that the tube is
rendered conductive. - The interval during which
tube 2D is conductive is controlled by leakage re-
sistor 288 and the second condenser 2714

Central office sends first selective: szgnal of roll :

call

The plate circuit of tube 2D includes the wind~
ing of relay 2BC which completes an energizing
circuit. for the relay 2W-: over its. grounded ar-
mature and front contact, conductors. 271 and
317, back .contact and- outer armature of relay
3BB, conductors 378, 311, 217 and. 218, winding
of relay 2W to grounded battery. As before, the
relay 2W completes the energizing circuit for the
relay. 28 which. operates and.sends.the loop. 12
extending to the outlying. stations to spacing.con-

dition. Relay 2W. dlso. prepares. an. energizing:

circuit for the stepping magnet 3B; which is com-

pleted by the relay 2Y as discharge tube.2C re-.

sponds to the operation- of relay 2S. As in the

first :cycle of operation. of stepping switch 3B

ground . is applied from-contact bank 3B3 when
the brushes step to-the No. 1 contact to hold relay
2W. operated and.this ground:remains connected
throughout the cycle of switch 3B. At the bank
3B2 ground is applied from the brush associated
with bank 3C! through the No. 2 contact of that

bank, No, 1 contact and brush of bank 3B2, con~

ductor 333, right-hand armature and back. con-
tact of relay 3AB and winding of relay 3AA to
grounded. battery.. As in the.case of the long
spacing interval after the eleventh transiticn as
shown in Fig. 8 the relays 3AA and 3AB control
the relays 28 .and 2Z to prolong the spacing in-
terval following the first transition, as shown in
Fig..9. Following the operation of relay.2AB and
the release of relay 3AA the control of relay 28
is.restored to relay 2Z and these relays operate
in. vibratory. manner to transmit marking. and
spacing impulses of uniform duration and to ad-
vance the brushes. of stepping switch 3B siep by
step .until the brush associated with bank 2B2
reaches the No. 11 contact which is connected to
ground. ‘This causes another cycle of the relays
2AA and 3AB to .control the relays 2S and 2Z
to introduce & long spacing. interval following
the eleventh transition; as in the first cycle of
stepping. switch 3B, and this long interval is
shown in Fig. 9.

Upon the release of relay 3AA by the relay 3AB
relay. 2Z releases relay 28 to .produce a twelftlr
transition. to marking and the brushes. of step-
ping switch 3B-are stepped to the twelfth position.
The marking inferval thus produced is' only of
normal length because the relay 2S interrupts the
circuit of relay 2Z which releases to complete the
circuit for 28 which again becomes energized
to drive the loop 12 to spacing condition and-to
step the brushes of stepping switch $B to the
No. 13 contact. In the twelfth position of the
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brushes of stepping switch 3B the brush asso-
ciated with bank 3B6 did not receive ground con-
nection from ‘the brush and bank 3C3° as it did
in. the preceding cycle because the brushes of
switch 3C are now on the No.' 2 contacts and the
contacts Nos. 2 to 11, inclusive, are connected to
contact No. 14 of bank 3B6 by conductor 316:
- In'the thirteenth position the brush associated
with contact bank 3B2 again receives ground-con-
nection “this time from- the brush and No. 2°con-
tact of stepping switch bank-3C8' and conductor
214 so that another cycle of the relays 3AA and
3AB is introduced, to control the relays 25 and
iz with the result that a long spacing interval is
introduced after the thirteenth transitiont " After
the, relays-3AA and 3AB ‘have- operated relay’ 25
is released to restore the loop 12 to marking con-
dition and the brushes of sequence switch 3B are
utepped tothe No, 14 contacbs

- At-contact No: 14 in the bank 3B§ ground is
applied from-bank 208 over conductors 376,343
and 243 to energize relay-2X ‘which in turn en-
ergizes relay 2V.  These relays perform the same
functions. as previously described, namely; inter-
rupkion of the energizing circuit for the relay
2S-and transfer of the energizing circuit for the
steppmg magnet &8 to- include ‘the- interrupter
contacts. - As the brush associated with stepping
switch bank 3B5 traverses contacts Nos. 15 and
16, the energizing. circuit for the relay 2U is not
completed as it was in. the prevmusly described
cycle because ground; connection is no longer ap-
plied to- conductor 221" on the contact No. 1 of
bank 3C8;. Thus the brushes of stepping switch
3C.vemain on, their No, 9 -contacts while the
brushes of stepping switch- 3B are rapidly ad-
vanced to their zero position. When the brushes
reach the zero position, the-brush associated with
bank $BS removes the holding' ground  connec-
tion from’ relays ¢W and 2X which release, the
latter in turn reieasing the relay 2V. "Uponthe
release ‘of relay 9V the same circuit changes occur
which: took’ place upon its release at the-end of

. the preceding cycle of ‘stepping switch 3B, name-
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1y; . preparation: of an energizing circuit for the
relay 28, “af the inner: left-hand- armature and
back contaﬂt of relay £V, which circuit -however
is'now open-at. the-left<hand armature angd front
contact of relay 2W, and preparation of an en-
ergizing circuit for the stepping magnet 3B at
the right-hand armature- and back contact of
relay 2V, which-circuit is-open at the armature
and front: contact-of relay 2Y and at the right-

_ hand-armature and- front contact of relay 2W.

60

65

At-its outer left-hand-armature and back con-
tact the relay 2V reconnects grounded batiery,
still-supplied at the brush and No. 2 contact of
contact banks 3C2, to conductor 257, Since relay
255-hay previously disconnected the primary 258
of the transformer from conductor 25T the {rans-
former does not become energized. - Were it not
for the provision of relay 255 to interrupt the
path to transformer primary 258, the trarsform-
er;-upon the release of relay 2V, Would be reoper-
ated to render tube-2A- conducuve which in turn
would coperate relay Z—=@° which in turn would
operate relay 2BD.  Since relay 2BD renders tube
2D conductive -through relay 2BC and the latter
relay operates relay 2W to start sequence switch
3B ‘through another-cycle; another- station call-

- ing signal would be transmitted on loop 12 with-

75

outawalting- a response-to the- station calling
signal ~the-transimission- of which ‘was accom-
plished~in the -cycle- of “stepping-switch-3B- just
completed. ~ The relay- 255-prevents-the restart-



2,444,078

21

ing of stepping switch 3B under the control of
relay 2V.

All outlying stations react to first signal of roll
call

The signal comprising the succession of im-
pulses shown in PFig. 9 which has been transmit-
ted during the second cycle of the stepping
switch 3B is received at all of the outlying sta-
tions associated with loop 2 and operates the
receiving line relays, such as the relay 402, in
accordance therewith. The receiving line relays
operate the magnets, such as 418, of the step-by-
step.selector, and since a long pause of spacing
nature follows the first impulse the contact dise
of that one of the selectors which has a stop pin
in the first step position will be held at the first
step during the long spacing interval and all of
the others will be restored to normal position. It
will be gssumed for the purposes of this descrip-
tion that the selector in the outlying station
shown 'in Figs. 4 and 5 is the one which holds on
the first step and all others are restored to nor-
mal. - Pollowing the long spacing interval the

transitions numbered 2 to tI, inclusive, are re-:

ceived and step the selectors ten steps, the selec-
tors at the station shown in Figs. 4 and 5 reach-
ing the eleventh position and the selectors at all
other stations reaching the tenth position.. The
contact discs at all of the stations except the one
shown in Figs. 4 and 5 and except the one at the
station which has a ‘pin on the tenth step will
be restored to normal in the interval following
the eleventh transition. The station with the pin
in the tenth position will be restored to normal
following "the thirteenth transition.  Since, as
previously stated, all of the selectors have a stop
pin in the eleventh position the selector shown
in Fig. 4 will be held at the eleventh position and
the relay 4S! will be operated. All of the con-
trols which relay 4S( is capable of effecting were
effected when the relay 4S{ was operated in re-
sponse to the signal shown in Fig, 8 and, accord-
ingly, no further operations are performed except
the preparation of a holding circuit for relays
452, 433 and 4S4. Following the long interval
the twelfth and thirteenth pulses are received
followed by another pause of spacing nature.
The selector shown in Fig. 4 is advanced to the
thirteenth position and is held by a stop pin.,

First outlying station is selected

At the station shown in Figs: 4 and 5 a circuit
is completed from grounded battery, contact disc
and arm and thirteenth contact of the step-by-
step selector, conductor 451, and winding of re-
lay 452 to ground. At its left-hand armature
angd front contact the relay 4582 completes a hold-
ing circuit through conductor 452 and the left-
hand front contact and armature of relay 4Si
to grounded battery. The energizing circuit for
the relay 4S{ was interrupted when the contact
disc of the selector stepped from the eleventh to
the thirteenth position but since the relay 4Si{ is
slow to release, the holding circuit for relay 452
is in fact completed. The relay 452 also com-
pletes 'a circuit from ground through the back
contact and inner right-hand armature of relay
481 when that relay has released, winding of re-
lay 4B, movable front and stationary back con-
tact of relay 4B operable in make-before-break
manner, innermecst right-hand armature and
front contact of relay 4582 which is very slow to
release and therefore holds even after relay 4Si
has released, inner right-hand armatures and
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back contacts of relays 483 and 454, conductor
453 and winding of relay 4D to grounded battery.
Relays 4B and 4D both become energized but as
the relay 4B has a slow-to-operate characteristic
relay 4D becomes operated first.

