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This invention relates to electrical control apparatus.
Although the principles underlying the invention may be
advantageously exploited in a variety of physical adapta-
tions, the particular adaptation herein selected for an illus-
trative embodiment relates to a selective remoie conirol
system.

A variety of complex electrical control systems are well
known in the art, illustrative of which is that disclosed in
Patent 2,679,637, granted to William #H. Blashfield and
Lemuel R. Breese on May 25, 1954. Such systems have
ordinarily been directed to the solution of specific control
problems, thereby rendering them somewhat limited in
their versatility and scope of operation.

Others have required multitrunk connections between
central control points and the controlled satellites.

till others have been particularly susceptible to mai-
functioning and have thereby been at times unreliable in
operation.

it is one general object of this invention to improve
control apparatus.

It is another object of this invention to achisve an im-
provement in versatility and flexibility.

It is yet another object of this invention to provide a
high degree of reliability and to include visual supervisory
indication at a control station for each controlled device.

1t is a further object of this invention to provide for the
interconnection of individual control stations to provide
coordinated operation therebetween, thereby in effect
vniting them into one larger overall control system.

It is yet another object of this invention to render con-
trol apparatus suitable for the utilization of signaling im-
pulses having electrical characteristics such that they may
be transmitted reliably either over the least expensive type
of transmission facility where low speed of transmission is
acceptable; or over a higher speed transmission facility
when more rapid response is required.

Accordingly, in accordance with one feature of the
invention, certain of the control, coding, and signal-
producing devices are arranged to serve as common control
units, thereby providing flexibility and decreasing circuit
complexity and cost.

In accordance with another feature of the inventicn,
selective decimal time-division-order codes are advan-
tageously employed for signaling, thereby permitting the
utilization of information-representing impulses -suitable
for transmission over conventional direct-current telegraph
circuits.

In accordance with yet another feature of the invention,
whenever an order or inquiry signal is transmitted from a
centrol station, a signal is returned indicating either that
the desired control operation was performed or that it was
not. If, for any reason such signal is not returned, an
alarm is actuated at the control station and the identity of
the particular device in question is visually displayed
thereat.

In accordance with yet another feature of the invention,
a continuous visual display of the conditions of all the
controlled devices is constantly maintained at a ceniral
control station and continual accuracy of such display is
assured by a periodic sequential check of each device.

In accordance with yet another feature of the invention,
the aforementioned answering signal is either a long or a
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short pulse and these two pulses are commonly employed
by each controlled device, thereby eliminating complex
ceding and logic circuits which might otherwise be
required.

In accordance with still a further feature of the inven-
tion, group codes are employed whenever it is desired to
simultanecusly control a plurality of remote devices and
the identity of the particular devices which respond to such
ccdes is determined by a prearranged connection of certain
of the controlling circuits.

Other objects and features of the invention will be ap-
parent from the following detailed description, by way of
example, with reference to the drawing in which FIGS.
1-18 disclose circuits of a main control station; FIGS.
18-28, those of a first satellite station; FIGS. 29 and 30,
these of a second satellite station; FIGS. 31-38, those of
a monitor station; FIG. 39 is a diagram depicting the cor-
rect physical relationship of FIGS. 1-38; and FIG. 40
is a diagram in block form depicting an illustrative em-
bodiment of the invention.

More particularly, FIGS. 1-3 disclose circuits for the
seleciive control of remote two-state devices;

FIGS. 4 and 5 show system signal circuits;

FiG. 6 discloses general code circuits;

FIGS. 7, 8 and 9 show various control and indicating
circuits;

FiG8. 10, 15 and 17 contain control and pulsing circuits;

FiG. 11 discloses double code transmission; alarm and
telemetering circuits;

FIGS. 12 and 13 show certain roll-call control circuits;

FIG. 14 contains system signal circuits;

FIG. 16 shows certain common control circuits;

FIG. 18 discloses composite sending and receiving
circuits;

TIG. 19 shows certain common control circuits;

FIG. 20 contains two-state device control circuits;

FiG. 21 discloses system signal originating circuits to-
gether with control circuits for an additional two-state
device.

FIGS. 2224 show miscellaneous circuits;

FIGS. 25, 27 and 28 contain pulsing and decoding cir-
cuits;

FIiG. 26 discloses signaling circuits;

FiGS. 29 and 30 contain representations of certain cir-

5 cuits;

FIG. 31 shows composite sending and receiving cir-
cuits;

FIGS. 32, 35 and 37 disclose pulsing and decoding cir-
cuits;

FIG8. 33 and 34 contain indicating circuits for various
devices; and

FIGS. 36 and 38 show common control circuits.

Nexi, considering the general operation of the circuits
in brief, it may be noted by reference to FIG. 40 that the
system herein selected for illustrative description com-
prises a plurality of main stations which are identified
with the numerals 1, 2 and 3. Although three such sta-
tions are shown, it will be apparent from the following
description that only one main station could be employed
or that other main stations could be added as desired, for
the system could be readily extended or contracted with-
out departing from the principles that underlie it.

Fach main station together with its satellite stations and
a monitor (when required) comprises a section, and these
sections may be connected in tandem (as shown) or they
may be interconnected according to a variety of other
arrangements suitable for the particular installation to
which the apparatus is adapted.

In order that the following description may be more
interesting and understandable to the reader, it has been
agsumed that the system is adapted to control right-of-
way equipment such as an oil pipeline. When thus
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adapted, each main station will control a section of the

line which may vary in length over quite a wide range.

Each satellite may advantageously be located at a pump-
ing station at which there may be located a number of
pumps, valves, pressure indicators, alarm devices, and
other apparatus which it is desired to control from the
main station. The main stations are in turn inter-
connected in such manner that they may form a cohesive
system which retains some degree of isolation and inde-
pendence of operation but which additionally advanta-
geously exhibits desired coordination in operation,

Needless to say, the apparatus could be advantageously
employed in a variety of different installations and it is
emphasized that the adaptation of the apparatus to pipe-
line control has been undertaken to aid in the description
thereof. -

As illustrated in FIG. 40, main stations 2 and 3 are
each provided with a monitor. These monitors display
by visual indicating lamps (and if desired by other means
such as indicating instruments) the states of the various
devices controlled from the preceding main station. This
particular arrangement is deemed advantageous when the
apparatus is adapted for pipeline control, the main sta-
tions being numbered in consecutive order in the direction
of flow. Although in the present embodiment one moni-
tor is provided at each main station except the first, addi-
tional monitor -stations could readily -be employed- and
arranged for cooperative association with any of the main
stations thereby, for example, to provide indication of
both preceding and succeeding line sections.

For purposes of this illustrative embodiment it may be
assumed that one or more of the satellite stations is
located at a point remote from that of the dominating
main station and that interconnection therebetween may
take place over conventional telegraph facilities. . These
facilities are by no means critical in respect to the re-
quirements for transmission since the apparatus is adapted
to respond to simple electrical impulses which do not
require unusual band widths. Accordingly, conventional
direct-current telegraph signaling may be employed.  Of
course, other types of signaling may be used; for example,
carrier, radio, etc. :

- Now turning to the general operation of the apparatus,
it may be of interest to note that each main station may
include a consecle or other control panel on which may
be mounted a plurality of indicating lamps, control
switches or buttons, alarm devices, telemetering receivers,
and other devices as required for the particular installa-
tion under consideration. The indicating lamps are
arranged to be selectively associated with the control
devices thus providing an individual indication of the
state of each remote device. Similarly, the control
switches or buttons are individually associated with the
indicating lamps and individually control the remote. de-
vices, thus permitting the selective operation of any one
of them. - .

An inquiry button or switch is provided for each two-
state device in order that an operator may check the
condition of any such device without changing the state
thereof, and apparatus is provided for periodically check-
ing these states thereby ensuring the continued accuracy
of the visual display. - -

~Common control apparatus is provided at each main
station to generate the various coded signals which are
utilized to affect the remote control operations. Each
operation is represented by a different code and reliability
of operation is thus enhanced. As an example, for a
given two-state device, one coded set of impulses is gen-
erated when it is desired to activate the device and a dif-
ferent set of impulses is generated when it is desired to
deactivate it. Other coded impulses are employed to
effect special operations such as the connection of telem-
etering devices to the signaling circuits, to effect emer-
gency operations, etc. '

In operation, control of the various devices is effected
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by operating the suitable control key and at the same time
closing a master operate key. The common control appa-
ratus theresupon generates the required coded signals
which are transmitted over the communication loop to
all of the satellite stations. The signals are processed in
each satellite and if they are recognized as being related
to an item of control apparatus at the particular satellite,
other apparatus is aciivated to actuate the required cir-
cuit breaker (or other element) to effect the desired oper-
ation.

Reliability of control is enhanced by the utilization of
a time-division-order code. Each digit of the code trans-
mitted from a main satellite station consists of two long
and three short pulses preceded by a long “prepare” pulse.
Self-checking two-out-of-five codes have been used widely
in a variety of applications in the past and are here em-
pioyed because of the réeliability of operation they afford.
These codes have been advantageously adapted to embody
the time-divisicn principle and present a means by which
errors can be readily detected. In addition, the satellite
receiving apparatus is arranged to not only detect errors
in transmitted codes but to reject any orders or inquiries
which may be represeated by incorrect code groups.
Thus, when a spurious code is received, apparatus at the
satellite does not effectively respond and when the lack of
such response is recognized at the main station, it is called
to the operator’s attention by suitable- indication as is
hereinafter more fully explained.

In addition to the control keys heretofore mentioned,
either three or four indicating lamps are provided for
each remote two-staie device. These normally would be
of different colors in order that they might be more readily
distinguished, and for convenience of description it may
be said that a red lamp shows the active condition of the
device, a green lamp shows the inactive condition, and
the remaining one or two lamps show special conditions
which are discussed below.

Assuming that keys are used for control, the depres-
sion of one of the three keys associated with a two-state
device results in the transmission of the aforementioned
coded signal to place the remote umit in the active con-
dition, whereupon the red indicating lamp is lit. The
depression of another- of the keys results in the transmis-
sion of a different code which changes the remote device
to the inactive state. The third key, when depressed, re-
sults in the transmission of an inquiry code which in effect
interrogates the device to determine its state. If it is in
the state shown by the indicating lamps, no change is
made. If, on the other hand it is in the other state, the
indicating lamps are changed to show the correct condi-
tion.

The aforementioned third lamp which may be of amber
or other suitable color, is lighted if no return signal is
received from a satellite within a predetermined period
after an order signal has been transmitted thereto; and
the fourth lamp which is provided for each “delayed
during the delayed action
phase of its operation. ) :

Thus, for example, certain types of devices operate
almost fnstantansously and an answer-back signal is trans-
mitted almost immediately after an order signal is received
at a satellite. -However, certain dévices require a substan-
tial period of time for completing their operation, devices
such as large motors which may take thirty seconds to
gain full speed, motor-operated valves, etc. Accordingly,
an answer-back signal, if transmitted during a predeter-
mined interval of say twelve seconds, would show non-
compliance by the apparatus with the order given, and
since this might be misleading, the apparatus is adapted to
_recognize such condition and to arrange for a subsequent
interrogation of the delayed answer devices to ascertain
whether or not the device has completed the desired oper-
ation. At this time, the delayed completion lamp (which
may be white in color, for example) will be extinguished,
the lamp which indicated the former state of the device
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will additionally be extingiushed, and the new status lamp
will be Lit.

In order to provide an additional margin of reliability
and safety in cperation, a master switch is provided. This
switch, or master key as it will hereinafter be called, must
be depressed before the apparatus will respond to the
depression of any cne of the individual control keys, there-
by preventing or greatly lessening the possibility of an

undesired operation.
Safety and control interlock circuits at the satellite sta-

one or more of the devices thereat to
In such event, an “uninvited

tions may cause
changs state automatically.
pulse™ is gener at the sateilite and transmitted to the
master siation. This uninviied pulse activatzs apparatus
which sends out inguiry codes in ssguen

lite to determine ot which sateliis
As each sateilite is thus questioned, it
which in effect says “no.” HMowever,
ori

€«
€2

(o=

.

s

when the signal-
inating satellite is reached, it transmits a signal which
identifies it as being the proper one, and the master station

ting signals relating

sequentially traunsmits interrc
to cach device thereat. Immediately after each device is
interrogated, atellite apparatus transmits one of two
signais whic icates either the active or the passive
state of the estion. The master station ap-
and responds by causing the
e proper conditions.
d lamps are utilized for countrol
carting and stopping
mential interrogation

%

3 I

Omne of these is a relatively short
sther is one of somewhat greater duration
engmina a long pulse. By utilizing

and logic circuits at each
ndered Iees complex than
e, and the circuits are endowed
with greater reliability and flexibility.

Buring a roll call, an inguiry code is transmitted over
the common ing loop frem the main station for each
as though the inguiry key for tha
This code is received at each
X an effective interrogation of only

evice to which it relates.

The satellite
ccated transmits either a long or a short

1
indicated or by leaving the indicating lamps in their pre-
vious conditions where no change has taken place. When
this has been done, as airy code for this next device is
transmitted and thereafter the next. This ssquence con-
tinues unmtil all of the remote devices have been thus
checked.

Roll calls may be initiated by any one of the four
following conditions: by reception of an uninvited pulss
from a satellite station; by closure of contacts on a pro-
gram clock whereby roll calls may be made periodically;
by manual operation of a roll call start pushbutton; or
by the receipt of a predetermined signal from a monitor
to indicate a special condition.

As mentioned before, the apparatus may be arranged
to first check each satellite to determine if an uninvited
pulse originated therein, eliminating the necessity for in-
dividually checking many of the remote devices. How-
ever, if it is desired to individually check each device,
such may be accomplished by modifying the circuits in
accordance with principles hereinafter explained in detail.

Provision is made for terminating a roll call at any
point therein in order that an operator may initiate some
other control operation if it is deemed desirable. There-
after, he may manually restart the roll call sequence. In
addition, if an alarm condition arises in a satellite while
a roll call is in progress, it may either manifest itself by
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indicating the change when its position in the roll call is
reached, or if it cccurs after its position has been reached
the alarm signal will be stored in the satellite until the roll
call is completed and then transmitted in the form of a
suitable signal to the main station. In the latier event,
the transmitted signal initiates a new roll call which then
identifies the particular condition which gave rise to the
alarm signal.

Apparatus is also provided for two different types of
telemetering either or both of which may be included in
aiy given instailation. According to the first type, telem-
etering of the timed interval type is provided for opera-
tion over the regular signaling channel. When it is
desired to ascertain the remote indication, a suitable key
is depressed. This results in the transmission of a code
by the master station which, when it is received by the
satellite, is effective to commect a telemeter generator to
the signaling loop. Signals from this generator then
flow over the loop during a following interval of pre-
determined duration to produce the desired deflection on
a telemeter receiver unit which may be located at the
mester station.

A second type of operation is provided for continuous
telemetering wherein a separate circuit is provided for
transmission of the information-representing signal. In
operation, the depression of a suitable key results in the
transmission of a coded signal which is effective at the
satellite to cause connection of the proper telemeter
generator to the separate circuit. At the same time, a
corresponding receiver is connected to the separate cir-
cuit at the master station terminal and such comnections
are not interrupted until a disconnect operation is initi-
ated either by the depression of a disconnect button or
the depression of a different telemeter conmect button.

Additional control functions are provided, among
which are those of raising and lowering voltages, par-
tiaily opening or closing velves, or effecting other changes
of a similar nature. Here again, two different types are
available. In both, the depression of a suitable key re-~
sults in the effective connection of an auxiliary key at the
main station to a controlled device at the designated
satellite. However, in accordance with one type, the
length of time during which the auxiliary key is de-
pressed is a function of the degree of change effected at
the controlied device, whereas according to the other
type, the auxiiiary key is depressed momentarily once for
each incremental degree of change desired. As will be
readily apparent, the latter type is particularly adapted
to devices which are of the incremental type.

Although at the end of a predetermined interval of
time, the signaling path is restored to normal thereby
disconnecting the controlled device, a separate circuit
could be provided if it were desired that such connection
be retained for an indefinite period of time. However,
since the common signaling circuit may be required for
other control operations, it is not deemed desirable to
divert it from availability for normal signaling functions
except for very brief intervals of time.

Alihough a given coded signal ordinarily relates to a
control function of only one device, the circuits may be
readily adapted to provide simultaniecus response of any
number of devices to a preselected set of coded im-
pulses. This may be particularly advantageous when it
is desired to activate or deactivate a plurality of devices
simultaneously, as for example a plurality of tandemly
connected pumps, valves, line switches, etc. This fea-
ture is advantageously employed to provide what is here-
inafter called a systems signal which may be used to
shut down an entire section or perhaps an entire system
when the failure or automatic shutdown of one pump,
for example, will necessitate the immediate stopping of
a plurality of preceding pumps which would otherwise
continue to pump liquid in the direction of the disabled
equipment.

Of course, this principle could be advantageously em-
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ployed in other applications of the apparatus. Thus, for
example, in an electrical power distribution system, a sys-
tem signal could be advantageously employed to simul-
taneously trip a plurality of circuit breakers to interrupt
the flow of current to a line fault.

When a plurality of sections is connected together, it
may be desired to monitor one or more of such sections
from another section. As mentioned above, provision is
made for the inclusion of monitor panels at any one of
the main stations, and these monitor panels provide visaal
display of the several conditions of the devices controlied
from the monitored main stations. In addition, they
form a convenient medium for interconnecting the several
sections in order that overall system coordination may be
obtained. In particular, they recognize a systems signal
condition arising in any given section and cause addi-
tional sections :(as required) to effectively respond thereto
in the desired manner.

As mentioned above, the well-known two-out-of-five
code is employed for the transmission of order and in-
quiry information from the main to satellite stations.
Ordinarily, when the total nmumber of individual order
and inquiry codes is small, each will consist of two digits.
However, if the number of such order and inquiry codes
exceeds a given number (for example where decimal
digits are used, 100) a three-digit number may be readily
employed by simply extending the principles underlying
the pulse-counting, decoding and common control cir-
cuits; and if the number of codes should be still further
increased four, five, or even more digits could be readily
employed.

For installations in which extreme accuracy and relia-
bility of operation are required, the circuits are arranged
for double code transmission. According to this type of
operation, a given order code is transmitted twice in se-
quence and apparatus at the satellites compares both in
order to make certain that they are in agreement before
proceeding to perform the operation to which the signal
relates. In the event the two do not agree, no operation
is performed and the master station is alerted at the end
of a brief interval of predetermined duration thereby to
provide a visual indication of noncompliance to the con-
trolling operator.

It is emphasized that ordinarily only one signaling
channel is required for the interconnection of a main
station and its associated satellites, and this channel may
be of a relatively inexpensive narrow band type. Only
in the event that continuous telemetering is required will
it be necessary to provide an additional channel, for nor-
mal telemetering requirements can be met over the single
interconnecting transmission path.

Tt will now be apparent that the circuits provide a wide
variety of features, that they are exceedingly versatile
and adaptable, and are highly reliable.

The following detailed description is specifically related
to the center section of the system shown in block dia-
gram form in FIG. 40. Two satellites, main station No.
2, and a monitor circuit for station 2 make up this sec-
tion. Although the adjacent sections each have three
satellites, it will be apparent as the detailed description
proceeds that sach of these sections employs principles
identical to those underlying the center section including
main station No. 2.

Now considering the circuits at the main station and

initially those that relate to the control of a first two-
state device at satellite 1, it may be assumed for pur-
poses of this description that such device is in its inac-
tive (i.e., stopped or open) condition, the “green” relay
109 will be operated and the green lamp 161 will be lit
over a path which may be traced from ground thereon
and thence over the operated No. 6 front contacts of re-
lay 186, the No. 1 back contacts of No Reply relay 162,
the No. 1 back contacts of Lamp Control relay 103, and
resistor 104 to battery.

