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This invention relates to an alarm and control 
circuit for an intelligence transmission system, 
and more specifically to an alarm and control 
circuit for enabling the Supervision of a plu 
rality of unattended repeater stations by an at 
tended repeater station embodied in such system. 
The automatic operation of an alarm and con 

trol circuit involving several unattended repeater 
stations and an attended repeater station in co 
axial signaling transmission systems has been 
long known. However, in those alarm and con 
trol circuits, the operating conditions at the un 
attended stations were assumed to be normal, 
in the absence of a fault signal received at the 
attended station. If for any reason a fault sig 
nal failed to be recorded in the attended Station 
to indicate the occurrence of the fault and/or 
an undesired change in operation conditions at 
the attended stations Several hours may have 
elapsed before the fault or changed operating 
condition was made known to the operating per 
SOnnel at the attended station. This may Occa 
Sion an avoidable interruption of transmission 
service. In coaxial intelligence transmission sys 
tems arranged for transcontinental operation, it 
is desirable to reduce interruptions of service to 
a matter of seconds, and/or to eliminate them 
entirely. 
The present invention contemplates, accord 

ingly, Supervisory techniques that tend to anti 
cipate the occurrence of certain faults in coaxial 
transmission Systems whereby a material reduc 
tion of fault occurrences as well as the time dura 
tion thereof may be effected. 
The present invention therefore concerns an 

alarm and control circuit of the remote Super 
Visory type for use in coaxial signaling trans 
mission systems whereby the operating personnel 
at an attended repeater station may check the 
Operating conditions at each unattended repeater 
Station whenever desired; may cause the per 
formance of preselected operations of remotely 
controllable mechanisms at each unattended re 
peater Station; and thereafter may check such 
performances to ensure that the controlled 
mechanisms are operating as intended. 
The main object of the invention is to provide 

an alarm and control circuit for supervising a 
plurality of unattended stations from an attended 
Station in a coaxial intelligence transmission 
System. 
Another object is to check the operating con 

ditions at each unattended station at will. 
A further object is to reduce the frequency of 

OCCurrence of faults: 

(C. 17-353) 
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Another object is to reduce the time duration 

Of individual faults. 
Another object is to request information from 

preselected unattended stations, and to record 
at the attended station the responses to such re 
quests. 
Another object is to transmit operational Order 

signals to preselected unattended stations, and 
to check the manner in which Such orders have 
been carried out thereat. 
Another object is to provide a cable failure 

alarm for reporting to the attended Station the 
occurrence of faults on the transmission line. 
Another object is to condition for transmission 

Only one group of Several groups of unattended 
Stations at a given time. 
Another object is to preclude interference in 

the signaling transmission between a designated 
unattended Station and the attended station by 
the other unattended stations in the same group. 
Another object is to provide permanent records 

of certain operating conditions at each umat 
tended station on a predetermined time basis. 
In a specific embodiment, the invention con 

prises an attended repeater station connectable 
to one or more unattended repeater stations ar 
ranged in predetermined groups extending in pre 
Selected geographical directions relative to the 
attended Station. Each unattended station in 
cludes a station alarm sending circuit connected 
to various alarm circuits thereinfor automatically 
transmitting to the attended station a signal in 
dicating when a major and/or a minor fault 
occurs thereat; and an indication Sending cir 
cuit for scanning predetermined indication points 
in response to a certain order from the attended 
station and sending to the latter station signals 
corresponding to the conditions of the indica 
tion points. In this connection there is contem 
plated the sending of indication signals repre 
Senting a possible 168 indication points at each 
unattended station, the first five and the last five 
Signals constituting Synchronizing signals. The 
term “indication' as used therein refers to the 
status of various operational conditions at each 
unattended station, such for example, as the 
functioning or non-functioning of transmission 
lines, the condition of the Order Wire circuit, 
whether the order signals sent from the attended 
Station to particular unattended stations have 
been fulfilled thereat, etc. An illustration of the 
latter Would be whether a gas engine actually 
Started after an order to start it at a preselected 
unattended station had been sent thereto. This 
may be accomplished by causing each unattended 
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Station to send signals corresponding to the 
pOSSible 168 indication points thereat. 
The attended station comprises a bank of 168 

neon lamps connectable to the 168 indication 
points at each unattended Station. Of these 
lamps, the first five and the last five are con 
trolled by the ten synchronizing signals to indi 
cate synchronization between the remaining 158 
indication points and the corresponding lamps. 
The attended station also includes circuits for 
Sending code orders to the unattended stations 
to select a certain one of the latter stations and 
to perform thereat specific operations such, for 

0. 

example, as those mentioned above concerning ... 
the possible indications associated with each 
unattended station. The sending. of operational 
Orders is achieved by dialing at the attended sta 
tion the code of individual unattended stations, 
followed immediately thereafter by a code, corre 
Sponding to the operation to be performed 
thereat. The 168 indication lamps are arranged 
under a translucent plate in such manner 
that a data, sheet of letter size may be placed 
Over it and the illuminated lamp positions man 
ually noted or recorded on the sheet. This will 
provide a permanent record of the condition of 
the indication points at each unattended station 
at the time the record was taken. 
The attended station further includes a lamp 

mechanism for receiving the major and/or minor 
alarm Signals Sent out from the individual unat 
tended stations, and for identifying the unat 
tended station originating the alarm signal as 
well as whether the alarm was a major or minor 
type; and thereafter for sending out an order 
Signal for causing the particular unattended sta 
tion initially originating the alarm signal to 
repeat it. This Will afford a determination 
Whether the initial alarm signal was due to a 
transitory or permanentifault. In this connec 
tion, a transitory fault will not cause the repeti 
tion of the initial alarm signal whereas a perma 
nent fault will effect immediately a repetition of 
the initial alarm signal. 
Three composite signaling channels and a neu 

tralizing channel provide the necessary circuits 
for transmitting signal pulses and steady-state 
current between the attended and unattended 
Stations. Two types of composite signaling cir 
cuits are utilized, one being a ground terminal 
and the other a battery terminal. Each section 
of transmission line extending between adjacent 
stations employs a battery terminal and a ground 
terminal, the battery terminal being connected 
to the end of the line section farthest from the 
attended station and the ground terminal on the 
end of the line section nearest to the attended 
Station. A fourth signaling channel serves to 
neutralize interference in the electromagnetic 
relays utilized in the three composite signaling 
channels by aiding in the suppression of longi 
tudinal, currents and in the prevention of cross 
fire, between the three composite signaling chan 
nels. - 

Channel transmits a signal to the attended 
station when the channel is seized by an unat 
tended Station in response to the occurrence of a 
fault thereat. If the attended station is free to 
receive, alarm signals, it responds to the seizure 
signal by sending a signal over channel, to the 
faulty unattended station to proceed With the 
Sending of the major and/or minor alarm signals, 
to the attended Station. Channel is therefore 
adapted for two-way transmission. Channel 2 

15 

4 
to the unattended stations and synchronizing sig - 
nals from the unattended stations to the attended 
station. Channel 2 is therefore adapted for two 
way transmission. Channel 3 transmits indica 
tion. Signals in the direction from the unattended 
Stations toward the attended station, and is 
therefore adapted for one-way transmission only. 

Vibrating circuits associated with the three 
composite signaling channels serve to reform the 
Signals thereby compensating for Signal distor 
tion by shortening long pulses and lengthening 
short pulses and in addition serve to repeat the 
Signals in both directions. When one or more 
unattended Stations intervene between the 
attended Station and the particular unattended 
station originating the alarm signals, all inter 
vening unattended stations repeat the alarm sig 
nals. The three composite signaling channels 
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and the ineutralizing channel together with the 
attended and unattended stations connected 
thereto include circuit provisions for sequence 
and lock-out operation to preclude interference 
between an unattended Station originating alarm 
and/or indication signals and the remaining 
unattended Stations in the same group when the 
former unattended station is engaged in trans 
mitting Such Signals. The attended station also 
includes circuit provisions for directional lock 
Out Operation to preclude interference between 
tWO Or more groups of unattended Stations con 
nected to the attended station. The signaling 
channels include a cable failure alarm whereby 
the over-all transmission system may be sec 
tionalized for locating points of cable failure. 
A feature concerns automatic operation 

whereby a fault originating in any unattended 
station is immediately reported in the attended 
station. This involves seizure of channel by the 
fault unattended station and the sending of a 
Signal by the latter station to the attended sta 
tion; and, Subsequently, a return signal sent out 
On channel - by the attended station that the 
System is conditioned for the transmission of the 
alarm signals by the fault unattended station. 
Another feature involves the identification in the 
attended station of the unattended station origi 
nating the alarm together with an indication of 
the type of alarm, i. e., whether the fault is a 
major or minor one. Another feature relates to 
a lock-out circuit in each unattended station 
Whereby when one unattended station is engaged 
in the process of transmitting alarm signals to 
the attended station, the transmission of alarm 
signals from all other unattended stations is held 
up. A further feature relates to the directional 
lock-Out circuit in the attended station whereby 
alarm signals from unattended stations extend 
ing in all but one geographical direction are held 
up While. alarm Signals from unattended stations 
extending in the one geographical direction are 
transmitted to the attended station. The alarm 
signals So held up will not be transmitted until 
the Signaling channels of the respective groups 
of unattended stations are conditioned for signal 
transmission. 
Another feature relates to a circuit in each 

unattended station for recognizing the termina 
tion of the pulses required for identifying both 
the particular unattended station originating the 
alarm pulses and the type of alarm, i.e., whether 
a major or minor one. Another feature involves 
a recheck circuit whereby an operator at the 
attended Station may cause each unattended sta 
tion sending in an alarm to repeat the alarm 

transmits order signals from the attended station 75 signal. This will provide an indication for the 
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operator whether original alarm signal was due 
to a transitory fault ora permanent fault; if due 
to a transitory fault, the fault or alarm indicator 
will not be reactuated in the attended station; 
and if due to a permanent fault, the fault or alarm 
indicator Will be reactuated at the attended sta 
tion. - 

Another feature relates to the use of balanced 
circuits whose differential current serves to con 
trol the operation of electromagnetic relays em 
bodied therein. This enables two-way signal 
transmission. On one line conductor. Another 
feature involves a storage of the major and minor 
alarms at the attended station so that the alarms 
will not be lost until cleared and so that new 
alarms may be received from the same or a differ 
ent unattended station. - 
Another feature concerns an arrangement for 

scanning a possible 168 indication points at each 
of the unattended stations and indicating the 
conditions of such indication points at the at 
tended station. This arrangement also serves to 
isolate unattended stations more remote geo 
graphically from the attended station than the 
unattended Station whose above-mentioned .168 
indication points are in the process of being 
scanned; and to hold up the transmission of sig 
nals originating in all unattended stations other 
than the unattended station whose 168 indication 
points are being scanned. A further feature re 
lates to synchronizing mechanism whereby each 
indication point Scanned at each unattended sta 
tion will be indicated by the proper lamp at the 
attended station. A feature involves a lock-out 
circuit for preventing the transmission on channel : 
2 of Signals tending to outgo from the sending 
director circuit at the attended station during 
intervals when the indication sending circuit at 
one of the unattended stations is engaged in send 
ing out on channel 3 indication signals corre 
sponding to the conditions of the indication 
points at Such unattended station. A feature 
includes a cable alarm circuit for indicating the 
occurrence of a fault on each of the signaling 
channels and for isolating the channel section 
on which such fault has occurred but permitting 
signaling transmission from unattended stations 
closer to the attended station. Another feature 
concerns a neutralizing circuit common to the 
three composite signaling channels for enabling 
the normal operation of these channels regardless 
of the existence of relatively large amounts of 
alternating current and/or direct current ground 
potential. 
The invention will be readily understood from 

the following description taken together with the 
accompanying drawing in which: 

Fig. 1 is a box diagram showing a plurality 
of unattended repeater stations connected to an 
attended repeater station from each of four differ 
ent geographical directions, all of which repeater 
stations are adapted to include an alarm and 
control system in accordance with a specific em 
bodiment of the invention; 

Fig. 2 is a box diagram showing the box diagram 
of Fig. 1 with additional circuit details; 

Fig. 3 is a schematic circuit diagram of the 
attended repeater station of Figs. 1 and 2 showing 
an alarm receiving circuit in accordance with the 
specific embodiment of the invention; - 

Fig. 4 is a schematic circuit diagram of the 
attended repeater station of Figs. 1 and 2 show 
ing a portion of the composite signaling circuit 
ground terminal; 

Fig. 5 is a schematic circuit diagram of the 
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6 
attended repeater station of Figs. 1 and 2 show 
ing the sending director circuit; 

Figs. 6 and 7 are schematic circuit diagrams of 
the attended repeater station of Figs. 1 and 2 
showing an indication receiving circuit in ac 
cordance with the specific embodiment of the 
invention; 

Fig. 8 is a schematic circuit diagram of the 
attended repeater station of Figs. 1 and 2 show 
ing a cable failure alarm receiving circuit in ac 
cordance with the specific embodiment of the 
invention; . 

Figs. 9 and 10 are schematic circuit diagrams 
of the unattended repeater stations of Figs. 1 and 
2 showing, a station alarm sending circuit and 
portions of the composite signaling circuit ground 
and battery terminals in accordance with the 
specific embodiment of the invention; . . . 

Figs. 11 and 12 are schematic circuit diagrams 
of the unattended repeater stations of Figs. 1. and 
2 showing a receiving director circuit in accord 
ance with the specific embodiment of the inven 
tion. 

Fig. 13 is a Schematic circuit diagram of the 
unattended repeater stations in Figs. 1 and 2 
showing a further portion of the composite signal 
ing circuit battery terminal of Fig. 10; 

Figs. 14, 15, 16 and 17 are schematic circuit 
diagrams of the unattended repeater stations of 
FigS. 1 and 2 showing an indication sending cir 
cuit in accordance with a specific embodiment of 
the invention; 

Fig. 18 is a Schematic circuit diagram of the 
unattended repeater stations of Figs. 1 and 2 
showing a further portion of the composite signal 
ing circuit ground terminal of Fig. 9; 

Fig. 19 is a schematic circuit diagram of the 
unattended repeater stations of Figs. 1 and 2 
showing a cable alarm sending circuit in accord 
ance with a specific embodiment of the invention; 

Fig. 20 is a schematic circuit diagram of the 
attended repeater station of Figs. 1 and 2 show. 
ing the remaining portion of the composite signal 
ing circuit ground terminal included in Fig. 4 and 
the directional lock-out circuit associated with 
the alarm receiving circuit in accordance with 
the Specific embodiment of the invention; 

Fig. 21 shows the arrangement of the circuits 
of Figs. 3 through 20 for the most expeditious 
understanding of the specific embodiment of the 
invention; and 

Fig. 22 shows a data sheet for indicating oper 
ating conditions at the unattended repeater sta 
tions for the purpose of a permanent record. 
The complete alarm and control system shown 

in FigS. 1 and 2 in accordance with a specific 'em 
bodiment of the invention consists of one at 
tended repeater station and one or more groups 
of unattended repeater stations extending in the 
same or different geographical directions. These 
repeater stations are of a type utilized for the 
transmission of intelligence. Each unattended 
station is connected to the attended station by 
four conductors, either directly or through other 
unattended stations in the same group and sepa 
rate from the coaxial signalling transmission 
System per se. Thus the same four conductors 
Serve to provide control circuits for all stations 
in the same group. Each four-conductor link 
between adjacent stations with same group is 
equipped with a composite signaling circuit at 
each end. These composite signaling circuits en 
able the four conductors between stations to 
provide two signaling paths from the attended 
station to all unattended stations in the same 
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group and three signaling paths from each un 
attended station in the same group to the at 
tended station as well as a path for neutralizing 
the effect of extraneous currents on Signaling 
transmission on the aforementioned paths. 
Major and minor alarms originating at the 

unattended stations are transmitted to the at 
tended station by means of a station alarm send 
ing circuit at each unattended Station and a 
station alarm receiving circuit at the attended 
station. When an alarm originates at an un 
attended station in response to the occurrence 
of a fault thereat, this unattended station seizes 
control of signaling channel t extending to the 
attended Station and sends a ground Signal. Over 
this channel to the latter station and waits for 
the attended station to reply automatically by 
sending a battery signal back over the same 
channel to the fault unattended station, and 
thereafter the fault unattended station transmits 
a series of fault signal pulses to the attended 
station. The number of fault signal pulses 
transmitted indicates the identity of the unat 
tended station and the major or minor char 
acter of the alarm. The station alarm receiving 
circuit at the attended station counts the fault 
signal pulses, operates an audible alarm and en 
ergizes a lamp to indicate the identity of the 
station originating the alarm and the major or 
minor character of the alarm. This alarm in 
dication may be wiped out at the attended Sta 
tion whereby the fault unattended Station is 
caused to repeat the alarm signal for the purpose 
of ascertaining whether the fault Still existS. 