At its right-hand armature and back contact
the relay 4D seeks to interrupt the holding ecir-
cuit for any relay in the series 8B, the circuit ex-
tending from ground, right-hand armature and
back contact of relay 4D, conductor 454, winding
of relay &G, conductors 456 and 556 to the upper
armatures of all of the relays in the series §B. It
has previously been assumed that the energizing
cireuit for the relay 5B(0 had been prepared but
not completed. Accordingly, there had been no
circuit completed through the upper armatures
of any of the 5B series relays and the operation
of the right-hand armature of relay 4D has no
effect, either on the relay 5Bi8 or on the relay
4G." The left-hand armature of relay 4D com-
pletes the energizing circuit for the “Start” re-
lay 48T which has a slow-to-operate characteris-
tic. "The relay 4B attracts its armature after the
relay 4D has operated, establishes a holding cir-
cuit for itself from the ground at the back con-
tact and inner armature of relay 4S{, winding of
relay 4B, front contact and armature of relay 4B,
conductor 457 and outermost armature and front
contact of relay 4S2 to grounded bhattery, and
interrupts the energizing circuit for the relay 4D
through the chain of armatures and contacts of
relays 482, 4S3 and 4S4.  Ground is thus removed
from the armatures at the head of all of the
chain circuits controlled by the relays 452, 453
and #S4 so that no other chain circuit path can
be inadvertently completed.

The relay 4E, which became energized along
with the “Hold” relay 4H in response to the
code {or preparing all outlying stations to trans-
mit and which was held over conductors 432 and
418 from the armature and marking contact of
relay 492, has a sufficiently slow-release charac-
teristic that it does not release in response to
any of the long spacing intervals contained in
calling codes transmitted from the central office
station and thus it has remained energized and
has held the relay 4H energized through the
holding circuit therefor previously described.

First outlying station transmits trouble identify~
ing signal

The relay 3T upon being energized completes
its, own holding circuit at its innermost front
contact and armature through conductors 458
and 583, front contact and armature of relay 557
to ground. At the outer right-hand armature
and front contact of relay ST an energizing cir-
cuit for the transmitting relay 4T1 is. completed
from ground at the middle upper front contact
and armature of energized relay 5A10,; over con-
ductors 524, 624, 459, outer right-hand front con-
tact and armature of relay 48T, conductor 407,
middle left-hand armature and back contact of
relay £C, conductor 408, inner armature and back
contact of relay #4A, conductor 438, winding of
relay 4TI, conductor 4i1 and back contact and
armature of relay 472 to grounded battery. The
relay 8T impresses a spacing impulse on the loop
f{ extending to the central office station by means
of its two upper armatures.

At the middle armature and front contact of
relay AST a circuit is completed from grounded
battery through conductor 448, outer left-hand
armature and back contact of relay 4C, conductor
441, outer armature and back contact of relay
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A eonductor 448, outer-lower-front contaet-of
relay AT -and armature. by which: it is - engaged
. gpon the energization of the relay, conductor 444,
winding of stepping magnet 43S, conductor §43,

brush and zero contactof -bank 4884, conductor

482, front contact .and. inner right-hand arma-
ture of relay 4H to conductor 424  which is re-
_ceiving ground connection from the upper middle
armature of relay §A10. Thus the stepping mag-

net 4SS is energized preparatory to stepping its;

brushes on the back stroke. - At its inner lower
armature the relay 4T1 completes the energizing
circuit for relay 4T2 which becomes energized io
interrupt the circuit for the relay 47T{ which re-
leases after an intervail, thus returning.the loop
t§ to marking condition.
rupts the energizing circuit for the relay 4T2 and
the energizing circuit -for stepping magnet 4SS
at its lower armatures and front contacts so that
the brushes of the sequence switch 4SS are
stepped to their No. 1 contact.

All of the contacts in the bank 4SSi are ¢on-
nected to ground with the exception of the zero
contact and this is true of the bank 4S83. The
numbered contacts of the bank 4SS2 are con-
nected to the energizing windings of the corre-
sponding ones of the series of relays:8B. Thus
the No. 10 contact of bank 4S82 is connected by
conductors 423 and 523 to relay 5BI0 as previcus-
1y described. Similarly, the No. 5 contact is con-

nacted by conductors 461 and 58§ to relay 9B5

and the No. 1 contact is connected by conductors
462 and 562 to relay 5B{. Following the stepping
of brushes -of steépping switch- 4SS to the No. 1
contacts, direct ground is-applied at the bank
A28t to the stepping:magnet 4SS thus providing
such ground connection -independently of. the
inner right-hand armature of relay:4H and the
middie upper armature of relay SA18. - Since the
‘relay 5B18 is the only relay of the 5B series, the
energizing circuif for which has been-assumed to
be prepared by its associated BA. series relay,
namely, BA108, no electrical circuit is- completed
by the brush associated with bank 4SS2 over
conductor 463, back- contact and armature of a
relay 468, conductor 487 and energizing winding
of relay 4C to grounded battery, so that the relay
AC is not at this: time energized. The brush as-
sociated with contact bank 4SS8 prepares, in all
positions except the zero position,-a holding cir-
cuit for the relay 4C from-ground over conductor
464 to the front contact associated with the
right-hand armature of relay:4C.

Since each of the relays 4T{ and -4T2 inter-
rupts the energizing circuit of the other these
relays form a vibratory system which causes
alternate marking and spacing impulses to be
impressed upon loop Ii.. Each time that relay
4T1 is energized it completes the energizing cir-
cuit for stepping magnet 4SS and each time it
is released. it restores the loop I1{ to marking con-
dition and interrupts the circuit of magnet 4SS
so that.the brushes of stepping switch 4SS are
advanced one step immediately following each
spacing impulse. This transmission of alternate
impulses and advancement of the brushes con-
tinues until the brush associated with the bank
£SS2 reaches contact No. 10 at which time the
energizing circuit of relay 5BI8 is completed over
the previously described circuit which includes
the operating winding of relay 4C. - At .its upper
-armaiure and front contact the relay 8B10 com-
pletes its holding circuit-through relay 4G to the
ground on -the right-hand armature-of relay 4D
and at its.lower .armature.and back conbact it

The relay 4T{ inter-"

24

-‘interrupts the:holding circuit for the relay 5A10

which releases. - Relay SAIQ releases relay -5
and removes the ground connection for the en-
érgizing éireuit of transmitting relay 4T1 so that
that relay cannot be téenergized and the loop I
extending to the central offce station will remain

in ‘marking condition. Although relay 5F-may

remain released to connect ground through lamp

509, secking to reenergize relay 5Al8, this relay
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cannot be reenergized as long-as the relay Big
remains held, which is until relay 4D becomes
again energized. Relay 4G operates o interrupt

‘the conductive path from ground on the outer

fight-hand front contact of relay 4H to the
armature next to the outermost of the lower
armatures of relay §H, so that with relay §H re-
leased; the energizing circuit for relay SAI will
not be completed. The reason for preventing the

-energization of relay SA! at this time will be set

forth hereinafter.

The relay 8C completes its own holding cir-
cuit at its right-hand armature and front con-
tact and therefore is held energized until the
brush associated with bank 4SS3 has been ad-
vanced to its zero position. At its inner left-
hand armature and front contact relay 4C com-
pletes the energizing circuit for relay 4A which

-~at its Inner armature and back contact intro-
duces another interruption in the energizing cir~-
-cuit for the relay &T1 and at its cuter armature

and back contact interrupts the direct energizing
circuit- for stepping magnet £SS, whichis also

- additionally interrupted at the outer lower arma-

ture and front contact of relay 84T1. At thé inner
left-hand armature and front contact the relay
4C also completes the energizing circuit of relay
486 in- parallel with rélay 4A, and the relay 466

- interrupts the circuit through the operating

winding of rélay &C, so that the circuit cahnot
be completed agdin until relay &C, which is now
held-through ‘its right-hand winding, is released.
The purposes of relay 48¢ is to provide for the
transmission’ of signials to identify two or more
trouble corditions when they exist at one out-
lying station, as will be described later. - At its
oufer left-hanid armature the relay 4C transfers
the battery connection supplied over the middle
armature of relay 4ST to the stepping magnet
ASS'thr_ough its interrupter contacts. The mag-
net 4SS theéreafter operates in buzzer manner to
advance its brushes to the zero contacts, where
advancement is interrupted due to movement of
the “brush - 4SS{ out of engagement with a

‘grounded contact.

When the brush -associated with bank 4883
reaches’its zero position it releases the relay 4C
which in turn releases the relay 4A, the relay
466. 'The relays 8A and 4C again prepare the
energizing circuit for relay 471 and the direct
energizing. circuit for stepping magnet 4SS but

_these ‘circuits are not completed because relay
‘15A_’!0> remains released under the control of relay
SBI0. From this it will be seen that ten spacing

impulses separated by marking impulses have
been transmitted to the central office station to

‘indicate that the frouble condition represented

by the relays 58A{® and 5B{8 exists at the out-
lying ‘station, and the ouilying station remains
with relays 4E, 4¥, 4G and §B{0 energized. The
relay SAI0 is precluded from operating to send
the loop {1t to spacing condition but no other one
of -the series of relays BA at that station is pre-
cluded from responding:to the occurrence of -itg
trouble-conditions,
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Outlying station operation when two or: more‘

trouble conditions exist

Assuming, as previously set forth, that no other
trouble condition than that represented by the
relay BAI$ existed, the relay 5H was released by
the relay 8A10 when the latter was released, and
accordingly, the relay 587 became released.  The
releasing  characteristic of relay 8§31 is slow
enough that it does not release, and in turn re-
lease the relay 4ST until the brushes of the step-
ping switch 4SS have been restored to the zero
positions. - Were this delay not provided; battery

for operating the stepping magnet might be dis--

connected by relay 4ST before the advancement
of the brushes had been completed.