In order to activate the device, it will be necessary to
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depress two keys, the Master Operate key 1500 in FIG.
15 and Close key 165 in FIG. 1. An operating path for
Close relay 186 is thereby extended from ground over
the right-hand contacts of Master Operate key 1500 and
thence over the No. 4 back contacts of Prevent Trans-
mission relay 1521, conductors 1502 and 107 and the con-
tacts of Close key 105 to the operating Wmdmg of Close
relay 186 and battery. Relay 106 operates in this circuit
and extends paths from ground over contacts 1-4 and
conductors A, AA, B and BB to correspondingly desig-
nated cross connection terminals in FIG. 10. In addi-
tion it operates Start relay 1503 in a circuit which ex-
tends from ground over the previously traced path via
Close key 165 and thence over the No. 5 front contacts
of relay 166 and conductors 168 and 109 to the operat-
ing winding of relay 1503 and battery. Relay 1503, in
operating, lecks both itself and Close relay 106 over a
path which may be traced from ground at Release relay
1688 over back transfer contacts thereof, conductor 1601,
contacts Mo. 1626 of the 15.5 second cam of timer 1662,
conductor 1683 and the No. 4 front contacts of Start re-
lay 1563. Relay 196, in operating, additionally operates
auxiliary relay 118 from ground at the No. 6 front con-
tacts of relay 186 over conductors 111 and 112.

When relay 116 operates, it completes a path from

_ground via the No. 3 back contacts of relay 114 and the

No. 5 front contacts of relay 110 to the operating wind-
ing of Double Transmission relay 1106 and battery. Re-
lay 1398 operates and at its No. 6 front contacts extends
a path from ground via the No. 5 back contacts of End
First Transmission relay 1113 to the winding of Between
Pulsing relay 1114 and battery, thereby operating relay
1114,

Relays, 1800 and 18¢1 form a pulse genmerator which
together with the frequency dividing relay circuit of re-
lays 1780-1792 generates impulses required by the code
chain relays 1600-1003, 1564-15¢8, and 1703-1707 of

GS. 10, 15, and 17. These code chain relays are ar-
ranged to advantageously produce sets of coded impulses
which are utilized to selectively control the various re-
mote devices. As will be presently seen, the particular
codes employed are detérmineéd by the cross conmections
made at the cross connecting terminals of FIG. 10.

Now returning to the operation of Start relay 1503, it
will be noted that paths for the activation of the afore-
mentioned pulse generating circuits are selectively ex-
tended from both ground and battery thereto: from
ground over the No. 2 front contacts thereof and thence
via the No. 2 back contacts of Stop relay 1569 and con-
ductor 1788 to the left-hand contacts of pulse generating
relay 1869; from battery via the No. 3 front contacts of
relay 1503, the No. 3 back contacts of relay 1509, con-
ductor 1519, resistor 1808, and conductor 1803 to the
two windings of relay 1809. It should be noted, how-
ever, that this extension of battery potential is rendered
ineffective by ground which is extended over the No. 1
back transfer contacts of relay 1801 to conductor 1899
and the right-hand terminal of resistor 1808.

When the pulse generating circuits are at rest, the
armature of relay 1800 engages its left-hand contacts and
relay 1801 is unoperated. Accordingly, ground at the
aforementioned contacts of relay 1800 is extended there-
from over conductor 1884 to the operating winding of
relay 18¢1 and battery thereby. operating the latter.
When relay 1861 cperates, ground is extended over the
No. 1 front transfer contacts thereof to both the lower
right-hand terminals of resistor 1867 and the junction
between capacitor 1805 and resistor 1866. In addition,
ground is removed from the left-hand terminals of the
operating windings of relay 186¢ by the opemng of the
No. 1 back transfar contacts of relay 1301.

Before relay 1801 operated, current flowed from bat-
tery through resistors 1806 and 1867 through the lower
“secondary” winding of relay 180¢ and thence via con-

ductors 1883 and 1809 through the Mo, 1 back transfer

rs
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centacts of relay 1801 to ground. Litfle or no current
flowed through the upper “primary” winding of relay 1800
because capacitor 1885 will have assumed a completely
charged state. However, when relay 1881 operated to
switch the above-described paths from ground to the cir-
cuits of relay 1889, the direction of current flow through
the lower winding of relay 1888 was reversed and the
discharging and subsequent recharging to opposite polarity
of capacitor 1885 was initiaied. The reversal of curreat
through the lower winding may be traced cver the above
described path from battery at the contacts of Start relay
1563 to the lower winding of relay 1886 and thence
through resistor 1897 to ground supplied at the right-hand
terminal thereof. Similarly, the path for the reversal of
charge polarity of capacitor 1865 may be traced over iden-
tical paths except that here the circuit is extended through
ihe upper winding of relay 1869.

For a brief interval of duration determined by the
values of capaciior 1883, the resistances of the upper
windings of relay 3800 and resistor 1898 together with
the associated circuit parameters, the recharging current
of capacitor 1885 is sufficient to prevent the change in
state of relay 1808 by the reversed current flowing through
the lower winding therecf. However, at the end of such
predetsrmined interval, the capacitor current decays to
a point at which it can no longer overcome the lower
winding cuirent. At this time, the armature of relay
18458 moves to engage its right-hand contacts.

When the armature of relay 1865 moves to the right-
haund position, the operating path hereinbefore described
for the aciivation of relay 1841 is broken. Accordingly,
relay 1881 raleases and ground is retransferred to the paths
hevetofore described to restore relay 1886 to its original
condition. However, the discharge and récharging cur-
rent flowing to capacitor 1885 through the upper winding
of reiay 1828 prevents the armature of relay 1806 from
returning to its left-hand contacts until the charging in-
terval is substantially terminated. At this time, the con-
tacts complete their travel and a similar cycle is again
initiated.

It will now be seen that relays 1868 and 1881 generate
puises whose characteristics may be shaped through the
selecticn of values of capaciior 1865 and the remaining
circuit parameters. These pulse characteristics may be
readily controlled to provide pulses which have make-to-
break ratios of approximately omne to one in order that
the frequency-dividing-circuit relays 1760-1782 may be
most advantageously activated.

The aforementicned parameters also conirol the rate
at which the pulses will be generated (i.e., the frequency
thereof) and such rate may be readily changed in accord-
ance with the rate at which it is desired to transmit signal-
ing information over the transmission loop to which ref-
crence is hereinafter more particularly made.

Each time relay 1881 operates, an cperating path for
Send relay 1882 is extended from ground over the No.
3 fromt contacts of relay 1881 to the operating winding
of relay 1882 and battery. In addition, an operating path
for Send-Hold relay 1818 is extended from ground over
the No. 4 front contacts of relay 18¢1. A path for the
operation of relay 1788 is extended from ground over the
Me. 2 front contacts of relay 1863 and thence over the
No. 6 back contacts of relay 1702, the No. 3 back con-
tacts of relay 17621 and the Mo. 3 back transfer contacts
of relay 1768 to the operating winding thereof and bat-
tery.

“When relay 1802 is operated, the tip and ring conduc-
tors are disconnected at the MNo. 3 back transfer contacts
thereof, thereby interrupting the line loop and causing
Line Receiving relay 1811 to move its armature to the left-
hand contact thereof. At the same time, Send-Hold relay
1838 is operated by current which flows from. ground at
the No. 1 front contacts of relay 1882 through the wind-
ing of relay 1819 to battery. -Relay 1838 locks over its
own No. 2 front contacts to ground supplied via the Ieft-
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hand contacts of relay 18311, In addition, relay 1810 ex-
tends ground over iis INo. 1 front contacts to the winding
of Prevent Transmission relay 1561 thereby operating it.
Station Busy lamp 1517 is lit by current which flows from
ground to the filament thereof via the No. 2 front con-
tacts of relay 1592; and the Master Operate key 1560
is effeciively disconnected from the various individual con-
trol keys at the No. 4 back contacts of relay 1561, thereby
preventing response of the circuits to operation of another
one of the control keys until after the current cycle of
cperations is completed.

it will now be seen that without additional circuit opera-
tion, the line loop would be opened with each operation
of relay 1881, However, as hereinbefore mentioned,
signaling information is transmitted in a two-out-of-five
code and it is therefore necessary that the regular repeti-
tive operation of relay 1802 be modified to provide periods
of interrupted line loop current flow which are sufficiently
different in' duration to permit the distinction thereof
from the remaining normal interrupted periods. This is
accemplished by holding relay 1862 operated during one
of the normal periods in which it would otherwise be
unoperated, and it will be apparent that as a result of
such medified operation, line loop current flow will be
interrupted during a period approximately three times
as great as that of the normal interval. Circuits which
contrel the points at which such modification is made in
the normal sequential transmission of impulses includes
the relays 1788-17082 together with the aforementioned
code chain relays 1080-1003, 1584-15908 and 1783-1707
whose operation will now be explained in detail.

In order that receiving circuits at the monitor and
satellite stations may be alerted to respond to bona fide
signaling impulses, circuits at the main station are ar-
ranged to emit a long preparatory pulse. This pulse is
transmitted in every instance in advance of the transmis-
sion of a coded signal and results from the elimination
of the first pulse of line loop current that would other-
wise flow over the locop when relay 1882 releases for
the first time during a signaling sequence.

As hereinbefore mentioned, the first operation of relay
2201 results in the extension of an operating path (here-
inbefore traced) for relay 1790. When the latter oper-
ates, it locks to ground over its own Mo. 3 front continu-
ity contacts and the Mo. 2 back contacts of relay 17¢1.
In operating, relay 1789 completes a path from ground
over the MNo. 2 front contacts thereof to the left-hand ter-
minal of the winding of relay 17¢1. However, relay 1781
does not operate at this time because grouad is conducted
to the right-hand terminal thereof over the No. 2 fromi
contacts of relay 1881, the No. 6 back contacts of relay
1702 and the No. 3 back contacts of relay 1761, In op-
erating, relay 1760 also extends ground over its No. 1
front contacts to the ODD lead 1769 through the No. 1
back contacts of relay 1765 and conductor 1719, the No.
2 back contacts of relay 1601, the No. 2 back contacts
of relay 1462, the No. 1 back contacts of relay 1003, the
Mo, 2 back contacts of relay 4584, the No. 1 back con-
tacts of relay 15835, the No. 2 back contacts of relay 1505,
the No. 1 back contacts of relay 1307, the No. 2 back
contacts of relay 1508, the No. 1 back contacts of relay
2783, the No. 2 back contacis of relay 1784 and thence
through the No. 2 back contacts of relay 1796 and the
No. 3 back continuity contacts of relay 1008 to the op-
erating winding thereof and battery. Relay 1688 oper-
ates in this circuit and locks to ground at start relay 1503
over a path which may be traced from the winding of
relay 1059 and thence over the MNo. 3 front continuity
contacts thereof, the Mo. 3 back contacts of relays 1061
and 1662, the No. 2 back continuity contacts of relay
1883, the No. 3 back continuity contacts of relay 1504,
the MNo. 2 back continuity contacts of relay 4595, the No.
3 back continuity contacts of relay 1506, the No. 2 back
continuity contacts of relay 1587, the No. 3 back con-
tinuity contacts of relay 1508, the No. 2 back continuity
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contacts of relay 1703, the No. 3 back continuity con-
tacts of relay 1784, the No. 2 back continuity contacts
of relay 1795, the No. 3 back continuity contacts of
relay 1766, conductor 1711, the Mo. 1 back contacts of
Stop relay 1569 and the No. 1 front contacts of Start
relay 1503 to ground.

One additional operation resulting from the actuation
of relay 1700 is the opening of the No. 4 back contacts
thereof which are interposed serially in the path inter-
connecting conductors 1712 and 1713. These contacts are
thus interposed to advantageously assist in pulse shaping
according to the manner hereinafter more fully described.

As mentioned before, relay 1761 is prevented from op-
erating until relay 1861 is released. When release occurs,
ground is removed over the above traced path to the right-
hand terminal® of relay 1781, and relay 1761 thereupon
operates in a circuit which may be traced from ground
over the No. 2 front contacts of relay 1748 and thence

12

control of relay 1801 during the first release of the lat-
ter; and to effect this operation, ground is supplied to the
winding of relay 1802 over an alternate path bypassing
the ground which would be otherwise interrupted by the
opening of the No. 3 front contacts of relay 1801. This
alternate ground is supplied over the No. 4 front contacts
of relay 1689 and thence over conductor 1004, the No. 5
back contacts of relay 1767, conductors 1720 and 1717,

- the No. 3 back contacts of relay 1702, conductor 1718,

10

through the operating winding of relay 1761 and resistor

1714 to battery. Relay 1701 locks operated over its No.
1 front contacts, the No. 2 back contacts of relay 1702,
- and conductor 1715 to ground previously traced on -con-
ductors 1711, i

Relay 1701, in operating, opens its No. 2 back contacts,
thereby interrupting the locking circuit for relay 1780.
In addition, it provides an operating circuit for relay 1782
in order that the latter may respond to the next subse-
quent operation of relay 18021, This circuit may bs
traced from ground via the No. 2 front contacts of relay
1801, the No. 6 back contacts of relay 1702, the No. 3
front contacts of relay 2761 and ihe No. 5 back transfer
contacts of relay 1702 to the operating winding thereof
and battery. When relay 1881 reoperates, the circuit is

" completed and relay 1702 operates therein, thereby inter-

rupting the locking circuit for relay 1791 by opening the
No. 2 back contacts of relay 17¢2. In addition, a path
is extended from ground over the No. 1 front contacts
of relay 1702, EVEN lead 1716 and the No. 2 front
contacts of relay 1680 fo the operating winding of relay
1001 and battery. Relay 1661 operates. In addiiion, re-
lay 1792 opens its No. 3 back contacts which are serially
interposed in signaling leads 1717 and 1728. These MNo.
3 contacts are advantageously employed to assist in shap-
ing pulses which operate Send relay 1882.

When relay 1861 next releases, it in turn releases relay
1792 by interrupting the locking circuit thereof at the
No. 2 front contacts of the former, and the frequency
dividing relays 1766-1762 are restored to their original
states to await the next subsequent operation of relay
1801,

It will now be seen that two (1908, 18%1) of the code
chain relays (1060-1893, 1504-1568 and 1703-1707)
have been operated during the first cyclical operation of
relays 1780-1762, and during each subsequent cycie two
additional code chain'relays are operated in numbered
sequence. These code chain relays effectively produce
the above described modification of the periods during
which the signaling line is open-circuited tkhereby to mod-
ify the signaling pulses to represent the requiréd codes.

As mentioned before, when no data is being transmit-
ted in either direction of the line loop, the loop is closed
and is opened at the main station end by the operation
of relay 1802 under the conirol of relay 1801, While sig-
naling impulses (actually line interruptions) are being
transmitted from the main station, the remainder of ‘the
line loop continues in a closed circuit condition, and since
each operation of lelay 1861 establishes an operating path
for relay 1862, and since relay 18¢1 follows a regular
repetitive pulsing sequence, the line current would be in-
terrupted at spaced intervals having a make-to-break ratio
of approximately one to one were it not for the afore-
mentioned pulse modifying circuits. :

When relay 1801 operates for the first time, the send-
ing relay 1802 follows it and opéens the line loop. How-
ever, it is desired that relay 1892 not release under the
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conductor 1719, and the operating winding of relay 1862.
Since relay 1600 is operated by relay 1760 (substantially
coincident with- the initial operation of relay 18¢1) and
since relay 1096 remains in the operated condition during
the. entire time that relay 1801 is released for the first
time after activation, it will be seen that ground is supplied
to retain relay 1802 in its operated state for a period of
time at least equal to three times the normal line interrup-
tion interval. The line is prevented from staying open
for a period of time greater than this by the release of
relay 1668 which occurs to interrupt the aforementioned
alternate ground path when relay 1001 is actuated. As
will be recalled, relay 1001 is operated when relay 1702
operates under the control of relay 1801. It will thus be
seen that whenever the pulsing relays 1808 and 1801 are
initially activated, a preparatory sxgnal consisting of a
relatively long lme loop interruption is transmitted over
the signaling circuits.

When the frequency dividing relays 17¢0-17¢2 begin
their second cycle of operation, relay 1009 is deenergized
and relay 1601 is locked operated over its own No. 3
front continuity contacts and the rémaining portion of the
circuit heretofore described in respect to the locking of
relay 100¢. Accordingly, when ground is connected to
ODD conductor 1709 by relay 1780, it is extended over
the path heretofore traced via conductor 1718 and thence
over the No. 2 front contacts of relay 1001 to the oper-
ating winding of relay 1602 and battery. Relay 1802
operates in this circuit interrupting the locking circuit for
relay 1801 and locking itself over its own No. 3 front
continuity contacts and the remaining portion of the afore-
mentioned locking circuit. ~The interruption of the lock-
ing circuit for relay 1061 results in the release thereof.

An inspection of the circuits will now reveal that if
ground were present at terminal A1l of the cross connect-
ing set of terminals, it would be extended over the No. 4
front contacts of relay 1002 and thence over conductors
1005 ‘and 1804 through the No. 5 back contacts of relay
1707, conductors 172¢ and 1717, and thence to the oper-
ating winding of relay 1862 over a path heretofore traced
via back contacts No. 3 of relay 1702. Accordingly, an
alternate source of ground would be supplied to retain
sending relay 1862 in an operated condition during -an
interval in which relay 1881 is deenergized. A further
inspection of the paths leading from the remaining A2-A6
and B1-B6 terminals reveals that these are each individ-
vally connected through front contacts of relays 1003,
1504-1567, 1703-1766 and relay 1000, Since, as men-
tioned before, the several relays in the code chain are
sequentially operated in synchromism with the pulses
emitted by pulse generating relays 1800 and 1801, it will
be apparent that the positions in the pulse train at which
line loop interruptions are increased in duration will de-

pend upon the ones of terminals A1-A6 and B1-B6 which
are grounded ‘over the cross connections extended there-
to from the corresponding lower terminals.

MNow returning to the operation of these circunits which
results from the grounding of conductors A, AA, B and
BB in FIG. 1 by the operation of close relay 106, it will
be seen that ground will be selectively extended to con-
ductors 1606-1099 via the depicted cross connections and
the obvious paths leading from front contacts 1-4 of relay
186. These grounds appear at the front contacts of relays
1505, 1567, 1766 and 1000 respectively. Accordingly,
whenever any one of these four relays is operated, an
alternate source of ground is connected to the operating
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winding of relay 1862 to retain it in its operated state.

The particular relationship between decimal digits and
the code representations thereof is by no means critical,
and the particular relationship embodied by the circuits
herein described is merely illustrative of one arrangement
that has been advantageously employed. However, it
will be apparent to cne skilled in the art that the posi-
tions of the extended interruptions of line current in the
pulse trains could vary and that the circuits could be
readily modified to provide corresponding operation with-
out departing from the principles thereof.