Certain preselected operational order signals 
as previously identified may be transmitted from 
the attended station to individual unattended 
stations by means of a sending director circuit 
at the attended station for initiating the order 
signals and a receiving director circuit at in 
dividual unattended stations for responding to 
the order signals. The sending director circuit 
contains a telephone type dial that is operable 
in the usual manner to send order signals. Each 
order signal is transmitted by dialing three 
digits. The pulses representing these digits are 
transmitted by the composite signaling circuits 
over channel 2 to the receiving director circuits 
in the unattended repeater stations. The first 
digit indicates the designated unattended Sta 
tion to which the order signal was directed. All 
unattended stations in all groups count the pulses 
of this digit. The designated unattended Sta 
tion recognizes this digit and prepares to count 
the pulses in the next two digits while all other 
unattended stations stop counting and ignore 
the remaining digits of the order signal origi 
nated by the sending director circuit. The re 
ceiving director circuit in the designated un 
attended station counts the pulses of the Second 
and third digits and upon the completion of the 
reception of the order signal causes the pre 
selected operational order represented by these 
digits to be carried out. The sending director 
circuit at the attended station contains relays 
which count the pulses of the first digit of each 
sending director order signal So as to restore 
the energization of the major and/or minor 
alarm indicating lamps associated with the 
designated station each time the sending di 
rector circuit is operated for the transmission 
of order signals. 
Other preselected operational orders such, for 

example, as an order to send information re 
garding certain conditions may be initiated by 
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8 
the sending director circuit at the attended sta 
tion on channel 2 and responded to by an in 
dication sending circuit at each unattended sta 
tion and an indication receiving circuit at the 
attended station for the purpose of obtaining 
information concerning the certain conditions 
at each unattended station. This information 
is transmitted from one unattended station at 
a time to the attended station over signaling 
channels 2 and 3. In response to Such opera 
tional order signal, the indication sending circuit 
at the designated unattended station goes 
through a predetermined cycle of Operations that 
causes all existing information on the certain 
conditions thereat to be transmitted to the at 
tended station. Information on each of the 
certain conditions is indicated by an open or 
closed condition of a pair of contacts associated 
with each such condition at the unattended sta 
tion. The system described and illustrated 
herein, will transmit indication signals concern 
ing 168 pairs of contacts at each unattended 
station. The indication receiving circuit at the 
attended station contains 168 lamps, one lamp 
corresponding to each pair of the 168 pairs of 
contacts at each unattended station. During 
the operation of the predetermined cycle of the 
indication sending and receiving System involving 
one unattended station and the attended station, 
the indication sending circuit at the designated 
unattended station generates a series of Syn 
chronizing pulses and transmits these pulses 
over channel 2 to the attended station. These 
synchronizing pulses serve to activate a Scanning 
circuit at the attended station whereby the Send 
ing and receiving ends of channel 3 in turn 
are connected successively to one pair of the 168 
pairs of contacts at the unattended station and 
the corresponding lamp in the attended Station. 
Each time the indication sending circuit at the 
designated unattended station encounters a closed 
pair of contacts, an indication signal pulse is 
transmitted over channel 3 to energize the COr 
responding lamp in the attended station. Each 
such indicator signal pulse is accompanied by 
a particular synchronizing pulse on channel 2 
to insure that the indicator signal pulse is as 
sociated with the proper lamp. These 168 lamps 
at the attended station corresponding to the 168 
pairs of contacts at each unattended Station are 
placed under a translucent plate on a writing 
shelf or the like so that a permanent record of 
conditions in the unattended station may be ob 
tained by manually placing an appropriately 
marked sheet of paper on top of the translucent 
plate lamp bank and suitably manually marking 
such paper on each spot under which -a, lighted 
lamp is shown. Interlock circuits are provided 
at all unattended stations to limit the aforesaid 
signaling operations to one unattended station 
and the attended station at a given time. 
Cable failure alarm signals are provided by 

cable failure alarm. Sending circuitS in all un 
attended stations and a cable failure alarm re 
ceiving circuit in the attended station. These 
circuits operate to produce alarm signals at the 
attended station in case of failure of signaling 
channels , 2 or 3 and provide means for isolat 
ing the defective section of the cable whereby 
the portion of the control system lying between 
the fault section and the attended station is 
permitted to operate on a normal basis. 
The detailed operation of the alarm and con 

trol System shown in Fig. 2 will be explained 
hereinafter With reference to the description and 
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operation of the components located in one un 
attended station and in the attended station 
shown in Fig. 1. With reference to Fig. 1 it will 
be obvious that the unattended stations may be 
connected to the attended station from at least 
four geographical directions. . . 

Station clarin sending circuit 
Figs 9 and 10 provide a circuit at each unat 

tended station, for transmitting a major and/or 
a minor alarm signal to a station alarm receiv 
ing circuit, Figs. 20 and 3, located in a distant 
attended station. This transmitting circuit 
consists primarily of a pulse generating cir 
cuit; a pulse frequency dividing circuit consist 
ing of relays 22, 23 and 23, a reentrant counting 
chain consisting of relays 25 through 30, and 
a composite signaling circuit battery terminal. 
This transmitting circuit also includes" a plu 
rality of starting or fault relays 2 and 4, each 
being adapted to cause this transmitting circuit 
to seize control of the conductor used for trans 
mitting station alarms and to start the pulse 
generator circuit to the attended station, in 
response to the occurrence of a major or minor 
alarm condition. The pulse generator circuit 
transmits pulses over the signaling channel con 
necting each unattended station to the station 
alarm receiving circuit at the attended station; 
and also operates the counting chain. Each un 
attended Station transmits an alarm signal in 
the form of a predetermined number of pulses. 
Two different pulse numbers are assigned to 
each unattended station, one number to indicate 
a minor alarm and a different number to indi 
cate a major alarm. The number of pulses for 
a major alarm is always one less than the num 
ber of pulses for a minor alarm. For example, 
When ten unattended Stations are connected 
chain-like to the attended stations, the unat 
tended Station lying nearest to the attended 
station may be assigned the code pulses of three 
and four, three to identify a major alarm and 
four a minor alarm; the unattended station ly 
ing second nearest to the attended station may 
be assigned the code pulses of five and six; and 
the third through the tenth lunattended stations 
in sequence may be assigned the code pulses of 
Seven and eight through twenty-one and twenty 
tWO, respectively. Thusly, the code pulses serve 
to identify both the type of alarm signal, major 
Or minor, and the unattended station in which 
the alarm signal originated. When the unat 
tended stations are connected in two or more 
groups to the attended station, a similar code 
pulse arrangement may be used. When a cer 
tain predetermined number of pulses has been 
produced the local counting chain closes a cir 
cuit to Operate relay 6 to stop the pulse generator 
and permit the distant station alarm receiving 
circuit to register the call on the proper annun 
ciator lamp. - - - - M . M 

Any fault arising in an unattended station, 
FigS. 9 and 10, requiring the operation of a minor 
alarm signal in the station alarm receiving cir 
cuit at the attended station, Fig. 3, connects 
ground to lead 340 which extends through a con 
tinuous contact of relay 2, and operating wind 
ing of relay i to battery. This causes a momen 
tary operation of relay whereby the ground 
fault on lead 340 is applied via the upper front 
contact of relay and the operating winding of 
relay 2 to battery. Relay 2 operates and locks 
up through its outer lower front contact to the 
ground fault on lead 340, and interrupts the 
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operating circuit for relay . As a consequence 
of the momentary operation of relay f, the 
ground on the lower front contact of this relay 
is applied to the operating winding of relay 5 
to effect the momentary operation thereof. Re 
lay 5 in operating removes holding ground from 
relay 6 by interrupting its holding circuit com 
prising operating winding and the upper inner 
front contact of relay. - , : lead šia, inner upper 
front contact of relay 2, back contact of relay 
5, lead 34 in Figs. 9, 12 and 11, and back con 
tact of relay 59 in Fig. 11. Thus, the operation 
of relay 5 restores relay 6 to the normally un 
Operated condition in the event that the latter 
relay was left-locked up as a result of the trans 
mission of a previous alarm signal. 
The Operation of relay 2 and the restoration 

of relays f and 5 to the normally unoperated 
condition connect ground from the back contact 
of relay 59 in Fig. 11, lead 341 in Figs. 11, 12 
and 9, back contact. of relay 5, upper inner con 
tact of relay 2, lead 5a, in Figs. 9 and 10, inner 
back contact of relay 6, operating winding of 
relay 7, and battery. Relay T operates to con 
nect ground via its inner upper front contact to 
the Operating winding and battery of relay a 
which thereupon operates. Ground on lead 34. 
is also connected via back contact of relay 5, 
upper Outer contact of relay 2, leads 6 in Figs. 
9 and 10, Outer upper back contact of relay 6, 
contact of relay , operating winding of relay 
9 to battery. The latter relay operates, provided 
that relay it in the unattended station under 
discussion and possibly in other unattended 
stations are not being held operated by alarm 
signals originating in an unattended station lo 
cated more distantly from the attended station 
than the unattended station being presently dis 
CuSSed. In the event that alarm signals are in 
the process of transmission from such more dis 
tantly located unattended station, the operation 
of relay 9 in the unattended station under dis 
cussion is delayed until relay in the latter 
Station is released. - ? :............." : " . , :: 

For the purpose of , this description, it will 
be assumed at the moment that relay. 9 in the 
unattended station, under present discussion, 
Operates, and further that the same relay in 
other unattended stations remains in the nor 
mally unoperated condition. The Operation of 
relay 9 transfers lead 342 from lead 344, to the 
upper front contact of relay 8, lead 2a, winding 
of relay 2, and back contact of relay 3 to 
ground thereon. It will be understood that nor 
mally lead 342 is connected via continuous con 
tact of relay 9 via lead 344, back contact of relay. 
284 in Fig. 19, and lead 343 to the composite 
Signaling circuit and thereby to the relay 9 in 
other unattended stations located more distantly 
from the attended station than the unattended 
station under discussion at this time in the de 
Scription. Ground on lead 342ain Fig. 9 operates 
both relay. 2 in Fig. 9 and relay. 32 in Fig. 10 
at the same time. As a result the ground on 
the upper front contact of relay 32 is substituted 
for the battery which is normally on the back 
contact of this relay. This operation of relay 
32 applies ground signal to the junction of wind 
ings 42 and 43 of relay 36. From this junction, 
a ground signal is further applied via winding 
43 of relay 36 to lead 348 which extends through 
winding 49 of relay 54 and lead 349a to ground 
on contact 453 of relay 447 in Fig. 20. At the 
same time, the ground signal from the above 
noted junction at relay 36 in Fig. 10 is applied 
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via winding 42 of the latter relay to the balancing 
network connected thereto. 

It will be noted that a similar balancing net 
work is connected to winding 48 of relay 54 in 
Fig. 20. As a consequence, relay 54 operates, 
but relay. 36 does not for reasons which will be 
hereinafter mentioned. Relay 54 in Fig. 20 in 
operating produces operations in Figs. 20 and 3 
in the attended station that cause a battery sig 
nal to be automatically transmitted back over 
lead 348 to operate relay 36 in Fig. 10 as soon as 
the attended station is ready to receive additional 
signals from the unattended station under dis 
cussion. Relay 36 now operates and interrupts 
ground on its back contact and applies battery 
via, its front contact to lead 345, front contact 
of relay 9 to the operating winding of relay. 4. 
This relay operates to connect ground over its 
middle front contact, continuous contact of relay 
6 and lead 4a to the junction point of resistance 
5 and condenser 6 in Fig. 9. This indicates 

that the signaling channel extending between 
the unattended station under discussion and the 
attended station, Figs. 20 and 3, is cleared for 
signaling transmission therebetweem; and simul 
taneously therewith activates a pulse generator 
circuit including relay 3 for operation in the 
manner that will now be explained. In the event 
an unattended station nearer to the attended 
station than the unattended station under dis 
cussion is in the process of transmitting alarm 
signals to the station alarm receiving circuit 
at the attended station, the above-mentioned 
battery signal returned on lead 348 is delayed 
whereby the operation of relay 4 is delayed 
until the signaling lead 348...is cleared for sig 
naling transmission thereoVer. 

. In the normal condition, relay 13 in Fig. 9 
is held with its back contact closed by the flow 
of battery current through its secondary wind 
ing and resistance 17. When relay 4 is operated 
to ground the junction point of resistance 5 and 
condenser 6 as above mentioned, the condenser 
charges through the secondary winding of relay 
3. The direction of flow of this charging cur 
rent is such that the armature of relay 3 is 
held against its back contact. Ground on the 
above-noted junction point of resistance 5 also 
causes a flow of battery. current through re 
sistance. 18, primary winding of relay. 3 and 
resistances. 9. and 5 to ground. The flow of 
this current is in the direction tending to operate 
relay I 3 but this current produces fewer ampere 
turns in relay. 3 than the condenser charging 
current so that the relay remains with its back 
contact closed until the condenser becomes 
charged to the point where the ampere turns 
of the primary winding are. greater... than the 
ampere turns of the ... secondary Winding. The. 
latter condition causes relay 3 to operate which 
thereupon removes ground from the circuit pre 
viously traced through the winding of relay.2 
and front contacts of relays. 8 and 9 to the send 
ing lead 342. 
relays 2 and 32. 
rupts the ground on lead 348 and thereby trans 

- mits to the station alarmreceiving circuit the 
first of a preselected group of similar battery 
pulses for actuating an appropriate Signal in 
dicator in the attended station for identifying 
the kind of fault, minor or major, and the par 
ticular unattended station sending in the alarm. 

Relay 3 in operating also connects... ground 
through its front contact to close a circuit from. 
battery through resistances 20 and 19, the pri 

This ground removal releases both. 
The release, of relay 32 inter 
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mary winding of relay 3 to ground. This causes 
a current flow in the primary winding of relay 
3 in a direction tending to cause the relay to 

release. Closure of the front contact of relay 3 
also closes a path from condenser 6, through 
the secondary winding of this relay to cause 
the condenser 6 to discharge and thereby hold 
the relay operated until the discharge current 
falls below the value at which it overcomes the 
current through the primary winding of the 
relay. Relay 3 then releases to close its back 
contact. This terminates the operating cycle for 
effecting the transmission of the first signaling 
pulse. 
When relay 3 releases, ground on its back 

contact serves to operate relays 2 and 32 again 
whereby a second ground signal is applied to 
lead 348; and when relay 3 operates again to 
release relays 2 and 32, the ground signal on 
lead 348 is interrupted thereby completing the 
transmission of the Second signaling pulse of the 
preselected group of signaling pulses. Relay 3 
then releases to close its back contact and thereby 
terminate the operating cycle for the transmis 
sion of the second signaling pulse. The operat 
ing cycle is repeated approximately at the rate of 
ten times per second, for example, until the pre 
selected group. of signaling pulses has been sent. 
out for the alarm purpose previously mentioned. 
The circuit will recognize the end of the pre 
selected group of signaling pulses by operating 
relay 6 and thereby removing ground from the 
junction point of resistor 5 and condenser 7. 
The counting of the preselected group. Of sig 
naling pulses is achieved in a manner which will 
now be explained. 

Relays 22, 23 and 24 in. Fig. 10 provide a pulse 
frequency dividing circuit arranged so that the: 
first closure of both front contacts of relay 2 
causes the operation of relay 24, by connecting 
ground over the inner front contact of relay 4, 
lead? 4b, upper front contact of relay 2, lead 
f4c, upper back contact of relay 22 to the wind 
ing and battery of relay 24. Relay 24 locks up 
through a circuit, including battery and winding 
of relay 24, primary winding of relay 22, back 
contact of relay 23, upper front contact of re 
lay 24, outer upper front contact of relay 7 
and ground. As a consequence. relay 22, oper 
ates on its primary winding when relay f2 rer 
leases at the end of the first pulse to remove. 
ground from this winding via the front contact 
of relay 2. The second closure of relay. 12 op 
erates relay 23 on its primary winding through 
the secondary winding of relay. 22 and holds re 
lay 22 operated on the latter's secondary wind 
ing. The operation of relay 23 opens, the pre 
viously traced locking circuit for relay 24 where. 
upon the latter releases. immediately. Release. 
of relay. 2 at the end of the second pulse opens 
the holding circuit of relays 22 and 23 so that 
both of these relays thereupon return to normal. 
This cycle of operation of relays 22, 23 and 24 
is repeated for each two ground pulses received 
thereat from relay 2. 

It will be noted that the above-described se 
quence of operation-causes ground from a lower 
most front contact of relay 7 to appear on a front 
contact of relay 22 after each odd-numbered 
pulse, and causes the same ground to appear on 
a back contact of relay 22 after each even 
numbered pulse. . 

Relays 25 through. 30. in “Figs. 9 and 10 pro 
vide a reentrant type of counting chain arranged. 
to count a maximum of ten pulses. Obviously, 
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the number of these relays will vary depending 
On the number of unattended stations included 
in the System of Figs...1 and 2 as pointed out 
later herein. The first closure of lead; 38 to 
the lowerfront contact of relay 22, causes the 
Operation of relay. 25 on its primary Winding 
through contacts of relays 28, 26, 27 and 29 in 
Sequence. Relay 25 in operating locks up or 
its secondary winding through contacts of re 
lays 25, 26, 27, 28 and 29 in sequence to a ground 
contact of relay 8. Relay 25 in operating also 
prepares the counting relay circuit So that the 
first ground pulse transmitted over lead .385 
from relay 22 operates relay 26. Relay 26 in 
operating releases relay 25 and prepares relay 
27 for Operation on the next pulse, on lead 384. 
Successive ground pulses transmitted, alternately 
on leads 384 and 385 continue to advance the 

5 

O 

counting relay chain until relay 29 is operated. 
The next successive ground pulse transmitted 
on lead 385 operates relay 3 but does not re 
lease relay 29. Relay 30 in operating connects 
lead 386 to a new set of contacts on relays 
25 through 28. Relay 30, when operated remains 
operated until the entire counting relay circuit 
has been released upon the completion of the 
signaling operation. After relay 3) haS Oper 
ated, the next or seventh pulse operates relay 
25 for the Second time and the counting relay 
chain continues to advance as long as the pulses 
are received from the pulse frequency dividing 
relays 22, 23 and 24. 
When the preselected group of pulses has been 

reached for identifying the particular unat 
tended station as previously pointed out, ground 
from the lower front contact of relay 2 is ap 
plied over lead 386, certain contacts of relays 
26 through 29 of the counting relay chain, and 
one of the optional leads 433 through 436, Fig. 
9, to lead 432 which is connected to a front con 
tact of relay 4 and to the winding of relay 6. 
Relay 6 operates to remove ground from the 
junction of resistor 5 and condenser 6 and 
thereby to stop the aforementioned Operation 
of relays 2 and 3. The lower front contact 
on relay 6 connects ground via a contact of re 
lay 4, lead 4d, winding of relay 2, contacts 
of relays 8 and 9, lead 342 to the winding of re 
lay 32 and battery. As previously mentioned 
this transmits a ground pulse to the station 
alarm receiving circuit in Figs. 20 and 3 in the 
attended station whereat a suitable alarm is 
actuated. This alarm will identify the unat 
tended station from which the alarm Was re 
ceived, and whether the alarm was a minor or 
major, one in a manner that will be presently 
mentioned. Relay 6 in operating locks up 
through resistance 3 to inner upper front con 
tact of relay 6, lead 5a, upper inner contact of 
relay 2 and back contact of relay 5 to ground On 
lead 34. Relay 6 now releases relays 1 and 
8 in sequence to release relay 32 and terminate 
the ground on lead 348 after the alarm has 
been registered in the station alarm receiving 
circuit at the attended station, FigS. 1, 2, 20 and 
3. Relay 4 remains operated until released by 
the removal of ground from lead 345 in response 
to an appropriate signal from the attended sta 
tion in a manner to be explained later. Relay 
4 on releasing then releases relay 9 to connect 
lead 342 via its continuous contact to lead 344 
which is the normal path permitting signaling 
transmission from more distant stations through 
the particular unattended station now under dis 
cussion and thence on to the attended station. 
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14 
Relay, 9 in releasing also restores the path from 
lead 345 to lead 346 of the signaling circuit eX. 
tending toward more distant unattended Sta 
tions, thereby enabling the transmission of 
signals from a nearer unattended station to 
the next more distant unattended station and 
Wice :: WerSa: . - . . . 