Before describing the operation of the central -

office station in response to the signal transmitted
to identify the trouble condition represented by

5

10

the relay 8A10 the operation of the station shown -

in Figs. 4 and 5 when two trouble conditions have

occurred will be described. Tt will be assumed for"

this purpose that following the energization and
locking of relay 5A(8 under the control of relay
5P but before the completion of transmission of
the signal controlled by the relay 5Ai0 and the
relay $BI0, the relay 5D operated and attempted
to complete the energizing circuit for the relay
5A5. That circuit could not be completed while

the relay BAI8 remained energized because the
circuit was interrupted at the innermost lower

armature and front contact of relay 5H, which
was held energized by the relay 5A10. Conse-
duently, no energizing circuit for the relay 5B5
was prepared at the lower armature of relay 5AS,;
so that the brush associated with contact bank
4SS2 could not complete an energizing circuit for
relay 5B5 as it encountered the No. 5 contact of
that bank. Upon the release of relay SAI0 as
the relay 5BI8 became energized through . the
contact bank 4381 and relay 4C, relay 5H became
released and the effect of its release is to-close
the prepared energizing circuit for the relay 5AS5;
which reenergizes the relay 5H and prepares an
energizing circuit for the relay 5B5. ~The relay
5A5 also applies ground through conductors 524,
424, inner right-hand armature and front con-
tact of relay 4H and conductor 442 to the zero
contact of bank 4SS! in preparation for reener-.
gization of stepping magnet 4SS and in parallel
to conductor 459, outer right-hand armature and

front contact of relay 4ST to the middle left-

hand armature of relay 4C in preparation for the
reenergization of relay 4TI, which at this time is
prevented due to the fact that the relay 4C is
energized. ‘

Upon the arrival of the brushes of sequence
switch 4SS in their zero positions, the brush
associated with bank 4SSI extends the ground
connection from relay 8A5 through the stepping
magnet 4SS and the relays 4A and 4C, upon re-

leasing, complete the energizing circuit for the

stepping magnet-and for the transmitting relay
4T1. The relay 468 also releases and again com-
pletes a conductive path between the brush asso-
ciated with bank 4SS2 and the operating. wind-
ing -of relay 4C. The relays 4T{ and 4T2 agsin
operate in vibratory manner to transmit alternate
spacing and marking impulses to loop || and the

brushes of stepping switch 4SS advance until the.
brush associated with contact bank 4SS2 reaches’
its No. 5 contact and completes the energizing:
circuit’ for relay 5B5 through relay 4C. Five

spacing impulses with intervening marking im-
pulses have been transmitted and loop (1 is'there-
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upon restored to marking condition, relay 5B5 is
locked through its upper winding to relay 4D and
the energizing circuit of stepping magnet 4SS is
transferred to its interrupter contacts whereby the

:brushes are advanced in buzzer manner to their

zero positions where they come to rest and release
relays 4A, 4C and 466.

It will now be assumed that the trouble condi-
tions to which the relays 5D and 5F are respon-

:sive oceur in the reverse order, namely, with the

relay 8D becoming energized before the relay 5F,
or possibly even simultaneously. If they occur
in succession the relay 5A5 will be energized and
will prepare the energizing circuit for relay 5B5

-and will energize the relay 5H.  If they occur

simultaneously, both the relays 5A5 and 5Ai0
will be energized and locked but only the ener-
gizing circuit for the relay 5B5 will be prepared
since the relay BAb interrupts at its lower arma-

~ture and back contact the conductive path to

the lower armature of relay 5A10 through which
the energizing circuit for the relay 5B10 will be
prepared subsequently. Relays 4TI and 4T2 are
set in operation to transmit. alternate marking

-and spacing impulses to loop i1 and the brushes

of stepping switch 4SS are advanced step by step
until the No. 5 contacts are reached when relays
UB5, 4C, 4A and 466 will be energized, relay 5B5
being ‘held to the back contact and. right-hand
armature of relay 4D, and relay 4C being held to
the ground on contact bank 4SS3 and in turn
holding the relays 4A and 466. Stepping magnet
438 is put in operation in buzzer manner to ad-
vance the brushes rapidly and relay 5A5 is re-
leased by the relay 5B5, thus completing the con-
ductive path through its lower armature and back
contact to the lower armature of relay 5AI18. If
relay 5A10 had become energized simultaneousiy
with the relay 5A5 the release of relay 5A5 results
directly in preparation of the energizing circuit
for relay 5B10.  If the relay 5A10 had not become
energized simultaneously with the relay 5A5 but
was waiting to be energized relay 5H would be
released by relay 5A5, relay 5A10 would become
energized and immediately reenergize relay 5H
and would prepare the energizing circuit for relay
5B10. - As the brushes of stepping magnet 2SS in
advancing rapidly encounter the No. 10 contacts,
the energizing circuit of relay 5B{0 is not com-

‘pleted. because the energizing circuit. of relays

EBI0 and relay 4C is interrupted at the back con-
tact and armature of relay 466.  Thus the brushes
of sequence.switch 4SS continue to advance in
buzzer manner to their zero positions whereupon
another cycle is initiated due to the fact that
relay BA 10 has remained energized and relay 5816
has not become energized and a second signal
consisting of ten spacing impulses with interven-
ing marking impulses will be transmitted while
the brushes are reaching the No. 10 contact
whereupon relay 5B 10 will be operated and locked
to the relay 4D, relay 5AI0 will be released and
the brushes of sequence switch 4SS will advance
to their zero positions and come to rest. It will
be apparent from the foregoing that the stepping
switch 4SS will undergo one cycle of operation for
each trouble condition that has occurred prior to
the calling of the outlying station shown in Figs.
4 and 5 or that comes in during the transmission
of trouble alarm signals from that station and
that a separate set of alternate spacing and mark-
ing impulses representing g trouble condition will
be transmitted during each cycle of the sequence
switch 4SS. It will also be apparent that the
signal to identify any trouble condition will not
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be transmilted .more. than:once without speecific

call for.such.retransmission by:ithe ‘ceritral office,

sinceithe BB:series relays; such. a5 '5B5 and: 581§

become iccked to.the D relay. which. is opsrable

only-underthe:control of signals received from'
the central office station, and:each: BB-relay pre-
vents the reoperation of its assocxated 5A relay,
such.as 5AS and 5A10 :

Opemtzon of outlyzng statzon when no trouble
condztzon exzsts ' :

The transmission of a s1gna1 to indicate that a
station is trouble-free is:controlled by the relays
5A{. and- 5BI. "It :will: be- noted that when the
“hold” relay 21 became. energized: ground was
connected from its outer right-hand front.-contact
and armature, through conductor 433; armature
and back contact of relay 4G; conductors: 434 and
534, back contact and: lower armature: of rélay
5B,

conductor: 536, -armature: and back contact:’
next to the outermost lower: armature of relay-
5H, which will be deenergized if thereis no:trou- -

10.

15

20

“mission of the “ho-trouble” s1gnal

ble cendition, conductor:537 and winding of relay " -

BAl to-grounded battery. - Therelay 5Af becomes.

operated and held in-g mannet similar ito” the:
relays 5A5 and ‘5A10; operates the relay 5H, and

prepares an energizing circuit: for the relay 5B{:

Upon the operation -of: the relay 45T in.résponse’

to the-roll call signal ‘for: the station shown ‘in
Figs. 4. and 5 the system of:relays 4T and:-4T2
is started and the brushes.of stepping switch 4SS

are stepped to-the No. ‘1rcontact following the’
At

first spacing-impulse transmitted to loop i,
the No. 1 contact: of -bank: 4SS2 the energizing

circuit- for relay: $B{..is -compléted: through the:

relay £C whereby . the transmission of further

spacing impulses: is estopped: and:the stepping:
magnet 4SS is put-irto-buzzer opération .to're=:

store the brushes to:the zefo:positiott. - 'The relay

EB1{ locks, not to the:relay 4I¥ as in-the casé: of:
the relays §B5 and 5B but:insteéad to-the outer

25. L
“trouble condition is of recent occurrence may be

30

35

40,

right-hand armature:and front-contact:of rélay
4E. The reason-for-this:is-that .when the relay
4F is released under the control of g réelease signal

as 'will-be -presently: déscribed; the:relay 5Bl is:

released-in order.to-place-the-station. shown in

45

Pigs: 4 and 5 in -such econdition that it-is capable
of responding tc the-next rollcall and indicating

that it is-trouble=free if that-condition still exists:

It is not desirable-to-releasesthe other-relays-in
the 3B.series, such as relays 5B5 and:5Bi0:when

50,

the station release signal is-received as-this: would
permit the continuing’ treuble: conditions:to re- "

assert themselves:as-they did-in the-beginning.

Accordingly, the other relays:in: the: 5B:geries gre-
locked to the relay. 4D-so.that they -will'not be "

released until after:the trouble conditions have

55,

been. cleared and the- station--has again-been -
called; whether- in. roll :call -of-all-stations or by

specific individual call' te-test.the station:
It should be noted that: when any one-of-the

.80,

relay series §B, such-as the relay 5B5.or -5B10,
becomes energized its-locking circuit is.completed .
through the winding of relay 4G+ which- there- -

upon-becomes operated-and held, thus interrupt-

-85

ing the potential energizing .circuit-for the relay

BAL

The purpose-in.-thus.interrupting-that eir- -

cuit is to prevent the. transmission of- the 51gnal :

transmission of a signal mdlcatmg ar trouble con-
dition.. -When. .the “hold” relay ‘becomes--ener-

gized. it completes the- energlzmg clrcmt for the

70

relay Al if there is.no trouble condition at the -

station, otherwise. it does. -not complete »the cir-
cuit: of relay SAd. for, the reaeon -thata trouble

15

for the relay: 4ST which will release.