In the particular illusirative embodiment herein selected
for description, the decimal digits are each represented by
the conventional two-out-of-five code counterparts. Thus,
for example, the digit 1 is represented by the two elements
0 and 1, the digit 2 by the elements 0 and 2 . . . and the
digit O by the elements 4 and 7. Since the code elements
are transmitted sequentially (rather than simultaneously),
the wvalue of the element is determined by the position in
the pulse train in which it appears. In order that this
may be more clearly understood, it may be considered
that were it not for the provision of the above-described
alternate paths from ground to hold sending relay 1882
operated, relay 1892 would interrupt the flow of line
current during seven equally spaced intervals in each digit
train. However, under control of the code chain relays,
sending relay 1882 is prevented from restoring loop con-
tinuity during two of the periods in which it would other-
wise do so and, therefore, instead of there being seven
line interruptions of equal duration, there are two intei-
ruptions of extended duration and three interruptions of
normal duration. The positions of the extended inter-
ruptions in the sequence of five interruptions determines
the particular decimal digit to which such sequence of
interruption appertains. 'Thus, for example, if the first
two interruptions of a digit sequence are of extended dura-
tion, the series of interruptions represent the digit 1, if
the first and third interruptions are of extended duration,
the represented digit is 2 . . . and if the fourth and fifth

interruptions are of extended duration the represented

digit is 0.
The folicwing tabulation sets forth decimal digits, the
corresponding code elements, the sequential positicns of
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upplied to the operating winding therecf over
1718, The ground conducted over the afore-
mentioned cross coanections is extended via conductor
188¢ through the WNo. 3 front contacts of relay 1585 and
thence over the path hereinbefore traced via contacts of
relay 1767 and the circuitry which follows to the operat-
ing winding of relay 1802. The alternate path to greund
thus provided retains relay 1882 in its operated state dur-
ing the mext released period of relay 1881, thereby pro-
ducing an exiended line interruption in the fourth posi-
tion.

During the extended interruption, relay 1546 is op-
erated thereby releasing relay 1585, but not until after
relay 3841 is reactuated. When the next subsequent re-
lease of relay 3881 occurs, relay 1882 repsonds by again
esteblishing continuity of the line loop, and when relay
1861 is reactuated, relay 1507 is operated by ground sup-

thereto over EVEN conductor 1716, Since a path
hereby completed from ground at conductor 1887 via

icicre traced to the operating winding of relay 1892, it
will be apparent that relay 1802 will not release in re-
sponse 10 the next subsequent release of relay 1881, Ac-
cordingly, the line interruption is extended and the sec-
cad element of the digit representing code is effectively
transmitted. ’

An inspection of the remaining code relays in FIG. 1,
i.e., relays 113 and 114, will reveal that cross connections
to the apprepriate terminals of the two groups AI—-A§ and
B1-B¢ will result in the establishment of alternate operat-
ing paths for relay 1892 at the appropriate points in the
pulse trains to result in the transmission of digit-rep-
resenting trains characterized in accordance with the
above tabulation.

It will be noted from an inspection of the circuits that
after the sequence cf operation of the code chain relays
has progressed to relay 1787, it returns to relays 1668 and
166Z. Thus, operation of the code chain relays conforms
to the description hereinbefore set forth uniil relay 1786 is
actuated. Howsver, at this point, a change in the opera~
tion of the remaining two relays (ie., 1706 and 1787)
takes place in order to prepare the chain for the second

the extended pulses which are representative thereof, and _ operation of relays 1805 and 10831, Whereas, when the
the corresponding cross connections required in FIG. 10. 45 preceding code chain relays each operated they individ-
Cross-connections (Fig. 10)
Two out |Positions
Decimal | of five of long
digit code pulses In TFirst digit Second digit
elements digit
train
Al | A2 | A3 | A4 | A5 | A6 | B1 | B2 | B3 | B4 | B5 | B8
4,7 4,5
0,1 1,2
0,2 1,3
1,2 2.3
0,4 1,4
1,4 2,4
2,4 3,4
0,7 1,5
1,7 2,5 Bi
2,7 3.3 B

The above description of the positions of the extended
pulses in each digit representing train should not be con-
fused with the position of the initial long pulse which
bears no relationship to the identity of any particular
digit but merely serves to alert the receiving circuits and
to authenticate the following digit trains.

Mow returning to the operation of the code chain relays
and Send relay 1282 which take piace as a result of the
operation of Close relay 188, it will be seen that after trans-
mission of the above described preparatory pulse, Send
relay 1882 will gperate under the exclusive control of
relay 1881 until relay 1503 is actuated. Accordingly, the
first three digit-representing pulses will be of normal
duration. However, when the line curreat is interrupted
for the fourth time in the series, relay 1505 is operated
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ually locked to ground over their own front continuity
contacts and the remaining portion of the locking circuit
leading through back continuity contacts of the succeed-
ing relays to ground on conductor 1711, relay 1765, when
operated by ground conducted to the operating winding
thereof via ODD lead 769 and the No. 1 front contacts
of relay 1708, locks to ground over a path which may be
traced from ground at relay 1533 over the No. 1 front
contacts thereof, the No. 1 back contacts of Stop relay
1539, conductors 1711 and 1721, the No. 3 front trans-
fer contacts of relay 1786, conductor 1722, the Mo, 1
back contacis of relay 1869 -and conductor 1819 to the
operating winding of relay 1786, Accordingly, when

relay 1787 operates, in response to the actuation of relay
1782, the locking circuit for relay 1766 remains unbroken,
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and relay 1766 is not released until relay 1089 is reop-
erated in the manner now to be described.

‘When relay 1787 operates, it is locked to ground on
conductor 1711 but over a different path from that here-
tofore described with respect to relay 1766. This locking
path for relay 1707 may be traced from ground on con-
ductor 1711 over conductor 1723 and the No. 4 front con-
tinuity contacts of relay 1797 to the operating winding
thereof. Accordingly, it will be seen that relay 1767 will
remain in an operated state until stop relay 1589 is op-
erated.

When ground is next applied to ODD lead 1762 by
relay 1700, it is conducted through the No. 1 back con-
tacts of relay 1705 to conductor 1719 and thence over
the heretofore traced path through serially connected back
contacts of relays 1661-1603, 1584-1568 and 1703-1704,
the No. 1 front contacts of relay 1707 and conductor 1724
through the No. 3 back continuity contacts of relay 1608
to the operatmg wmdmg thereof and battery. Relay 1$6¢

operates in this circuit and locks to ground on conductor ¢

1711 over its own No. 3 front continuity contacts, serially
connected back contacts of each of relays 19811083,
1584-1598 and 1783-1705, and thence through the No.
3 front contacts of relay 1707 and conductor 1723 to
conductor 1711.

. As mentioned before, when relay 1000 operates, it
opens the-heretofore-traced locking circuit for relay 1706
at the No. 1 back contacts of relay 10090, thereby causing
relay 1706 to revert to its released condition. Relays 1767
and 1089, however, continue operated.

When ground is next applied to EVEN lead 1716, it is
conducted in the manner heretofore described to the
operating winding of relay 1061, thereby causing the re-
lay to operate. -Relay 1606 is released by the interruption
of the aforementioned locking circuit at the No. 3 back
continuity contacts of relay 1061. Relay 1787 however
continues to reside in its operated state. Accordingly,
when relay 1702 next releases, a path is established for
the operation of stop relay 1509 from ground at relay
1707 over the No. 2 front contacts thereof, conductor
1725, the No. 1 front contacts of relay 1801, conductor
1011 and the No. 4 back contacts of relay 1792 to the
operating winding of relay 1589 and battery. Relay 1509
operates in this circuit and at its No. 7 front contacts
extends ground via the No. 5 front contacts of Double
Transmission relay 1180 and the No. 1 back continuity
contacts of Start Second Transmission relay 1115 to
the winding of End First Transmission relay 1113 and
battery. Relay 1113 operates and locks over its own No.
4 front contacts to ground at the No. 5 back contacts
of relay 1135. At its No. 2 front continuity contacts,
reélay 1313 completes a locking circuit for Stop relay
1509 which may be traced from ground at the No. 2
back contacts of relay 1115 via the No. 2 front con-
tinuity contacts of relay 1113, the No. 2 front contacts
of relay 1169 and the No. 4 front contacts of relay 1569
to the operating winding thereof and battery. At its No.
3 front contacts, relay 1113 establishes an alternate lock-
ing path for Start relay 1503 which extends from ground
at the No. 3 front continuity contacts of relay 1113 via
the No. 3 front contacts of relay 1198 to the No. 4 front
contacts of Start relay 1503, the winding thereof and
battery. At its No. 5 contacts, relay 1113 transfers
ground from the winding of relay 1114 to the stationary
contact thereof.

Now returning to Stop relay 1509, it will be seen that
in operating it performs several functions. At its No. 1
back contacts it interrupts the above-traced locking path
~ for relays 1061 and 1707 thereby releasing them and pre-
paring the code chain for a second transmission of the
code. It terminates operation of pulse-genérating relays
1800 and 1801 by removing ground from conductor 17¢8
and by removing battery from conductor 1863 over paths
hereinbefore traced through the Nos. 2 and 3 back con-
tacts of relay 2509, In addition, it actuates timer 1662
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over a path from ground-at the No. 2 back contacts of
Receive-Follow relay 1511 via the No. 5 front contacts
of stop rélay 1509, conductor 1512, cross connection con-
ductor 1605 which bridges cross connecting terminals
d and ¢, conductors £6@6 and 16%7 and thence in twe-di-
rections: one through the winding of clutch-operating
magnet 1668, and the other through the normally closed
contacts 1689 of the 18-second cam 1618 through resistor
1611 to the windings of timer driving motor 1612. Both
motor 1612 and clutch engaging magnet 1688 operate in
this circuit. Accordingly, rotation of the cams begins.

As will be noted from a visual inspection of the timer
cams, each thereof is arranged to change the condition
of its associated contacts after a definite predetermined
interval. The various periods of time to which. these
cams are related are selected to coordinate the operation
of various of the remaining circuit elements in the man-
ner hereinafter more fully described.

Now returning to relay 1114, it will be seen that it is
of the slow release type. Accordingly, after a brief in-
terval of time its contacts complete their travel. A path
is then completed from ground via the No. 6 front con-
tacts of relay 11088, the No. 5 front coatacts of relay
1313 and the back contacts of relay 1114 to the winding
of Start Second Transmission relay 1115 and battery.
Relay 1115 operates and locks over its own No. 4 front
contacts and the No. 1 front contacts of relay 1180 to
ground at the No. 1 front contacts of Start relay 1563.

- At its No. 1 continuity contacts it interrupts the hereto-

fore traced operating circuit for relay 1113; and at its
No. 5.back contacts it interrupts the locking circuit
therefor, thereby causing relay 1113 to release. At its
No. 2 contacts, relay 1115 opens the locking circuit for
Stop relay 1589 thereby initiating its release.

When Stop relay 1589 releases, it re-applies ground to
conductor -1768 and battery to conductor 1§83, thereby
to initiate a second generation and transmission of the
code in a manner similar to that heretofore described.
Very shortly after relay 1509 releases, the contacts of
relay 1313 complete their travel whereupon a path for the
future locking of Stop relay 1509 is prepared (in order
that relay 1569 may be locked when it reoperates at the
end of the second cede transmission). This future lock-
ing path may-be traced from ground at the No. 2 back
continuity contacts of relay 1113 and thence via the No. 2
front contacts of relay 1189 to the No. 4 stationary con-
tact of relay 1599,

It will be recalled that normally Start relay 1563 is
locked operated to ground through back contacts of Stop
relay 1589. -Therefore, were it not for the heretofore
described alternate locking path established via the No.
3 front continuity contacts of relay 1113 at the end of
the first transmission of the code, the operation of Stop
relay 1509 would result in the release of Start relay 15¢3
with a resulting reset of all the circuits to their. normal
idle condition. Since Start re‘ay 1563 is held operated,
the release of relay 1589 results in the reactivation of the
code generating and transmitting circuits. However, it
is desired that the circuits become. reset after the code
is retransmitted and therefore relay 1113 is prevented
from again operating by opening its operating circuit at
the No. 1 front continuity contacts of rélay 1115, As
heretofore mentioned, relay 1115 locks to ground at the
No. 1 front contacts of Start relay 1503 thus ensuring
continued operation until relay -15¢3 is released.

Provision is made for interrupting one of the locking
paths for Start relay 1503 when Stop relay 1569 reop-
erates. This locking path was established from ground
at the No. 6 back contacts of relay 1569 via the No. 4
front contacts of relay 1108, the No. 3 front contacts
of relay 1115, the No. 3 back continuity contacts of relay
1113, the No. 3 front contacts of relay 1160 and the No.
4 front contacts of relay 1503 to the cperating winding
thereof and battery. However, when relay 1569 reop-
erates, relay 1503 does not release since it is held op-
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erated over an alternate locking path which may be traced
from ground at the No. 4 front contacts of relay 1616
via the No. 1 front continuity contacts of relay 1606,
contacts 1629 of the 15.5 second cam 1621, conducior
1663, and the No. 4 front contacts of Start relay 1563
to the operating winding thereof and battery. Accord-
ingly, Close relay 106, Auxiliary relay 130, Double Trans-
mission relay 1260, Start Second Transmission relay 1115
and relay 1114 (Relay 1114 will have been recperated
when relay 1113 released) wiil remain operated until relay
15¢3 subsequently releases.

In summary, it may be said that in response to the op-
eration of Close relay 186, the sending circuits twice
transmit one prepare pulse and two sets of digit repre-
senting pulses over the transmission circuits extending
to the monitor station and to each satellite contrelled di-
rectly from the main station.

If the circuits of FIG. 1 had been arranged for single
instead of double code transmission (as is the case with
the circuits of FIG. 2), the Auxiliary relay 118 would
not have established an operating circuit for Double
Transmission relay 1160. Accordingly, ncne of relays
1100, 1123, 1144 and 1115 would have been operated,
and when Stop relay 1539 operated at the end of the first
transmission of the code it would have remained locked
to relay 1503 and would not have released tc initiate
a second transmission of the code. Accordingly, the code
would have been transmitted once instead of twice.

it will be recalled that reiay 166 relates to a first two-
state device at satellite 3. The receiving and decoding
circuits at satellite 1 respond to effect activation of cir-
cuits which resuits in closing of the first device, whereupon
they are effective to open the line loop for an extended
interval of time to produce what may be called a long
pulse. The particular manner in which such operations
are carried out will be described in detail in the follow-
ing section of this specification. It may be sufficient at
this point to understand merely that such extended in-
terval of line interruption indicates that the device is

actuated. It should be stated that the long pulse does not .

necessarily indicate that the device operated in accordance
with the transmitied code but is merely indicative of the
state of the device.

The satellite circuits are arranged io transmit such in-
dication within a predetermined interval of time which,
for the purposes of this illustrative embodiment, may be
said to approximate six seconds. Since it has been as-
sumed that the required operation has taken place at the
satellite station, the aforementioned line interruption of
extended duration will accur at approximately this time.
Accordingly, none of the cams in timer 16342 will have
been effective to change the conditions of their asso-
ciated contacts.

During the interval of line interruption, line relay 1811
is effective to extend a path from ground thereat over
its lefi-hand contacts, the No. 2 slow release back con-
tacts of relay 181¢ and the INo. 2 back contacts of reiay
1892 to the operating winding of relay 1511 and battery.
Relay 1531 operates in this circuit and since it has no
locking circuit, remains operated only for the duration
of the line interruption. However, during such interval
it periorms a number of important functions.” The first
of these is the removal of ground from RC timing circuit
1613-1614 over a path which may be traced from the
No. 4 back contacts of relay 1511 and thence over con-
ductor 1513 to the junction of resister 1613 and the lower
winding of timing relay 1615. Another is the applica-
tion of ground to the operating winding of relay 1616
over the No. 4 front contacts of relay 1511, the No. 3
back contacts of Telemetering relay 1617 and conductors
1618 and 1619 to the operating winding of relay 1616
and battery. Yet another is the removal of ground from
conductor 1514 which is necessary to prevent a prema-
ture operation of one of relays 160 and 115. Still an-
other is the deactivation of timer 1662 which resuits from
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the removal of ground from the timer circuits by the
opening of the WNo. 2 back contacts of relay 1511, Still
a further operation is the establishment of an alternate
locking circuit for relay 1503 from ground over the No.
2 front contacts of relay 1511 and thence over the No. 4
back contacts of relay 110§ and the No. 4 front contacts
of relay 1593 to the operating winding thereof.

When relay 1616 operates, Release relay 1600 is ac-
tuated over a path which extends from ground over the
No. 3 front contacts of relay 1616 to the operating wind-
ing of relay 21668 and battery. A locking circuit is thus
provided for relay 1503 and may be traced from the No.
4 front contacts thereof over conductor 1693, contacts
16Z8 of the 15.5 second cam 162% and thence over con-
ductor 1681, the No. 1 front transfer contacts of relay
1689 and the No. 4 front contacts of relay 1616 to ground.
/s will hereinafter be seen, this locking path is provided
in order to cause the desired sequence of release in cer-
tain of the relays in order to restore them to their normal
idle condition.

Timing relay 1615 and its associated Long Pulse relay
1622 are provided to distinguish beiween a long and a
short interruption of line continuity. If the interruption
is of brisf duration, relay 1615 does not time out, i.e., the
capacitor 1614 does not have time to charge sufficiently
to cause the current through the lower winding of relay
%15 to decrease to a point at which the contacts will
move to the right-hand position. On the other hand, if
the line interruption is of extended duration, Timing relay
1615 will operate and will extend a path from ground
over its normally open contacts to the operating winding
of relay 1622 thereby causing it to operate and lock to
ground over its own No. 3 front contacts and the No. 3
front contacts of relay 1616.

When continuity is restored to the line loop, Line relay
1811 opens its contacts and removes ground from the
winding of relay 1511. Accordingly, relay 1511 releases
and in turn releases relay 1616. However, for a brief
period of predetermined duration, the contacts of relay
1616 remain closed and therefore a momentary path will
be established from ground at relay 1511 over conductor
15314 and the No. 1 front contacts of relay 1616 to the No.
2 armature of relay 1622. If, as has been assumed, the
break in line continuity has been of extended duration, the
path is further extended over the No. 2 front contacts of
relay 1622 and thence via the No. 2 back contacts of relay
1517, the No. 6 front contacts of Start relay 1503, con-
ductor 116 and the No. 2 front contacts of relay 110 to
the operating winding of Reéd relay 115, Relay 115 oper-
ates in this circuit and interrupts the locking circuit for
Green relay 100 which had extended from ground over the
No. 1 back contacts of relay 115 and the No. 1 front con-
tacts of relay 180 to the locking winding of the latter.
Accordingly, relay 100C releases and establishes a locking
path for relay 115 which now extends from ground over
the No. 1 back contacts of relay 186 and the No. 1 front
contacts of relay 115 to the locking winding thereof.
Relay 115, in operating, extends an obvious path over its
Mo. 6 front contacts to light red lamp 119.

If the line interruption had been of brief duration the
above traced path over the contacts of relay 1622 would
have extended over the No. 2 back contacts thereof (in-
stead of over the No. 2 front contacts ‘as described above)
and such path would have been traced over the No. 1 back
contacts of relay 1617 and the No. 5 front contacts of
relay 1563 to conductor 117 whence it would have been
extended over the No. 1 front contacts of relay 110 to the
operating winding of relay 190. Since relay 100 would
have been already operated, the ground extended thereto
from conductor 117 would produce no change thereat.
However, this ground would be extended over the No. 2
front contacts of relay 100 and the No. 8 front contacts
of relay 106 to the operating winding of Lamp Control
relay 103 and battery. Relay 1683 would operate and lock
to ground at Retire Flashing Lamps key 122 via resistor
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123, the No. 2. front contacts of relay 183 and the nor-
mally closed contacts of key 122. - Accordingly, indicating
tamp 161 would be disconnected at the No. 1 -back con-
tacts of relay 103 from battery 127 and would be connect-
ed instead to flashing potential via the front contacts of
Flasher relay 1104, conductor 218, resistor 128, the No. 1
front contacts of relay 163, the No. 1 back contacts of
relay 102 and the No. 6 front contacts of relay 168. The
operation of the Flasher relays 1164-1106 is explained in
detail in the section entitled “Transmission of Inquiry
Code to Ascertain State of Remote Device.”