Any fault condition arising in the unattended 
Station under discussion and requiring the Op 
eration of a major alarm signal in the station 
alarm receiving circuit at the attended station, 
Figs. 1, 2, 3 and 20 connects ground to lead 347 
in Fig. 9 for effecting the operation of relays 3 
and 4. The operation of the circuit in Figs. 9, 
10 and 11 is the same as that given above for a 
minor alarm except that one less pulse is trans 
mitted from this unattended station to the at 
tended. Station. In this case ground from the 
lower front contact of relay i2 is applied over 
lead 386, one of the optional leads 438 through 
44, and lead 43 to a contact of relay 4 and 
thereby to lead 432 which is connected to the 
winding of relay 6 as previously mentioned. The 
operation of relay 4 therefore ties together leads 
432 and 437 so that all signals transmitted from 
the unattended station under discussion will ap 
pear in the station alarm receiving station of the 
attended station, Figs. 1, 2, 20 and 3 as a major 
alarm until relay 4 has been released. 
As shown in Figs. 1 and 2, it will be understood 

for the purpose of this explanation that the un 
attended station nearest to the attended station 
is adapted to transmit three pulses to indicate a 
major fault and four pulses to indicate a minor 
alarm; the second nearest unattended station to 
send five and six pulses to indicate the major 
and minor faults; and the remaining unattended 
stations to use an increasing number of pulses 
as explained hereinbefore. In this connection 
it will be obvious that the number of relays 
included in the reentrant counting chain of relays 
25 through 30 will depend on the number of 
unattended stations included in the System and 
therefore the number of Signal pulses that 
will require counting. Where the pulses to be 
counted are less than ten in number, the count 
ing relay chain will obviously advance only part 
Way; and Where the pulSeS are more tham ten, 
the counting relays 25 through 30 will include 
an adequate number of relays to perform the 
required counting. 

For purposes of recheck of the above-men 
tioned minor and major alarms, each operation 
of relay 59, in a manner that will be subse 
quently identified, of the receiving director cir 
cuit in Figs. 11 and 12 removes ground from lead 
34f whereupon relay 6 is released if relay 6 hap 
pened to be operated as a result of having trans 
mitted an alarm signal in a previous operation. 
Reapplication of ground to lead 34t in response 
to the operation of the receiving director circuit 
causes relay 9 to reoperate and the circuit in 
Figs. 9. and 10 repeat the above-explained pro 
cedure of transmitting a minor or major alarm 
depending on whether relays and 2 or 3 and 4 
were initially operated. This will serve to dis 
tinguish transitory and permanent faults. A 
permanent fault will cause a reactuation of the 
fault or alarm indicator in the attended station 
Whereas a transitory fault will fail to cause a 
reactuation of such fault or alarm indicator. 
In order to provide means for transmitting an 

additional alarn signal from each unattended 
station while an alarm signal therefrom is effec 
tive in the above manner, it is necessary to pro 

  



15 
vide as many relays I and 2 as there are possible. 
sources of minor alarms and as many relayS. 3. 
and 4 as there are possible sources of major 
alarms. Relay or 3 will cause a monentary 
operation of relay 5 in Fig. 9 to release relay 6 
and thereby cause a repetition of the minor Or 
major alarm sending cycle each time an addi 
tional relay 2 or 4 is operated for each new 
fault. Relays 2 and 4 also provide indication 
leads: ID whose purpose will be explained later 
herein. 
The composite signalling circuit ground ter 

minal for receiving signals from more distant 
stations is shown in the box in Fig. 9; and it will 
be understood that this signaling circuit is iden 
tical with the composite signaling circuit illus 
trated in detail in Fig. 20. Alarm. Signals from 
the more distant stations are received over lead 
383 by the composite signaling circuit in Fig. 9, 
and sent therefrom over lead 343, through back 
contact of relay 284 in the cable failure. alarm. 
sending circuit, Fig. 19, lead 344, continuous con 
tact of relay 9, lead 342 to the winding of relay 
32 in Fig. 10. Relay 32 operates in the manner 
previously explained to pass the signals to the 
station alarm receiving circuit. 

Composite signaling circuit-Battery terminal 
Channel No. 1-Unattended repeater Station. 
Asmentioned previously herein, the pulses from 

the pulse generator including relays f2 and 3 
in Fig. 9 are sent over lead 342 and transmitted 
over the signaling lead 348 in Fig. 10 to the station. 
alarm receiving circuit in attended station, Figs. 
20- and 3. In the normal condition in Figs. 20 
and 3, 9 and 10, lead 342 is connected to lead 344 
in Fig. 10; and relay 32 in. Fig. 10 is released 
whereby battery is applied to a circuit including 
the back contact of relay 32, noise attenuating. 
coil. 34, and resistance 35 in Fig. 10. After the 
latter resistance, the circuit splits into two 
branches; a first branch including winding 42 of 
relay 36, resistance 37, a balancing network con 
stituting an artificial line to balance the line lead. 
348, and junction of resistances. 38 and 39 form 
ing a potentiometer between ground and battery. 
for reducing the voltage applied to the balancing 
network to one-half of the battery potential and 
a second branch including winding 43 of relay 36, 
resistance 40, line lead 348 in Fig. 10 and lead 
348, resistor 58, and winding 49 of relay 54 in 
Fig. 20. After this point the circuit divides into 
two branches; a first branch including winding 
48 of relay: 54, resistor 55, a balancing network 
constituting an artificial line to balance the line : 
lead 348, and junction of resistances 56 and 57 
forming a potentiometer between ground and a 
battery for reducing the voltage applied to the 
balancing network to one-half of the battery 
voltage- and a second branch including resistor 
4, noise attenuating coil 46, lead 349a, contact 
453 of relay 447 and ground, 
With battery applied to the back contact of 

relay 32 in Fig. 10 (and thereby to the associated 
end-of lead 348) and ground applied to contact 
453 of relay 447 in Fig. 20. (and thereby to the 
associated-end of lead 348), the current through 
the winding 43-of-relay 36 flows over line 348 in 
a direction tending to operate relay 36 to its 

; back: ; contact. At the same-time, the flow of 
current over line 348 and through winding 42 
of relay. 36. is-in a direction tending to operate 
this relay to: its front contact. However, the 
amount of current in winding 43 is approximately 
twice, that in winding. 42. As a consequence 
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relay 36 remains on its back contact. With-relay. 
36. in the foregoing condition, ground is applied: 
via its back contact to lead 345. 
When, however, battery is applied to the dis 

tant end of lead: 348. via relay 66. lead: 349 in 
Fig. 3; and contact 454, or relay. 44 to lead 349a. 
for a purpose that will be mentioned later, the 
current flow on lead 348 becomes zero whereby. 
relay. 36 operates to its front contact by the flow. 
of current in winding 42 alone. This opens the 
back contact of relay 36 to remove ground from 
lead 345 and closes the front contact of this relay. 
to connect battery to lead 345. When ground is 
applied to the lead 342, relay 32 operates and 
connectS ground to its front contact. This re 
establishes, the condition of current flow. On lead. 
348, and reverses the direction of current flow. 
in the balancing network and winding 42 of relay. 
36. In a balanced circuit, the differential cur 
rent in the Windings 42 and 43 of relay 36 re 
mains unchanged. Relay 36 will, therefore, fail 
to respond to changes of potential applied to its 
Windings 42 and 43, and Will remain under control 
of the potential applied at the distant end of lead 
348 via relay 66 in Fig. 3 as above stated. 

Composite signaling circuit ground terminal . 
Attended repeater Station. 

In the idle condition of the composite signal 
ing circuit in Fig. 20, ground at contact 453 of 
relay 44 is connected over the 349a, lead and 
noise attenuating coil 46 to resistance. 4. Im 
mediately after this resistance the circuit di-, 
vides into two branches; one, branch including, 
winding 48 of relay 54, resistance 55, balancing 
network, and the junction of resistances, 56-and 
5 which form a potentiometer which reduces 
the potential applied to the balancing network 
to One-half the battery Voltage and a second 
branch comprising winding 49 of relay. 54, re 
sistance. 58, line conductor 348 and the previously 
identified equipment terminating the end of the 
line: conductor 348 in the battery as shown in 
Fig. 10. - 
WindingS. 52 and 53 of relay 54 are connected 

În a vibrating circuit identified below and con 
trolled by the front and back contacts of relay. 
54. Windings 59 and 60 of relay 6 are con 
nected in series with winding 53, of relay 54. 
so that the operation of relay 6, follows the 
Operation of relay 54 for transferring ground 
from lead 350 to lead 35a, and vice versa. With 
ground on lead 349a in Fig. 20, and battery on 
lead 348 at the distant end of the line 348 in 
Fig. 10, the current flow through winding 49 of 
relay 54 is in a direction tending to operate relay 
54 to its front contact while the current foW 
through winding 48 has the opposite effect but 
the amount of the latter current is only half 
the amount of current in the winding 49. As 
a consequence relay 54 operates. When the front 
contact of relay: 54 is closed, condenser. 62 is 
charged through winding 52 and current flows 
through winding 53 and the both windings of 
relay 6. The current through winding 53 of 
relay: 54-tends to operate-it to its back contact 
but does not overcome the magnetic effect of 
the differential current in windings 48...and 49 
of relay. 54. The current in both windings of 
relay 62 holds the armature of relay, 6 - against 
its back contact whereby ground is connected to 
lead 350 associated therewith. ? 
When ground is applied to the end of con 

ductor line 348 via the lower front contact of 
relay 32 in Fig. 10, the line current becomes zero 
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and relay. 54 is operated to its back contact by 
the current flow in its winding 48. Before the 
front contact of this relay is opened, however, 
the current through winding 53, aids the current 
flow. in winding 48. When the armature of relay 
54 opens its front contact, condenser 62, dis 
charges through the windings 53 and 52 in series 
to... aid the current flow through winding 48. 
When the back contact of relay 54 is closed, 
current flow through winding 52 for charging. 
condenser. 62, is in a direction tending to. hold 
the front contact closed. The current flow through winding 53 and windings 59 and 60 is 
reversed, but builds up slowly due to the voltage 
drop in resistance. 63 during the charging inter 
val...of condenser 62. . This.reversal of current 
operates: relay 6 to its front. contact. whereby 
ground is applied to lead 35 a. When battery 
is reapplied to the end of conductor line 348 in 
Fig.10-as above mentioned, relay 54 will return 
to its-front contact. . . The vibrating circuit in 
cluding, relay. 54 will assist in the same, manner. 
as it did during, the operation in the opposite 
direction as just described. The arrangement of 
the vibrating circuit to include the winding. of 
relay 61 permits a voltage swing in the vibrat 
ing circuit which is substantially twice as large 
as could be obtained if relay 6 were operated 
in a circuit independent of the vibrating circuit. 
When the potential applied to lead 349a in Fig. 

20 is changed from grotin?d to battery by the op 
eration-of-relays 66 and 441, the condition of 
current or no current-on-the-line 348-at-a given 
instant. is reversed. The... direction of current 
flow in the balancing.network is reversed at the 
same time so that the direction and magnitude 
of the differential current in the windings. 48 
ands 49:of-relay. 54 remains-lunchanged. Relay 
5- Will, therefore, not respond to changes of 
potential on the lead 349a, but will remain-ex 
clusively for the moment under the control. of 
the potential-applied to the end of line 348 via , 
relay 32 in Fig. 10 in the manner previously ex 
plained. 
The foregoing description of the operations of 

the composite: signaling circuit ground terminal 
in:Fig.: 20 and of the composite-signaling cir 
cuit battery-terminal in Fig. 10 is the same for 
all similar: terminals shown in Figs... and 2. 

Station alarm receiving circuit 
The station-alarm receiving circuit. in Figs. 3 

and 20-operates to-count signal pulses trans 
mitted-from the station-alarm sending circuit 
located in each distant unattended station as 
hereinbefore described-and to register-such..sig 
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nals on annunciator lamps 78,80, 82 and 84. For 
counting the-received signal pulses Fig. 3 con 
tains a pulse frequency dividing: circuit consist 
ing :of Irelays:-68-69., and 70, and a reentrant type 
of counting chain consisting of relays 7-1 through 
76. which is adapted-to-count a maximum of ten 
pulses. ... Obviously, the number of these relays 
will vary depending on-the-number of unattended 
stations included in the system of Figs. 1. and 2 
as mentioned previously herein. Also as above 
discussed, the nearest unattended station 
equipped with therstation: alarm sending circuit, 
Figs. 9 and 10, transmits: three-pulses for a major 
alarm and four pulses for a minor alarm; and 
the more distantistations use a larger raumber of 
pulses: for identifying: the major and minor 
alarms therein. Where less than ten pulses are 
to be counted the reounting-relays chain Will rag 
vance only part way; and where more than ten 
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pulses are to be counted, the counting relay chain 
Will include sufficient relays to perform the neces 
sary counting. For each unattended station, 
Figs. 1 and 2, equipped with a station alarm 
sending circuit per Figs. 9 and 10, the attended 
station includes a group of relays 7, 9, 8 and 
83, and a group of lamps 78, 80, 82 and 84. 
When the station alarm sending circuit per 

Figs...9 and 10 in each unattended Station is 
required to actuate an alarm at the attended 
station in Figs. 20 and 3, a signal over the Com 
posite circuit channel No. ! per Figs. i 10 and 20, 
applies ground to lead 35a, in the manner afore 
mentioned. Relays A4A through 452 provide an 
interlock feature so that the portion of the sta 
tion alarm receiving circuit shown in Fig. 3 can 
be connected to only one composite Signaling cir 
cuit ground terminal at a time. If relays 47 
through 452 are in their normal positions when 
relay 6 operates to connect ground to lead 35a, 
this ground operates relay 447 through contact 
55 of relay.452. Relay 447 in operating con 

nects lead 35 a to lead 35 to operate relay 64 
in Fig. 3 on ground from relay 6. Relay 64 