-fication signals. -
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condition resulis-in the- energ1zat1on of relay 5H -
which prevents the energization” of relay SAI.
However, following the fransmission of the signal
which 1dent1ﬁes a trouble conchtmn the relay 5H .
is released and. would thereupon complete the

‘eneérgizing circuit for the relay BAI were. it not

for the promsmn of the relay 4G to interrupt )
such; energ1z1ng circuit. Operatmn of relay 5AI
following the transmission of a trouble signal
Would upon the retu.rn of “the steppmg sw1tch__

and the advancement of the. steppmg sw1tch
brushes to effect the transmission of one spacing -~
impuilse, and the energization and Iocking of the
relay 5B, Whereby a false 1nd1cat1on of absence_, )

"of a trouble conditioh would be’ transnutted

There is the pOSSIblllty that a trouble cond1t10n ,
may occur after relay AH has become, energlzed, !
and before the steppmg sw1tch brushes have re-
turned. to their zero pos1t10ns mc1dent to trans-
‘Under these’
c1rcumstances the stepping switch will’ restart
1mmed1ate1y ‘for the transm1ss1on of the trouble
signal, thus. producmb contrachctory reports- at
the ~céntral office “station. The fact that. the-

deduced from such contrad1ctory reports or the:
ouftlying station may be rec‘lecked in which case
the transmission of the’ "no trouble”. signal will:
be estopped, and only the trouble s1gna1 will he

- transrmtted

Outlyzng station relmquzshes lme a

Reference has previously heen made to th_e_ fact

that when relay 5H: becomes: energized it com-"

pletes .at its lowermost. armature angd front, con-

tact.the energ1z1ng circuit of a. slow- release relay_, )

551 Whmh prepares a. c1rcu1t from its grounded .
armature through - the front contact condugtors
558 and 458, to the 1nnermost ad‘mature of the .
“start” relay 4ST for holdmg the relay 4ST ener-
g1zed through its 1nnermost front contact and
Wlndlng of the relay to grounded battery when )
the. relay 4ST. is. operated by the relay 4D.  The

;::-purpose of the relay 551 is to enable the station
shown in Figs. 4 and 5. to determine when' the

transrmssmn of all trouble 51gnals has been com-v
m1tt1ng s1gnals to 1dent1fy trouble” conditions
which may subsequently occur during, the roll
call of stations: Relay 8H is energlzed as long
as any relay in’'the series §A is energized and:
when any relay in the 5A series is waiting to be
energlzed ‘such waltmg be1ng due to the fact that

,another of the relays in the series is ‘already ener-'

g1zed the relay SH will be released only 1ong‘
enough for the waiting’ relay to bé energized
and’ will be immediately’ ‘Teenergized, However, _
wheit signals representing all of the trouble con-
d1t1ons Higve ‘been transnntted and the relays in
the series 5A have been released the relay. 5H
will: be released -and will not be reenergizéd. The
relay. 55T will thereupon ‘be released arid” after:
g delay interval will interrupt the holding circuit
This will
prevent. the relay. 4T|. from: being operated under
the ‘control ‘of a. subsequently. occurring. trouble
condition 'so’ that the station has.now been de-
Pprived of the ability to transmit. trouble identi-
Were. it'not for the' provision
of the release of relay 4ST followihg the trans-
mission of signals.appropriate to the then exist-
ing condition of the station, the: station could at -
any. time.during-the: roll call seize .control:of the
lOOp, 11:extending toward the central office’and
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transm1t siofials ifdicative of the trouble condi-
tion, which would be likely to interfere with the
transmission of signals from the station then in
process of transmitting and which would in any
case result in registering the signal thus inter-
jected on the loop If in an incorrect one of the
banks of indicators at the central office station.
Thus the final condition of an outlying station,
such as that shown in Figs..4 and 5, at the end
of signal transmission is that all relays are re-
leased except the relays 4E and 4H and glso with
the possible exception of relay 4G, if there was
a trouble condition whereby one of the relays in
the series 8B other than the relay §BI became
energized and held.

Central office registers received. signals

The trouble identification sighals consisting of
alternate spacing and marking impulses are re-
ceived at the central office station and are fol-
lowed by the armature of relay [L. Since the
relay 1Q is:now energized the armature of relay
{I. controls the stepping magnet of stepping
switch 1A and also controls the relay IM in
parallel therewith over conductor 101, right-hand
armature and front contact of relay 1Q, conductor
{16, conductor {{T and wind.ing of stepping mag-
net tA to ground and in parallel therewith
through conductor 118 and winding of relay iM

to ground. Relay IM has a slow-to-release char-’

acteristic such that it will not follow the oscilla~
tions of the armature of relay IL but will release
‘only in response to a steady marking signal fol-
lowing a set of alternate impulses comprising a
trouble. condition identifying signal. . Upon the
energization of relay IM its left-hand armature
disconnects grotunded battery from the back con-
tact which is connected by conductor 126 to the
brush associated with stepping switch bank fAl.
At its outer right-hand armature the relay IM
interrupts a circuit from the brush associated
with contact bank iA2 through conductor 121,
outer right-hand armature and back contact of
relay {M, conductor 128 and the interrupter con-
tacts. of stepping magnet (A to the grounded
winding of that magnet. All of the contacts of
bank 1A2 except the zero contact are connected
together and to grounded battery.” The back con-

tact with which the grounded inner right-hand,

armature of relay IM cooperates is connected by
conductors 118 and 276 through the winding of re-
lay 2N to grounded battery. From this it will be
apparent that relay IM, when energized, inter-
rupts the conductive paths to the brushes of se-
quence switech 1A and also releases the normally
energized relay 2N. The front contact of relay 2N
is connected to positive battery and its armature
is connected to a second primary winding 279 of
the previously mentioned transformer which has
secondary winding 259. The impulse generated in
the secondary of the transformer as relay 210 is
- released is of such polarity as to aid rather than
oppose the biasing battery of discharge tube 2A
so that the tube is not rendered conductive.
Stepping magnet 1A becomes-energized on the
transition of relay (L. to spacing in response to
the first spacing impulse received from the out-
lying station and releases to advance the brushes
to the No. 1 contact when the armature is re-
stored to marking at the end of the first spacing
impulse. .For each spacing impulse the brushes
- gre advanced one step and assuming that the sig-
nal received -contains ten spacing impulses the
" brushes will:come to rest on their No. 10 contacts
»:due to the fact that no further spacing impulses
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‘are received as the brushes of stepping switch 4SS

in Fig. 4 are advanced in buzzer manner to their
zero positions. After the armature of relay (L
has remained on its marking contact for an in-
terval slightly longer than the marking impulses
contained in the code combination received from
the outlying station, the relay IM releases. This
interval should be as short as possible commen-
surate with the prevention of release of the relay
IM in response to marking impulses.contained in
a signal received from an outlying station, for
the reason that the brushes of the sequence switch
tA are advanced no farther until the relay 1M is
released, whereas in the meantime the brushes of
stepping switch 4SS are being advanced in buzzer
manner to their zero positions and upon arrival
in such positions they release the relays 4C and
4A. The relay 4A determines the time at which
the brushes of stepping switch 4SS will be started
on another cycle if there is another trouble con-
dition existing at the outlying station and such
cycle should not be restarted until the brushes of
the stepping switch 1.A have been restored to their
zero positions so that they will be able to advance
step by step therefrom in response to another set
of impulses from the same outlying station if
there is another trouble condition at that station.

Upon the release of the relay {M its left-hand
armature establishes a circuit through the brush
associated with contact bank {Al, No. 10 contact
of that bank, since it has been assumed that the
brushes have advanced to the No, 10 contact, con-
ductor 131, middle armature and front contact of
relay [ ID1, conductor 132 and winding of relay
IEID to ground, whereby the relay IE10 will be
energized. The relay IE10 completes the circuit
of lamp IB{8 through its left-hand armature and
front contact and completes its own holding cir-
cuit. through its right-hand -armature and-front
contact, conductor 33, normally closed key 134
to grounded battery.

At its outer right-hand armature and back con-
tact relay IM establishes an energizing circuit for
the stepping magnet fA through the interrupter
contacts whereby the brushes of stepping switch
{A will be advanced in buzzer manner to their
Zero positions and upon arrival of the brushes in

. those positions the energizing circuit for stepping

magnet 1A will be interrupted at the brush and
zero contact of bank {A2. At its inner right-hand
armature and back contact the relay IM rees-
tablishes the energizing circuit for the relay 2N.
This relay controls the advancement of sequence
switch 3C and the starting of sequence switch 3B
on another cycle wherefor the relay 2N should be
very slow operating to afford time for the relay
551 at an outlying station to release and in turn
relegse the holding circuit for the relay 4ST, so
that the relay 2N will not be operated until the
outlying station has determined that it has no
further trouble signals to transmit.