Now returning to the operations ‘that take place in re-
sponse to the extended interruption of line continuity, it
will be recalled that relay 115 has been operated, that relay
‘166 has been released, that relay 1811 and relay 1511 have
been released, that relay 1622 is thus far retained in an
operated condition even though relay 1615 has been reset
by the restoration of ground to the timing circuit thereof
by the release of relay 1511, and that relay 1616, although
deenergized, has yet retained its contacts in their closed
positions. These latter contacts now open and interrupt
the sole remaining locking path for relay 15¢3 and relay
106. At the same time, the operating path for relay 1669
and the locking path for relay 1622 is opened at the No. 3
front contacts of relay 1616. Relay 1622 releases im-
mediately but relay 1680 retains its contacts in their pre-
existing states for an additional brief interval of time, thus
ensuring that relay 1503 will completely release before
ground is restored to conductor 1601 over the No. 1 back
continuity contacts of relay 1660. The circuits are now
completely restored to their normal idle condition.

Deactivation of Remote Device

‘When it is desired to deactivate (i.e., release)- the re-
mote device, the Master Operate key 1560 and Trip key
118 are depressed to establish a path for the operation of
Trip relay 113 and Start relay 1503 from ground. at
Master Operate key 1560 via the No. 4 back contacts of
Prevent Transmission relay 1501, conductors 1502 and
167 and the contacts of Trip key 118 to the operating
winding of Trip relay 113 and battery. Relay 113 oper-
ates and extends ground through the No. 4 front contacts
thereof and thence over condactors 108 and 109 to the
operating winding of Start relay 1503 and battery. Relay
1563 operates. ‘Trip relay 113 locks over its No. 4 front
contacts to’ground which is supplied to conductor 13
from the No. 1 back continuity contacts of relay 160¢
over the path hereinbefore described. Accordingly, trip
code conductors A, AA, B and BB are grounded to pro-
vide coding control for the code chain relays in the man-
ner described in relation to the closing sequence. In
addition, ground is extended over the No. 3 front contacts
of relay 113 to conductor 112 to operate Auxiliary relay
110.

The operation of start relay 1503 results in an identical
operation of the code-generating and transmission circuits
(except for the specific. code which here is different be-
cause of the application of ground potential to different
ones of the cross coding terminals) up until the point at
which the satellite station interrupts the flow of current
over the line loop for either a brief or extended interval.
Since a brief interruption indicates a deactivated condition
of the device in question, and since for the purposes of
this description it may be assumed that the remote device
released in accordance with the trip code which was trans-
mitted over the line loop, the satellite apparatus will in-
terrupt line continuity for a brief interval thereby retain-
ing relay 1511 in its operated state for a period of time
insufficient to result in the operation of Timing relay 1615.
Accordingly, Long Pulse relay 1622 does not operate and
the alternate path to which reference was hereinbefore
made is established over the No. 2 back contacts of relay
1622 and thence to the operating winding of relay 169.
Relay 100 operates and at its No. 1 back contacts inter-
rupts the path from ground to the locking winding of
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relay 115 thereby causing it to release and establish a
locking path from ground over its No. 1 back contacts
through the No. 1 front contacts-of relay 1906 to the lock-
ing winding thereof and battery. Relay 100 is now
operated and locked. Green lamp 101 is lit and red lamp
11% is extinguished.

The remainder of the operating sequence, that is the

restoration of the circuits to a normal idle condition, is

identical to that which has heretofore been described in
respect to the closing sequence.

Transmission of Inquiry Code to Ascertain State of
Remote Device

Occasions may arise when the state of a remote device
is in doubt and provision is therefore made for the indi-
vidual interrogation of each remote device on a selective
basis. Accordingly, an inquiry key is provided for each
such device thereby to provide a means for the initiation
of an inquiry sequence.

Inquiry key 120, when closed, establishes a path for
the operation of Inquiry relay 114 from ground over the
No. 3 back contacts of relay 1561, conductors 1§12 and
121, and the contacts of Inquiry key 128 to the operating
coil of Inquiry relay 114 and battery. Relay 114 op-
erates in this circuit and extends a path over its own No. 4
front contacts for the operation of relay 1503 via con-
ductors 188 and 109. Relay 2503 operates and locks

" both itself and relay 114 to ground at relay 1680 in a
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manner identical to that heretofore explained with re-
spetc to Close and Trip relays 196 and 113. The opera-
tion of Start relay 1503 results in activation of the pulse
generating circuits, and the operation of relay 114 pro-
vides. the required ground to appropriately. control the
codes in accordance with the above described principles.

The inquiry code for the first two-state device is now
transmitted over the line loop and is effective at satellite 1
to actuate circuits thereat which respond by opening the
line loop for an extended period if the device in question
is operated or by interrupting line continuity for a rela-
tively brief interval if the device is unactuated. Relay
1811 correspondingly operates and relay 1622 again closes
its contacts only if the line interruption has been of ex-
The hereinbefore traced paths will be
extended over the No. 2 back contacts thereof if the
queried device is unactuated but over the No. 2 front con-
tacts if such device is operated. 1If relay 109 is operated
thereby indicating the device to be unactuated, and if the
return signal from the satellite indicates this to be the
correct state, ground is extended over the No. 2 back con-
tacts of relay 1622 and thence over the above described
path to the operating winding of relay 106. However,
since relay 1890 is already operated, such ground produces
no change thereat. The apparatus now resets itself to the
nermal idle condition.

If, on the other hand, the line interruption had been
of extended duration (thereby indicating the device in
question to be operated) the above mentioned path would
have been extended to the operating winding of relay 115
thereby operating it and releasing relay 188. Since the
remote device has been shown to reside in a condition
different from that indicated by the lamps, a flashing con-
dition thereof will ensue, for Lamp Conirol relay 103
will have been operated by ground which is extended to
the coperating winding thereof during the brief interval

‘when the slow release contacts of both the red and green

relays 115 and 109 are operated. This path may be traced
from ground at relay 1813 over the No. 2 back contacts
thereof, conductors 1014 and 121, and No. 1 front con-
tacts of relay 114, the No. 4 slow rclease front contacts
of relays 188 and 115 to the operating winding of relay
103 and battery. Relay 183 operates in this circuit and
locks to ground at Retire Flashing Lamp’s key 122 via
resistor 123, the No. 2 front contacts of relay 193 and the
normally closed contacts of key 122. Green indicating
lamp 101 will be extinguished and red indicating lamp
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118 will be flashed repetitively by potential conducted
thereto frem the flasher circuits now to be described.

When relay 103 operates, it extends ground over ifs
No. 3 front contacts, conductors 217 and the slow re-
lease back contacts of relay 1105 to the winding of Flasher
relay 1196 and battery. Relay 1196 operates and over
its Nos. 1 and 2 siow release front contacts completes
paths from ground to the windings of relays 1184 and
1195. Relays 1184 and 1185 operate. Relay 1184 com-
pletes a path from battery via conductor 218§, resistor
128, the No. 1 front contacts of relay 183, the No. { back
contacts of relay 102 and the No. 6 front contacts of
relay 115 to the filament of red lamp 11% and grouad.
Relay 1185 operates thereby opening its contacts and in-
terrupting the heretofore-traced operating circuit for re-
lay 1186. Because of their slow reiease ¢ istics,
the contacts of relay 1184 remain closed for a brief inter-
val after which they open. Relays 1164 and 2163 release,
the energizing path for the lamp 139 is broken, the ener-
gizing path for relay 1388 is restored, and the cycle is
begun again. Thus, as long as relay 183 is operated, the
indicating lamp will be flashed off and on.

T the remote device is operated, if the red lamp is
lit, and if in response to the inquiry code a long reply
pulse is received, operation similar to that described above
will result, except that here an extended interval of line
interruption (long puise) will effect no change whereas
a relatively short interval of interruption (short pulsz)
will cause the circuits to extinguish the red lamp and to
preduce a flashing indication of the green lamp.

Not only will relay 183 operate to impart a flashing
lamp condition when a reply to an inquiry code shows
the device to be in a state different from that indicated
by the lamp dispiay, but in addition an audible alarm
is scunded. This is accomplished by providing a path
for the operation of Alarm relay 116X from grouad at
relay 1§13 via conductors 1814 and 121, the No. 1 front
contacts of relay 114, the No. 2 back contacts of relay
1%3, the Mo. 7 back coniacis of relay 186, the MNo. 3
front contacts of relays 189 and 1¥5 and conductor 269
to the opsrating winding of alarm relay 1181 and bat-
tery. Alarm relay 1161 operates in this circuit and locks
over its own No. Z front contacts to ground at the normal-
Iy closed contacts of Retire Audibie Alarm key 11§2.
Accordingly, alarm beil 2183 is activated over the obvious
path and will continue in an acivated state until the

"relay 1181 is released by operation of key 1i82. The
lamp will continue to flash until Lamp Control relay 183
is released by the opening of Retire Flashing Lamp’s key
122,

act

Operation When No Reply Is Reczived From Satellite

If no reply is received in response to a close, trip or
inquiry signal, the 12.5-second cam 1623 of timer 1682
closes its associated contacts £624 to complete a circuit
for the operation of Clock relay 1625. This circuit may
be traced from ground over the No. 2 back contacts of
relay 1811, the No. 5 front contacts of relay 1589, con-
ductor 1582, cross connecting lead 1683, conductor 1663,
contacts 1624 of 12.5-second cam 1623 and the No. 9
back contacts of relay 1617 tc the operating winding
of Clock relay 1625 and battery.

When relay 1625 operates, ground is extended over the
No. 2 front contacts thereof, conductor 1626, conductor
2%1 and the No. 3 front contacts of auxiliary reiay 116
to the operating winding of No-Reply relay 102 and
thence to battery through resistor 12§. Relay 182 oper-
ates in this circuit and locks over its ewn Wo. 2 front con-
tacts to ground. It also completes a circuit for the light-
ing of No-Reply lamp 124 which may be traced from
battery through resistor 125 and the No. 3 front contacis
of relay 182 to the No-Reply lamp 124, 1n addition, it
interrupts the circuit over which the green and red in-
dicating lamps are lighted by opening its No. 1 back con-
tacts.
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In addition to operating relay 192, relay 1625 at its
No. 3 front contacts extends ground to an operating
winding of Alarm relay 1163, Relay 1381 operates and
locks to ground over its No. 2 front contacts and the
normally closed contacts of Retire Audible Alarm key
1382,

When the 15.5-second cam 1§21 opens its associated
contacts 162§, the hereinbefore traced locking path for
Start relay 1503 and the Close, Trip and Inguiry relays
166, 113 and 114 is interrupted. Accordingly, except for
MNo-Repiy relay 182 and its associated circuits, the ap-
paratus is reset to its normal idle condition. With re-
spect to relay 102, a visual inspection of the circuits will
indicate that this relay can only be released when its
cperating winding is shunted down by the application of
ground thereto over the No. 4 front contacts of relay
13§ and the No. 2 slow release front contacts of relay
1660,  Accordingly, No-Reply lamp 124 will remain
lighted until a response is received to a close, trip or
inquiry code transmitted in relation to this same device.

Delayed Completion Operation

As mentioned before, certain of the remotely con-
trolled devices may be characterized by having an excep-
tionally long operating or releasing time. Thus, for ex-
ample, certain large motors or valves may require 30
seconds or more to come up to speed or otherwise com-
plete their operations. Accordingly, apparatus is pro-
vided which is advantageously employed to coordinate
operation of the control circulis in such a manner that
they do not produce a misleading indication for such de-
vices. This apparatus is included in the circuits of FiG.
2 which relate to a second two-state device located at
sateliite 1 and having a delayed compiztion characteristic
for both activation and deactivation.

A visual inspection of the circuits of FIG. 2 will in-
dicate that they are basically similar to those of FIG. 1
except for the double code transmission feature and ex-
cept for certain elements which have been added to
provide for the aforementioned delayed compietion.
These added elements comprise Blue relay 282, Delayed
Completion Lamp 283 and the associated circuits.

In operation, the Close and Master Operate keys 264A
and 158Q resuit in initiation of a code emission cycls
similar to that hereinbefore described with respect to FIG.
1 except that the code is transmitted once rather than
twice.

As will be recalled, the control or inquiry code trans-
mission results in a return signal within a period of ap-
proximately six seconds. This return signal which is
transmitted from the satellite at which the controlled
device is located indicates the condition of that device
as of the time at which the return signal is transmitted.
Since, in the case of a delayed completion activation,
the device will not have completed iis operation at the
end of the six-second interval, the return signal will be
of relatively brief duration and were it not for the modi-
fications made to the controlling circuits, such return
signal would resuit in the establishment of a flashing
green Jamp. However, Blue relay 202 and its associated
circuits are arranged to prevent such occurrence in the
manner now to be particularly described.

When the aforementioned path is completed over the
Mo. 2 back contacts of Long Pulss relay 1622, it is con-
ducted thence over the hereinbefore traced path to con-
ductor 117 whence it is extended over the No. 1 front
contacts of Auxiliary relay 284 to the operating winding
of Green relay 285. Since relay 283 is already operated,
this additional path has no effect thereupon. However,
when extended over the MNo. 2 front contacts thereof and
the No. 8 front contacts of Close relay 288, it is effective

to operate Blue relay 202 over conductors 207 and 2¢3.

It will now be seen that a major difference in the cper-
ation of the apparatus in FIGS. 1 and 2 results from the
difference in connections in the above traced path which,
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in FIG. 1, leads to the operating coil of Lamp Control
relay 1863 but which in the circuits of FIG. 2 leads tc the
operating coil of Blue relay 262.

When relay 202 operates, it locks over a path which
includes its own No. 2 front contacts, the No. 3 back
contacts of Red relay 209, the No. 9 front contacts. of
Green relay 265, and the No. 3 back contacts of Trip
relay 210 to ground thereat. ~In addition, it lights De-
layed Completion lamp 263 from battery over its No. 3
front contacts and the interconnecting obvious path. It
also extends a path from ground over its Mo. 1 {ront
contacts and the No. 5 front contacts of relay 284 to the
operating winding of relay 1613 and battery. Relay 1013
operates in this circuit and locks to ground over its own
No. 1 front contacts and the No. 2 front contacts of relay
1501.

The code transmitting and receiving circuits are re-
stored to their normal idle conditions in a manner iden-
tical to that hereinbefore described. After the remote
device has finally completed its operation, the satellite
at which it is located transmits a signal to the main
station and this signal results in the sequential trans-
mission of a series of inquiry codes (hereinafter dencted
a Roll Call) to identify the satellite at which the signal
originated. After the satellite is identified, the main
station circuits transmit additional inquiry codes to iden-
tify the particular device involved and to determine its
then-existing state. The sequence of operations that
result in the transmission of these codes and the re-
sponses thereto will hereinafter be described in detail
in the sections entitled “Roll Call” and “Rapid Roll
Call.,”

It will be sufficient now to know that when the de-
layed completion device is reached in the roll call se-
quence, a pulse indicating its then-existing state is trans-
mitted to the main station, In the case of the above-
described example (i.e., actuation of the second two-
state device in satellite 1), this pulse will be of relatively
long duration, and the above-traced alternate path from
ground will be extended to the operating winding of
red relay 209 thereby actuating it and causing it to re-
lease green relay 205 and blue relay 20Z.

The converse operation of these circuits (that is, de-
layed completicn trip or deactivation of device) is iden-
tical to that with respect to the operation thereof except
that a long pulse will be returned from the satellite sta-
tion at the end of the six-second interval, This pulse
will be effective over the above-traced path through
the No. 2 front contacts of Long Pulse relay 1622 to
extend ground to the operating winding of red relay 28%
_instead of green relay 205. Accordingly, the locking
circuit for relay 202 extends through the No. 3 front
contacts of relay 209 and the No. 3 black contacts of
relay 205 to ground at the Mo. 6 back contacts of re-
lay 206. The code transmitting and receiving  circuits
are again reset to their normal idle states, and the red
and blue relays 209 and 292 remain operated until dur-
ing a subsequent roll call the deactivation of the device
is confirmed.

A cursory consideration of the circuits of FiG. 2
might lead to the incorrect conclusion that Lamp Con-
trol relay 211 is ineffective to produce a flashing condi-
tion of the lamps under any condition. This, howsver,
is not the case.- Although blue relay 202 is effective
to prevent activation of relay 211 when a delayed com-
pletion sequence is in progress, it will be seen that oiher
conditions may result in its operation. Thus, for ex-
ample, if no delayed completion order has been given
(ie., if neither the Close nor Trip relays 28$ or 219
has been operated), and if the Inquiry relay 212 is actu-
ated, relay 202 will not be. operated; and under these
conditions if a return signal is received from the sateilite
to indicate a device state other than that reported by
the operated one of green and red relays 285 and 289,
a path for the operation of Lamp Control relay 211 wxl‘
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be extended from ground at relay 1613 over the No: 2
back contacts thereof, conductors 1814 and 121, the No.
1 front contacts of relay 212, the No. 5 front contacts
of relays 205 and 269 to the operatmc winding of relay
211 and battery.

A visual inspection of the circuits of FIG, 2 will reveal
that operation when no reply. is received is identical
to that heretofore described with respect-to the circuits
of FIG. 1, and reference is hereby made to that descrip-
tion for a complete understanding thereof.

Referring now to FIG. 3, it will be seen that shown
therein are representations of two circuits for the-control
of a first and a second two-state device at satellite 2.
The circuits are similar to those of FIG. 1 except that
double code transmission is not provided. Acco;dingly, :
paths for the activation of double tramsmission relay
1109 would be eliminated from inquiry relays and aux-
iliary relays corresponding to Inquiry relay 124 ‘and
Auxiliary relay 118 of FIG. 1. - As will ‘be recalied, the
control circuits of FIG. 3, although substantially ideati-
cal to those of FIG. 1, are effective to produce selective
codes different therefrom because of differing cross con-
nections which are extended between the cross connect-
ing terminals in FIG. 10.

Roll Call

Tt will be recalled that coded signals generated at .the
main staiion are transmitted over the communication
circuits to each satellite in the section. Although these
signals are received at each such satellite, the circuits
thereof are arranged to effectively respond only to those
codes which relate to items of apparaius located thereat.
This feature is advantageously utilized by circuits at
the main station which are arranged to sequentially
transmit the inquiry code of each two-state device (and
other codes which will be explained) to periodically
check the conditions of such devices. This sequential
polling of the various devices is known as a roll call.
In order that a desired interrogation may be more rapidly
completed under certain circumstances, two different
types of roll call operation are provxded The first of
these is a regular sequential check of every two-state
device which is controlled from the master station, and
this type of roll call is initiated at regular intervals by
clock: apparatus which may be adjusted to institute such
operation at any desired interval. This general roll
call may be initiated by two other operations, One of
these is the manual operation of a Start Roll Call key
located at the main station, and the other is the depres-
sion of a corresponding key at the associated monitor. It
should be borne in mind that this associated monitor is
that which is connected to the main station over ths
transmission circuits but which ordinarily is physically
located at or adjacent to another main station.

The second type of roll call is one which does not
necessarily interrogate all of the two-state devices, since
its function is to locate a particular device or ascertain the
identity and significance of some unusual change within the
system. This will be more clearly seen when it is under-
stood that the automatic change of any two-state device
(that is, a change not directed by the circuits at the main
station) will result in the transmission of a signal from
the affected satellite. Since this signal is not returned in
response to the operation of a bona fide order, it is con-
veniently termed “uninvited pulse.”