5 operates relay. 65 which in turn operates relay 66 
to provide holding ground for the above-identi 
fied counting relay chain in Fig. 3. Relay 65 is 
a slow-releasing type and will therefore remain 
operated while signal pulses are being transmit 
ted through relay 64. Relay 66 in operating 
transfers lead 349 from ground to battery. This 
battery is connected through contact 454 of relay 
447 to lead 349a, in order to transmit a battery 
signal to the station alarm sending circuit in the 
distant unattended station to cause the latter 
station to start to transmit signal pulses to iden 
tify itself. Battery from lead 349 and contact 
456 of relay 44 also operates relay 45 which in 
turn operates relay 452 to prevent operation of 
relay 448, 449 or 450 while. leads 35? and 349 are 
connected to leads 35a, and 349a to enable the 
attended station to receive signals from a par 
ticular composite signaling ground terminal. On 
channel No. . . When relays 447 through 452 are 
in their unoperated positions, ground from a con 
posite signaling circuit ground terminal connected 
to lead 35 lb, 35c or 35d will operate relay 448, 
449 or 450 and relays 45 and 452 to connect a 
particular composite signalling circuit ground ter 
minal to leads 35 and 349 in Fig. 3 and exclude 
all other composite signaling circuits While alarm 
signals are being received at the attended station. 
When an unattended station transmits signal 

pulses, each pulse received in Fig. 3 causes a 
momentary release of relay 64. Ground through 
the lower back contact of relay 64 and the lower 
front contact of relay 65 serves to operate relay 
67 and causes the latter to remain operated as 
long as the ground signal pulses are being re 
ceived via relay 64. Ground from an upper back 
contact of relay 64 operates the pulse frequency 
dividing circuit consisting of relays 68,69 and 70 
whose pulses are then counted by the counting 
chain consisting of relays through 6. The 
operation of the pulse frequency dividing circuit 
aand the e counting chain. included in relayš , 68 
through 76. as above identified is identical with 
the operation of corresponding relays included 
in the group. 22 through 30 in Figs. 9 and 10 as 
previously explained. . 
As the counting relay chain in Fig. 3 advances, 

it will be noted that lead 387 is connected suc 
cessively to leads M.J, MN, MJ2, MN2 and there 
by to-relays. 77-and 8. for identifying the un- : 
attended station under-discussion or other groups 
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containing similar relays for identifying other 
unattended stations in-Figs. 1 and 2 as above 
explained. ..If the signal pulses incoming from 
the unattended-station constitute a quantity less 
than 10, the counting chain, through 76 relayS, 
advances only part way. After the last or final 
ground signal pulse of the group has been re 
ceived, the slow-releasing relay 6, releases to 
place ground on lead 387. This ground will be 
effective - through the counting relay chain it 
through 76 until it reaches one of the leads MJ 
etc. and MN etc. to one of the sets of relayS 
7, 9, 8 and 33 adapted to register the number 
of pulses for identifying the major or minor 
alarm. After sufficient time has elapsed to per 
mit the registration of the fault signal, the dis 
tant unattended station originating the signal 
pulses effects the release of relay 64 by removing 
ground from the front contact of relay 3i. This 
releases relays 65 and 86 to remove the battery 
signal from lead 349 extending to the distant 
unattended station sending in the alarm signals 
and thereby releases all relays in Fig. 3 except 
relays 71, 79, 8 and 83. . . . w ?? 
Each group of relays 77, 79, 81, 83 is connected 

to certain leads from the counting relay chain if 
through 76 so that each relay group for each 
unattended station will receive ground when its 
associated station alarm sending circuit located 
at a particular unattended station operates to 
send out alarm signals. Ground on lead MJ 
operates relay 77 on its winding 85 whereupon 
the latter relay locks up on its winding 86 through 
(1) a contact of station alarm cut-off key 87 
and its inner upper front contact to one of the 
H. leads extending to a sending director circuit, 
Fig. 5, whose function will be explained later and 
(2) or a back contact of relay 79. Ground on 
the outer upper front contact of relay 77 oper 
ates lamp 8. Ground on a lower front contact 
of relay 77 serves to operate a suitable audible 
alarm, not shown, to attract the attention of 
maintenance personnel to the occurrence of the 
alarm. Relay may be released by an appro 
priate operation of the sending director circuit in 
Fig. 5 to transmit a signal over line lead 348, 
Fig. 10, to the distant unattended station from 
which the alarm signal was received. The trans 
mission of such signal serves to remove ground 
momentarily from the appropriate H lead in the 
sending director in Fig. 5 whereupon the relays 
operated, in Fig. 3 are released to restore the 
circuit of the latter figure to normal. It will be 
understood that the transmission of such signal 
from the sending director circuit in Fig. 5 will 
have no effect on the fault condition in the dis 
tant unattended station in Figs. 9 and 10 sending 
in the alarm; and that in due course the distant 
unattended station alarm sending circuit repeats 
the alarm signal above explained. Obviously, the 
alarm cannot be permanently wiped out until the 
fault condition causing the alarm is corrected 
at the distant unattended station. 
The audible alarms in Fig. 3 may be silenced 

by the momentary operation of the station alarm 
cut-off key 87. If this key is operated while 
relay 77 is operated, ground from the H lead, 
inner upper front contact of relay 77 and upper 
front contact of the key operates relay 79. This 
relay in operating locks up to the H lead through 
its upper front contact, and interrupts the hold 
ing circuit for relay 77 by opening its back con 
tact 88. Release of relay 7 - removes ground 
from the associated audible alarm and lamp 18. 
Relay 19, in operating applies ground to lamp 

. . . . . . . 20. . . . . 
80 which provides for the silent storage of the 
alarm signal. Relay 79 can be permanently, re 
leased after the alarm.condition has been cor 
rected at the distant unattended station by the 
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operation of the sending director circuit in Fig. 
5 to transmit an appropriate signal to the dis 
tant unattended station. When an additional 
alarm signal is received, while lamp 80 is ener 
gized relay 77 is reoperated so that both lamps 
78 and 80 will be energized and the associated 
audible signal is again operated. Operation of 
the station alarm cut-off key 87 will then release 
relay 77 and leave lamp 80 lighted as above ex 
plained. Thus, ground on leads. MJI, MJ2, etc. 
energizes lamps 78 and 80 to indicate the occur 
rence of a major alarm. Minor alarms are regis 
tered and stored by means of leads MN, MN2, 
etc., relays. 8 and 83 and lamps 82 and 84 all 
of which are operated in a manner similar to 
the operation of leads MJi, MJ2, etc., relays TT 
and 79 and lamps 78 and 80 just described. As 
hereinbefore mentioned, each unattended sta 
tion according to Figs. 9 and 10 transmits two 
different sequences of signal pulses to identify 
major and minor alarms, the major alarm re 
quiring one less pulse. The permanent registra 
tion of the major and minor alarms are also 
shown in Fig. 2. ... - - . . . . . . .' ' 

Sending director circuit in attended repeater 
station . . . . . ... ." - . - 

The sending director circuit, Fig. 5, is included 
in the attended station and provides a dial 89 
for transmitting signals over channel No. 2, for 
lead 354, of a composite signaling circuit to each 
of the unattended stations equipped with a receiv 
ing director circuit which will be explained later. 
The sending director signals consist of a group 
of three digits, each of which may be one of 0 
through 9, the first digit indicating the station 
to which the signal is addressed and the remain 
ing two digits indicating the action to be taken 
at such station. The remainder of the circuit in 
Fig. 5 includes a group of relays for counting 
the pulses in the first digit of each sending direc 
tor signal in order to identify the particular 
unattended station for which the signalis-in 
tended. After determining that station the cir 
cuit of Fig. 5 operates to remove holding ground 
from a particular H lead and thereby deener 
gizes the annunciator lamps 78,80, 82 and 84 in 
Fig. 3 which were energized initially-by the alarm 
circuit of the identified unattended station in 
the manner hereinbefore explained. Since the 
receiving director circuit at the identified un 
attended station causes a repetition of the signals 
identifying the existing alarms at the latter sta 
tion, this results in a reenergization of the an 
nunciator lamps at the attended station as above 
described whereby a recheck of alarm conditions 
at the respective unattended stations is affected 
each time the sending director circuit is operated. 
When the sending director circuit in Fig. 5 is in 

operation, ground is supplied to lamp 90 and dial 
89 over lead 352 by associated indication receiv 
ing circuit, Figs. 6 and 7. This ground is re 
moved from lead 352 by the operation of the 
indication receiving circuit in order to prevent 
sending director signals from interfering with 
the operation of the indication receiving circuit. 
The pulsing circuit of the dial 89 may betraced 
via winding of relay 9? and lead 353 to sending 
relay 12 in compositesignaling circuit ground 

2. The network 92 con 
sisting of a condenser and resistor is provided 
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to aidin producing dial pulses with approximately. 
50. per:cent open and: closed:periods. :The: upper 
front contact of relay 9;and relay do in Fig. 4 
provide means for transmitting director signals: 
over leads: 353a, 353t and 353c., to lead,353 of : 5: 
additional composite signaling::circuit; ground 
terminals in order: to reach unattended stations 
connected to the attended Station by means of 
additional cables...Relay 9 is adapted to Operate 
the counting relays in Fig. 5; to remove ground, l0; 
from one of the H leads extending to the star, 
tion alarm receiving eircuit; in Fig. 3; each time 
the Sending. director circuit is, operated in a 
maanner that will now be explained. . . 
When a Sending director signalis transmitted,: 15 

relay, 9: Wia; ground on its:lower; front contact 
operates; relay '93; which: in operating, operates 
relay 94 to provide a holding ground for various 
parts of the circuit of Fig. 5.3's Relay 93 is a slow 
release type so that both relays 93 and 94 remain:20. 
operated while dial pulses, are being transmitted. 
The first dial pulse, operates relay. 95 through a 
front contact of relay 93 and a lowerback con 
tact of relay: 59 . . Relay -95 holds over between 
dial pulses and remains operated until the end; 25. 
of ; the digit. ". . Ground on the upper back con-. 
tact of relay 94, a front contact of relay.93 and 
back contact: 9 of relay; 96 operates the pulse 
frequency dividing circuit consisting of relays 
98, 99 and 00. 
the same as Irelays:22,23 and 24 iniBig.10. Re 
laysit 045through fo5: provide a straightforward 
conting chain...to count the dial pulses. Ground. 
from: 'contaet Sf06 of Irelay: 98:ª may Libe, traced 
through a path including back contacts-of-relays 35 
02, O3, .04 and 95 and winding of relay: Of 
which operates on the first dial pulse. Relay fell 
in operating prepares the circuit, so that ground 
from contact fols of relay: 98 will operate-relay 
102 on the second pulse. "Relay 340 l. locks-up: 40 
through) continuous contacts of relays : 102, 03, 
04 and fes?-to-grotind-on a-front contact of re 

lay3494. Relay-of-02 in operating releases-relay 
Of by means of contact 108 on the former." The 

counting-chain-continues to step forward until 45 
the end-of-the first digit is reached. The relays 
10 through 105 are arranged to count five pulses, 
ahdadditional relays may be added to the count 
ing chain for counting up to and including ten 
pilses. it this point, a relay in the counting.” 
chain corresponding to the number of pulses in 
the first digit remains operated and relay 95 re 
leases. Relay 95 in operating at the beginning. 
of the digit operated relay, 109 via contactifoof, 

“9?” ~ ) yw and, locked up the latter relay to this 
> Re releasing at the end of the 

first digit operates relay '96 through its i? con 
tact anda front contact of relay.169. Relay 96 
in operating locks up to contact, 2-of-relay: 94 go 
and interrupts the pulsing lead to, the pulse.fre 
quency dividing circuit. 98.99, and 100, so that the 
dial. pulses of Subsequent, digits are not-counted. 
Relay 96 in operating also removes ground from 
the H-leads. When relay 96 operates, the H.lead 65. 
corresponding to the operated relay in the count-, 
ing-chain...becomes ungrounded; but leaves ground: 
on all remaining:Haleads. through contaetsa on 
other relays of the counting-chain. When addi. 
tional digits-are dialed, relay. the, 

relay 

-- W - - - - - 9 follows: 

pulses.aad relay.95 operates and releases on each 
digit-but-none of the other relaysin; this circuit. 
changes its condition, until the dial keys 457 is 
released whereupon fall relaysrin, Fig.5: are re 
turned to the normally non-operated condition. 75 

70: 

The operation of these relays is: 30. 

22. 
Compositesignaling circuit ground terminal in 

attended repeater Station. 

- The composite signaling circuit ground termi 
nalichannel No. 2 in Figs. 2 and 4: is similar to 
the composite signaling circuit ground terminal 
channel: No,...except the former circuit...has 
added thereto relays 3 and f4, whose opera 
tion will be explained later, and sending relay 
2-fi which serves - to reverse the condition of 
current or no current online lead 354. The lead 
353 from the sending director circuit, Fig.: 5, is 
connected through the winding of sending relay 
2. Ground-applied to the lead 353-operates 
relay -2 f and thereby substitutes battery for the 
ground that was normally on resistance f22. 
Signals are sent overine lead 354 to the come 
posite signaling circuit battery terminal, Fig. 13, 
and thence to a receiving director circuit, Figs. 
11 and 12 included in the unattended station 
transmitting the initial alarm signal, 
Composite signaling circuit battery-terminal in 

unattended repeater station 
Fig. 13 provides a composite signaling.circuit 

battery. terminal for receiving order. Signals sent 
over channel. No. 2. This circuit is similar to: 
the composite: signaling circuit battery.terminal 
for channel: No. described above-in-connection. 
with Fig. 10. except a vibrating circuitis con 
neeted to a backs contact, and windings iš 26: and 
32-of-relay. 23. Ground is connected to the 
armature of relay 23 and a battery is alternately 
connected to its front and back contacts through 
resistances 24 and 25, respectively. Current 
flows from battery through one of these resist 
ances, winding 26 of relay f23, and both wind 
ings of relayºf27 inseries aiding andback con 
tact of relay 123 to ground. This current op 
poses the differential current in the windings 
(28 and 129 of relay if 23. Condenser:f39 in 
series with the winding 32 is also bridged across 
the front and back contacts of relay f23. 
During the transmission of pulses from the 

attended station of the system shown in Fig.2, 
the differential current in windings 28 and 29 
is reversed on each pulse. As the differential 
current. approaches zero, the current in winding 

0 26, takes control and operates relay 23 to its 
front contact. During the carnature travel time, 
the discharge of... the condenser f30 through 
windings 2:6 and 32 in series aiding keeps, the 
armature moving in the direction in which it 
started... When the armature. closes the back 
contact, the charging current for the condenser. 
139 causes as large current to hold the contact 
closed. This is opposed by the current in wind 
ing. 26 which builds up slowly due to the volt 
age drop-in the resistances 24 and 25 caused 
by the charging current. As the current in wind 
ing...i.26 increases, the current in winding. (32. 
decreases but before the difference is great enough 
to cause: the armature to leave the contact, the 
differential current betweenthese two windings 
reaches a value: which is high enough to hold the 
armature, on the back contact. Relay. 27 foll 
lows: relays 23. When relay, 23 closes its front 
contact, relay. A 27 closes its front-contact. The 
latterconnects ground to lead 355 to the receiv-: 
ing; director circuit.in Figs. 11 and 12. When 
relay f235 closes its back contact; relay 2 opens, 
its front contact to disconnect ground from: the 
lead: 855. : , . . . . . . ??: : ?????? 
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Receiving director circuit in unattended repeater 
- Station. 

The receiving director circuit, Figs. 11 and 12, 
in each unattended station consists of a relay 
counting chain arranged to count the pulses in 
the first digit of all sending director signals trans 
mitted thereto over the associated composite sig 
naling circuit via channel No. 2. If the first digit 
originated in the sending director circuit at the 
attended station does not contain the prede 
termined number of pulses required for transmit 
ting signals to this unattended station, the re 
ceiving director circuit at the latter station ig 
nores all Subsequent digits until the dial key 457 
in the sending director circuit at the attended 
station, Fig. 5, has been released and reoperated. 
If the first digit contains the required number 
of pulses, then the receiving director circuit at 
the identified unattended station proceeds to 
count the pulses in the next two digits and con 
nects ground to one of the one hundred order 
leads corresponding to these two digits, as will be 
explained hereinafter; and the order lead so se 
lected remains grounded 
releas?d. - 

When the dial key 457 in the sending director 
circuit, Fig. 5, is operated, ground from lead 355 
of the composite signaling circuit in Fig. 13 oper 
ates relay 33, Fig. 11, in series With the sending 
relay connected to lead 356 in the associated com 
posite signaling circuit ground terminal channel 
No. 2, Fig. 18. The composite signaling circuit 
ground terminal, Fig. 18, which is the same as Fig. 
4 transmits the director signals to more distant 
stations equipped with receiving director circuits, 
Figs. 11 and 12. When the receiving director cir 
cuit is located in the most distant station from 
the attended station, terminating-resistance ?34 
and associated battery serve to complete the en 
ergization circuit for relay f33 as shown in Fig. 
11. This relay operates, and thereupon operates 
relay. 35 which in operating operates relay 36 
to provide holding ground to various parts of the 
circuit in Fig.11. Relay 36 also connects ground 
to lead 357 to the cable failure alarm sending cir 
cuit, Fig. 19, to permit an operation of the latter 
circuit in the event that the cable is in trouble 
so as to cause a disabling of channel No. 2 of 

I the composite signaling circuit in the link di 
rectly beyond the station to which the director 
signal is addressed. Each dial pulse from the 
sending director circuit in Fig. 5 causes a mo 
mentary release of relay 33 in Fig.11. On the 
first dial pulse, the lower back contact of relay 
{33 operates relay í37 via lower back contact of 
relay 49 and inner upper front contact of relay 
35. Relay 37 remains operated between dial 

pulses and releases at the end of the first digit. 
Relay ?31 in operating removes the short circuit 
from relay 38 permitting the latter relay to op 
erate. The first and subsequent dial pulses of 
the upper back contact of relay 33 operate a 
pulse frequency dividing circuit consisting of re 
lays 139, 146, í 4 í in Fig. 11 and a counting relay 
chain consisting of relays 42 through 47 in Fig. 
12. The path for effecting the operation of these 
relays may be traced through contact 48 of re 
lay 49, contact 50 of relay f5 , and contact 52 
of relay 35 and the windings of the pulse dividing 
relays. The counting chain in advancing trans 
fers the ground lead associated with contact 53 
of relay 37 in turn to each of the ten leads con 

until the dial key 457 is 
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ground: through contact 53, and relay contacts : 
in the counting chain to one of the leads shown: 
by the optional designations 388 through 397 
shown in Fig. 12. If the Wiring selected for this 
stationis such that the ground from contact | 53 
of relay 37 does not reach contact f 55 of relay. 
f38 at the end of the first digit, the circuit of 
Fig. 11 ignores subsequent digits. In this event 
ground from contact 56 of relay 37 through 
contact 57 of relay 38 operates relay 5 and 
locks the latter relay to contact 58 of relay f36. 
Operation of relay 5 opens the pulsing path via 
its contact 5) to the pulse frequency dividing . 
circuit (relays 139, 40 and 4) so that subse 
quent pulses fail to reach the counting relays. 
In an unattended station in which the optional 

wiring is arranged so that ground (through the 
counting chain) reaches contact 55 of relay 38. 
at the end of the first digit, this ground operates 
relay 59 on its primary winding. In this event 
relay 51 operates in its usual manner but contact 
160 of relay 59 reestablishes the pulse circuit 
from the upper back contact of relay 33 to the 
pulse frequency dividing circuit (relays 39, 40 
and 4) so that subsequent pulses can be count 
ed. Relay 59 in operating removes holding 
ground for the counting chain, relays 42 through 
f47, thereby effecting the release of the counting 
chain in preparation for the counting of the next 
successive digit. . . . . - - - • 

- At the beginning of the second digit originated 
by the dial 89 in Fig. 5, relay 6 operates when 
relay 37 removes ground from resistance 62. 
Relay 6 in operating operates relay f 54 through 
contacts of relays 61, 68 and 59 to connect 
the ten output leads of the counting chain, re 
lays 42 through 47, to the ten relays i?s3 in Fig. 
12. The counting chain functions in the usual 
manner as the dial pulses of the second digit are 
received so that at the end of this digit ground 
from contact 53 of relay 37 in Fig.11 effective 
through the counting relays operates: one of the 
ten 63 relays depending on the number of pulses 
in the second digit. Relay 63 in operating on 
its winding. f64 locks up on its winding 65. 
through its contact f66 to contact 67 of relay. 36. 
in Fig.11. The particular, relay 63 operated in 
the manner just mentioned also operates relay. 
68 which, in operating, locks up to contact 69. 

of relay 36 and at the same time releases relay. 
54 to disconnect the windings of the relays 63 

from the counting chain in Fig.11. Relay 54 in 
releasing removes holding ground from the count 
ing chain in Fig. 12 to prepare this chain for 
counting the third digit. It should be noted that 
the operation of one of the relays 63 connects a 
Selected group often, order leads, designated RD?. 
through RD 0 in Fig. 12, to relay 49. 
At the beginning of the third digit, relay to 

in Fig. 12 operates when relay i37 in Fig.11 op 
erates to remove ground from resistance 
associated with the former relay. The path from 
resistance fill to ground may be traced through 
upper contacts of relay 70, contact 458 of relay 
f63, contact 56 of relay 37 and contact 58 of 
relay 36. Relay 70 in operating provides a new 
holding ground to the counting chain via its lower 
inner front contact. As the pulses are received 
for the third digit, the counting chain functions 
in the usual manner until the release of relay 
37 at the end of the third digit connects ground 
from its contact f 53 to the selected spring on 

nected to relays f49 and 54 in Fig. 12. At the 
end of the digit, relay 37 releases to connect 75 

relay 49 in Fig. 12. Contact 156 of relay 37 also 
connects ground through contact 72 of relay to 
to the Winding of relay 49 causing the latter to 
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óperate and thereby connect the ground from 
the counting chain in Fig. 12 to the selected lea 
connected to relay 63 which is operated, where 
by the required lead of the order leads. RDI 
through RDO is finally selected. Relay. 49 in 
operating opens, the circuits in series, with the 
back contacts of relay 33 in Fig. 11 so that ad 
ditional manipulation of the dial 89 of the send 
ing director circuit in Fig. 5 will not cause the 
further operation of relay 37 in Fig.1.1 and the 
pulse counting relays in Fig.12. Ground remains 
on the selected order lead RD until the diälkey 
45 in the sending director-circuit-in Fig. 5 is re 
leased whereupon relay 33 is released to... cause 
all relays in the circuit of Figs. 11 and 12 to re 
turn to the normal condition. 