If the relays 4T{, 4T2 and the stepping switch
4SS enter ‘upon another set of trouble signal
transmitting operations, the relay 557 will be pre-
vented from releasing and the first spacing im-
pulse of the signal will cause the relay IM to be
reenergized before the relay 2N has had time to
operate. Accordingly, the stepping switch 1A will
again be advanced until no further spacing im-
pulses are received whereupon the relay. IM will
be released and the lamp in the B series corre-
sponding: to the point at which the brushes of
switch {A stop will be lighted. The lighting of
this lamp will identify the second. trouble condi-
tion existing at the outlying station.
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‘Central: oﬁice transmits:second: selective sbgnal of

sroll eall

..Assuming. that there .are no further. trouble

conditions.atthe outlying station, that station will

be cut.off by the-release of the relay 4ST and after

an-interval governed by the characteristics of the

relay.2N.that relay.will be operated,the brushes of
switch. 1A -having.in. the meantime. advanced to
their. zero-positions. - The.operation of relay 2N
will resuit. in a.flow, of .current through. primary
Wmdmg 218.of the transformer {in Fig. 2. which
will cause an:impulse in the secondary 259 of the

-proper -polarity.to overcome the biasing battery
and:.render- the. tube 2A. conductive.
-operates-the relay-2—~8 which operates relay 2BD

.Tube 2A

by-means.of its inner armature and front contact

and-eperates:stepping: magnet 8C by means of its

outer.armature.and front contact ‘through .the

armature and-back .contact of relay.284 which is
now deenergized due-to. the fact that relay 285"
is held-energized. - The only circuit changes that

are-effected by:the brushes of stepping switch 3C

-upon.- advancement to the No. 3 contact oceur at
‘the-contact banks 3C1.and 3C2.
ground-is disconnected from conductor 351A and:

‘At the bank 3Ci

becomes -connected to-conductor 35!B. to release

irelay 1Dl .and to energize the next relay.in the 1D
-serigs-over-conductors 3518, -

2528 and 52B. At
the.-contact: bank: 3C2 battery connection: is.re-

as relay 255 is now held:energized- and the-other

“eircuits supplied over conductors 85%, 258 are open

at-the left-hand and outer right-hand armatures

- of relays 255.

.operate the relay 2BC which -in turn operates the
<relay 2W. - The-result-of-this is to start the trans-
“mission ;of a°signal to call another outlying sta-

tion by the vibratory operation: :of:the relays 28

~and 27 and to advance stepping switch 8B step by

step «incidenti -t0--each - line -current {ransition.

~When the brushes of:stepping.switch-8B: reach the

No: 2 conitacts, which occurs incident to the see- 45
cond signal transition; the character  of whieh is

from:spacing to marking due to the energization

=of:relay 2Z and the-consequent release of relay 28,
g -civeuit-is completed from ground -on' the brush

.associated with contact bank 3CH
-tact of 'that bank, conductors-35{B. and-3%2B to

+which the No. 2-contact of contact bank 3B4 is

;connected, brush-associated with bank 3B4, con-

;.ductor-334, back contact and left-hand armature
~ofrelay 3AB-and winding.of relay 8AC to grounded 5
“battery. < Therrelay -3AC thus-becomes energized.

.- Atitsiouter armature and back contzct the relay

< 3AC. disconnects .ground. supplied’ to :relay S

.through the outer left-hand armature-and:back

<contactiof rélay 2X; so.that the relay 28 is pre-

vented from.being reenergized due.to the release

cof relay 2Z by relay28. . At its.middle armature

and: front.contact. the .relay: 3AC.

connects

-:grounded battery over,.conductors 381 and .28{

- s0 as:to-hold the rélay. 27 energized and prevent 65
ithe application. of :battery to.relay 2S.
sresult in & prolonged marking impulse on loop. 12

This ‘will

. which/willvendure until relay 3AC is released and
- thisitrelay has. a:slow=to-release characteristic.
L This iprolonged: marking .interval .is shown. fol-
-‘lowing -the second transition: in Fig..10 which is

5 representation:of the signak transmitted to:call

“thersecond:outlying station.

LA its:.inner‘?..‘_a;rm-ature‘i:iand,, front: contact. the
relay 3AC completes therenergizing: cireuit ;for. a 75

,-the No. 3 con-,
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relay-3AD.which, at, 1ts ‘left-hand.armature, and
back: contact interrupts the .energizing: -circuit for
relay.. 3AC.,and--at - its . right-hand. . armature
and front contact: establishes its. own holding. cir-
5 ouit--from - grounded bati ery. through .conductor
384 back to the ground. on the brush associated
with- steppmg switch bank: 3C{ from which relay
SAC was-originally- energized. . Upon.the release
of relay 3AC the circuits of relays 2S and.2Z are

10 restored:-to their previous condition.and these re-

lays resume- buzzer operation.to continue trans-
mission ‘of the station -calling signal. and.to ad-
vancesequence switch 3B. - As the brushes-of that
stepping switeh leave the No. 2 contacts the hold-

.15 ing circuit for relay 3AD is interrupted and that

relay releases.

Thereafter the:cycle- of..operation of-stepping
switch 3B.is exactly like the preceding cycle and
a sigrial is transmitted which from the third cur-

.9p rent transition to the end is exactly like the one

previously transmitted as shown by, comparing
“Figs. 9 and 10. ~The long spacing intervals fol-
lowing the eleventh and thirteenth transition are
introduced by the operation of.the relays 3AA and
o5 -FAB but the long marking impulse following the
_second. transition is produced by the operation of
the relays 3AC and 3AD whereas. the.long spacing
impulse- following: the first transition of the pre-
‘viously transmitted -cycle was produced by the

.go- relays 3AA and $AB.  Following the transmission
~moved from .conductor-358 but. this-hasno effect

of the final long spacing impulse after the thir-
teenth transition, relays 2X and 2V are operated
as previously. to prevent further operation.of the
relay 28 and to.reestablish buzzer operation of

.85 .stepping magnet. 3B whereby. the brushes are ad-
The.control of relay 2—8 over the relay.2BD is

‘the.same as that previously deseribed; namely, to

vanced rapidly to their zero positions and.come to
rest, the brushes.of stepping switch 3C remaining
on their No. 3 contgcts. :

40 ~-Second -outlying- station responds

It will be remembered-that the armatures: of
the signal-responsive; step by-step.selectors. at
‘theroutlying: stations:come' to; neutral: during. a
~pause in o signal train whether that: pause is.of
9 marking or;spacing nature;::Since:the first.pause
in:the signal shown in Fig.-10 follows the second
current. transition:whereas;that-shown -in Fig. 9
-occurs-after: the firsh current. transition the- step-

50 by stnp selectors will be: advanced two: steps be-
b

nnutral. posmon an‘d the “c,o,nt,ac_t d;sc~o£< a,»st_ep-
by-=step. selector.:at avdifferent.. outlying :station
- will be held; the discs at all-other:stations will be
released Followmg the bause: the» dlscs w1ll4be
 was. pr_evxously. held-ak its .Melev,anth,st,ep_ where it
. will: againsbe held. At its second: step: to-the.one
stabmn at whlch thes contact dlsc issheld:in the
60,16“1301156 ta ;the: Atwelf,thh and,,ﬁhlrteen,th,,_,,g__nal
wtransitions:to the-thirteenth eontact ‘of the, step-
_by=step selector where the-relay. corresponding to
the relay 452 will be-operated: to-operate-in turn
thesrelay:corresponding to:-relay 84D and the.re-
lay corresponding: to:-relay 4ST.: This will start
. the:transmission-of: signals from-:the called out-
-lying station te.indicate the:operative ‘condition
- of that.station.

Centml ‘office “registers signal . from second
~station

‘At the:central:office.station the receiving -ap-
L-paratus responds:in -the;same -manner:as pre-
.. viously :described-to:the:signal:received from the
-second called: station:-and: if: the.signal; contains

70
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only one spacing  impulse, to indicate: a “no

trouble” condition the brushes of stepping switch .

1A are advanced only to the No. 1 contact. Fol-
lowing the release of relay. iM. a circuit is comn-
pleted over the uppermost armature and front
contact of the relay (not shown) associated with
the conductor 152B to: operate .the uppermost
lamp relay in the second series, corresponding to

the relay IEl to effect the lighting of ‘the upper- .

most lamp in the second series, corresponding to
the lamp iBl. The release of relay IM also re-
sults in buzzer operation of the stepping magnet
1A to restore.the brushes of the stepping switch
to zero position and in reoperation of relay 2N.

Central office transmits further selective signal

Again the relay 2N. energizes transformer
secondary 259 to initiate those operations which
result in the stepping of the brushes of stepping
switch 3C {o the No, 4 contacts and in the opera~

tion of relay 2W to initiate the transmission of =

another station calling signal and the advance-
ment of the brushes of stepping switch 3B.