Other system conditions in addition to the automatic
operation of a two-state device will result in the emission
of such an uninvited pulse, and since certain of these con-
ditions require the utmost speed in ascertaining the source
and identity thereof, the roll call circuits follow a modified
sequence of operations to first. check the monitor and
each satellite within the section to ascertain whether or
not such uninvited pulse originated thereat. If it is de-
termined that the pulse did not originate at the monitor
or satellite being polled, the individual devices and sources
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thereat are not individually interrogated, and the roll call
proceeds to the next satellite thereby advantageously
shortening the length of time required to locate the source
in question. When, during such operation, the monitor or
satellite at which the source is located is reached, a corre-
sponding signal is {ransmitted to the main station and is
effective thereat to produce an individual interrogation of
each device at the monitor or satellite in question until
the source of the uninvited pulse is specifically identified.
For purposes of later reference, this second type of se-
quential interrogation may be termed “rapid roll call.”
Now returning to the gemeral roll call, it will be re-
membered that it can be initiated either by the operation
of a clock or by the depression of start keys at the main
station and the monitor. Referring to FIG. 12, it will
be seen that Roll Call Timer 2289 and Start Roll Call
key 1201 are both connected to conductor 1282 and the
operating winding of Complete Roll Call relay 3293.
Accordingly, the depression of key 1201 or the timing out

of timer 1280 will result in the operation of relay 1263 &

which will later lock over its own No, 4 front contacts
and conductors 1294 and 1295 to ground over the No. 3
front contacts of Roll Call relay 13080 when the latter
operates. In addition, relay 1283 in operating extends
ground over its No. 2 front contacts and conductor 1206
to the operating windings of Station Control relays 1207
and 1208 thereby operating them. In addition, it operates
Roll Call relay 1389 over a path which may be traced
from ground at relay 1283 over the No. 3 front contacts
thereof and conductor 1209 to the winding of Roll Call
relay 1340, resistor 3301 and battery. Relay 130§ oper-
ates and locks to ground over the No. 5 back continuity
contacts of Succeeding Section relay 140%. In addition,
it completes the aforementioned locking circuit for relay
1243 over the above-traced path.

Now returning to Complete Roll Call relay 3263, it
will be seen that two functions other than those hereto-
fore described result when the relay operates. One of
these is the operation of Complete Roll Call auxiliary

relay 1210 over the path from ground at relay 1380 over #

the No. 2 front contacts thereof and the No. 5 front con-
tacts of relay 1283 to the winding of relay 121€ and
battery. When relay 1210 operates, it extends paths from
ground over its Nos. 1 and 2 front contacts to the wind-
ings of relays 1214 and 1215 thereby operating them. In
addition, relay 1283 at its No. 1 front contacts extends
a path for the future operation of Skip relay 1302 over
conductors 1383, 1211 and 1212 from whence the path
will be additionally traced in connection with the descrip-
tion of a later scction of the operating sequence below.

In addition to those functions heretofore described, Roll
Call relay 1389 completes a path over its own No. 8§ front
contacts to light Roll Call Busy lamp 1364. Tt also ex-
tends a path for the operation of Interrupted Ground relay
1365 from ground over the No. 7 back contacts of Stop
relay 1509, the No. 5 back contacts of relay 1561 and
the WNo. 7 front contacts of relay 1398 to the winding of
relay 1305 and battery. Relay 1389 also provides a
ground over its No. 6 front contacts and conductor 1386
to which relay 1347 later locks. It prepares at its No. 5
front contacts a path from ground over which Roll Call
Release relay 1308 later locks, and it commects ground
over its No. 1 front contacts through the last terminal in
the first bank 130¢ of the stepping switch and back con-
tacts of Step Magnet 1318 to the winding thereof and
battery. Step magnet ¥1310 operates in this circuit and
moves the brush contacts of all its banks 1309, 1311 and
1312 one position. Accordingly, the ground which re-
sulted in the initial operation of step magnet 1319 is re-
moved by the disconnection of the brush contact of bank
1369 from the No. 14 terminal thereof and ground for its
reactivation must be conducted thereto over some other
path. Since Roll Call relay 1386 is operated, no ground
will appear on any one of the strapped terminals 1-12 of
bank 1309, and therefore ground for the reactivation of
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step magnet 133§ can only be conducted thereto over two
paths which may in the future be completed, One of
these will be completed whea relay 1362 is operated, and
the other will be completed when relay 1385 and reiay
1387 are operated and skip relay 1362 is released.

In order that operation of ths hereinafterdescribed
functions may be more clearly understood, it will be help-
ful to know that the brushes do not change position when
the step magnet is energized. Instead, they are prepared
for stepping by the actuation of the step magnet but do not
actually chauge position until the step magnet releases.
Therefore, when the brushes engage the first terminals and
relay 1307 is operated over the obvious path, the brushes
do not step to the second set of terminals even though the
above-traced path to step magnet 1310 is completed over
the No. 1 front contacts of relay 1367, the No. 1 back
centacts of relay 1362 and the No. 1 front contacts of
relay 1305. Accordingly, a path will continue to exist for
an additional interval of time from ground at relay 1385
over the No. 3 front contacts therecf, the No. 1 back
contacts of relay 1313, the brush and No. 1 contacts of
bank 1312, the No. 1 front contacts of relay 1288, con-
ductor 1212, the No. 1 front contacts of relay 1283, con-
ductor 1211 and conductor 1383 to the operating winging
of 3kip relay 1362 and battery. Relay 1302 operates in
this circuit thereby interrupting the above-traced operat-
ing path for Step relay 131@. Accordingly, relay 1316
relsases and the brushes of the stepping switch advance in
uniscn to the MNo. 2 contacts of banks 3¢9, 311, and 1312,
Interruption of the ground path through terminal 1 of
bank 1312 causes Skip relay 1302 to release, thereby again
completing the path for the operation of Step relay 1316.

Ground is.now conducted over the No. 2 contacts of
bank 1332 and thence over the No. 1 back contacts of
relay 1213 and conductor 1383 to again operate Skip
relay 138Z. Accordingly, the above-described sequence
repeats itself and the brushes are stepped to the third set
of terminals. Ground will now be conducted from ter-
minal 3 of bank 1332 over the No. 1 front contacts of
relay 1287 and then via the above-traced path to again
operate Skip relay 1382. The switch brushes now advance
to the fourth set of terminals whereupon ground is ex-
ended over the fourth terminal of bank 1312 and thence
via the No. 4 front contacts of relay 1214 and conductor
1216 to Inguiry relay 588. Relay 500 operates in this
circuit and extends ground over its No. 5 front contacts
to conductor 168 and thence over the hereinbefore-traced
path via condnctor 169 to the winding of start relay 1583
thereby operating it and initiating the above-described se-
quence of operations which result in the transmission of
an inquiry code over the line loop. The particular code
transmitted is effective to interrogate system-signal-origi-
nating apparatus at the first satellite tc ascertain whether
or not it is in an activated state. The significance of the
term “system signal” and the detailed operation of the
circuits of FIG. 5 that relate thereto will be explained
tully in the following section thus entitled. It will be suffi-
clent at this point to understand that in response to a
system signal inquiry cods transmission, apparatus at the
satellite to which it relates (here satellite 1) responds by
opening the line loop for either a brief or extended inter-
val. When the system signal apparatus at the satellite is
inactive, the line interruption will be of brief duration, but
if activaied, then for an extended interval. The oper-
ation of the roll call circuits will vary depending upon
which of these is recognized. The difference will be ex-
piained in detail in the following description of this speci-
fication which relates specifically to system signal oper-
ation. In order that the roll call circuits may be more
clearly understcod, it may now be assumed that the satel-
lite reply is of brief duration thereby indicating that a sys-
tem signal apparatus thereat is in an inactive state.

When the system signal inquiry code was being trans-
mitted, a reley 1501 was operated by ground conducted
thereto over the No. 1 front contacts of relay 1816, It
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will have locked to ground over the No. 1 front contacts
of relay 1503 and it will have interrupted the above-
traced path over which ground was conducted to operate
relay 1305. Accordingly, the path over the No. 1 front
contacts of relay 1365 is broken and step magnet 1310
is released, thereby advancing the switch brushes to the
fifth set of bank terminals. It should be noted, however,
that at this point in the sequence of operations, no ground
is available at the brush of bank 1312 since the path
thereto from ground is broken at the No. 3 front contacts
of relay 1385. It should be further noted that this ground

will not be again conducted thereover until relay 1395 re-.

operates after a return signal is received from the inter-
rogated satellite. Circuits which effect this sequence of
operations include back contacts of relay 1501, and it is
_these contacts in particular which do not close to re-
operate relay 1365 until the code transmitting and re-
ceiving circuits are reset to their normal idle conditions
subsequent to the receipt of the return pulse. The roll
call circuits therefore effectively wait until such reply
is received and thereafter will initiate transmission of the
next inquiry code by the code transmitting and receiving
circuits.

As has been hereinbefore assumed, the return reply re-
lating to the system signal inquiry code (first satellite)
consists of a short pulse (brief line interruption). Ac-
cordingly, a path will be extended over the No. 2 back
contacts of relay 1622 and thence via circuit elements
heretofore traced, conductor 117 and the No. 1 front con-
tacts of inquiry relay 500 to the operating winding of
Green relay 581. Since relay 501 is already operated (it
being assumed that the indicating lamp 502 is lit), no
change in the circuits of FIG. 5 is effected thereby. Since
a reply pulse has been received, the coding and control
circuits will have been reset, relay 13¢5 will have been
operated, and ground will have been re-established at the
brush of bank 1312. Ground is therefore extended. over
the No. 5 terminal thereof and thence via the No..3 front
contacts of relay 1214 and conductor 1217 to the winding
of Inquiry relay 114.

The inquiry code relating to the first two-state device
of satellite 1 is now transmitted over the line loop in the
same manner that it would have been transmitted had the
inquiry key 12¢ been depressed. The code transmitting
and receiving circuits await the return of the appropriate
reply. During this waiting period, relay 1365 is again
de-energized thereby preventing initiation of transmission
of a code relating to the sixth terminal of bank 1312 until
after the reply is received.

The reply produces effects identical to those which such
reply would produce in response to an inquiry code in-
initiated by the depression of the inquiry key 22¢; and
since the various alternatives have been explained in de-
tail in connection with the operation of such key, they will
not now be repeated. Irrespective of whether the reply
indicates a conditions different from that shown by the in-
dicating lamps, the roll call circuits proceed to the initia-
tion of the next interrogating code by extending the afore-
mentioned ground from the Ng. 6 terminal of bank 1312
and thence over the No. 2 front contacts of relay 1214
and conductor 1218 to the winding of Inquiry relay 212.

The sequence of operations that results from the opera-
tion of Inquiry relay 212 is identical to that heretofore

- described with respect to the operation of Inquiry relay
114 in circuits of FIG. 1 except that the particular code
employed is different. This is true even though the cir-
cuits relating to the second two-state device differ from
those relating to the first two-state device in respect to
the delayed completion operation and double code trans-
mission for trip and close orders. It may be helpful in
considering this last statement to recall that the double
code transmission feature, when provided, relates to close
and trip codes but does not apply to inquiry codes.

After the reply has been received from the satellite sta-

tion, relay 13§65 is again de-energized, thereby interrupting 7
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the operating path for step magnet 1318 and advancing
the brushes to the next, that is, the seventh position. In-
quiry relay 76% is actuated by ground which is extended to
the winding thereof over the No. 7 contacts of switch bank
1312, the No. 1 front contacts of relay 1214 and conductor
1212 Accordingly, the circuits of FIG: 7 are activated
to cause the code chain relays of FIGS. 10, 15 and 17
together -with the pulse generating and control circuits
of FIGS. 16 and 18 to emit a coded signal which is ef-
fective to determine whether or not there is an incoming
call condition at the first satellite. The significance of
the term “incoming call” together with the detailed opera-
tion of the circuits of FIG. 7 will be hereinafter explained
in detail in a later section of this specification entitled “In-
coming Call to Main Station” and it will be sufficient for

the purposes of the roll call description to know merely

that if there is an incoming call condition at the satellite,
a long pulse will be iransmitted therefrom, whereas if
there is no such condition a short pulse will result.

When the reply is received from the satellite, it is ef-

fective to cause the bank contacts of the stepping switch
to advance to the eighth position and a path is therefore
extended over terminal 8 of bank 1312, the No. 2 front
contacts of relay 1267, conductor 1212, the No. 1 front
contacts of relay 1203, conductor 1211, and conductor
1343 to the winding of relay 1362. Relay 1302 operates
and causes the brushes to advance to the next position
thereby effectively skipping operation of the circuits to
which terminal 8 would relate in a rapid roll call (that is,
station inquiry, second satellite).
. With the brushes in contact with terminal 9, a path is
extended therefrom over the No. 3 front contacts of relay
1215 and thence via conductor 1226 to the inquiry relay
(not shown) for the system signal second satellite ap-
paratus of FIG. 5. Although these circuits are not shown
in detail, they are identical, except for coding, to those set
forth immediately above in FIG. 5 for the system signal
inquiry, first satellite; and it is therefore deemed desirable
in the interest of reducing circuit complexity to merely
depict a representation of the circuits within the dashed
rectangle 503. : .

When a reply is received in response to the transmis-
sion of the code relating to the system signal inquiry sec-
ond satellite, the brushes of the stepping switch are ad-
vanced to the tenth set of bank terminals and a path is ex-
tended therefrom via the No. 2 front contacts of relay
1215 and conductor 1221 to the inquiry relay (not shown)
of the first two-state device, second satellite.
circuits for the first and second two-state devices of the
second satellite (shown in FIG. 3 as mere representations
of circuits within the dashed rectangles 380 and 301) are
arranged for single code transmission only, the circuits
therein would not include a path from the auxiliary relay
corresponding to relay 118 in FIG. 1 for the activation of
Double Transmission relay 1169 but would in all other

‘respects  be identical, except for coding, to the circuits

of FIG. 1.

When the inquiry relay of the first two-state device of
the second satellite operates, the appropriate code: is
transmitted over the line loop and when the reply is re-
ceived, it is effective to cause the stepping switch brushes
to advance to the No. 11 bank terminals. Accordingly,
a path is established therefrom over the No. 1 front con-
tacts of relay 1215 and thence over conductor 1222 to the
inquiry relay (not shown) of the circuits for the second
two-state device, second satellite, represented by the
dashed rectangle 301 in FIG. 3. The inquiry code there-
fore is transmitted and when the reply is received, the
switch brushes advance to the twelfth set of terminals.
A path is extended therefrom via conduit 1314 to In-
quiry relay 761 of the circuits which relate to an incoming
call from the monitor. As was stated with respect to

certain of the other circuits mentioned in connection with
operation of the roll call, the significance of the term

Since the -
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“incoming call from monitor” together with the detailed
operation of the circuits which relate thereto will be de-
scribed in a subsequent section of this specification en-
titled “Incoming Cali to Main Station”; and it will be
sufficient at this time to understand that in response to
the transmission of an inguiry code relating to an incom-
ing call from the monitor, apparatus at the monitor will
be effective to transmit either a long or a short pulse
depending upon whether or not it is in an activated
state.

When the reply puise is received, it is effective to ad-
vance the brushes to the thirteenth set of switch terminals
whereupon a path is extended therefrom over conductors
1315 and 131§ to the winding of Roll Call Release reiay
1388 and battery. Relay 1388 operates in this circuit
and momentarily locks to ground over its own No. 1
front contacts and the MNo. 5 fromt contacts of relay 1380,
However, in operating, relay 21362 extends ground over
its No. 2 front contacts to the junction of the right-hand
terminal cf relay 1300 and resistor 1381, thereby shunt-
ing down relay 138§ and causing it to release. Accord-
ingly, various paths for the continued operation of the
heretofore described relays of FIGS. 12 and 13 are in-
terrupted and the roll call apparatus is reset to its origi-
nal idle conditicn. In addition, the resulting interrup-
tion of the path for the operation of step magnet 1319
results in the advancement of the swiich brushes to the
fourteenth terminals to await the initiation of a subse-
quent roll call sequence.

Provision is made for the visual observation of roll
call progress and for the stopping thereof at any desired
point. Thus, it will be seen that in FIG. 13 a plurality
of indicating lamps 1317 are selectively connected to the
above-described terminals of bank 13%2. Since the ac-
tivation of each terminal results in the interrogation of
the particular related device, the lighting of the asso-
ciated indicating lamp indicates the point of sequence
to which the roll call has progressed.

Further observation of the circuits will reveal the Stop
Roll Call key 1223 which is effective to extend an al-
ternate path from ground over conductor 1224 to op-
erate Roll Call Release relay 1308. Thus, relay 1303
may be operated at any desired point in the rcll call se-
quence to reset the roll call circuits to a normal idle con-
diticn.

Rapid Roll Call

As heretofore mentioned, the monitor and satellite cir-
cuits are arranged to transmit an “uninvited pulse” when-
ever any one of certain predetermined unusnal conditions
exist. These conditions are of such impcriance that it is
desirable to ascertain their identity and source immediately
and in order to hasten such identification, the roll call
circuits are arranged to respond to such puise by initially
interrogating each station (monitor or satellite) to deter-
mine whether or not the device in question is located
thereat. ' if the received reply is in the negative, the roll
call apparatus skips over the individual devices within that
station and then interrogates the next station in sequence.
When a reply is received indicating that the device is in
the polled station, the reply received therefrom is ef-
fective to cause the main station roll call apparatus to
then interrogate each device within that station. During
such sequence the identity of any device having a changed
condition together with its new state will be observed by
appropriate changes in the conditions of the device indi-
cating lamps. Such changes will also be accompanisd
by actuation of the heretofore mentioned alarm circuits.

In order that rapid roll call operation may be more
easily understood, the following description thereof will
be divided into two parts. One of these describes the
sequence of gperations that results when an uninvited
pulse is received either as the result of a delayed answer
operation or in response to the automatic operation of
some device at a remote point. The other will relate to
an alternate sequence of operations that takes place when
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a plurality of devices operate in response to the trans-
missica of a general code. Although the term “general
code” has not herstofore been used in connection with
this description, it is intended to designate a code similar
to those employed for other two-state operations but
which is expressly reserved to simultaneously effect a
change by more than one device at one or a number of
stations. Circuits to control the generation of such a
code are shown in FIG. 6 to which reference will here-
inafter be made. Since this general code is employed
cnly within a given section, it may be functionally de-
scribed as section control.

Now returniing to the first of the above-mentioned types
of rapid roll call, it may be assumed that an uninvited
puise is reccived over the line loop. Since the monitor
and satellite circuits are prevented from emitting such a
pulse during cne of the normal cycles of operation, the
uainvited pulse wili find the main station circuits in their
normal idle conditions. Accordingly, when line relay
1, relays 1618, 1581 and

1811 operates to aciuate relay 15112

1886 are actus Since the uninvited pulse is always
of short duration, timing relay 16315 does not operate,
and when relay 1513 is deenergized at the conclusion of

hie pulse, a path is extended from ground over the No. 3
back contacts of relay 1511, conductor 1514, the No. 1
front contacts of relay 1616, the No. Z back coutacts
of relay 1822, the Mo. 1 back contacts of relay 1617,
the No. 5 back contacts of reiay 1563 and conductor 1289
to the operating winding of Roll Call relay 1380, Reiay
1305 operates in this circuit and locks over its own No. 4
front contacts to ground at the No. 5 back continuity
contacis of reilay 14@3. Relay 130¢ at its No. 1 front
contacts prepares a heretofore described path for the initia-
tion of operation of stepping magnet 1310, In addition
it completes a circuit for the operation of relay 1225
over a path from ground through the No. 2 front con-
tacts of relay 138¢ and the MNo. 5 back contacts of relay
2¢3 to the winding of relay 1225 and battery. Relay
1%25 operates in this circuit and extends a ground for
the possibie future locking of one or more of relays
1513, 1234 and 1213 from ground over the front coniacts
of relay 5 and thence io front contacts of each of
the relays 1213-1215.