Indication sending circuit in unattended 
... repetiter Stations 

Figs. 14, 15, 16 and 17 provide a circuit for 
sending indication signals from an unattended 
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station to an indication receiving circuit in the 
distant attended station. This circuit operates to 
control the energization of individual lamps in 
a bank of lamps in the distant attended station 
for indicating each of a preselected group of con 
ditions at each unattended station. These con 
ditions are associated with, for example 168 in 
dicator contacts connected to fourteen relays 207 
included in Fig. 17. The distant indication re 
ceiving circuit located in the attended station, 
Figs. 6 and 7, contains a neon lamp corresponding 
to each of the 168 indicator contacts. Each in 
dicator contact is associated with an indication 
point which will be identified later herein with 
reference to Fig. 22. When the sending indicator 
circuit is operated by a signal from the associated 
receiving director circuit described above in con 
nection with Figs. 11 and 12, ground over lead RD 
operates' relay 73 in Fig. 14 to start a pulse"gen 
erator circuit consisting of relay TT, condenser 
76 and associated resistancesi 79 and f8 con nected to battery and ground, respectively. 
Pulses from this generator, operate relayS. in two 
counting relay chains to scan each of the 168 in 
dicator contacts by connecting lead 359 of the 
composite signaling circuit battery terminal in 
Fig.13 to each of the indicator contacts in turn 
in the unattended station. At the samé timethe 
pulse" generator" circuit transmits a series of 
ground pulses over lead 360 to the composite 
signalling circuit to operate a páirt of Similar 
counting relay" chains in the distant attended 
station. The two relay chains in the distantat 
te 
Each time lead 359 is connected to a grounded 
indicator contact in the sending indication cir 
cuit; sa signal isºtransmitted over" composite 
signaling circuit channel No. 3 to energize the 
lamp corresponding to the contact. After all 
contacts have been scanned; relay 91 is operated 
momentarily in a local circuit to restore' this 
circuit to normal condition. -- The operation of relay ft3 on ground applied 
to lead RD by the receiving director circuit as justmentioned provides holding ground to the 
7. S A LAAAAAA A AAAS SS S L LSS S SAAS S LLLSS JSSS AALS0 SA AS Fi '14 and 15 ?? 

y 

362 to isolate the similar indication seriding cir 
-cuits-in unattended stations more distant from 
the atterided station while the same-circuit in its front contact of relay-88 to lead 398: 

inded station scan agroup of 68 lamps thereat. 
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the unattended station under discussion is in operation. Gperation of relay 14 connects 

o the junction point of resistance 175 
and condenserf 16 to put the pulse generator re 
lay 77 and its follower relay f18 in operation. 
In theidle condition relay it is held off its front. 

by the flow of battery current through 
e F19, winding 80 of this relay, and 

ace 8. Relay 78 is normally held on its 
backs contact by the flow of battery current 
through resistance 82, and winding 84 of relay 
78. The operation of relay 74 closes a path 

of relay (TT, winding 86 of relay 78, resistance 
- 75 to ground on a front contact of relay 74. 
This eurrent holds-relay f 78 on its back contact 
and tends to operate relay. 17. This tendency, 
however, is overcome by the charging current for 
condenser 76 which flows through resistance 79 
arid winding frelay IT7. Relay I77, there 
fore, remains in the released position until con 
denser 76 is charged to the point where relay 
f77 is permitted to operate on its winding f85. 
Relay. TT in operating closes a circuit from bat 

, 'tery through fesistance f88,'winding Í86 of relay 
78, and winding 85 of relay. TT to ground via 

front contact of relay 77. The flow of current 
in the circuit just traced operates relay 18 to 
remove ground from lead 360 and supplied there 

- by to the composite signaling circuit in Fig. 
and to connect ground via its front contact to 

Eo indicate th? b?ginning of the first 
he two counting relay chains at the at 

e' two local counting relay 
and 16. The current for 6 ? ??? 

· operating relay (Ta' on its winding 86 tends to 
release relay it but this tendency is overcome 
by the discharge current of condenser 76 
through winding 80 of relay TT so that the re 
lease of relay 177 is delayed until the condenser 
is discharged. When relay. TT releases; relay 78 
also releases to restore the normal condition to 
ihe circuit whereupon-condenser 76 charges and 

thie ?????? 

to transmiti95 pulses to the indica 
ing circuit at the attended station, 

chains to operate relay: 9 in Fig.14 to release 
relay ?? 3 after each operation. y 

wo groups of counting relays: in Figs 

hich locks. 
- The end of the first puls 
cuit from: windiñgi 200 of ?SHI?** 

with the winding latter relay to operate 
of relay '90s. The operation of relay fasconieets Of 

ground from contact 20-F on relay 13, overlow 
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ginning of the second pulse from the front con 
tact of relay 78 operates relay 89 on its winding 
2O2 and holds relay f 88 operated on the latter's 
winding 445. The operation of relay 89 re 
leases relay 9). At the end of the Second pulse 
relays 88 and 89 are released to restore the 
dividing circuit to its normal condition and to 
connect ground to lead 399 via lower back con 
tact of relay 88. This operation is repeated for 
each - two pulses from relay 78, and applies 
ground to lead 398 after each odd-numbered pulse 
and to lead 399 after each even-numbered pulse. 
The first pulse over lead 398 operates relay 92, 
Fig. 16, on its winding 203 in series with contacts 
on other relays in the same group. Relay 92 in 
operating locks up on its winding 204 to contact 
205 of relay 73. Relay 92 in operating also 
prepares relay 93 to operate on ground over lead 
399 at the end of the second pulse. Relay 93 in 
operating releases relay 92 and prepares relay 
94 for operation on the next pulse of lead 398. 
Successive pulses over leads 399 and 398 con 
tinue to advance the chain until relay 99 oper 
ates. Relay 99 in operating does not release re 
lay 98. The ninth pulse operates relay 92 for 
a second time, releases relay 98 and leaves 99 
operated. The chain then continues to advance 
a second time until relay 97 is reached at the 
end of the fourteenth pulse. 

Closure of contact 206 of relay 73 operates 
the first relay 207 of a group of fourteen relays 
207, Fig. 17, which connects a group of twelve in 
dicator contacts to the leads designated 400 
through 4. The operation of the counting re 
lays 92 through 99, as described above, connects 
lead 359 of the composite signaling circuit in Fig. 
13 through lead 42 to each of these twelve leads 
in turn beginning with lead 400 in Fig. 16. The 
thirteenth pulse of the above-mentioned four 
teen pulses connects ground from contact 20 of 
relay 73 and lead 43 through contact 208 of re 
lay 99 and contact 209 of relay 96 over lead 45 
to relay 22, Fig. 14, to operate the second count 
ing chain. The second counting circuit includes 
the pulse frequency dividing circuit relays 20, 
2 and 2 f2 in Fig. 14 and the reentrant type 
counting relays 213 through 220 in Fig.15. The 
second counting relay chain operates in a man 
ner similar to the first relay counting chain just 
described and is operated by the thirteenth pulse 
effective, over lead 415 from the latter counting 
relay chain each time the first counting relay 
chain goes through its cycle of operation. The 
fourteenth pulse from the first counting relay 
chain in Fig. 16 operates relay 22 in Fig.14 over 
lead 4 f6 and locks it to lead 399 so that relay 22 
will remain operated until the end of the four 
teenth pulse. Relay 22 in operating removes 
ground from lead 44 to release relays f97 and 
99 in the first counting relay chain to prepare 

this relay chain for counting the next series of 
fourteen pulses from relay 78. The first op 
eration of relay 22f serves to operate relay 222 
via, a contact of relay 20; and relay 222 locks 
up to the same contact to release the first relay 
207 to disconnect the first group of indicator con 
tacts, Fig. 17, from the first counting relay chain. 
The thirteenth pulse of each group from the first 
counting relay chain in Fig. 16 institutes the op 
eration of the second counting relay chain which 
controls the second through fourteenth of the 
group of relays 207 in Fig. 17. The operation of 
relay 2 3 on the first cycle of the first counting 
relay chain in Fig. 16 connects ground from con 
tact 223 of relay - 13 via back contact relay of 220 
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in Fig.15 to the second relay. 207 in Fig. 17 to 
connect a secondgroup of twelve indicator con 
tacts to the first counting relays 92 through 99 
in Fig. 16.. The second counting relay chain con 
tinues to advance and connect a new relay 20 
to the first counting relay chain until the 168 in 
dicator contacts connected to the fourteen 207 
relays have been scanned. During this Scanning 
operation each time a grounded indicator con 
tact is encountered, ground is connected to lead 
359 in Fig. 13 to send an indicator pulse to the 
attended station to operate the indicator lamp 
identified with the indicator contact being 
scanned. The thirteenth pulse on the fourteenth 
cycle of operation of the first counting relay chain 
operates relay 2í8 in Fig. 15 a second time to con 
nect ground from contact 223 of relay 13 in Fig. 
14 through contact 224, of relay 22 and contact 
225 of relay 2f 8 to the winding of relay 9 in Fig. 
14. The latter relay operates to release relay 
3 in Fig. 14 and thereby to restore the circuit 

of Figs. 14, 15, 16 and 17 to its idle condition but 
allows indicator lamps to remain energized. in 
the indication receiving circuit at the attended 
station, Figs. 6 and 7, which will be described 
hereinafter. ............... ? ? ? ? 

If synchronizing signal and indication pulses 
are being sent from an unattended station more 
remote from the attended station than the one 
shown in Fig. 18, such pulses are received from 
Such more unattended station at this ground ter 
minal Over leads 38 and 382. From this circuit 
the pulses are passed over leads 368 and 369 to 
the cable failure alarm sending circuit in Fig. 19, 
through Fig. 19 to the indication sending circuit 
shown in FigS. 14, 15, 16 and 17, and thence to the 
composite Signaling circuit battery terminal.in 
the same unattended station, where they are re 
transmitted toward the attended station as will 
be described later herein. Thus the pulses are 
reformed and repeated at each unattended. sta 
tion along the route to the attended station until 
they are received thereat. 
Composite Signaling circuit battery terminals for 

channels NoS. 2 and 3 . - 

Fig. 13 shows the composite signaling circuit 
battery terminal in each unattended station for 
channels NoS. 2 and 3 as shown in Fig. 2. Chan 
nel No. 2 is used for the transmission of order 
Signals from the sending director circuit in the 
attended Station, Fig. 5, and the transmission 
of indication Synchronizing, signals from the un 
attended Stations to the attended station. A 
Series of pulses sent from the attended station 
by dial 89 in Fig. 5 selects the particular un 
attended station to which an order is directed 
and transmits the order thereto. The pulses sent 
back from the called unattended station serve to 
synchronize the indication receiving circuit in 
the attended station, Figs. 6 and 7, with the in 
dication signals sent back from the called un 
attended station. Synchronizing pulses on lead 
360 in Fig. 14, operate relay 226, Fig. 13, which 
connects ground to the apex circuit of windings 
f28 and 29 of relay f 23. The operation of the 
circuit of Fig. 13 is similar to that of the corre 
Sponding battery terminals of the composite sig 
naling circuit of channel No. described herein 
before. The synchronizing pulses are sent over 
lead 354 to the composite signaling circuit ground 
terminal for the attended station as shown in 
Figs. 2 and 4. - . . . . . 

Channel No. 3 is a one-way circuit operative 
only in the direction from the unattended sta 
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tiönstoward theateridedstatiörandis"utilized 
eškëlüsivel?" för thèt?änš?išŠiön of th? indica 
tiöni signals from eäch unattended st?tiönftö the 
att?ndèd” statiön, Fig. 2. * Fö? *this *p?rpošea 
steady pulse of unit length or a multiple of the 
unit length is sent from the unattended station 
originating the signals, and is chopped up at the 
first ground terminal encountered into a series 
of pulses having half the length of the original 
unit pulse. In Fig.13 battery is connected to 
the line lead 363 through the back contact of 
relay 228, noise killer inductance. 229 and resist 
ance. 230 when the circuit is in the idle condi 
tion. When ground is connected to the 359 lead 
in a manner hereinbefore described, relay 228 
operates to remove battery from its back contact 
and-to connect ground via its front contact to 
line lead 363. This leadterminates through a 
winding of relay. 23- in Fig. 4 in a voltage divider 
at its distant end-of-the line so that the reversals of battery and ground produce equal and oppo 
site cürrents on the line 363. 

Cö?mpõsite * signialing ** circuitº* grö?ñä * terminat 
chdinels 2 and 3 

. The: composite signaling circuit...for channels 
Nos: 2 and 3 in Figs.:2, 4 and 13 is similar to the 
composite signaling; circuit for channel No. f. de 

10 

20 

Scribed thereinbefore: in connections with Figs: 2, 
20 and 10 except for relays í Í3 and í l! in series 
with winding. 6 of relay if 5 in Fig. 4: ; Channels 
Nos. 2 and 3 are interlocked by means of relays 
3 and- 4 so that: when: the Scanning circuit 

explained above, which transmits. Synchronizing 
pulses: over channel No.;2, encounters at an in 
dication point: a grounded lead which sends a 
ground signal over" channel No. 3, the synchro 
nizing and indication signals: via these two chan 
nels will: appear simultaneously: at the attended 
station; This insures that the proper indication 
signal is applied to the corresponding: indication 
lamp. In general, relay: 4 cannot operate, and 
follow pulses over... channel No. 2, as relay: 3 
does, unless an indication signal is being received 
Over channel. No. 32: A Signal over channel No. 
3 releases relay, 23 which thereupon removes 
the locking-circuit::from relay: 4". So that the 
latternay...follow the pulsest over channel No. 2. 
Synchronizing pulses from: the circuit. of Fig. 13 
are received over lead 354 and indication signals 
afe received Overlead 363 

In Fig. 4 it will be noted that one winding of 
relay '3 and, one winding of relay 4, are in 
series with winding [ 16 of:relay í 15 í With ground 
connected through the:front contact of relay 5, 
current through the winding of relay, 3 holds 
thé rilatiterº omºits *back ?ontact, *. Current, through 
winding: 118°of relay. 4 isiina, direction'to op: 
erate the latter to its front contact but current 

of relay 
eversed causing relay. If 3 

ate to its front-contact but holding relay 
bäck contact.* When relay-ff3 op 

synchronizing pulses are sent over lead 
364 to the inéication-receiving circuit in the 
attendedistation; Fi?S32,6-and-7: - 

- ind signaling pulses are 
received simultaneously over leads 354 and 363 
respectively, relays f5 and 23 are operated. In 
this case both” windim?s of relay” fl-4are- ener 
gized in the direction tending to operate the 
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relay so that relay f 4 operates to connect ground 
to lead 365 to send a signaling pulse to thein 
dication receiving circuit in Figs: -2, 6- and 7. 
The indication receiving circuit is a circuit 

which receives only signals from the composite 
signaling circuit, ground terminal, Fig. 4. 
Ground applied via lead "363 to the circuit of Fig. 
4 at an unattended station causes relay 23ft to 
operate or release. While relay 23 is released, 
battery, through resistance 232; contact of relay 
23i, winding 20 of relay 4, contact. 233 of ret 
lay 234 and back contact of 4 to ground; holds 
relay' Í4”on its back contact regardless of the 
direction of current through its winding if 8. 