With the brushes of stepping switch 3C engag-

ing their No. 4 contacts a circuit will be com-
pleted. for the energization: of the third relay in
the series .{Dt. to [ADI8 and from the .same

grounded brush which completes the energizing .

ccircuit for that relay a circuit will be prepared
to the No. 3 contact of bank 3B2 for the energiza-
tion: of the relay 3AA. Thus when the stepping
switch 3B reaches the No. 3 contact incident to
the transmission of the third current transition

which is from marking to spacing, a long spacing:

interval will be introduced due to the operation
of relays 3AA and 3AB and a signal as repre-
sented in Fig. 11 will be transmitted-to effect the

selective calling of another outlying station. The -

called station will respond and transmit a “no-
trouble” signal or a trouble signal identifying the
condition existing thereat and the corresponding
lamp in the third series of lamps will be lighted
at the central office station. Relay 2N will then
be operated to advance the brushes of stepping
switch 3C to the No. b contact and to start an-
other cycle .of switch 3B. With the brushes:of
stepping switch 3C engaging the No. 5 contacts
the brush associated with bank 3CI completes the
circuit for the next relay in the series IDI to
{D10 and prepares a ground path for the ener-
gization of relay 3AC through the No. 4 contact
of contact bank 3B4.. When the brushes. of step-

ping switch 3B reach: the No. 4 -contacts which -

occurs incident to the transmission of the No. 4
signal transition which is from spacing to mark-
ing, a long marking interval will be introduced
by the- relays 3AC and 3AD to effect the trans-
mission. of the signal shown in Fig. 12 for selec-
tively  calling another outlying. station.
called station will respond ahd transmit one or
more signals appropriate to its condition where-
upon the relay 2N will again be operated. -
From the foregoing it will be apparent that the

signals are varied to selectively call the outlying:
stations by the alternate employment of the pair

of relays 3AA and 3AB and the pair of relays
3AC and 3AD under the alternate control of con-
tact banks 3B2 and 3B4 to introduce-alternate

long spacing and marking intervals at progres- .

sively later points in the signals as the trans-
mission of successive signals proceeds..  This op-

eration continues. until all of the outlying sta-.
tions have been called and their operative condi-.

tions have been registered on the banks of lamps
in Fig. 1,
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Ceniral office releases outlying stations and re-
‘ " turns to normal

Followmg the reception of the incoming signal
from the last outlying station to be called the

~brushes of stepping switch 3C are stepped.to the

next set of contacts which in the specific em-
bodiment of the invention disclosed, involving ten
outlying stations, would be the No. 12 contacts.
In the bank 3Cl there are no connections to any.
of the contacts beyond No. 11, so that no circuits
will ‘be completed. to energize the relays 3AA or
3AC during the remainder of the cycle of stepping’
switch 3Cl... At the contact bank 3C2 battery is
connected from the brush through all of the con-

- tacts from No. 12 to the end of the bank over con-

ductor 386 and. winding of relay 3BB to ground.
At-bank 3C3 ground is connected by its associated
brush over all of the contacts from No. 12 to the
last  contact in the bank and through conductor
381, interrupter contacts of stepping magnet 3C
and winding of that magnet to grounded battery.
Thus- the stepping switch 3C is set in operation
in buzzer manner to advance its brushes rapidly
to their zero positions. No change in connections
occurs at any of the other three banks.of contacts
of stepping switch 3C prior to arnval oi the
brushes in the zero position.

At its inner armature and front contact the
relay 3BB connects ground over conductors 388
288 and ‘winding of relay 2P to grounded battery
whereby the relay 2P becomes energized to drive
the loop 12 to spacing condition. This spacing
condition continues until the brushes of stepping
switch:3C have been advanced to their zero posi-

itions and the relay 3BB, which has a slow-to-re-

lease characteristic, releases.” At:its otiter arma-~
ture and back ¢ontact the relay 3BB disconnects
the front contact of relay 2BC from the winding
of relay W so that the latter relay cannot become
energized under the control of relay 2BC. It is to
be - remembered that the operation of the relay
2—8 under the control of relay 2N which catised
the brushes of stepping switch 3C to step to their
No, 12 contacts also caused the operation of re-

‘lay 2BD which, upon release, causes the opera-

. tion of relay 2BC. Were it niot for the preparatory
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opening of the circuit of relay 2W at the outer
armature and back contact of relay 3BB the relay
2W would. be operated by the relay 2BC and would
in turn operate the relay 2. This would not only
restore the loop 12 to marking condition, thus in-
terfering with the transmission of the long spac-
ing signals, but would also cause the operation of
relay 2Y torestart the stepping switch 3B through'
another cycle. This is not desired since.the auto~
matic signal transm1tt1ng apparatus ‘at the cen-
tral office’ station is in ‘the process of restoring
to normal position.. Upon the arrival of - the
brushes of stepping switch 3C in the zero posi-
tions, the energizing: circuit for relay 3BB is in-
terrupted so that that relay releases and restores
the loop 12 to marking condition and ground is
disconnected from the’ interrupter contact ener-
gizing circuit for the stepping magnet 3C so that
the brushes are arrested in their zero positions.

At the contact bank 3C5 ground is removed from -

the holding circuit of relay 1Q which releases and
at the contact bank 3C6 ground is removed from
the holding circuit of relay 255 which releases. -
Thus .the central office station is restored to the
identical condition which existed initially with
the exception that at least one lamp in each of
the banks of lamps in Fig, 1 is energized to denote
the condition of the outlying stations which the
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banks of lamps représent. . After the~condition
of the lamps has been noted ahd a record made
of those which are lighted, if-desired,-the holding
circuits for the lamp- operating relay .may be re=
leased by momentarily.opehing the:key 134.

The long.spacing signal imposed on loop: 12 by
relay 2P sends the receiving.line:relays.af all of
the. outlying -stations, exemplified.by. the. relay
482 in.Fig. 4, to the:left-hand or spacing: con-
tact for a long interval. This advances.the step-
by-step selectors at all of the:stations.one step and
when the :discharging current for the.condenser

in: series with. the. selector dies. out the  contact.

discs .will ‘be released and restored .te. normal-at

all of the.stations except at:that station the call-. 15

ing.signal ‘of ‘which has:2 slong.spacing.interval
following the. first:signaling: current’ transition.

Fig. 9 represents that-particular signal-and:in;the:
description of -the: operation . of the: system . the.
station shown in Figs. 4 and 5 was identified as-:gg

the one responsive to:the signal:shown:in Fig. 9.
Accordingly, it inay be assumed that atthis staz

tion the:contact disc .of the step-hy=step selector:

is held at the No. 1 step. The contact-dise.com-
pletes no civeuit in this position sothat shisopera-
tion. is. of no. consequence. -

With the receiving relay 402:in:spacing: condx-
tion for an interval considerably-longer than any

of the long spacing intervals:that were:contained
in’ the station .calling ‘signals:the relay:4E:and.:
corresponding relays at all:of the outlying stations
have: their holding : circuits  interrupted.. long:

enough for the relays to release. The relay 4E re=

leases the relay4H and the:relay:bBi, if it had..
been-held energized following:the-transmission:of ..
a signal indicating -trouble-free :condition-of the:
station, is released by the relay:4H. ‘Thus at all:

of the stations which were indicated $o:be trouble=

free the entire set of station apparatusis restored .
to.normal condition. .:At.those stations which.re- .

ported the existence:of trouble conditions; corre=

sponding.ones-of the relays:inthe &Biseriesremain..
held through: the.right-hand-armature:and back..
contact of relays: corresponding to:theirelay 4D...
.45-may be effected by signals transmitted from the

Upon: restoration of the:logp:12 .to:marking.fol-

lowing the release of the relay: 2C all of the step~
by-step . selectors. are again: stepped: one.-step.-
Since it has been assumed that the contact. disc.of .

the: selector at the statlon shown in-Figs.-4-and-5
was held at the first ‘step:in response fo-the tran-
sition - to spacing condition,. that. disc will -be

stepped .to. the second step in response: to. the-
restoration to marking condition.. The.disc. has.:
no holding pin in the-second step, position and, .

accordingly, the disc is restored to normal.. "At
all of the other outlying stations the contact discs
return to normal after being stepped one step.

Central office sends-signals ‘to remedy troubles- or -

to.register call: for’a,tt‘endant

trouble condition at any-staions which.exhibit
such . conditions. The dial 201 " which .controls

the transmitting relay 2P permits the attendant .
to transmit ¢ode signals which will ¢ause spéecific.

operations to be performed.at any station.selec-

tively; for example, if ‘the troiible;condition is.-

such that no remedy can bé efféctéd automati-

cally under remote control .and.it is"neces§sary to.

dispatch  a sérvice atténdant “to remedy. the
trouble:

-28-

It is sometimes “the practice to provide..
a telephone at the’ central office station and one’

at-éach of: the outlying- statlons, all infercon~-
nected by ‘a common circuit ‘which' ‘includes no
equipment - for ringing. The - selective - calling
equipment-according to the present invention ai-
. §  fords means for registering a calling-in signal- at
any -outlying station whereby a service attendant
may be instructed to communicate with the cen-
tral office ‘by telephone. 'This may- be accom-
plished in-the case of ‘the station' shown in Figs.
10 4 and 5 by the transmission of a dial code which
will cauise the step-by-step selector to step to the
eleventh step -and- pause, where the -cifcuit  of
relay- 481 will be completed; and then to -the
fifteenth step -and pause by-the transmission of
four -additional line current transitions-to eifect
the energization of relay 453. Upon the release
of the relay-4S1, which-occurs after relay 483 is
energized a circuit will be completed from the
grounded back contact and-inner armature -of
-relay- 481, winding of relay 4B, movable front
contact and stationary back contact of the relay,
second innermost armature and back contact-of
relay 4S2, second innermost armature and front
contact of relay 452, second innermost armature
and 'back contact of relay 454 and winding of
relay 4F to grounded battery. The relay 4F will
set.in operation the alarm 471 and the relay 4F
will ‘be held by the key 412 which an’ attendant
may operate to release relay 4¥F.