¥t should be especialiy noted that Complete Roll Call
relay 1283 and the associated relays 12§47, 1268 and 1218
are not operated, and it is this condition which principally
distinguishes the operation of the rapid roll cail sequence
irom that which pertains during a complete roll call. Of
course, other differences exist but it wiil be helpful in an
understanding of the rapid roll call sequence to bear this
in mind.

When the brush contacts of the second bank 1312 are
advanced to the No. 1 terminal thereof, ground is ex-
tended tkerefrom but cver a path differeat from that here-
tofore traced during a complete voll call. Whereas be-
fors, it was extended to Skip relay 1362 to further ad-
vance the switch brushes, it is now extended over the
No. 1 back contacis of relay 2288 to the winding of
Coding relay 488, Relay 468 operates in this circuit and
extends a path over its No. 5 front contacts to conductor
1% whence it is further extended to the winding of
Start relay 1583 thereby to initiate operation of the code
traasmitting and recsiving circuits to emit pulses whose
characteristics are determined by grounds extended

5 through contacts of relay 409. The particular code that

resalts is recognized as that which relates to a system
signal inquiry and the reply that is received will rsflect
the state of system signal apparatus at the remote loca-
tion. Thus, for example, if a system signal condition exists
the reply will be of relatively extended duration whereas
if no such condition exists the reply will be brief. Al
though operation of the system signal apparatus in

2
g

FIG. 4 will difier depending upon which of these two
replies is received, it will be assumed for the purposes
of this reoll call description that the received reply is of
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brief duration. The alternate operation that results when
the received reply is of extended duration will be here-
inafter fully described in a subsequent section of this
specification entitled “System. Signal.”

Now assuming that the reply received is of bnef dura-
tion, it will be seen that relays 1511, 1616, 1666 and 2501
are again operated, and since the received reply was of
brief duration, the aforementioned path is extended over
the No. 2 back contacts of relay 1622 and thence via
the No. 1 back contacts of relay 1617, the INo. 5 front
contacts of relay 1583 to conductor 117. If the Monitor
Inquiry System Signal circuits of FIG. 4 included a
“green” relay such as, for example, relay 188 or relay 2905,
such path would be extended to the winding thereof.
However, an inspection of the circuits of FIG. 4 will reveal
that no such relay is provided and the extenmsion of this
path therefore is of no effect. However, when relay 1303
is reoperated at the conclusion of the reply, ground is
extended in the manner heretofore described to the brushes
of bank 13212 and thence from the MNo. 2 terminal there-
of through the No. 1 back contacts of relay 1213 and
thence via conductors 1228 and 1303 to the winding of
relay 1362 and battery. Relay 1302 operates and re-
sults in the stepping of the brushes to the No. 3 terminals,
whereupon a path is extended from ground at the No. 3
terminal of bank 1312 and thence over the No. 1 back
contacts of relay 1267, conductor 1226 in cable 1227
to the winding of Coding relay 808 and battery. Relay
860 operates in this circuit and extends a path over its
own No. 5 front contacts for the operation of start relay
1583. Accordingly, a signal having a code determined
by grounds extended through contacts of relay 866 is
transmitted over the communication circuits to the satel-
lite and monitor. This code is effective at the first satel-
lite to cause apparatus thereat to respond by emitting
a long pulse if one of the devices thereat is responsible
for the emission of the original uninvited pulse but to
otherwise emit a short pulse. On the other hand, the main
station circuits will respond to the receipt of a short pulse
by skipping over the remaining items relating to apparatus
at the first satellite, but will respond differently to a long
pulse by individually interrogating each.

For the purposes of this descripiive explanation, it.may
be assumed that the device responsible for the uninvited
pulse is resident in the second satellite and therefore in
the following sequence the roll call will skip over the
individual devices in satellite 1 and will in turn indi-
vidually poll the devices in satellite 2.

Now turning specifically to the operations that result
from the receipt of a short pulse in response to the trans-
mission of the station inquiry first satellite code, it will be
noted that the operations are identical to those that re-
sulted from the receipt of a short pulse in response to
‘the transmission of a system signal code. Accordingly,
the stepping switch brushes are advanced to the No. 4
‘position and at the end of the pulse the aforementioned
ground is reapplied to the brushes in bank 1312 and
thence conducted over the No. 4 back contacts of relay
1214 and conductors 1228 and 1363 to the winding of re-
lay 13082, The brushes are advanced to the fifth set of
terminals and ground is extended from the Mo. 5 ter-
‘minal in bank 1312 over the No. 3 back contacts of
relay 1214 and conductors 1228 and 1383 to the winding
of relay 1362. Accordingly, the brushes are advanced to
the sixth position and ground is extended from the No. 6
terminal of bank 1312 over the No. 2 back contacts of
relay 1214 and the aforementioned conductors to the
winding of relay 1302. The brushes are advanced to the
seventh position and ground is extended from the No. 7
terminal of bank 1312 over the MNo. 1 back contacts of
relay 2214 and thence again to the winding of relay 1302.
The brushes are then advanced to the eighth position and
ground is extended from terminal 8§ of bank 1312 over
the No. 2 back contacts of relay 1207 and thence over
conductor 1229 in cable 1227 to the winding of Coding
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relay 801. Reclay 201 operates and extends over ifs own
Mo. 5 front contacts a path for the operation of Start re-
lay 1583. ¥t also extends grounds which control the code
transmitted -over the communicaticn circuits to the re-
mote stations.. This code although distinct from every
other code, is nevertheless similar to the code resulting
from the operation of relay 808 in that they each result
in the effective interrogation of one of the satellite sta-’
tions. The code resulting from the operation of relay
801 is effective to cause satellite 2 to respond by emitti ng
a long pulse if a device thereat is responsible for the emis-
sion of the aforementioned uninvited pulse and, since it
has been assumed that such is the case, each individual
device within the second satellite will now be polled.

~ When the long pulse is received, it is effective to cause
Long Pulse relay 1622 to operate. Accordingly, at the
end of the pulse a path is extended from ground at relay
15;{1 over the No. 3 back contacts thereof, conductor

1514, the No. 1 front contacts of relay 1616, the No. 2
from contacts of relay 1622, the No. 2 back contacts of
relay 1617, the No. 6 front contacts of relay 1503, con-
ductor 116, conductor $82, the No. 4 front contacts of
relay 881 and conductor 883 in cable 1227 to the winding
of relay 1215 and battery. Relay 1215 operates in this
circuit and locks over its own No. 4 front contacts to
ground via the front contacts of relay 1225.

Ground is now reapplied fo the brushes of bank 1312
and is extended via the No. 9 terminal thereof, the No. 3
front contacts of relay 1215 and conductor 1220 fo the
inquiry rtelay (not shown) within the rectangle 583.
The actuation of this relay will result in circnit operations
identical to those heretofore described and when a reply
is received the stepping switch brushes will be advanced
to the next set of terminals.,” The remainder of the se-
quential operation is also identical to that heretofore de-
scribed and the circuits finally reset themselves to their
normal idle states.

If the device which was responsible for the initiation
of the uninvited pulse is located within the first satellite
(rather than the second as assumed above), the opera-
tion of the circuits would have been slightly different.
Here, the receipt of a long pulse. in response to the
transmissicn of the first satellite -station inquiry code
would have resulted in the activation of relay 1214
(rather than relay 1215) and the hereinbefore traced path
from terminal No. 7 of bank 1312 via back contacts of
relay 1214 to relay 1382 would have been diverted over
-conductors 1216-1219 to the individual inquiry relays to

-which reference was made during description of the gen-

eral roll call above. Accordingly, individual interrogat-
ing codes would have been transmitted in relation to.each
of the devices at the first satellite, and if an affirmative
reply (i.e., a long pulse) had been received in relation
to any one of the four, a path for the operation of re-
lays- 1287 and 1288 would have been extended from
ground at the MNo. 3 front contacts of relay 2360 and
thence over conductors 1295, 123¢ and 302 through front
contacts of the operated inquiry relay, front contacts of

-the associated green relay, front contacts of the associ-

ated red relay (relays 212, 28¢5 and 269 in FIG. 2, for
example) conductors 213 and 481, the Ne. 2 back con-
tacts of relay 1318 and conductors 1329 and 1286 to the
winding of relays 1287 and 1288. Accordingly, the
path which would otherwise be extended from terminal 8
(which relates to the second satellite station inquiry)
would be diverted away from the winding of the associ-
ated inquiry relay and would be instead extended via the
No. 2 front contacts of relay 1207, conductor 1212, the
No. 1 bacl( comtacts of relay %203 and conductors 1224
and 1316 to the winding of Roli Call Release relay 1303

thereby t rminating the operation of the roll call and re-
setting the circuits thereof to their normal idle conditions.

Although it would ordinarily be expected that a
“changed condition” reply weculd be received when the
individual devices are polled in response to a “yes” reply
from a satellite inquiry, it is possible that through im-
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proper operation each individual reply might indicate no
change. Accordingly, circrit provision is made to con-
tinue interrogation of speciAc satellites (rather than to
reset the roll call circuits) after the individual polling of
devices within a satellite if each individual reply received
indicates no change. In this event, there will have been
no simultaneous operation of a pair of red and green
relays, relays 1267 and 1288 will have remained de-
energized, and the path from terminal 8, for example,
will then be extended via the No. 2 back contacts of
relay 1287 to the winding o7 the coding relay relating to
next satellite station.

As heretofore mentioned, provision is made in the cir-
cuits for the employment of general codes to effect simul-
taneous change in any predetermined number of remote
devices. Since these devices may be distributed among
several satellites (where several are controlled from a
given main station) and since one or more of these may
be of the delayed completion type, provision is made for
a further modified operation of the rapid roll call se-
quence tc prevent the termination of the roll call after
the changed condition of an individual device is ascer-
tained. This modified operation is brought about by op-
erating relay 1318, thereby interrupting the heretofore
traced path for the operation of relays 1267 and 1268.
Accordingly, although the devices within a given satellite
are individually polled only if a yes reply is received
when the satellite itself is interrogated, the receipt of a
changed condition reply from one of such individual de-
vices does not result in the termination of the roll call,
and the sequence proceeds to interrogate the next satellite
just as if a “no change” reply had been received.

System Signal

As heretofore mentioned in connection with the de-
scription of roll call operation, a system sigral condition
may be initiated in any one of the control sections. 'Thus,
for example, it may be initiated in the section under con-
sideration in which event one sequence of operations will
result. Again, it may be initiated in a section preceding
the considered section or it may originate in a succeeding
section, the terms preceding and succeeding relating to
the direction of flow along the line in this example. In
the event it arises in a preceding section, the monitor
physically located adjacent to the main station under
consideration signals the main station directly that a
system signal condition exists, and the main station re-
sponds by transmitting a system signal code o its satellites
and monitor to shut down (or perform some other type
of crash program) the various devices thereat and, in
addition, to activate system signal apparatus in the moni-
tor. Similar operation takes place in the following sec-
tions until the system signal has been effectively trans-
mitted along the entire length of the system.

If, on the other hand, the system signal originates in
a succeeding section, it results in the transmission from
the monitor ¢f an uninvited pulse which is effective to
initiate a rapid roll call at the main station in question.
If during such roll call a system signal reply is received
twice in succession from the monitor, the main station
apparatus responds by correspondingly activating appara-
tus in the monitor of the preceding section and by trans-
mitting a system signal code to each of its own satellite
stations. Since each of the three conditions (that is,
system signal arising in the succeeding section, preceding
section, or the section under consideration) results in a
different sequence of operations, they may perhaps be
best understocd when considered separately. According-
1y, each will now be described under its own heading.

System Signal Originating in Succeeding Section

Vhen a system signal originates in a succeeding sec-
tion, it is effective to establish an activated condition
of system signal apparatus at the monitor of the section
under ‘consideration. Accordingly, the monitor emits an
uninvited pulse which, in the manner heretofore de-
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scribed, is effective to initiate a rapid roll call. When
the roll call circuits were described in detail, it was as-
sumed for purposes of clarity in description thereof that
the reply received to a system signal monitor inquiry
indicated that nmo such condition existed. However, it
will now be assumed that the received reply indicates that
thers is a system signal condition thereat and this reply
will take the form of a line interruption (pulse) of ex-

tended duration.
It will be recalled that at the time the inquiry code
was transmitted, the brushes of bank 1312 were in con-
act with the first terminal thereof and that the brushes
were advanced to the second terminal to await the recon-
nection of ground when relay 1305 reoperated at the
end of the reply pulse. That ground was effective over
a heretofore-described path via back contacts of relay
%213 to operate Skip relay 1302 thereby to advance the
brushes to the third set of bank terminals. However,
when the received reply indicates the existence of a sys-
tem signal condition, a circuit for the operation of relay
%215 will be established from ground over the No. 3
back contacts of relay 3511, conductor 1514, the No. 1
iront contacts of relay 1616, the No. 2 front contacts
of relay 1622, the No. 2 back contacts of relay 1617,
the No. 6 front contacts of relay 1563, conductor 116
and the No. 4 front contacts of relay 400 to the winding
cf relay 1213 and battery. Relay 1213 operates in this
circuit and locks over its own No. 2 front contacts to
ground at the front contacts of relay 1225. Accordingly,
when ground is reapplied to the brush contacts of bank
1332, it is conducted from the No. 2 terminal thereof
and thance via the No. 1 front contacts of relay 1213
and conductor 1231 to the winding of Inquiry relay 462
and battery. Relay 402 operates in this circuit and ex-
tends ground over its own No. 3 front contacts and con-
ductor 169 to initiate operation of the common control
circuits of FIGS. 16 and 15-18. Accordingly, a code is
transmitied which is effective to interrogate the monitor a
second time as to whether or not a system signal condi-
tion exists thereat. If a negative reply is received (i.e.,
2 short pulse) ground is conducted over the heretofore
iraced path via the No. 2 back contacts of relay 1622
to conductor 117 and thence over the No. 1 front con-
tacts of Auxiliary relay 403 to the operating winding of
Green relay 404. However, since relay 404 is already
in its operated state, no change occurs and when the reply
pulse terminates, ground is applied to the No. 3 terminal
of bank 1312 whence it is extended over heretofore traced
paths via conductor 1226 1o operate the first satellite Sta-
tion Inquiry Coding relay 880. The remainder of the
circuit operations now follow a mormal rapid roll call
sequence which terminates when the circuits reset them-
selves to their normal idle condition. In the event, how-
ever, the reply confirms that a system signal condition
exists at the monitor, a different path is established and
this path extends via conductor 116 and thence over
the No. 2 front contacts of relay 4¢3 to the winding of
Red relay 485 thereby operatingit. A path is now estab-
lished from ground over the No. 1 front contacts of relay
482 and the No. 2 front contacts of relay 495 to the op-
erating winding of Both Directions relay 1401 thereby
operating it. Both Directions relay 1491 is thus named to
indicate that its operation results in the transmission of a
system signal in both the upstream and downstream di-
rections; in the upstream direction via the monitor cir-
cuit of the preceding section and in the downstream di-
rection over the signaling loop to the connected satellites.
When relay 1401 operates, it extends ground over its
No. 1 front contacts and the No. 3 back contacts of
Preceding Section Complete relay 1462 to the winding
of Preceding Section relay 1483 and battery. It also
extends ground over its No. 2 front contacts through the
No. 3 back contacts of Succeeding Section Complete re-
lay 1404 to the winding of Succeeding Section relay 1408
and battery. Relays 1403 and 1460 now operate and
ground is extended via the Nos. 1 and 2 front contacts
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of relay 1403 and conductors 1405 and 1486 to thfe moni-
tor circuit of the preceding section. The preceding sec-
tion monitor will respond by emitting an uninvited p_ulse
to its main station to initiate a sequence of operations
similar to those which take place in the main station at
hand. After the main station of the preceding section
has initiated its roll call, ascertained that a system signal
condition exists, and transmits a system signal code, the
preceding section monitor applies ground to conductor
1407 whence it is extended over the No. 3 front transfer
contacts of relay 1403 to operate Preceding Section Com-
plete relay 1402. Relay 1492 locks over its No. 1 front
contacts and conductor 1408 to ground through normally
closed contacts of System Release key 1409, In ad_di—
tion, it releases relay 1403 by opening the operating
circuit thereof at the No. 3 back contacts of relay 1402.

In the meantime, a number of operations take place
in response to the operation of relay 14€0. Thus3 for
example, relay 1400 establishes a locking path for itself
over its own No. 1 front contacts and the No. 3 back
contacts of relay 1404 from ground on conductor 1498.
In addition, it extends a path from ground over its No. 2
front contacts and the back contacts of Horn Retire relay
1410 to operate a system signal horn relay (not shown).
It also extends ground from conductor 121 via its No.
3 front contacts and the No. 5 back contacts of relay
1404 to the operating coil of System Signaling Code relay
406 to initiate transmission of a system signal code over
the line loop. It also establishes a path for the activa-
tion of System Signal Busy lamp 1411 from battery via
resistor 1412, the No. 6 back contacts of relay 1404 and
the No. 4 front contacts of relay 1489 to lamp 1411 and
ground. In addition, it transfers ground from conductor
1413 to which Roll Call relay 1300 was locked thereby
terminating the roll call and resetting the roll call circuits
to their normal idle conditions.

The system signal code has now been transmitted and
the monitor is arranged to respond by emitting a brief
veply pulse. This is effective to connect ground over
conductor 117 and the No. 1 front contacts of relay 403
to the winding of relay 404, thereby actuating relay 404
and returning relay 405 to its inactive state. When relay
404 operates, it further extends the ground over its No.
2 front contacts and the No. 7 front contacts of relay
406 to the winding of relay 1404. Relay 1404 operates
and locks to ground on conductor 1408. It extends a
path from battery via resistor 1414 and its No. 1 front
contacts to the System Signal Indicating lamp 1415, It
establishes an alternate path from ground over its No.
2 front contacts and the back contacts of relay 1410 to
the System Signal Horn relay (not shown). It opens its
No. 3 back contacts to interrupt the operating path for
relay 1400. Tt opens its No. 5 back contacts to interrupt
the operating circuit for System Signal Code relay 496.
It also opens its No. 6 back contacts to interrupt a path
for the operation of System Signal Busy Lamp 1411. Tt
closes its No. 7 front contacts to momentarily extend a
path from ground over the No. 5 slow release front con-
tacts of relay 1400 and the No. 7 front contacts of relay
1404 to the winding of relay 1326 and battery. It also

~extends ground over its No. 8 front contacts to the No.
3 armature of Red relay 504. However, since relay 504
is unoperated, this ground produces no effect.

The heretofore traced path via the No. 5 front slow
release contacts of relay 14068 and the No. 7 front con-
tacts of relay 1404 is completed for a brief interval only.
This interval is terminated when the slow release arma-
tures of relay 1400 complete their movements, but this
interval is sufficient to permit the actuation of relay

1320. Accordingly, a path is extended from ground 7

over- the No. 2 front contacts of relay 1320 to the wind-
ing of relay 1318 and battery. Relay 1318 operates in
this circuit and locks over its own No. 1 front contacts
to ground at the No. 2 back contacts of relay 1308.
Accordingly, the heretofore-traced path via conductors
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401 and 1319 for the operation of relays 1207 and 1208
is interrupted at_the No. 2 back contacts of relay 1318.
This is done in order to prevent the diversion of ground
from succeeding satellite inquiry code relays after a
changed condition teply has been received during the
individual polling of devices at one end of the satellites
during the ensuing roll call. Although the diversion is
advantageously employed in a rapid roll call, when a sys-
tem signal condition exists, a plurality of devices dis-
tributed among the satellites may have changed condition
and it is therefore desired that each satellite be polled
during the ensuing roll call in order that the new states
of each of the changed devices may be ascertained.