- When relay 23 operates, relay 4 will be opers 
ated by current through its winding 8"as cont 
trolled by relay 5. The direction of current 
through winding” i 8 offr?lay I i 4*isin” a direction 
opposite to the current' through wiriding of 
relay i3 so that the front contact of relay if A 
will be closed when relay is is operated-to its 
front contact. When relay 5 is operated to its 
back contact, the current through winding fB 
of relay 4 holds relay f4 on its back contact. 
This closes the operating circuit for relay 234; 
whereby this relay is held in the operated cons 
dition." If the locking winding circuit of relay 
i 4 is closed at this time and remains closed; tres 
lay if G cannot operate to its front contact. Rei. 
lay 234 is slow release" and is held operated while 
relay 4 is intermittently operated by pulses 
firom relay f 5. However, if indication signals 
are being received on lead 363 as above mentioned 
and relay 23 is operated, relay 4 operates to 
open its back contact and close its front contact. 
When the front contact of relay 23 is again 
closed, relay 4 is not released until relay? 5 
reoperates at the end of the synchronizing"pulse. 
If relayº il f5 remains in the released position * för 
a lönger interval than is normially required to rei 
ceive one pulse, relay 234 releases to connect 
ground to winding 20 of relay 4 to permit re 
lay-23 to reestablish control over relay i? 4. As 
soon as relay f4 closes its back contact, relay 234 
is reoperated. When relay 4 is operated ground 
is sent overlead 365 to the indication receiving 
circuit in the attended station as shown in Figs. 
2, 6 and 7. 

Indication receiving circuit in attended 
repeater Station 

The indication receiving circuit as shown in 
Figs. 2, 6 and 7 in the attended station operates 
in response to signals received over channels:Nos. 
2 and 3 of the composite signaling circuit. These 
signals originate in an indication sending circuit 
located in One of the distant unattended sta 
tions, and as above pointed out, comprises: (1) 
Synchronizing signals sent over channel No. 2 and 
lead 354 and ultimately rendered effective over 
lead 364, and (2) indication signals: sent over 
channel. No. 3 and lead .363* and ultimately 
rendered effective over lead: 365. The synchro5 
nizing: Signals: Sert. Over channel No. 2 Serve: to: 
operate two chains of counting relays Fig. 6: in 
Such mariner... that relay, 235. Fig. 6, ... operated 
under control of channel No. 3, is connected in 
turn to each of the 168 indicator lamps. 27.6: Fig. 
7. The operationis-such that an indication sig 
nal received over channel No. 3 and via relay 14, 
Fig. 4, causes the operation of relay: 235 to eneral 
gize an iridicator lamps each time the scanning 
circuit in one-off the distant unattended stations 
encounters a grounded indicator contact as 
above-mentioned in connection with 'Figs. 1415, 
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16 and 17. In each of the latter stations an in 
dicator contact is provided for each of the 168 
indicator, lamps. 276 in Fig. 7. After the com 
pletion of one full cycle of operation, the lamp 
bank in Fig. 7 is left with one energized lamp to 
correspond to each grounded indicator contact in 
the distant unattended station. -- 
The operation of relay 236 in Fig. 6 on a signal 

via relay 4, Fig. 4, from the indication sending 
circuit in one of the distant unattended stations 
as above-mentioned, serves to operate relay 23, 
Fig. 6. The latter relay in operating removes 
ground from lead 352 connected to the sending 
director circuit in the attended station, Fig. 5, to 
disable the latter circuit and thereby to prevent 
signals tending to outgo therefrom over channel 
No. 2 of the composite signaling circuit in Fig. 2, 
from interfering with the Synchronizing pulses 
being received at the attended Station via chain 
nel No. 2 and required to operate relay 233 aspre 
viously explained. Relay 237 also operates relay 
238 in a local circuit, Fig. 6, to provide a holding 
ground for the two counting relay chains in Fig. 6. 
Each time relay 236 is released in response to a 
pulse from a distant unattended station, this relay 
supplies ground through contact 239 of relay 23 
to the pulse frequency dividing circuit consisting 
of relays 240, 24 and 242. Figs. 6 and 7 contain 
two counting relay, chains each comprising a 
pulse frequency dividing circuit and a reentrant 
counting chain capable of counting fourteen 
pulses. The first counting circuit in Fig. 6 in 
cludes the previously mentioned pulse frequency 
dividing circuit comprising relays 240, 24 and 
242, and a reentrant counting chain consisting 
of relays 243 through 25. The second counting 
circuit includes a pulse frequency dividing cir 
cuit comprising relays 25i, 252 and 253 in Fig. 6, 
and a reentrant counting chain comprising relays 
25ð through 26 í in Fig. 7. The first counting 
circuit counts the individual pulses from relay 
236, and the second counting circuit advances 
one step each time the first counting circuit goes 
through one full cycle of its operation. The clo 
Sure of ground through the back contact of relay 
235 at the beginning of the first pulse operates 
relay 242 which locks up to a contact of relay 238. 
Removal of ground from the back contact of re 
lay 236 at the end of the first pulse permits relay 
240 to operate on its winding 262 in series with 
the locking circuit for relay 242. The applica 
tion of ground via the back contact of relay 236 
at the beginning of the Second pulse energizes 
winding 263 of relay 243 and winding 264 of re 
lay 24 in series. This operates relay 24 and 
holds relay 240 operated. Relay 24 in operating 
releases relay 242. Removal of the ground from 
the back contact of relay 236 at the end of the 
Second pulse releases both relays 240 and 24 to 
restore the circuit of Fig. 6 to its normal con 
dition. Each two Successive pulses cause the 
relay operation just described. - 
From the foregoing operation, it will be noted 

that ground from contact 265 of relay 238 is con 
nected to contact 268 of relay 240 at the conclu 
sion of the transmission of each odd-numbered 
pulse and to contact 267 of relay 240 after each 
even-numbered pulse. Ground on contact, 268 
and via the contacts of other relays in Fig. 6, on 
the completion of the first pulse, operates relay 
243 which locks up on its winding 270 and con 
tacts of other relays in Fig. 6 to contact 2 of 
relay 238 and which thereupon prepares relay 244 
for operation on the next pulse appearing on con 
tact 261 of relay 240. Ground on the latter con 
tact at the end of the second pulse operates relay 
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244 through contact 272 of relay 243. The opera. 
tion of relay,244 releases relay 243 and prepares 
relay .245 for operation on the next succeeding 
ground from contact 268 of relay 240. In a simi 
lar manner successive pulses from the contacts 
267 and 268 of relay 240 cause the counting chain 
to advance to include relay. 249 until the eighth 
pulse is reached. This pulse operates relay 250 
and prepares relay 243 for operation a second 
time but does not release relay 249. The ninth 
pulse operates relay, 243, releases relay 249, and 
prepares relay 244 for its second operation. The 
counting chain then advances a second time until 
the fourteenth pulse causes the operation of relay 
248, with relay 250 still operated. The operation 
of relay 238 connects ground through its con 
tact 213, back contact of relay 214 and lead Ff 
to the winding of the first relay 275 in Fig. 7. 
The operation of relay 275 connects twelve 
lamps 276 to the twelve leads designated 417 to 
428 to the counting chain in Fig. 6. 
With relay 243 in Fig. 6 operated in response 

to the first pulse as previously mentioned, ground 
via. the back contact of relay 235, Fig. 6, is con 
nected through contact 277 of relay 25C, contact 
28 of relay 243, and contact 29 of the first relay 
275 to the first lamp. 276 in Fig. 7. Now the opera 
tion of relay 235 in response to a signal received 
Over channel No. 3 of the composite signaling 
circuit as hereinbefore explained, will connect 
battery through resistance 280 and the front con 
tact of relay 235 to energize the first indicator 
lamp 276 in Fig. 7 When and if Such signal is 
received before the end of the second pulse ulti 
lized for operating the counting chain as just 
described. Each Successive pulse advances the 
counting chain in Fig. 6 and connects the arma 
ture of relay 235 to a different indicator lamp 
26 in Fig. 7 until the twelfth lamp in the first 
group of twelve indicator lamps is reached. The 
thirteenth pulse counted by the counting relays 
in Fig. 6 connects ground from contact 265 of 
relay 238 through contact 28? of relay 256 and 
contact 282 of relay 247 to the pulse frequency 
dividing circuit aSSociated With the second count 
ing chain as previously identified. This pulse 
Operates the Second pulse frequency dividing cir 
cuit to advance the Second counting chain in Fig. 
7. The fourteenth pulse from the first counting 
chain in Fig. 6 connects ground to the winding 
of relay 283 causing this relay to operate and 
lock up to contact 26 of relay 240 until the 
end of the fourteenth pulse. Relay 283 in oper 
ating removes holding ground from the first 
counting chain to release relays 248 and 250 to 
prepare the counting chain in Fig. 6 for a second 
cycle of operation. The first operation of relay 
283 operates relay 274 and causes the latter relay 
to lock up to contact 273 of relay 238 until the 
entire circuit has completed its operation. Relay 
274 in operating releases the first relay 275 in 
Fig. 7 to disconnect the first group of twelve in 
dicator lamps 276 from the counting relays in 
Fig. 6. The advance of the second counting 
chain to its first position operates the second 
relay 25 in Fig. 7 to connect a second group of 
indicator. lamps 276 to the first counting chain. 
Each time the first counting chain goes through 
a complete cycle of operation the second count 
ing chain advances one step to connect a new 
group of indicator lamps to the first counting 
chain till all fourteen 275 relays in Fig. 7 have 
been operated and the armature of relay 235 has 
been connected in turn to each of the 168 lamps 
276 in Fig. 7. After the 195th pulse has been 
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received, the indication sending circuit in the dis 
tant unattended station, Fig. 2, removes ground 
from channel No. 2 of the composite signaling 
circuit, Fig. 2, so that relays 236, 237 and 238 
are released to restore the circuit in Fig. 6 to its 
normal condition. For the purpose of making, 
whatever record may be required, the neon lamps 
276 in Fig. 7 remain energized until key 27.6a is 
manually operated momentarily to remove plate 
battery from these lamps and thereby to deen 
ergize them. 
As shown in Fig. 2, the 168 lamps 276 (Fig. 7) 

are arranged in a bank directly underneath a 
translucent glass plate 500 on top of which may 
be positioned a transparent sheet 59. The 
lamp bank comprises fourteen rows of twelve 
lamps in each row. 
squares that one square is associated with each 
lamp as illustrated in Fig. 22. From the latter 
figure it will be noticed that ten lamps are used 20 

This sheet is so arranged in . 
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this COnnection, the first five and the last five of 
the 168 indication signals are utilized. When 
the proper lamps are energized or non-energized 
as indicated by the corresponding squares of the 
Sheet 50, this will serve as a positive indication 
that each of the remaining 158 lamps is con 
nected to the proper indication point at the 
particular unattended station to which the at 
tended station is then connected. In the event 
that the ten indication lamps fail to be energized 
Or non-energized in the sequence indicated on 
sheet 50, this will Serve as an indication that 
the lamps at the attended station are not con 
nected to the proper indication points at the 
particular unattended station to which the at 
tended station is then connected. 

Referring to Fig. 22, major alarms are en 
closed in heavy Solid lines; minor alarms are en 
closed in medium weight double lines; and “in 
dications' are enclosed by a single solid line. 

to check the synchronization of the system. In The sheet includes the following data: 

Row Designation 

CA. Fail Send Ckt--- 
Chan. 1-Sect---- 
Chan. 2—Fail - 
Chan. 3-Fail------------------------- 

S S SLSLSLS LSSSLL LSSLSSSLLS SSSSS S S S 

Station. Identification.----------------- 

Fuel Gas Low-------- -- 
Temp. High-Low-- 
Fire---------- 
Door Open--- 
LOC Cut Thru 
COC CUlt Thru. 
PA LO C Clear.-- 
Fuses-Disch 
Fuses-Dist---- 
24-Volts-H-L Volt 24-Volts-Reg. Fail 
ABS-24 w, 30 will 
ABS-48 w 
130 Wolts. 

Gen. Fu 
Genl. Fai 
PoS. Float.--- 
Pos. E-L Loa. 
Neg. Float----- 
Neg. H.-L. Load-- 

Power Control Panel Failure--- 

4------- 

SSSS SSSSLSL LSSLSS LSSLS SSSSSSMSSSLSL LS 

3------ 

201-202W------------------------------ 
203-204W. - 

201?202?? 
23-204E------------------- 
205-206E.--------- 
207-208E----------------- 
Com' A. C. Pwr-Fail--------------- 
Com' A. C. Pwr-Restore.----------- 
Gas Eng-Fail----------------------- 
Gas Eng.-Oper----------??? ?? ?? ??? ?? ?? - - - --? ? 
Alt. Cont. Bay-No Voit. Out------- 

-------------------? 03:20l-202, 203-204, et No Volt Trans, to Mot. Ält 
201-202, 203-204, etc.----------------- 
Motor Alternator Fail 
No. 1. No. 2, etc.---------------------- 
Rect. Fail-24/130 v.------------------- 
48 v. H-L Volt------------- 
Rectifier-Inverter Failure-- 
No. 1, No. 2, etc.----.- 
Rect. -Invert. Oper-------- - - 
Mot. Alt. A. C. Mot. Fail------------- 

|| Mot. Alt. Elmg. Fai)------------------- 
- || ||Power Trs. to Mot. Alt---------- - - - 

Alt. Cont. Fuse. Alarm---------------- 
64ke. Pilot Alarm at Non-Sw. Main--- 
201; 202, 203, etc.----------------------- 
3096 (Wkg. Line) Pilot at Sw. Main---- 

-???-? ??? --????? ???????????? et0 ,205207 ,201-203 

7------- 

2064 kc. Pilot Alarm at Non-Sw. Main 

????????????????????????etc ,201,202,203 

????????????????????et9 ,205-207 ,201-203 
3096 (Sp. Line). Pilot at St. Main...--- 

Explanatory Detail 

Synchronization check. 
Cable failure sending circuit. 
Channel is sectionalized. 
Channel 2-failure. 
Channel 3-failure. 
Edentifies sending station as follows: 
Station 1=Lamp 1 Station 6=Lamp --5 
Station 2=Lamp 2 Station 7=Lamp 2--5 
Station 3=Lamp 1-2 Station 8=Lamp 1-2-5 
Station 4=Lamp 4 Station 9=Lamp 4-5 
Station 5=Lamp 5 Station 10=Lamp. 1-H4--5 
Synchronization check. 
Gas engine fuel supply low. 
Room temperature too high or too low. 
Fire alarm. 
Door open alarm. 
Local order circuit cutthrough. 
Cableman's talking circuit cut through. 
Pilot alarn location circuit clear. Main discharge fuse failure. 
Main distributing fuse failure. 
24 v. battery voltage too high or too low. 
24v. battery charging regulator failure. 
Alarm battery supply fuse failure-24 v., 30 v. 
Alarm battery supply fuse failure-48 v. 
130 Wolt Battery. 
Charging generator discharge fuse failure. 
Charging generator failure. 
Positive battery voltage too high or too low while charging. 
Positive battery voltage too high or too low across load. 
Negative battery voltage too high or too low while charging. 
Negative battery voltage too high or too low across load. 
Power loop failure. 
L units 20 and 202 West. 
L units 203 and 204 West. 
L units 205 and 206 West. 
L units 207 and 208 West. 
L units 20 and 202 East. 
L units 203 and 204 East. 
Lumits 205 and 206 East. 
L units 207 and 208 East, 
Commercial A. C. Power-Failure. 
Commercial A. C. Power-Restored. 
Gas Engine-Failure. 
Gas Engine-Operating. 
Alternator control bay--no voltage output. 
L units 20 and 202, 203 and 204, etc. 
No voltage-transferred to motor alternator. 
L units.201 and 202,203 and 204, etc. . 
Motor alternator failure. 
Machine No. 1, Machine No. 2, etc. 
Rectifier failure-2A v. or 130 w. 
48 v. battery voltage too high or too low. 
Rectifier-inverter failure. 
Rectifier-inverter failure No. 1, No. 2, etc. 
Rectifier-inverter operating. . 
Motor alternator A.C. motor failure. . . Motor alternator emergency machine failure. 
Power transferred to motor alternator. 
Motor alternator control fuse failure. - - - 64 kc. pilot alarm outside limits at non-Switching main 
station, 

L units 201, 202, 203, etc. 3096 kc. pilot (associated with working line at switching main 
station) outside limits. 

II, units 201 and 203, 205 and 2007, etc. 2064 kc. pilot alarm outside limits at non-switching main 
station. 

L units 201, 202, 203, etc. 
3096 kc. pilot (associated with spare line at Switching main 

station) outside limits. 
L units 201 and 203, 205 and 207, etc. 
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station. 
.Lunits 201.202, 203, etc - - - ?? 3 et ,203 ,202 ? 201 -- - - - 9 

Sp. Line Fall at Sw Spare line-failure at switchinghainstation: 
201-203, 205-20; etc Lunits, 20 and 203, 205 and 2007, etc... . 
(Tot. Line Fail at S. Total line.failure at Switching main, Station... 
201-203, 205-207, etc. I units 20 and 203,205 and 207, etc. 

O Auto Switch at SW. Eine switched at switching:Imainstation: 
.ediG. L-units 20 land-203, 205 and 207, etc?? 207-203.205??129L||-?? ----- 

Auto Sw, Locked at'S Eine locked at switching main station. 
-- Lit?20?ggd 23; 205 and 207, etc. . - a ??? ??? --------U20E-203.205.26.ed:C; 

": Line at Switching.Ma. ??????"which unit is, working, line at switching, main. lf----- station: 
201.202.203, etc.-.-.-.-.-.--------------- Units 201.202.293,..etº. .. 1 Pilot: Alarm at AtX. Statiora.- Pilot alarn-operated at auxiliary station. 
201-202W. I units 201 and 202 West. 
203-204W. Eunits:203 ad;204 West. 
205206W. units:205 and 206 West. 