The chain circuit paths through the other sets
of armatures.and back or front contacts of the
relays 452, 453 and 4S84 which may be completed
by the operation of those three relays in permuta-
tional combinations provide; in cooperation with

5 relay 4B controlled by relay #Sf, circuits for ef-
fecting- remedies automatically.. For example,
these selectively operable circuits may control the
switching -in of auxiliary -batteries,  the starting
or stopping of an auxiliary gasoline engine for

4 supplying emergency power by means.of an aux-
ilisry-generator, or the releasing of sleet repeaters
which- may -have ‘been -connected automatically
into the circuit as a result of a sleet.condition.
These" are. imerely examples of controls which

central office station and there may be-numerous
other types of operations which it may be desired -
to-accomplish in the same manner.
It ‘should be noted that each of the station
50 calling ‘codes shown in Figs. 9 {0 13, inclusive,
contains fourteen line current transitions, the
effect of which is to step the step-by-step selector
at -the called station to its fourteenth position.
The’contact disc completes circuits at the odd-
g5 -nunibereéd contacts beginning with {1 and ac-
cordingly has holding pins for those positions,
but-it-has no-holding pins for the -even-numbered
positions- from- fourteen to -eighteen, inclusive.
Accordingly, when the armature of magnet 418

. 80~ goes to neutral position following the fourteenth .

PFollowing the reception. of troub]e free and .
trouble-indicating signals from all, of the outlying
stations the attendant at the central.office station.
may take appropnate action with reference.to a.

transition the disc is released and:is restored to
normal by its restoring spring. In the case of
transmission of calling codes from dial 20} a dif-

~ ferent situation- exists since the dial has no pro-
65 vision for transmitting long pulses and the exact
number of ¢urrent transitions must be transmit-
ted to effect the stepping of the step-by-step se-
lector-at the called station to the desired posi-
tions.” Thus, upon the signal responsive opera~
70: tion of the step-by-step selector operated by mag-
net 418 to its fifteenth contact to effect the opera-
tion of relay-4F the contact disc will' remain in
the advanced position until dial 102 is again op-

~ erated. In order toreleasethe selector it is neces-
78 sary for the attendant at the central office station
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tg opeérate the dial to transmit one additional
pulse, which will step the contact disé shown in
Fig. 4 to its sixteenth step where it will not be
held but will be permitted to return to normal
position.

The dial 1082 is of a type which closes ifs con-
tacts to energize the relay 2P and reopens its
contacts to release the relay in response to each
two digital steps of the dial. Thus if an even
number is dialed the dial contacts are in: the
same condition at the end of the dialing opera-
tion as they were at the beginning but when an
odd number. is dialed the dial contacts are left
in the opposite condition from that which existed
before the dialing operation. These references
to odd and even numbers refer to each digit dialed
and not to the matter of whether the number
representing a call is odd or even. The calling
codes shown in Figs. 9 to 13, inclusive, and also
the calling code shown in Fig. 8 and the releasing
signal shown in Fig. 14 contain an even number
of current transitions and accordingly the loop
{2 is always left in the same condition, namely,
the marking condition. - Similarly, the dialing of
the digit 1 following the dialing of codes for
selecting relays 452, 4S3 or 4S5S4 represents the
transmission of one current transition in addition
to the previously transmitted odd number of cur-
rent transitions and, accordingly, restores the
loop to marking condition.

In the process of advancing the contact disc
at the station shown in Fig. 4 to contact 13, .15
or T to perform an operation at the outlying
station, the contact disc came to rest momen-
tarily on the eleventh contact thus completing
the energizing circuit for the relay 4S{ from which
the relays 4E and 4H became energized and held
through their holding circuits. Thereafter the
contact disc stepped to the next selected position
or positions and ultimately came to rest on one
of the contacts 13, {5 or 17 where it remained
until the additional single pulse was transmitted
to release it. The pulse which stepped the disc
to the final selecting position is of spacing nature
and accordingly, while the disc remains in that
position, relay 482 remains in spacing position
and releases the holding circuit for relay 4E which
has a slow-to-release characteristic, If the at-
tendant at the central office station delays the
dialing of the digit 1 to release the step-by-step
selector for an interval longer than the release
time of -relay 4E, that relay will be released.
However, if the attendant transmits the addi-
tional impulse promptly the relay 4£62 will be
restored to marking condition and will hold the
relays- 4E and 4H energized. In order that it
will not be necessary to' place dependence upon
delaying ‘the dialing of the digit 1 and in order
to provide a positive operation for releasing the
relay 4E the normally open key 291 connected
between ground and the winding of relay 2C has
been provided. TUpon the operation of this key
the relay 2P is operated and should be held closed
for an interval which is amply sufficient to effect
the release of relay 4E.  Loop 12 will remain in
spacing condition while key 291{ is closed and will
return to marking condition when the key is re-
leased. In connection with the operation of key
291{ all of the step-by-step selectors at the outly-
ing stations will respond in the same manner that
they did to the long spacing interval which was
transmitted, to effect the release of all of the out-
lying stations and the contact discs of all of the
selectors will return to normal, -
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Central office may recheck all stations. for
troubles

If an attendant at the central office station
should for any reason find it necessary to recheck
for trouble conditions at outlying stations fol-
lowing a roll call and reception of the signals from
the stations or should the attendant desire to
make a check of the stations even though none
has indicated a trouble condition, by starting the
automatic roll call mechanism, he may accom-
plish this by closing key. 141, which will connect
grounded battery over conductor 194, right-hand
armature and back contact of relay IQ and con-
ductors 102 and 202 to the relay 2R, for a suffi-
cient length of time to effect the energization of
the relay 2R. The effect of this is the same as
if relay {L had gone to spacing condition for a
sufficient interval to energize relay 2R and will
start -the automatic roll call apparatus. Since
the calling or rechecking of a station for trouble

-condition reports results in the operation of relay

4D over conductor 453, the holding circuit for any
one of the relays in the series 5B that is energized
will be interrupted. This permits the associated
relay in the 5A series to be reoperated, if the
trouble still exists so that the trouble will again
be reported.

Attendant at outlying station may call central
office

It has previously been stated that each of the
outlying stations has a normally closed key, such
as the key 40[, in one side of the loop if the op-
eration of which will open the loop. It has also
been stated previously that the relay 1K is an
alternating current relay and will not release in
response to polar signals on loop {i but will re-
lease in response to opening of the loop.  When
relay: IK releases it intérrupts the energizing cir-
cuit for relay |J which at its left-hand armature
and back contact completes the energizing circuit
for g relay IH. At its outer armature and front
contact the relay {H completes the circuit of a
lamp 142, the purpose of which may be to indicate
to the attendant at the central office station that
an attendant at an outlying station desires to
convey informaion by telephone. At its inner
armature and front contact the relay !H com-
pletes a holding circuit through normally closed
key 143 so that the lamp 142 may be operated as
a result of a momentary opening of loop 1 and
the lamp will remain in operation until it is re-
leased by operation of key 143. The relay iJ
has a slow-to-release characteristic so that it will
not be released and cause false operation of lamp
142 in response to “hits” on loop .

At its right-hand armature and back contact
the relay (J completes the energizing circuit of
a relay IG which is made very slow to operate.
The operating time of relay |G may be from
thirty seconds to several minutes for example.
At its armature gnd front contact the relay G
completes the operating circuit for an open line
alarm device 144 which may be g lamp or gong
for attracting the attention of the attendant. If
the alarm 144 becomes operated it will indicate
to the attendant that the loop 11 is in trouble by
having become open at some point, because it will
be an operating routine that a service attendant
will not operate a line opening key at an outlying
station, such as the key 401 or 601, for a sufficient
interval to bring in the open line alarm when such
attendant is seeking to opera,te the lamp 142 as
a calling-in signal.
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Although’ a specific. embodiment- of the inven-
tion has been disclosed:in the drawings and de~
scribed in the foregoing specification, it will be
understood that the -invention is not-limited to
such specific -embodiment but: is capable of modi-
fication and rearrangement without departing
from the spirit of the invention and within the
scope of the appended claims.

What is claimed is:

1. In a communication system; a principal sta-
tion, g plurality  of subordinate-stations, a com-
munication channel interconnecting said stations,
means at said subordinate stations for transmit-
ting sighals over: said: channel to said principal
station, a plurality of register-devices at said prin-
cipal station of which one-is allocated to each sub-
ordinate station, means controlled by signals re-
ceived from said subordinate stations for actuat-
ing said register devices, a stepping switch having
a contact bank for-assoeciating said registers with
said actuating means in succession, and means
responsive  to cessation- of signals from a sub-
ordinate station.for-a predetermined interval for
advancing said stepping switch.

2. In a communication system, a principal sta-
tion, a plurality -of subordinate stations, a com-
munication channel interconnecting said stations,
meang at said subordinate stations for transmit-
ting signals over said. channel to- said. principal
station; a plurality of banks of register devices at
said principal station of which one bank is allo-
cated: to each- subordinate station, a stepping
switch operable-in: response to signals received
from said subordinate stations for selecting a par-
ticular register-device in a bank to be: operated, a
second stepping: switch for associating said banks
of registers with said:-first stepping switch in suc-
cession, and means responsive to cessation of sig-
nals. from a subordinate.station for a.predeter-
mined.interval for advancing said second stepping
switch.