Now returning to relay 1326, it will be seen that an
additional path is established when it operates.
extends over its No. 1 front contacts and thence via con-
ductor 1321 to the circuits of FIG. 2. This path is pro-
vided in order to effect operation of the delayed com-
pletion lamp associated with each device having a delayed
completion characteristic for tripping (here only the sec-
ond two-state device of the first satellite) and the path
is therefore further extended in FIG. 2 from conductor
1321 over the No. 7 back contacts of relay 205 to the
operating winding of relay 262 and battery. Accordingly,
Blue relay 202 operates and extends a path over its No.
3 front contacts from battery to the Delayed Completion
lamp 203, :

When the first of the remote devices changes state in
response to the receipt of the system signal code, an un-
invited pulse is returned to the main station and this pulse
results in the initiation of a modified rapid roll call, the
modification consisting of the heretofore described dis-
ablement of the ground-diverting path. Accordingly,
each remote station is polled even though an affirmative
reply and a changed condition reply may have been re-
ceived from a satellite and one of its individual devices
respectively. After the roll call has been completed, the
circuits thereof are returned to their normal idle condi-
tions. The system signal circuits may be completely reset
to their idle conditions by the depression of the System
Release key 1409 and the Retire Audible Alarm key 1102
at any time after the System Signal Busy lamp 1411 has
been extinguished. Of course, if such keys are depressed
before the roll call has completed its sequence, they will

have no effect thereupon and the roll call circuits will con-

tinue to operate in sequence until they have completed
the interrogation of each satellite.

The roll call initiated by receipt of the first uninvited
pulse subsequent to the transmission of the system sig-
nal may have been completed before certain of the de-
layed answer devices have assumed the required states.
Accordingly an additional pulse or pulses may be received
subsequently and the circuits will respond thereto by ini-
tiating another roll call which will proceed to ascertain
the new states of such devices. Since Roll Call Release
relay 1308 will have been operated at the end of the
preceding roll call, the heretofore mentioned alternate
ground path will have been reestablished over the No. 2
back contacts of relay 1318 and the receipt of a changed
condition reply from one of the individual devices will
result in the diversion of ground to reset the roll call ap-
paratus instead of polling the next station in sequence.

System Signal Originating in Preceding Section

When a system signal has originated in a preceding sec-
tion, it results in the application of ground by the preced-
ing section monitor to conductor 1407. Since Both Di-
rections relay 1401 will be deenergized, the ground on
conductor 1407 will be extended via the No. 3 back con-
tinuity contacts of relay 1493 and the No. 1 back con-
tacts of relay 1404 to the winding of relay 1400 and bat-
tery. Relay 1400 operates in this circuit, thereby lighting
System Signal Busy lamp 1411. In addition, it com-
pletes the above-traced circuit for the operation of System
Signal Code relay 406, it actuates the System Signal Horn

75 relay (not shown) and it locks itself to ground at System

This path -
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Release key 1409 over a path which may be traced via
conductor 1488, the MNo. 1 froat contacts of relay 1480
and the Mo. 3 back contacts of relay 1464 to the winding
of relay 248¢ and baitery. Ti aiso disconnects ground
from conductor 1413, thereby interrupting the locking
path for Roll Call relay 1399 and interrupting any roil call
that may have then been in progress. In thus interrupt-
ing this locking path, ground is transferred from con-
ductor 1413 to the No. 5 armature of relay 1460 thereby
partially preparing a path for the future operation of relay
1328 when relay 1404 operates.

When a reply is received to the system signal code, the
code transmitiing and receiving circuits are effective to
extend ground over lead 117 and thence via the No. 1
front contacts of relay 463, the No. 2 front contacts of
relay 484 and the No. 7 front contacts of System Signal
Code relay 486 to the operating winding of relay 1464
and battery. Relay 1484 operates in this circuit and locks
itself to ground over its owa MNo. 4 {frent contacts, con-
ductor 1488 and normally closed contacts of System Re-
lease key 1409, Operations similar to those heretofore
described now oceur.  Thus, for example, the System Sig-
nal lamp 1415 is energized, the System Signal Busy lamp
1411 is extinguished, relay 1480 and relay 406 are de-
energized and the heretofore mentioned path via the No.
7 froat contacts of relay 1404 is momentarily completed
to operate relay 1320. As before, relay 1328 operates
relay 1318, thereby interrupting the heretofore-mentioned
diversion path for the operation of relays 1287 and 1288.
Accordingly, when one of the remote devices responds
to the system signal by changing its condition, the result-
ing puise is effective to initiate a modified rapid roll call
identical to that heretofore described in connection with
the crigin of the system signal in a succeeding section.

It will now be seen that each succeeding section will re-
ceive a system signal indication from the monitor of the
preceding section and such signal will therefore be effec-
tively extended to the end of the entire system.

System Signal Originating in Section at Hand

When a system signal condition originates in one of
the satellites connected to the main station, an uninvited
pulse is transmitted over the line loop and is effective at
he main station to initiate a rapid roll call in the manner
heretofore described. Since it has been assumed that this
condition originated in a satellite, a negative reply is re-
ceived when the monitor is queried and the brushes of
bank ¥312 will effectively sweep past the second position
to initiate an inguiry to the first satellite. If the reply
from the first satellite indicates a changed condition of
one of its devices, the roll call apparatus will proceed to
interrogate such devices individually. The first of such
relates to a system signal condition, originating within the
first satellite and if such exists, a relatively long pulse will
be returned to the main station. The ccde transmitting
and receiving circuits respond to this long pulse by apply-
ing ground to lead 126 whence it is extended via the No. 2
front contacts of the first satellite system signal inguiry
relay 588 to the operating winding of Red relay 504 and
battery. Accordingly, relay 384 operates, releases Green
relay 581 and then locks itself over its No. 1 front con-
tacts to ground at the MNo. 1 back contacts of relay 581.
It causes Red lamp 589 io light by extending a path from
battery over the IMNo. 1 back contacts of relay 585 and the
No. 5 front contacts of relay 504 to the Red lamp 509
and ground. In addition, it momentarily extends a path
from ground over the Mo. 2 slow release front contacts of
relay 581 and the No. 2 front contacts of relay 504 to the
winding of Lamp Flashing relay 8985, In addition, it par-
tially prepares a circuit for the future operation of Lock-
out relay 58% by extending a path from the winding and
Mo. 1 back continuity contacts thereof via the No. 3 front
contacts of relay 584 to the No. 8 front contacts of relay
14%4. 1t also extends a path from ground cver its No. 4
front contacts for the future locking of relay 566 and the
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current operation of relay 1461. This path may be fur-
ther traced from the No. 4 front contacts of relay 504
and thence in two directicns: one, to the armature of the
Mo. 1 continuity contacts of relay 586; the other, via the
No. 2 back contacts of relay 586 and conductors 567 and
508 to the operating winding of relay 1491 and battery.
Relay 1481 operates in this circuit thereby extending the
heretofore-traced paths for the operation of relay 1403
and relay 1409. ‘Accordingly, in the manner heretofore
described in detail, a system signal code is generated and
transmitted over the line loop to effect system signal
changes in the remote devices. In addition, the monitor
circuit of the preceding section is signaled over conductors
1485 and 1466 and it proceeds to alert its main station by
emitting an uninvited pulse thereto.

When the system signal code is received from the main
station by the monitor of the section in which the system
signal condition has originated (i.e., in this example the
moniter of the section at hand) it is effective thereat to
produce operations therein identical to those produced
when the same system signal code is generated by its main
station as a result of the initiation of the system signal con-
diticn in a succeeding section. Although the operation
within the monitor circuits themselves is exactly the same,
it produces a different effect in the main station of the suc-
ceeding section and this difference in operation is related
to the condition of the relay therein which corresponds
to Preceding Section relay 1403. Whereas, if the system
signal condition had originated in a succeeding section,
the aforementioned relay corresponding to relay 1403
weuld have been operated and ground applied by the mon-
itor over the conductor corresponding to lead 1407 would
have been effective to activate a relay corresponding to
Preceding Section Complete relay 1462, When the sys-

5 tem signal condition originates in the section at hand the

relay corresponding to relay 1493 will be de-energized and
the same ground applied to the conductor corresponding
to lead 1497 will be instead diverted to operate a relay
corresponding to Succeeding Section relay 1409, It will
therefore be seen that the monitor of the section at hand
responds in an identical manner to a system signal code
transmitted from its main station irrespective of whether
the original system signal condition occurred in the section
at hand, the preceding section or the succeeding section,
and the difference in overall system operation results from
the difference in condition of the relay in the fol-
lowing main station corresponding to relay 1493,

Now returning to the operation of the circuits of FIG.
4, it will be seen that when a short pulse is received from
the monitor, ground is extended over conductor 117 and
thence via the No. 1 front contacts of relay 493, the No. 2
front contacts of relay 404, and the No. 7 front contacts
of relay 406 to the winding of relay 1484. Relay 1404
operates in this circuit and locks over its No. 4 front con-
tacts to ground on conductor 140¢8. It interrupts the
heretofore-traced path for the operation of relay 490s.
It completes a circuit for the operation of Lockout relay
596 from ground over the No. § front contacts of relay
1464, the No. 3 front contacts of relay 584 and the No. 1
back transfer contacts of relay 586 to the winding thereof
and battery. Relay 566 operates in this circuit and locks
over its Mo. 1 front continuity contacts to ground via the
No. 4 front contacts of relay 564. Relay 1484 also mo-
mentarily establishes the heretofore-traced path for the
operation of relay 1328, extinguishes System Signal Busy
lamp 1411 and actuates the System Signal Horn relay (not
shown).

Relay 596, in operating, opens its No. 2 back contacts
thereby releasing relay 1481 and completing an additional
circuit for the activation of System Signal lamp 1415
from battery via resistor 1414 and the No. 3 front contacts
of relay 506 to lamp 1415 and ground.

Since the first satellite circuits of FIG. 5 relate to a
system signal condition thereat, and since it is desired that
the circuits continue to display the system signal condi-
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tion until a contrary indication is subsequently received
from the affected satellite, the Red relay 504 may con-
tinue in its operated state for an indefinite period of time.
In order to prevent reactivation of relay 1401 by the cir-
cuits of FIG. 5 over the heretofore traced path via con-
tacts of relay 504, the aforementioned No. 2 back contacts
of Lockout telay 506 are serially interposed in this path.
Accordingly, the first satellite station circuits of FIG. 5
are prevented from adversely affecting the remainder of
the main station circuits and the remainder of the main
station circuits are released for normal operations.

-~ Although the first satellite system signal circuits con-
tinue to display a red condition, the remainder of the
main station circuits, except for the System Signal lamp
1415, are reset to their normal idle conditions. Accord-
ingly, various control operations may be initiated if de-
sired at the main station in the normal manner. - How-
ever, as mentioned above, the red condition of the cir-
cuits of FIG. 5 cannot be retired except by a changed
condition reply received during a roll call, and provision
is therefore made at the affected satellite to emit an un-
invited pulse when the system signal condition is elim-
inated. When this uninvited pulse is received at the main
station, it results in the application of ground over the
No. 5 back contacts of relay 1563 to the winding of relay
1300 thereby initiating a roll call sequence. When the
roll call advances to the affected satellite to determine if
a change of state has occurred thereat, the affirmative
reply is effective to cause an individual interrogation of
each of the devices. When, for example, the first satel-
lite system signal inquiry code is transmitted, the satel-
lite apparatus will respond to indicate an elimination of
the system signal condition and the short pulse emitted
will result in the application of ground to lead 117 whence
it is further extended via the No. 1 front contacts of In-
quiry relay 500 to the operating winding of Green relay
501 and battery. Relay 501 operates thereby de-energiz-
ing Red relay 504 and locking itself over its own No. 1
front contacts to ground at the No. 1 back contacts of
relay 504. The operating path for lamp 589 is inter-
rupted at the No. 5 front contacts of relay 504 and the
System Signal lamp 1415 is extinguished by the opening
of the. No. 3 front contacts of relay 506. Accordingly,
the circuits of FIG. 5 and the System Signal lamp 1415 are
returned to their normal idle conditions.

If an attendant at the main station should desire to
initiate a system signal condition, he may do so by si-
multaneously depressing the Master Operate Key 1569
and the System Signal Send Key 1417. Ground is then
applied over the obvious path to the operating winding
of relay 1401, Relay 1401 operates and initiates a cycle
of operations similar to that heretofore described as re-
sulting from the operation of relay 1481 above.

General Code Operations

As heretofore mentioned, provision is made for the
simultaneous response of a plurality of devices to a sin-
gle general code. These devices may be arranged to re-
spond by performing any predetermined combination of
close and trip operations; and they may be severally
scattered among the satellite stations. The apparatus at
the main station which is employed to control the gen-
eration of the general code (circuits of FIG. 6 in this
illustrative embodiment) is substantially identical to that
employed to control the generation of codes for any one
of the single code immediate operation two-state devices.
However, it differs in two principle aspects. Whereas
circuits provided for the control of ordinary two-state
devices include lamp control and inquiry relays, the cir-
cuits of FIG. 6 do not require such.  The circuits of
FIG. 6 additionally differ in that they include circuits for
the operation of relays 1322 and 1323 whose functions
will be more particularly explained below. -

Now turning to the operation of the circuits of FIG. 6,
it will be seen that relays 600 and 601 are identified
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with' the letters CL and TR respectively. - Although in
the interests of consistency these relays will be referred
to as close and trip relays, it should be recognized that
the terms “close” and “trip” as here employed have no
significance as regards the operations that result from
the actuation thereof since, for example, operation of
Close relay 600 may result in the starting or other acti-
vation of some devices and the stopping or deactivation
of other devices. :

It will be seen that the only indicating lamp provided
in FIG. 6 is that which relates to a no reply condition.
The reason for this is that close and trip lamps, if pro-
vided, would not indicate the states of the individual
general code devices but would merely indicate the con-
dition of Red and Green relays 682 and 663. )

Operation of Close key 604 and Master Operate key
1508 results in the actuation of relay 608 over the obvious
path and the extension of ground in the manner here-
tofore described to initiate the operation of the code
transmitting and receiving circuits of FIGS. 10 and 15-18.

 Accordingly, a code is transmitted over the communi-

cation circuits and the most distant satellite responds by
returning a relatively long pulse. This long pulse does
not indicate that any one of the individual general code
devices has operated but instead merely acknowledges re-
ceipt of the general code signal at the most distant. satel-
lite.  The pulse is, however, effective to extend ground
to Red lead 116 whence it .travels via the No. 2 front
contacts of Auxiliary relay 685 to the winding of Red
relay 602 and battery. Relay 682 may already be op-
erated since the individual devices that respond to the
general code may have been placed in a general code
condition and then subsequently changed individually by
the operation of .their trip keys (or other means) rather
than collectively by the operation of Trip key 666. How-
ever, if Red relay 662 is already operated, the aforemen-
tioned ground effects no change thereof; whereas if the
Green relay is operated, the ground extended to Red re-
lay 602 operates it thereby releasing Green relay 683.
At the same time, the ground from Red lead 116 is
further extended via the No. 2 front contacts of relay
662 and the No. 1 back contacts of relay 601 to the
operating winding of General Code relay 1323. Relay
1323 operates thereby extending a path over its No. 2
front contacts from ground to the winding of relay 1318
and battery. Relay 1318 operates in this circuit and
locks itself over its No. 1 front contacts to ground
through the No. 2 back contacts of relay 1508. Accord-
ingly, the heretofore described diversionary path over
which ground is sometimes extended during a roll call to
hasten the termination thereof is interrupted at the No.
2 back contacts of relay 1318 and the roll call which
later results will be effective to interrogate each satellite
irrespective of whether a changed condition reply is re-
ceived from any one of the individual devices.

Now returning to relay 1323, it will be seen that a
ground is extended over the No. 1 front contacts thereof
via conductor 1324 and the No. 7 back contacts of relay
209 and conductor 298 to the winding of relay 202.
Relay 282 operates in this circuit and locks itself over
its' No. 2 front contacts, the No. 3 back contacts of relay
209, the No. 9 front coniacts of relay 295 and the No. 3
back contacts of relay 218 to ground. In addition, relay
292 extends an obvious path over its No. 3 front contacts
to light Delayed Completion Lamp 203.

It may be helpful to know that relay 1323 is included
in order to provide delayed completion lamp operation
for each two-state device which will be delayed in effect-
ing its change in response to the general code. Accord-
ingly, if circuits for additional delayed completion” de-
vices were shown, if such devices were to change state in
response to this general code, and if they were delayed in
completing such change, multiple circuits extending from
conductor 1324 would be selectively extended to the con-
trol: circuit relays thereof which correspond to relay 2902.
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It should be noted that the circuits of FIG. 2 are of the
delayed completion type in beth close and trip. Accord-
ingly, as will be later expl.ined, a path is extended to
operate relay 292 when the general trip code is transmit-
ted. However, it should be borne in mind that the rela-
tionship of a close response of an individual device to a
close general code does not necessarily pertain and that
if other devices were arranged in a different manner so
that they were to trip in response to a close general code,
then paths for the operation of relays thereof correspond-
ing to relay 282 would be arranged cerrespondingly.
Such arrangement will be apparent when the compiete
operation of both the relays 1322 and 1323 have been
fully described.

Mow returning to the operations that result in this spe-
cific embodiment from the operation of Close key 684,
it will be recalied that a close general code has been
transmitted and an acknowiedgment replay received. Re-
lay 3318 has been locked operated to relay 13€8, and
relay 292 has been locked operated via contacts of relays
209, 295 and 218. The circuits now await the receipt of
an uninvited pulse which will be transmitted when one
of the devices changes state, and this uninvited pulse is
effective to initiate a modified rapid roll call during which
each satellite station will be interrogated. The changed
states of the immediate response devices (if any) will
be reflected by corresponding changed states of the indi-
cating lamp relating thereto. However, for those devices
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that have a long delay characteristic, additional subse-

quent roll calls may be required. When such latter de-
vices finally complete their operations, one or more unin-
vited puises are transmitted to the main station to effect
an additional roll call.

Now turning to the circuits of FIG. 2, when a roll call
reply is received indicating that the related device has
operated, ground is extended over Red lead 116 in the
manner heretcfore described to operate Red relay 209,
Accordingly, the locking path for relay 282 is interrupted
at the No. 3 contacts of relay 289, and relay 202 there-
fore releases. The Delayed Completion Lamp 203 is ex-
tinguished and the Green and Red lamps 214 and 215
assume states corresponding to an operated condition of
relay 209 and an unoperated coundition of relay 205.

It should be noted that during the heretofore described
sequence of operations, the indicating lamps do not inter-
mittently flash since lamp control relay 211 is not ener-
gized. Although a path may be traced from the winding
of relay 211 via the No. 5 front contacts of relays 289
and 265, the No. 1 front contacts of relay 212 and con-
ductor. 121 to conductor 1614, conductor 1614 is discon-
nected from ground at the No. 2 back contacts of relay
1913 during the very brief interval of time in which both
the No. S back contacts of relays 269 and 265 are en-
gaged. Therefore ground is not supplied to the winding
of relay 211 and it does not operate.

If, instead of operating Close key 654, Trip key 636 is
depressed, a trip general code is transmitted to the satel-
lite stations and a related, though different, sequence of
operations results. This sequence of operations is similar
to that of the ciose sequence in that they both include the
transmission of a general code which resulis in the simul-
taneous change of state by more than one device. How-
every, they differ in that the operation of the Trip key
606 results in the actuation of relay 1322 (instead of
1323) thereby resulting in the extension of ground over
conductor 1321 rather than conductor 1324, The ground
on conductor 1321 is further extended via the No. 7 back
contacts of relay 285 and conductor 208 to the winding
of relay 262 and battery. Accordingly, the Delayed
Completion Lamp 283 is again lighted.