12- - - - - 207-208W , units 207 and 28West. 
.20ul-20}2|IE; units 2 and 202 East?| 

.units 203 and 29 East ?? ??? 203-204E8 
205-20??? E. Eits 205 and 206 East, 

.units,207 and 208 East ??????%208E???7{28 
Carcier Supply. . . 

SG Fail Li supergroup carrier supply-failure. 
Group Faii. ---IC.grogg carrieg Supply faitre. 

18-- - - - Gen. Trans---------------- L carrier supply generator transfer. - 
4 ke. Bend, Allrin.------------------------ ???.: adjustment needed in carrier supply Synchronizing 

3rG3Ul8G. 
14----- Unassigned--------------------------- Bank squares are unassigned. 

In use a copy of the data, sheet 50 is placed , 
on top of the translucent screen 500- and a check. 89 
mark or other suitable designation is made on 
the data, sheet for each illuminated lap, This 
provides a permanent record of operating con 
ditions at each unattended station fer a desired 
time interval. Thus, possible; fault conditions 
may be anticipated and correction therefore pr0s. . . . 
vided before the fault actually occurs, and faultS. 
whose occurrence may not be prevented are ara 
ticipated to the extent that correction. therefore 

faultS. - 

and possibly the elimination, of eertain faultS. - 
As a consequence,..the-occtErenee and time cura 

minimum. 

Cable failure alarm sending circuit in: unattended. 
regne?ter Statitions: 

Fig. 19 shows a cable failure alary Sending 

This tends to enable both a reduction, 

- be determined by: transmitting signals over the 
sending. director circuit, Figs, 2 and 5, to the 

-- unattached stations; equipped with the receiv 
ing director circuit to cut off channel No. 1 at 
each thereof to find, by trial and error the most 
distant unattended Station which is in full op 
erating condition, on the side of the cable fault 

... nearest to, the attended station. 
Lead 343 from the composite signaling circuit 

...channel No. . . is eonnected to a back contact 
of relay 284 which is normally released and which 

may be provided to reduce the duration of the connects, lead 343 to lead 344 extending to the 
associated alarm sending circuit in Fig. 10 where 
by signals from the more distant unattended Sta 
tions are permitted to pass through the nearer 

tion of faults may be reduced to the irreducible- ... unattended statiens and on to the attended sta 
45tion. Relay 284 serves to interrupt this signal 
...ing channel in case a fault in a more distant Sta 

'tion tends to disable the entire Station alarn 
system. Relay. 284 may be operated by a direc 
tor signal which applies ground to lead RD2, 

circuit and includes normally operated slow-re-.50 and in operating locks up through resistance 
leasing relays held so by the ground on leads 
366 and 367 of the associated composite. Signals. - 
ing circuit shown in Fig. 18. The relays. in Fig. 
19 remain operated under all normal conditions. - 
involved in the transmission of all edifireetor- sig 
nals through the composite: signaling System- as 
hereinbefore explained. The composite signal 
ing system is so arranged that under Formal con 
ditions battery current is transmitted over the 

60 
stations toward the attended station. Ah, inter 
signaling system from the distantitrattended 

ruption of this current by failure of one of the 
cable conductors releases, the normally operated 
relay in the circuit of Fig. 19 to provide alarm 
and indicator signals and to opera channels NOS. 
2 and 3 so that the indicator System described 
above will continue to function at all tunattended 
stations positioned between the attended. Star 
tion and the location of the fault in the cable. 
No-automatic alarm system is provided in the cir 
cuit of Fig. 19 to indicate a fault.involving: chan 
nel No... : of the composite signaling systernaS 
faults on this channel are detected at the at 
tended station in a manner to be explained later 
herein. The location of such faults cara tihen 

285 and its contact. 286. Relay 284 in operating, 
also transfers lead 343 from lead 344 to alarm 
lamp 287. This lamp permits visual observa 

- - -tion of line. conditions as an aid in determining 
55the nature of the fault occurring in the cable. 

-Relay 284 also grounds lead ID to mark an 
indicator eontact to control a lamp 26 in the 
indication receiving circuit in the attended sta 
tion. Relay 284. also operates, via a lower front 
contact, the station alarm cut-off lamp 288. 
After the fault has been cleared, relay 284 may 

-be-released either by a manual operation of sta 
tion alarm release key 289 in Fig. 19 or by an 
operation of the sending director system to ap 

65 ply ground to lead RD, as described above in 
- connection with Figs. 11 and 12. 

The signaling circuit of channel No. 2 from 
more distant stations passes over lead 368, con 
tact 29 í of relay 290, and lead 361, to the indi 

70 cation sending circuit in each unattended sta 
tion as previously described above regarding 

- Figs. 14, 15, 16 and 17. Relay 292 is held op 
erated by ground over lead 366. Normal Opera 
tien of the indication sending circuits in unat 

75 tended stations more distant with reference to 
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the attended station, Fig. 2, does not cause 
ground to be removed from lead 366 for more 
than 33 second in any single break so that 
under normal conditions slow-release relay 290 
remains unoperated. Interruption of the com 
posite signaling system between this station and 
a more distant station equipped with a cable 
failure alarm sending circuit may cause removal 
of ground from lead 366. In this case relay 292 
is released and relays 290 and 293 operate in 
obvious local circuits in Fig. 19. Relay 290 in 
Operating transfers lead 368 of the composite 
signaling circuit from the indication sending 
circuit to alarm lamp 294. This action prevents 
the ground on lead 368 from interfering with op 
eration of the indicator System between this sta 
tion and the station equipped with the indica 
tion receiving circuit, Figs. 2, 6 and 7. The op 
eration of relay 290 in Fig. 19 grounds lead ID2 
through its contact 295 to mark an indicator at 
the attended station to indicate that channel No. 
2 is in trouble. Relay 290 also releases the nor 
mally operated relay 296 to complete a circuit 
through contact 297 of relay 290 and contact 
298 of relay. 296 to lead 247 in Fig. 9 to operate 
the station alarm system described previously 
hereinbefore. In operating, the station alarm 
system sends ground back on lead 370 and 
through contact 299 of relay 290 to the audible 
or visual alarm circuit. When the fault trouble 
condition affecting channel No. 2 has been cor 
rected, the circuit of Fig. 19 restores itself auto 
matically to the normal condition. Permanent 
ground is again applied to lead 366 to operate 
relay 292 which in turn releases relay 293 con 
nects the winding of relay 293 to lead 357 of the 
receiving director circuit, whenever the circuit 
of Fig. 19 is operated to indicate a trouble con 
dition on channel No. 2. This connection is so 
arranged that the operation of the receiving di 
rector System will not cause a false release of 
this alarm circuit under certain cable trouble 
conditions. Such false release would remove 
ground from lead ID2 and thereby prevent the 
indicator system from reporting the location 
of the trouble. It may be noted that a trouble 
condition on channel. No. 2 at a point located 
a distance from the attended station equipped 
with the cable failure alarm receiving circuit, 
Fig. 8. may cause a momentary operation of re 
lays 290 and 293 in all stations intervening be 
tween such distant unattended station and the 
attended station. In this case only the relays 
in the unattended station nearest to the fault 
in the cable will remain operated and the op 
eration of transferring lead 368 at this unat 
tended station to the alarm lamp 294 as above 
mentioned permits the corresponding alarm re 
lays at all other unattended stations to assume 
the normal condition. 
The alarm system associated with channel No. 

3 of the composite signaling System operates in 
a manner somewhat similar to that associated 
with channel No. 2. Relay 30 in Fig. 19 holds 
operated through all normal indicator signals 
transmitted over channel No. 3. The longest 
normal break in lead 367 is approximately .06 
second. Relay 30 in releasing as a result of an 
interruption of lead 367 due to a fault on the 
cable, operates relay 302 which grounds lead 
ID3 to mark an indicator point to indicate that 
channel No. 3 is in trouble, to transfer lead 369 
to operate alarm lamp 304, and to release relay 
303 to operate the station alarm system over lead 
347. Restoration of ground to lead 367 returns 
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this portion of the circuit of Fig. 19 to its nor 
mal condition. 
The lamps 287, 294 and 304 are connected to 

the audible and visual alarm circuit which is ar 
ranged So that it may be disabled at times when 
not required in particular unattended stations. 

Cable failure alarm receiving circuit in attended 
repeater Station 

Fig. 8 shows the cable failure alarm receiving 
circuit which indicates a trouble condition on 
each of the three composite signaling channels 
Nos. , 2, and 3 associated with the alarm and 
control system. Each time a signal is received 
over one of the three channels, ground from leads 
359, 3 or 32 is interrupted. These leads are 
used by the circuit of Fig. 8 to indicate the 
condition of the three channels. In the case of 
channels Nos. 2 and 3, removal of ground from 
the corresponding leads 37 I and 372 for an ab 
normally long period is taken as an indication of 
trouble. In the case of channel No. , the normal 
incoming signals are rather complex and not 
easily recognizable by means of a simple relay 
circuit connected to lead 35). Therefore, the 
alarm system used to indicate trouble in chan 
nel No. operates on signals from leads 373,374 
and 375 from the station alarm receiving circuit, 
Fig. 3, in a manner which will now be explained. 
In the normal operation of the station alarm 

receiving circuit, Fig. 3, each alarm signal is re 
ceived by seizure of channel No. followed by 
a series of three or more pulses whereas any seiz 
ure of this channel not followed by a series of 
pulses is taken as an indication of trouble. On 
channel No. f. Each time the station alarm 
receiving circuit is seized for transmission in re 
sponse to a station alarm signal, the station 
alarm receiving circuit in Fig. 3 connects lead 
373 to lead 34. This completes a circuit from 
ground through key 35, in Fig. 8, leads 373 and 
374 and the station alarm receiving circuit, COIl 
tact 306 of relay 307, and contact 398 of relay 
309 to the winding of relay 397. Relay 30, there 
fore operates each time the station alarm cir 
cuit operates. With normal operation of the sta 
tion alarm circuit as above noted, the reception 
of the second pulse from a distant unattended 
station connects lead 374 to lead 375 to operate 
relay 309 through its contact 36. Relay 309 in 
operating locks up to lead 374 through its con 
tact 3 if and releases relay 307. Relay 309 then 
remains operated as long as the Station alarm 
receiving circuit in Fig. 3 is receiving pulses. 
As regards the seizure of channel No. , if it 

is caused by a false signal due to cable trouble, 
no pulses are received so that relay 309 does 
not operate and relay 39 remains Operated. 
When and if relay 33 remains operated for 
approximately two seconds, ground from its con 
tact 32 operates slow-operating relay 33 which 
operates, relay 33 in an obvious local circuit. 
Relay 3 4 operates alarm lamp 3 f 5 to indicate 
trouble associated with channel No. and at the 
same time connects.ground to the audible or vis 
ual alarm circuits. Because of the tendency for 
vibrating relays to produce pulses under abnor 
mal line conditions, relay, 3-6 has been provided. 

long series of pulses would operate relay 30, 
then operate relay 399 and release 307 as in the 
operation of a legitimate alarm signal. However, 
ground would remain on lead 374 as long as 
pulses continue to arrive on channel No. f. Since the longest series of pulses due to a legitimate 
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sigEalsWould last not more than 2% seconds, this 
type of fault can be detected by providing relay 
36 having an operate time much longer than 
that of the longest possible legitimate signal. In 
Casepulses continue to arrive after approximately 
thirty seconds, relay 36 operates to connect 
ground through contact 3 fl of relay 309 to the 
winding of relay 397. This reoperates relay 307 
and then operates relay 33 and relay 34 to 
provide the audible and visual alarm signals. 
Key 305 is provided to silence the audible alarm 
signals and terminate lead 350 in a lamp so 
that the trouble condition on channel No. may 
be investigated. 
As regards the occurrence of a fault on chan 

nel No. 2, relay 38 is normally held operated 
by ground on lead 37f. Since the longest nor 
mal in?erruption of this lead on a normal indi 
cator signal is approximately 4 second, relay 
38 remains operated under normal conditions. 
Cable trouble associated with channel No. 2 in 
the link adjacent to this station might cause per 
manent removal of ground from lead 37 l. Re 
moval of this ground would release relay 38 
which in turn would release normally operated 
relay 3f 9 to energize alarm lamp 320. Key 32 
permits operation of relay 38 in a local circuit 
to release relays 3 f3 and 314 to silence the audi 
ble alarm. Relay 322 is held normally operated 
by ground on lead 372. Since the longest inter 
ruption of ground on lead 372 due to the recep 
tion of indicator signals is approximately 06 sec 
ond, this relay remains operated under all nor 
nal çonditions. 
The occurrence of a fault on channel No. 3 

in the section adjacent to the attended station 
may cause removal of ground from lead 372 
whereupon relay 322 is released to energize alarm 
lamp 323 and to operate relays 3 f3 and 34 in 
Succession to produce an audible signal. Key 
324 i? provided to reoperate relay 322 in a local 
circuit in Fig. 8 to silence the audible alarm 
until the trouble conditions can be corrected. 

Operation of channel No. 4 
Channel No. 4 constitutes a neutralizing circuit 

which is common for the three signaling channels 
Nos. 1, 2 and 3, and which permits the opera 
tion of these channels under conditions involv 
ing the presence of a relatively large amount of 
alternating current or direct current ground po 
tential. Puring idle periods current will flow in 
each of channels Nos. , 2 and 3 and possess a 
magnitude dependent on the length of the respec 
tive channels. In the composite signaling circuit 
battery terminal shown in Figs. 2, 10 and 13, 
channel No. 4 includes in Fig. 10 lead 376, and 
Winding 45 of relay 36, lead 376 in Figs. 10 and 13, 
and in Fig. 13 winding 325 of relay í23, one-half 
of resistance 326 and the junction between re 
sistances 327 and 328 which form a potentiometer 
between battery and ground. A balancing circuit 
for the neutralizing circuit comprises in Fig. 13. 
the junction between resistances 327 and 328, the 
other half of resistance 326, winding 329 of relay. 
23, and lead 377, and in Fig. 10 lead 377, winding 
44 of relay 36, balancing network to the junction 
between resistances 330 and 33í which form a po 
tentiometer between battery and ground. Longi 
tudinal line currents induced or set up by ground 
potentials have opposite magnetic effects in 43 
and 45 windings of relay. 36, and in 28 and 325. 
Windings of relay 23; and these effects tend to 
cancel each other in the respective relays except 
for predetermined variations in circuit constants. 
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station adapted for remote control, means at said 

40 
'Outgoing signals Sent into the apex circuit of 

relay 36 in Fig. 10 (junction of its windings 42 
and 43) and of relay 23 in Fig. 13 (junction of 
its Windings 28 and 29) produce Substantially 
no change in the magnetic effects of the associ 
ated windings of the respective relays if the 
balancing network connected to each relay bal 
ances the line. Incoming signals to the relays 36 
and 23 produce a change in the magnetic effects 
of the above-mentioned associated pairs of Wind 
ings thereof, which induces a current in wind 
ing. 45 of relay 36 and/or in winding 325 of relay 
23. This induced current in each winding of 
the respective relays would tend to cause inter 
ference. When it flows through the winding of the 
other relay if it were not opposed by the current 
induced therein. With a good magnetic balance, 
the current in the respective windings 44 and 45 
of relay 36 would tend to cancel each other; and 
the current in the respective windings 325 and 
329 of relay 23 would tend to caneel each other. 
In the composite Sigmaling circuit ground ter 

minal at the attended station shown in Figs. 2, 
20 and 4, channel No. 4 includes in Fig. 20 lead 
36 and Winding 50 of relay 54, and in Fig. 4 
lead 376, winding 332 of relay. 5, winding 333 
of relay 23f, and the junction between resistances 
334 and 335 which forms a potentiometer between 
battery and ground. A balancing circuit for the 
neutralizing circuit comprises in Fig. 4 the junc 
tion between the resistances. 334 and 335, wind 
ings 336 of relay 231, winding 337 of relay i I5, 
and lead 38, and in Fig. 20 lead 378... winding 5. 
of relay 54, the balancing network and the junc 
tion between the resistances. 338 and 339 which 
form a potentiometer between battery and 
ground. The operation of the neutralizing cir 
cuit just traced is similar to that for the com. 
posite signaling circuit battery terminal just-de 
Scribed. The leads 383 and 446 of the composite 
signaling circuit ground terminal at the unat, 
tended station correspond to leads 376 and 348 
of the composite signaling circuit ground terminal 
at the attended station. 
What is claimed is: . 
1. In an alarm System for an intelligence 

transmission system, an attended station, an un 
attended station geographically separated from 
Said attended station, means at said unattended 
station Subject to a fault, an indicator at said 
attended Station, means for operating said indi 
cator in response to the occurrence of a fault at 
said fault means to record the fault occurrence 
in Said indicator, and means to restore...said indi 
cator and operating means to the normal condi 
tion and thereby cancel the record of the fault 
occurrence for differentiating between a transi 
tory fault and a permanent fault, said differenti 
ation being in a sense that a failure of said in 
dicator to reoperate a second time to record a 
fault occurrence denotes that the initial record 
was due to the occurrence of a transitory fault 
in Said fault means whereas a reoperation of said 
indicator a Second time to record a fault occur 
rence denotes that a permanent fault occurred 
in said fault means. 