3. In. a communication:system, a principal sta-
tion, a plurality. of subordinate stations, a com-
munication -channel interconnecting said stations,
means at said-subordinate:stations. for transmit-
ting: combinations.of.signaling impulses over said
channel to said principal station, a plurality of
banks: of. register devices. at said principal. sta-
tion of which one bank is-allocated to each of said
subordinate. stations, a. -stepping switch. at said
principal station having a contact bank and a
traversing brush. operable .to traverse the. entire
contact bank in response to each:combination of
signaling impulses. received. from. a subordinate
station for-selectively. gperating one of the reg-
ister devices -in a. bank for each.traversal of the
contact bank, a second stepping switch. for asso-
ciating said banks.of registers with said.first step-
ping switch in succession, and.means responsive to
cessation of signals from. a.subordinate station

for a.predetermined. interval for .advancing said-

second stepping switch,

4, In.a communication system,a principal sta-
tion, a subordinhate .station, transmitting and re-
ceiving line circuits.interconnecting said.stations,
means.at said suberdinate:station individually re-
sponsive to.various.trouble conditions thereat for
placing the transmitting line.circuit extending
to said principal.station.off normal, means-at said
principal station. respansive: .to said. off-normal
condition for transmitting.over the transmitting
line circuit. extending. fo-said suberdinate. station

a preliminary cenditioning signal, means at said:

subordinate station responsive to-said preliminary
signal for restoring its transmitting. line. circuit
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to normal, means at-said -principal station for
automatically transmitting a calling-signalimme-
diately  following said. preliminary - signal, and .
means gt said subordinate station operable in re-
sponse to said calling signal for transmitting over
its. transmitting line circuit a signal indicative of
said trouble condition.

5. In a communication system, a. principal sta-
tion, a subordinate station, transmitting and re-
ceiving line circuits interconnecting said-stations,
means at said subordinate station individually re-
sponsive to various trouble conditions thereat for
placing the transmitting line circuit extending to
said prineipal station off normal, means at said
principal station  responsive:to said off-normal
condition for-transmitting over the transmitting
line extending to-said subordinate station. a pre-
liminary conditioning signal, means at said sub-
ordinate station responsive to said preliminary
signal for restoring its transmitting line circuit to
normal, means at said principal station for:auto-
matically transmitting: a calling signal imme-
diately following said. preliminary signal, means
at said subordinate station operable in response’.
to said calling signal for transmitting over its
transmitting line circuit a.signal indicative of said.
trouble condition, and lock-out means at said sub-
ordinate station for precluding repetitious. off-
normal conditioning-of the transmitting line cir-

~cuit extending from said subordinate station by

the continuance of: the.trouble condition.

6. In'a communication system; a. principal sta-
tion, a plurality of subordinate stations, a line cir-
cuit for transmitting signals from said prineipal.
station to.all of said:subordinate: stations,. a line.
cireuit for transmitting signals from.all of said
suboerdinate - stations- to- said: principal station,
means at each- of said subordinate stations indi-
vidually responsive to-various: trouble. conditions
thereat for placing the second-mentioned line cir-
cuit off nermal, means-at said principal. station.
responsive to said off-normal condition for trans-
mitting over the first-mentioned line circuit. a
preliminary conditioning- sighal, means at each
of said subordinate stations responsive to said
preliminary signal for conditioning the station to
transmit signals indicative of the presence or ab-
sence of a trouble condition thereat, means re-
sponsive to the preliminary signal ‘at the sub-
ordinate station which placed the second-men-
tioned line circuit off normal for restoring said
line circuit ‘to normal-condition-and at all other
suberdinate stations for estopping the placing. of
said line-circuit -off normal upon the occurrence
of a trouble condition -thereat, means-at said prin~
cipal station for automatically transmitting over
said Arst-mentioned. line circuit the selective sta-
tion calling sighals for all:of said-subordinate sta-.
tions in succession, and means:at. each of said:
subordinate stations: operable. in response to its:
selective:calling signal.for transmitting. over said.
second-mentioned. line circuit signals -indicative:
of trouble conditions.-thereat. or alternatively, a
signal indicative of. a trouble-free condition.

7. In a communication. systemn; a principal sta-
tion, a plurality of subordinate- stations, a.line
circuit for transmitting signals from said prin-
cipal station to-all of said.subordinate stations,
a line. circuit for transmitting. signals from-all-
of said subordinate -stations to:said.principal sta-
tion, means at.each of said subordinate. stations:
individually ‘responsive -to-various -trouble condi~
tions thereat for - placing the. seeond-mentioned
line circuiti off normal, means at .said:principal:
station responsive to-said -off~-normal..condition.



2,444,078

41

for transmitting over the first-mentioned line
circuit a preliminary conditioning signal;, means
at each of said subordinate stations responsive to
said preliminary signal for conditioning the sta-
tion to transmit signals indicative of the presence
or absence of trouble conditions thereat, means
also responsive to said preliminary sighal at the
subordinate station which placed said second-
-mentioned line circuit off normal for restoring
said line circuit to normal condition and at all
other subordinate stations for estopping . the
placing of said line circuit in off-normal condition
upon the occurrence of a trouble condition there-
at, means at said principal station for automati-
cally transmitting selective calling signals for all
of said subordinate stations in succession, means
at each of said subordinate stations operable in
response to its selective calling signal for trans-
mitting over the second-mentioned line circuit
signals indicative of trouble conditions thereat or
alternatively, a signal indicative of trouble-free
condition of the station, and means at each sub-
ordinate station effective following the trans-
mission of sighals indicative of all trouble. con-
ditions existing thereat or of trouble-free condi-
tion for depriving the station of further control
over said second-mentioned line circuit.

8. In a communication system, a principal sta-
tion, a plurality of subordinate stations, a line
circuit for transmitting signals from said princi-
pal station fo all of said subordinate stations, a
line circuit for transmitting signals from all of
said subordinate stations to said principal station,
means at each of said subordinate stations indi-
vidually responsive to various trouble conditions
thereat for placing the second-mentioned line
circuit off normal, means at said principal sta-
tion responsive to said off-normal condition for
transmitting over the first-mentioned line cir-
cuit a preliminary conditioning signal, means at
each of said subordinate stations responsive to
said preliminary signal for conditioning the sta-
tion to transmit signals indicative of the presence
or absence of trouble conditions thereat, means
also responsive to said preliminary signal at the
subordinate station which placed said second-
mentioned line circuit off normal for restoring
said line circuit to normal condition and at all
other subordinate stations for estopping the plac-
ing of said line’ circuit in off-normal condition
upon the occurrence of the trouble condition
thereat, means at said principal station for auto-
maitically transmitting selective calling signals for
all of said subordinate stations in succession,
means at each of said subordinate stations oper-
able in response to its selective calling signal for
transmitting over the second-mentioned line cir-
cuit signals indicative of trouble conditions
thereat or alternatively, a sighal indicative of
trouble-free condition of the station, means at
each subordinate station effective following the
transmission of signals indicative of all trouble
conditions existing thereat or of trouble-free con-
dition for depriving the station of further con-
trol over said second-mentioned line circuit, and
means at said principal station for delaying the
transmission of each succeeding selective calling
signal until the last-mentioned means at the pre-
viously called station has operated.

9. In a communication system, a principal sta-
tion, a plurality of subordinate stations, a signal
transmission channel interconnecting all of said
stations, means at each of said subordinate sta-
tions for transmitting over said channel a signal
common to the occurrence of any of a plurality
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of trouble conditions, means at said: principal

-station  responsive -to -said common  signal for

transmitting over said channel the selective call-
ing signals of all of said subordinate stations in
succession, means at said subordinate station re-
sponsive to their respective calling signals for
transmitting over said channel signals represent-
ing the identity of any trouble condition existing
thereat, and means at each of said subordinate
stations for precluding transmission of said com-

- mon signal during selective calling and respon-
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sive signal transmission of all of said subordinate
stations.

10. In a communication system, a principal sta-
tion, a plurality of subordinate stations, a signal
transmission channel interconnecting all of said
stations, means at each of said subordinate sta-
tions for transmitting over said channel a signal
common 0 the occurrence of any of a plurality
of ftrouble conditions, means. at said principal
station. responsive to said common signal for
transmitting over said channel the selective call-
ing signals of all of said subordinate stations,
means at said subordinate stations responsive to
their respective calling signals for transmitting
over said channel signals representing the iden-
tity of any trouble conditions existing thereat,
and means at each of said subordinate stations
for precluding transmission of any signals what~
soever during selective calling and responsive sig-
nal transmission of said subordinate station ex-
cept in response to its own selective calling signal.

-11. In a:communication system, a principal sta-
tion, a plurality of subordinate stations, a com-
munication channel interconnecting said stations,
means at said subordinate stations for transmit-
ting combinations of signaling impulses over said
channel to said principal station, means for caus-
ing each subordinate station to transmit a sep-
arate combination of signaling impulses for each
of any two or more concurrently existing trouble
conditions, a plurality of banks of register de-~
vices at said principal station of which one bank
is allocated to each of said subordinate stations,
a stepping switch at said prinecipal station having
a contact bank and a traversing brush operable
to traverse the entire contact bank in response
to each combination of signaling impulses re-
ceived from a subordinate station for selectively
operating one of the register devices in a bank
for each traversal of the contact bank, and a
second stepping switch for associating said banks
of registers with said first stepping switch in suc-
cession,

12. In a communication system, a principal sta~
tion, a plurality of subordinate stations, a com-
munication channel interconnecting said stations,
means at said subordinate station for transmit-
ting combinations of signaling impulses repre-
senting trouble conditions over said channel to
said principal station, means at said principal
station for transmitting combinations of signal-
ing impulses representing selective station calls
over said channel to said subordinate stations,
means responsive to a trouble condition at any
subordinate station for causing the transmission
of a general trouble signal, means responsive to
reception ‘of said general trouble signal at said
principal station for initiating roll-call transmis-
sion of said selective station calls, means for caus-
ing each subordinate station to transmit a sep-
arate combination of signaling impulses for each
existing trouble condition thereat, means at said
principal station for detecting cessation of trans-
mission from any called subordinate station, and
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