2. A Supervisory circuit for a signal transmis 
sion System comprising an attended station, an 
unattended station, apparatus in said unattended 

attended station for so controlling said apparatus 
as to establish a preselected condition in each 
thereof, means at said unattended station for producing a predetermined signal and an accome 
panying Synchronizing signal in response: 
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thé êstablishment of said preselected condition 
in each of said apparatus, indicators in said at 
tended station, means operated at will by an 
attendant in said attended station for activating 
said controlling means to establish said prese 
lected condition in at least one of said apparatus 
thereby causing said signal means to transmit 
said predetermined signal and said accompanying 
synchronizing signal corresponding to said last 
mentioned condition established in said one ap 
paratus, said last-mentioned accompanying syn 
chronizing signal Serving to apply said last-men 
tioned predetermined signal to a particular in 
dicator to show the preselected condition of said: 
One apparatus, means for restoring said signal 
means and said indicators to a normal condition 
after each operation of said operated means, and 
means for rendering said controlling means in 
operative when said signal means is operative 
and for rendering said signal means inoperative 
when said controlling means is operative. 
3. In a communication system including an 

attended station, a plurality of unattended sta 
tions, a plurality of remotely controllable devices 
at each of said unattended stations, said devices 
being adapted to effect predetermined signals for 
representing certain operating conditions thereof, 
and a transmission line connecting said stations, 
a supervisory apparatus comprising means at each 
of said unattended stations for generating a cycle 
of pulse-signals, means at each of said unattended. 
Stations for Scanning Said devices thereat in re 
sponse to said pulse signals and causing said 
devices to apply Said predetermined signals to 
said:line, said generating means also causing the 
application of a cycle of other pulse signals to 
Said line, means at Said attended station for 
applying a certain signal to said line to select 
a particular unattended station and to cause said 
generating means at said last-mentioned station 
to run through one cycle of its pulse signals, 
means comprising a group of discrete indicators 
at said attended Station responsive to said pre 
determined signals on said line to indicate the 
conditions of said devices at said selected un 
attended station, means for restoring said indi 
cating means to a normal condition after said 
last-mentioned conditions have been indicated, 
and means at said attended station responsive to 
said other pulse signals on said line to direct 
said predetermined signals to particular indi 
catorS. ??? ?? 

4. A combination according to claim 3 which 
includes at least one unattended station con 
nected to said line intermediate said selected 
unattended station and said attended station, and 
means at said intermediate station for repeating 
said signals on said line, said repeating means 
comprising vibrating circuits for eliminating the 
signals received at said intermediate station and 
substituting new bias-free signals for the elimi 
nated signals. * . . .? 

5. A combination according to claim 3 which 
includes means at each of said unattended sta 
tions for controlling the transmission on said 
line of predetermined and other signals originat 
ing in the remaining unattended stations of said 
system, said controlling means at said selected 
unattended station being activated by said cer 
tain signal on Said line to preclude the trans 
mission of predetermined and other signals origi 
nating in the remaining unattended stations of 
said system: during the interval when said gener 
ating means at said selected unattended station 
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42 is engaged in applying said predetermined and 
other signals to said line. 

6. A combination according to claim 3 in which 
Said plurality of unattended stations comprises 
at least two discrete groups of unattended sta 
tions extending in different geographical direc 
tions, and which includes further means at said 
attended Station for permitting signaling trans 
mission between said attended station and the 
group of unattended stations including said se 
lected unattended station but holding up signal 
ing transmission between said attended station 
and the other groups of unattended stations. 

7. In an alarm System for an intelligence 
transmission system, in combination, an attended 
Station, a plurality of unattended stations spaced 
from each other and from Said attended station, 
a tranSmiSSion lime, means at each of Said un 
attended stations Subject to a fault, means for. 
connecting each of said unattended stations to 
Said line in response to the occurrence of a fault 
each thereof at a different time, said last-men 
tioned means being initially responsive to said 
fault occurrence for applying a preselected sig 
nal to Said line for identifying both the fault, 
unattended station and the type of fault, said 
connecting means at each unattended station 
intermediate said attended station and the fault 
station serving initially to connect such inter 
mediate Stations to Said line in series with said 
attended Station and said fault station and for 
causing such intermediate stations to repeat said 
preselected signal on said line, said last-men 
tioned means comprising vibrating circuits to con- . 
nect Such intermediate Stations to said line and 
to reform at Said last-mentioned stations said 
preSelected signals received thereat and to trans 
mit the reformed signals on said:line and thereby 
compensate Said preselected signals for any tend 
ency to include distortion therein, and indicating 
means at said attended station responsive to said. 
preSelected Signal received on said line thereat 
for indicating both the fault originating un 
attended station and the type of fault. 

8. An alarm system according to claim. 7 in 
which Said indicating means includes means at 
Said attended station for storing the fault signals 
received from Said fault unattended stations re 
gardless of the Order of the unattended stations 
Originating Said fault occurrences, whereby the 
fault occurrences at said fault unattended sta 
tions may be cleared in such order as circum- . 
Stances warrant. 

9. In an intelligence transmission system in 
cluding an attended Station, a plurality of un 
attended Stations, and a signaling line connect 
able to said stations, an alarm and control circuit 
for SuperVising the operation of said unattended : 
Stations from said attended station, said circuit 
comprising means for adapting said line with 
three composite signaling channels and a fourth 
channel for neutralizing the effect of longitudinal 
voltages on signaling transmission in said com 
posite channels, means at each unattended sta 
tion responsive to the occurrence of a fault there 
at for Seizing Said line and sending a preselected 
signal on a first composite signaling channel to 
said attended station, means at said attended 
station responsive to said preselected signal to 
Send a further preselected signal back on said 
first channel to said fault station to cause said 
fault station to send a preselected fault signal on 
Said first channel, means at said attended station: operated by said preselected fault signal for in 
dicating the type of said fault and for identifying 
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the unattended station originating said prese= 
lected fault signal, means at said attended star. 
tion for wiping out said fault indicati 
indicating means to enable a differentiation be 
tween transitory and permanent fault occurrences 5 
in such sense that a permanent fault causes the 
reoperation of said fault indication on said indi-, 
cating means at said attended station whereas a 
transitory fault fails to cause the reoperation of. 
said fault indication on said indicating means at 10 

dication points at each unattended. Station, 
means, at each unattended station for scanning 
each of said indication points, thereat, and means 
at Said attended station for applying, a certain 
signal to a second composite signaling channel 
to select a designated unattended station and to, 
operate said scanning, means thereat whereby a 
series of predetermined signals is applied to a 20 
third composite signaling channel and thereby to 
a corresponding discrete further indicating means. 
at said attended station for identifying...the cons. 
dition of each indication point. Scanned and 
whereby a plurality of synchronizing signals are. 
applied to said second composite signal channel. 
for ensuring that each predetermined signal is 
applied to a particular discrete further indicator 
at said attended station, said...further indicating. 
means at said attended station being controlled. 
by said predetermined signals to indicate at said. 
attended station the condition of each indication 
point scanned, means at each unattended. Station 
for precluding other unattended stations, from. 
effectively operating to send or receive signals 35 
when said fault or designated unattended station 
is engaged in signaling operations, and means at 
said attended station controlled by a signal from 

id: fault or designated station to render said 
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25 

30 

attended, station inoperative to send. out signals. 40 
during signal transmission from said last-men 
tioned unattended station to, said, attended. Sta. 
tion, said fourth channel tending to prevent. 
extraneous longitudinal, voltages from...impairing. 
signaling transmission on said first, second, and 45 
third channels. 

10. In an intelligence transmission system.com. 
prising an attended, station, a plurality of uns 

ded stations, and a signaling transmission, 
ne: connected to said attended station and conc. 50 

nectable to said: unattended. Stations, Said line. 
comprising at least two discrete signaling, chan 
nels, means for Supervising the operation of said. 
unattended stations from said attended station, 
said, last-mentioned means including means at. 55.n. yx 

thereat, means at said selected unattended state said attended station for applying to said linea. 
signal, to select an unattended station and to res. 
quest information signals therefrom regarding. 
operating conditions thereat, means at said se 
lected 
mentioned signal to supply the requested infor 
mation signals to said:line, means in one of Said channels for transmitting said selecting signals, 

information signals, to effect two-way. 
signaling transmissionin said one channel, means 65. 
at said attended station responsive to said infor 

--- ignals on said line to provide indications: 
means at said attended station and each. 

f, said unattended stations for synchronizing said: 
information signal means and said indication. 70 
means, and means in a second of said channels. for interconnecting said synchronizing means at 
said attended station and each of said unattended. 
stations to effect one-way signaling transmission: 

unattended station controlled by said first-, 60. • • . . ?  ? ? ? - 
indications thereof, and means at said att 

44. 
* 11. Inanintelligençe transmission system-çorf“; 
prising an attended Station, a plurality of Un-, 
attended Stations, and a signaling: transmission 
line connected to said attended station and coast: 
nectable to said unattended stations, said line: 
comprising at least three discrete channels, means: 
for supervising the operation of said unattended: 

mentioned means including near 
tended station for applying to said. ) 
to select an unattended station and to request 
information signals; therefrom regarding: operate 
ing conditions thereat, meansat said selected?u: 
attended station controlled by: Said first-enera: 
tioned signal to supply the requested information. 
Signals to Said line, means at said attended star, 

eansin, Qri?; 
ing said selecting 

connecting said synchronizing: means at said at: 
tended station and each of said uraattended star. 
tions to effect one-way signaling: transmissionia: 
Said Second channel, and means in a third of said 
channels for establishi - 
response to extraneous currents th : .??? 
netic effect opposing: the magnetic effect duet 
extraneous currents in Said one and Second chans. 

fier : 

response...to. certain extraneous current 
a magnetic effect opposite to and canceling the 
magnetic effect due to other extraneous currents. 
tending. to impair signaling transmission on said. 
line and thereby neutralizing the impairing tend. 
ency of said other extraneous currentson.si 
ing transmission on said line, means...f 
vising the operation of said unattende 
from said attended station, said last ? ? ? ? ? ? ?? ?? 
means including means at said attended station. 
for applying to said line, a signal to select an un 
attended station and to request information sigs. 
nals therefrom regarding, operating conditions. 
tion controlled by said first-mentioned signal to 
supply the requested information signals to s 
line, means at said attended station responsive 
said information signals on said line top 
station and each of said unattended stations for. 
Synchronizing said information signal means and 
said indication means. 

13. In an intelligence transmission system.com 
prising an attended station, a plurality of uns. 
attended stations, and a signaling transmission: 
line connected-to-said attended station and con 
nectable to said unattended stations, means for: supervising the operation of saidunattended sta 
tions from said. attended station, said last-men 
tioned means.including. means-at said attended; 
station for applying-to-said:line assignal to select: 
an unattended stations and: to request.informat. 

in said second channel. 75tion. Signals.therefrom regarding-operating, cons. 
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ditions thereat, means at said selected unattended 
station controlled by said first-mentioned signal 
to supply the requested information signals to 
said line, means at said attended station respon 
sive to said information signals on said line to 
provide indications thereof, and means at said 
attended station and each of said unattended 
stations for synchronizing said information signal 
means and said indication means, said super 
visory means including means at individual un 
attended stations for seizing said line and apply 
ing a signal thereto in response to the occurrence 
of a fault at individual unattended stations, 
means at said attended station operated by said 
last-mentioned signal for sending on said line a 
further signal to the fault unattended station, 
means at said last-mentioned unattended station responsive to said further signal for applying to 
said line a preselected fault signal to identify the 
unattended station originating said preselected 
fault signal and the character of the fault as a 
major or a minor type, means at said attended 
station responsive to said preselected fault signal 
for indicating the identity of the fault unattended 
station and the major or minor character of the 
fault, and means at Said attended station for 
enabling a differentiation between permanent and 
transitory faults, said last-mentioned means com 
prising means for wiping out said fault indica 
tion whereby said fault at the fault unattended 
station is caused to repeat the application of 
said preselected fault signal to said line thereby 
to effect the reoperation of said fault indicating 
means at said attended station when the fault is 
permanent and whereby said fault at said fault 
unattended station fails to reapply Said prese 
lected fault signal to said line thereby failing to 
effect the reoperation of Said fault indicating 
means when the fault is transitory. 

14. In an intelligence transmission System con 
prising an attended station, a plurality of un 
attended stations, and a signaling transmission 
line connected to said attended Station and con 
nectable to said unattended stations, means for 
supervising the operation of said unattended sta 
tions from said attended Station, said last-men 
tioned means including means at said attended 
station for applying to said line a signal to Select 
an unattended station and to request information 
signals therefrom regarding operating conditions 
thereat, means at said selected unattended sta 
tion controlled by said first-mentioned signal to 
supply the requested information signals to said 
line, means at said attended station responsive to 
said information signals on said line to provide 
indications thereof, and means at said attended 
station and each of said unattended stations for 
synchronizing said information signal means and 
said indication means, said information signal 
means at each of Said unattended stations com 
prising a plurality of pairs of contacts, one con 
tact pair being associated with each information 
signal, certain contact pairs being closed to apply 
ground to said line for Supplying information 
concerning certain operating conditions, other 
contacts pairs being open to constitute an Open 
circuit on said line for Supplying information 
concerning other operating conditions, said indi 
cation means at said attended station comprising 
a plurality of lamps each of which is connectable 
to a corresponding pair of contacts at each of said 
unattended stations, said lamps being controlled 
by said ground and open circuits for visually 
representing Said certain and other operating 
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46 
said synchronizing means ensuring the coniec 
tion of each of said lamps to said corresponding 
pair of contacts at each of said unattended sta 
tionS. 

15. In an intelligence transmission System con 
prising an attended station, a plurality of un 
attended stations, and a signaling transmission 
line connected to said attended station and con 
nectable to said unattended Stations, means for 
supervising the operation of said unattended sta 
tions from said attended station, Said last-men 
tioned means including means at said attended 
station for applying to said line a signal to select 
an unattended station and to request information 
signals therefrom regarding operating conditions 
thereat, means at said selected unattended sta 
tion controlled by said first-mentioned signal to 
supply the requested information signals to said 
line, means at said attended station responsive 
to said information signals on said line to provide 
indications thereof, and means at said attended 
station and each of Said unattended stations for 
synchronizing said information signal means and 
said indication means, said information signal 
means at each of said selected unattended sta 
tions comprising a plurality of pairs of contacts, 
one contact pair being associated with each in 
formation signal, certain contact pairs being 
closed to apply ground to said line for Supplying 
information concerning certain operating condi 
tions, other contact pairs being open to constitute 
an open circuit on said line for Supplying infor 
mation concerning other operating conditions, 
said indication means comprising a plurality of 
lamps each of which is connectable to a corre 
sponding contact pair at Said selected unattended 
stations, said lamps being controlled by said 
ground and open circuits for visually represent 
ing said certain and other operating conditions 
at each of said selected unattended Stations, and 
said supervisory means further including means 
at each of said selected unattended Stations for 
synchronizing said information signal means and 
said indication means in such manner that each 
contact pair is connectable to a particular lamp. 

16. In an intelligence transmission system com 
prising an attended station, a plurality of un 
attended stations, and a signaling transmission 
line connected to said attended station and con 
nectable to said unattended stations, means for 
supervising the operation, of said unattended sta 
tions from said attended station, said last-men 
tioned means including means at said attended 
station for applying to said line a signal to select 
an unattended station and to request information 
signals therefrom regarding. operating conditions 
thereat, means at said selected unattended. sta 
tion controlled by said first-mentioned signal to 
supply the requested information signals to said 
line, means at said attended station responsive 
to said information signals on said line to provide 
indications thereof, and means at Said attended 
station and each of said unattended stations for 
synchronizing said information signal means and 
said indication means, said Supervising means 
including means at Said attended station for pre 
cluding the transmission of signals therefrom 
when said information signals are being received 
thereat and when said synchronizing means at 
both said selected unattended station and said 
attended station are operative. 

17. In an intelligence transmission System com 
prising an attended station, at least two unat 
tended stations, and a signaling transmission line 

conditions at each of said unattended stations, 7 for connecting said unattended stations in series 



lastmentioned means including means at 
ätt?nded ståtion för applying to said lime 

tig select än uhattended station and to 
iformation signals therefrom regarding 

the requested infor 
e, means ät each uin 

om sa 
trarisinission of said information signals on said 
cond aid third channels, means at said at déä stätiör nsiveto saiä införmä 

tiön för äpplying a sigñäl to said line fö? p?ë 
š?l??ting on? öf said ?n?ttended štationš, means 
e of said unattended stations responsive to 
Saidpréselected signal for generating pulses and 
transmitting certain of said last-mentioned pulses 
over said line to said attended station, means at äid üñìättend?ä státions responsive to aid generated pulses for scanning said 

conditions thereat in sequence and 
sing s?id öperating ?öhditionis to apply said 
idetermined signals to said line, and means at 

said attended station responsive to said certain 
pulses received from said line for scalining said i änd applying säid predëtermined sig 

?ëceived from said line to particular indi 
F8 t? r?gister corr?sponding operating 6öndia. 
S. 

, a plurality of unatteidéd sta 
tions; a transnission channel interconnecting said 
stations, means at eaeh of said unattended sta 
tions responsive to the occurrence Öf a fault th?reat för seizing said line ana transmitting à 60 23444078 

9. fn an intelligence transmission system; äh : 
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2 said l?st-mention?d pulses t? säid line, ???nting 

d si 
indicate that said attended station is ready 
receivé fürther signals, meansatieach ünattended said p?ësélected signal foi 

last-mentioned'pulses 
fault fröm a majör 
m?äñis iñ?lüding ä ?ë 
recordin? the identity 'öf the säilä particul 
attended station and said importaric 

?ð. Ín à? ihtëlligence tr?nsmišsion sys 
attended station, a plurality of unattended sta 
tions, a transmissioni line córine?ting said st 
tiöns, å plürality of opérati? ? 

- - - - hattended šti: ??? ?? S?? tionsbeing representable by a predetermined sig 
nail, a bank of indicators at said attended station, 
ëäch indicatörbiëing eonnectable over said line 
tö öne of said operäting cönditions, means át 

5 said attended station for applying a signal to said 
line for preselecting one of said unattended sta 
tions, means at each of said unattended stations ifesponsive to said preselected signal for gener 

reläys ät each löf säid umåttended stations re 

cators and thereby registering said operating 
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