The main station circuits now await receipt of a short
acknowledgement pulse from the most distant satellite
and when this pulse is received it is extended over the
Green lead 117 and the No. 1 front contacts of relay 605
to the winding of Green relay 683 thereby causing it to
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operate if it is not already in an operated condition. The
roll call that will be initiated when the first uninvited
pulse is received performs in a manner similar to that
berein before described and the circuits finally reset them-
selves 1o a normal idle condition.

Incoming Call to Main Station

- It may be desired to signal the main station to indicate
the occurrence of some unusual condition, to indicate a
desire for an operator at the main station to contact an
operator at a remote location via telephone or other
means, or for any one of a plurality of reasons that will
be apparent to one skilled in the art. Thus, for example,
when the circuits are specifically applied to pipeline con-
trol, it may be desired to indicate the arrival at a satellite
of a fluid separating device such as a scraper. Accord-
ingly, circnits are provided at the main station which are
effective during a roll call to interrogate the satellite
stations and monitor to determine whether or not such
a condition exists thereat and such circuits are particu-
larly set forth by way of illustrative example in FIG, 7.

Now turning particularly to FIG. 7 it will be seen that
in the upper half thereof there are disclosed three relays,
three indicating lamps and associated circuits. It will be
immediately noted that individual red and green relays
do not appear and that corresponding close and trip relays
also are not included. One reason for this is that it is
necessary to provide but one code, that is, an inquiry code,
whereas for the majority of devices heretofore considered
it has been necessary to include provision for close, trip
and inquiry codes.

Now considering operation of the circuits, the cccur-
rence of the unusual event (the signaling by the operator
at a satellite or monitor to get the attention of the operator
at the main station, etc.), resnlts in the emission of an
uninvited pulse from the originating station. This pulse
is effective in the manner heretofore described to initiate
a standard rapid roll call during which each satellite is
interrogated. If a changed condition exists at one of
thess satellites, the individual devices thereat are polled in
the manner heretofore described. Since apparatus is
included at the satellite to recognize the aforementioned
unusual condition and to respond to such condition by
emitting a condition-representing signal during such indi-
vidual polling, the corresponding circuits at the main
station will be activated and the rapid roll call will be
terminated without proceeding beyond interrogation of
the satellite at hand. On the other hand, if no such con-
dition exists at any one of the satellites, the roli call pro-
ceeds to a position which is effective to result in the trans-
mission of an interrogating code to the monitor to deter-
mine whether or not such condition exists thereat. Appa-
ratus at the main station responds to a reply (which under
these circumstances should indicate the existence of such
conditionn) by sounding an alarm, by extinguishing a green
lamp, and by establishing a flashing condition of a red
lamp on the main station control console.

Now assuming that such condition originates at the
first satellite, an uninvited pulse will be received over the
Iine loop and the main station circuits will initiate a rapid
roll call in the manner heretofore described. When, dur-
ing this rapid roll call, the brushes of bank 1312 engage
the No. 3 terminal thereof and ground is applied thereto,
circuits are rendered effective to transmit an interrogating
code to the first satellite to inquire whether or not a
changed condition exists thereat. The reply received is
in the affirmative and the roll call then proceeds to indi-
vidually interrogate the devices thereat. When, during
such individual interrogation the brushes of bank 1312
advanced to terminal 7, a code is transmitted to individu-
ally interrogate apparatus at the first satellite which wiil
respond by initiating an affirmative reply. Accordingly,
ground will be applied to lead 116 and will be extended
therefrom via the No. 2 front contacts of Inquiry relay
789 to the winding of Red-Green relay 7¢2 and battery.
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Relay 782 operates and locks to ground over its own No.
3 front contacts and the centacts of Retire Flashing Lamp
key 122. It interrupts at its No. 1 back contacts the
obvious circuit for the activation of Green lamp 703. It
partially completes a path for the future cyclic flashing of
Red Lamp 704 from the lamp through resistor 765, the
Mo. 2 front contacts of relay 762, conductors 786 and
216 to the No. 1 front contacts -of Flasher Relay 11¢4.
Relay 702 also extends ground from conductor 116 over
the No. 1 front contacts of Inquiry relay 709 via the No.
4 front contacts of relay 702, conductors 7¢7 and 289
to the winding of Alarm relay 1141 and battery. In
addition, it extends a path from ground via the No. 3 front
contacts of relay 1380, conductors 1295, 1230 and 393, the
No. 5 front contacts of Inquiry relay 700, the No. 5 front

contacts of relay 762, conductors 213 and 4981, the No. 2 -

back contacts of relay 1318, conductors 1319 and 1266
to the windings of relays 1267 and 1208 and battery; and
finally, relay 702 extends ground over its No. 6 front con-
tacts, conductors 788 and 217 and the back contacts of
Flasher relay 1165 to the winding of Flasher relay 1106
and battery. As a result of these operations, alarm relay
1101 operatees to actuate the heretofore-described alarm
circuits and the flasher circuits are operated to alter-
nately apply and remove battery from conductor 216
over the front contacts of relay 1184. Accordingly, Red

Lamp 794 flashes off and on thereby to more noticeably '

attract the attention of the main station operator.

Since relays 1207 and 1208 are operated, the afore-
mentioned diverting circuit will be effective to terminate
the roll call when it completes interrogation of the indi-
vidual ‘devices within the first satellite, Accordingly,
except for the flasher circuits, the alarm circuits, the Red-
Green relay 762 and the associated indicating lamps, the
main station circuits are reset to their normal idle con-
ditions. Relay 702 may be released by operating the
Retire Flashing Lamps key 122 whereupon Red Lamp
704 is extinguished and Green Lamp 793 reactivated.
The flasher circuits are restored when the above-iraced
path is interrupted over contacts of relay 702, and the
alarm circuits may be retired by depressing the Retire
Audible Alarm key 1162.

In this description it has been assumed that a reply is
received. If, however, no reply is received when the
inquiry code is transmitted, the timing circuits of FIG. 16
will operate to extend ground over the No. 2 back con-
tacts of relay 1511, the No. 5 front contacts of relay 1599,
conductor 1512, alternate path 1605, conductor 1686, the
normally disengaged contacts 1624 of the 12.5-second
cam 1623 and the No. 9 back contacts of Telemetering
relay 1617 to the winding of relay 1625. Accordingly,
ground is extended over the No. 2 front contacts of relay
1625 and then via conductors 1626 and 262 and the No. 3
front contacts of Inquiry relay 780 to the operating wind-
ing of No Answer relay 711, resistor 712 and battery.
Relay 711 operates and locks to ground over its own No. 2
front contacts. In operating, it extends over its own No. 1
front contacts an obvious path for the operation of No
Reply Lamp 714 via resistor 713. )

A visual inspection of the circuits will reveal that relay
711 can only be released by being shunted down by a
subsequent simultaneous operation of Inquiry relay 706
and Release relay 1660, Accordingly, the No Reply Lamp
714 will continue in an activated state until a reply relat-
ing thereto has been received in response to its interrogat-
ing code.

The lower half of FIG. 7 is devoted to circuits similar
to those of the upper half but which are reserved for the
generation of a code used to ascertain whether or not an
outgoing call condition exists at the monitor (ie., an
incoming call condition at the main station). Since these
circuits are similar to those heretofore described in con-
nection with a corresponding condition at the first satellite,
they will not be described in detail. It should be under-
stood, however, that the only principal difference between
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.the circuits of the upper and lower halves of FIG. 7 resides

in the codes that are generated as a result of different cross .
connections at the terminals' of FIG. 10 and a difference
in the roll call sequence which results from the receipt of
the uninvited pulse. ’

Although not shown, an additional circuit would be
provided for the second satellite if it were desired to in-
clude provision for an incoming call therefrom. In addi-
tion, if it were desired to provide additional individual
indications at the main station for other unusual condi-
tions, other circuits similar to those of FIG. 7 could be
included as required.

Outgoing Calls to Satellites and Monitor

Provision is made to enable an operator at the main
station to signal an operator at satellite 1 or at the monitor.
This is accomplished by the circuits of FIG. 8. Referring
to the figure, it will be seen that these circuits lie in-the
right-hand part thereof, the circuits for calling the monitor
being in the upper right-hand part and those for satellite 1
being in the lower.

When it is desired to initiate a call to satellite 1, for
example, key 804 is depressed thereby to activate Coding
relay 805. In the manner heretofore explained, a code is
transmitted over the line and the circuits at satellite 1
respond by emitting a reply pulse of extended duration.
This long pulse is effective for its duration to light White
lamp 806 thereby providing visual indication to the opera-
-tor that the signal has been received at the intended satel-
lite. ‘When the pulse terminates, the lamp is extinguished
and coding relay 805 is reset to its normal inactive state.
These operations will be detailed as follows.

After the signaling code has been transmitted, the long
pulse reply operates relay 1511 in the manner heretofore.
described. Accordingly, a path is extended from battery
via resistor 1515, the No. 1 front contacts of relay 1511,
conductor 1516 and the No. 1 front contacts of relay 885
to lamp 806 and ground. Since relay 1511 is operated
only for the duration of the pulse, and since relay 885 is
released at the end of the pulse, it will be observed that
the path for the activation of lamp 806 is completed only
for the duration of the pulse. Accordingly, the circuits are
restored to their normal idle conditions.

Now if it is assumed that no reply is received, relay 1625
will be operated at the end of the 12.5-second interval and
the heretofore-traced path will be extended from ground
over the No. 2 front contacts of relay 1625 via conductors
1626 and 261 and thence via the No. 2 front contacts of
relay 895 to the winding of No Answer relay 807, resistor
810 and battery. Relay 867 operates and locks to ground
over its own No. 2 front contacts. At its No. 1 front con-
tacts it completes a path from battery via resistor 868
for the lighting of No Reply lamp 809. Since, as de-
scribed with respect to No Answer relay 711 of FIG. 7,
No Answer relay 807 can only be released by being
shunted down, it will remain in an actuated state until
both of relays 805 and 1600 are simultaneously operated.
Therefore, lamp 809 will not be extinguished until a reply
is received in response fo the subsequent transmission of
the code relating to an outgoing call to the first satellite.

The circuits located in FIG. 8 immediately above those
just described relate to an outgoing call to the monitor
and operate in a manner identical to those relating to
satellite 1 except for the particular code employed which
is determined by the cross connections in FIG. 10. Ac-
cordingly, no further explanation thereof will' be made.
An additional circuit may be added, if desired, to provide
a means for selectively signaling satellite 2. .

Telemetering

There may be times when it is desired to obtain at the
main station a reading relating to a condition existing
at one of the remote stations. Accordingly, provision
is made for effectively connecting telemetering devices
over the line on a selective basis in order that for a brief
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interval of time the line may be used for the transmission
of a telemetering signal whose leangth is a measure of
the magnitude of the quauti:y to be measured. Although
as the description of the telemetering circuits proceeds
a variety of modifications and adaptations will become
apparent to one skilled in the art, the particular circuits
herein disclosed for an illustrative description are ar-
ranged to seize the line for a relatively brief interval dur-
ing which the aforementioned magnitude-representing
puise is transmitted. Thus, for example, when it is de-
sited to ascertain the magnitude of a remote quantity,
a key relating thereto at the main station is depressed and
a coiresponding code is transmitted over the line t{o the
satellifes and monitor. This code is effective at the de-
sired station to comnect a telemetering transmitter to the
line, and this transmitter during the subsequent 10.3 sec-
onds operates to interrupt the line continuity for an
interval, the duration of which is proportional to the
magnitude of the desired quantity. After a subsequent
brief interval, the circuits are restored to their mormal
idle conditions and are again available for any one of the
herein-described circuit operations.

Now turning specifically to the detailed operation of
the circuits, it will be seen that the left-hand section of
Fi1G. 9 contains circuits for the initiation of a telemeter-
ing operation at either the first or second satellite. Since
they both operate in a similar manner, only the upper
circuit (satellite 1) will be described in detail.

As heretoiore mentioned, a telemetering operation is
initiated by the depression of a telemetering key $69. A
path is established over the contacts thereof from ground
at the No. 2 back contacts of relay 1581 and thence
through the contacts of key $8¢ in two directions: one,
to operate Coding relay 981 and to extend ground over
the No. 2 front contacts thereof to operate Start relay
1563; and the other via conductor 992 to the winding of
Telemetering relay 1617 and battery. When relay 1617
operates, it establishes a locking circuit for itself and Start
relay 1503. This locking circuit may be traced from
ground over the No. 8 front contacts of relay 1617, con-
ductor 1641, and cam-operated contacts 1620 and con-
ductor 1663 to the No. 4 front contacts of relays 1563
and 1617. Relay 1617 completes a circuit from ground
over its No. 7 front contacts, optional wiring 1605, con-
ductors 1686 and 1667, contacts 1609 and resistor 1611
to the winding of timer motor 1612 and battery. In
addition, it extends a path from conductor 1607 through
the clutch magnet 1608 to battery thereby to initiate
operation of timer 1602. Relay 1617 also completes a
circuit for the operation of Telemeter Receiver Motor
1107 over a path which may be traced from the right-
hand terminal thereof via the No. 6 front contacts of
relay 1617, the No. 2 back contacts of Voliage Control
relay 1627, contacts 1628 of timer cam 1629 and the
No. 4 back contacts of relay 1627 to source of motor
operating potential 1308, Accordingly, Telemeter Re-
ceiver 1169 is actuated and is prepared to effectively
respond when its relay 1110 subsequently operates for
the duration of the telemetering pulse.

Relay 1617, in operating, performs several additional
functions. It interrupts the heretofore-traced path for
the operation of relay 1616 thereby preventing it from
operating during a telemetering sequence. It also ex-
tends a path for the operation of Telemetering Lamp
983 frem battery via resistor 1636, the No. 5 front con-
tacts of relay 1617, conductor 1631 and the No. 1 front

10

15

20

25

30

35

40

45

50

60

65

contacts of relay 901 to Lamp 993 and to ground. In ad-

dition, at its Mo. 9 back contacts relay 1617 interrupts a
possible path for the operation of relay 1625 thereby
preventing the initiation of an alarm if a reply is not
received to the iclemetered code within the aforementioned
12.5 second intesrval.

Apparatus at the satellite station responds to the tele-
metering cede by aciivating apparatus which senses the
magnitude of the desired quantity and converts it into a
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reply pulse whose length is proportional to the quantity
magnitude. When this pulse is received at the main
station, Line relay 1811 rosponds and extends a path
from ground over its left-hand contacis and the No. 2
back contacts of relays 181§ and 1802 to the winding of
relay 3511 and baitery. Relay 1511 does not lock and
therefore follows the operation of Line relay 1811, Ac-
cordingly, it remains operated for the duration of the
pulse and over its No. 4 front contacts extends a path
irom ground via the No. 3 front contacts of relay 1617
to the winding of Telemeter Receiver relay 1110 and bat-
tery. Relay 1110 does not lock and therefore follows the
operation of relay 1511. Since the telemeter receiver
apparatus 1183 is effective to convert the length of time
during which relay 1119 is operated into a scale indication
of quaniity magnitude, retransformation is accomplished
therein and a visual indication of the magnitude of the
telemetered quantity will appear.

At the end of the reply pulse, line relay 1811 returns its
contacts to the right-hand position, but the circuits in
FIG. 16 remain in their previous condition to await a
repetition of the telemetering pulse. The circuits at the
satellite are arranged to send a second pulse indication of
the quantity and when such is received the line relay 1811
again operates thereby reoperating relays 1511 and 1110.
When the second pulse terminates, relays 1811, 1511 and
1110 assume their inactive states but the remainder of the
circuits continue in their previous conditions to await
completion of the timing interval of 10.3 seconds. At
this time, contacts 1628 open thereby interrupting the
heretofore-traced path for the actuation of Telemeter Re-
ceiver Motor 1107. At the end of 12.5 seconds, contacts
1624 close. However, since the circuit which they would
otherwise complete is open at the No. 9 back contacts
of relay 1617, no circuit operations resuli therefrom. At
the end of 15.5 seconds, contacts 1628 open and interrupt
the heretofore-traced locking circuit for both relay 1503
and relay 1617, thereby restoring them to their normal
idle conditions. When relay 1617 releases, it interrupts
at its No. 7 front contacts the heretofore-traced path for
the actuation of the Timer Motor 1612 and Clutch 16€8
thereby returning the timer to its original state. The
circuits are mow completely reset to their normal idle
conditions.

In FIG. 9 immediately below the telemetering circuits
for satellite 1 there are shown similar circuits for tele-
metering from satellite 2. Since these circuits operate in
an identical manner except for the particular code em-
ployed, they will not be further described. It should be
noted, however, that these circuits are not inherently
peculiar to the satellite with which they are identified and
they both could relate to telemetering devices at the same
satellite if it were desired to thus employ them. Corre-
spondingly, other similar circuits could be included if it
were desired to telemeter additional quantities; there being

5 required one coding relay similar to relay 901 one key

similar to key 980 and one lamp similar to lamp 993 for
each such individual quantity.

It should also be understood that continuous telemeter-
ing could be readily employed by utilizing a two-state type
control circuit {such as that disclosed in FIG. 1) to con-
nect a ielemetering device over an additional circuit chan-
nel to a telemeter receiver and since such adaptation is
readily apparent to one skilled in the art it will not herein
be explained in detail.

Voltage Control—Step Type

At times it may be desired to effect a change of some
kind which does not fall into one of the categories hereto-
fore described. Thus, for example, it may be desired to
effect a small change in some piece of remote apparatus
such as a voltage control rheostat or a valve. Whereas the
circuiis heretofore described are arranged to either open
a valve or close if, they are not suited for the partial op-
eration thereof, that is, the inching thereof. Accordingly,
circuits are provided to effect the controlled partial opera-
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tion of remote devices and such circuits are disclosed in
the right-hand section of FIG. 9.

Now turning particularly to the circuits of FIG. 9, it
will be seen that they include two Coding relays 964 and
905, two No Answer relays %06 and 907, a No Reply
lamp 908, Increase and Decrease lamps 909 and 910,
Increase key 911 and Decrease key 912. The terms “in-
crease” and “decrease” are used in connection with this
illustration since it is directed specifically to the raising or
lowering of voltage via control of a remote rheostat. If
such control were directed to the opening and closing of a
valve, for example, these terms might be advantageously
replaced by the words “open” and “close,” respectively.
Therefore, no particular significance should be attached
to the terms themselves other than to indicate an opera-
tion in one direction and an operation in the reverse
direction. -

As mentioned before, certain optional paths are
shown in FIG. 16. Thus, for example, link 1605 is an
optional connection which would be made in the event a
step type control is to be included. . Here, relay 1632
would be eliminated together with two of the three sets of
contacts on Voltage Control key 1633. Since the step
type of control is now to be described, it will be assumed
for the purposes of such description that relay 1632 and
the aforementioned contacts of key 1633 are eliminated.
The part that these circuit elements play will be herein-
after described under the heading “Voltage Control—-Con-
tinuous Type.”

Now, if it is assumed that a remote device is not at its
upper limit and that it is desired to increase it (raise, par-
tially open, etc.), the Increase key 911 will be closed
thereby to operate Coding relay 904 over the obvious
path and to extend such path in the manner heretofore -de-
scribed to initiate operation of the Start relay and. asso-
ciated devices of FIG. 16. In addition, key 911 -operates
relay 1627 over a path through the right-hand contacts of
Increase key 911 and conductor 914 to the winding thereof
and battery. . Accordingly, a code is transmitted over the
line loop to the satellites and is effective at the satellite
being considered (satellite 1) to actuate circuits thereat
which will later respond to line pulses transmitted from
the main station in response to the operation of Voltage
Control key 1633. When the apparatus at the satellite is
prepared for response, a long pulse is returned over the
line loop to the main station.

Now returning to the operation of relay 1627, it will be
seen that it locks itself over its own No. 2 front contacts,
contacts 1628 of the 10.3 second cam 1629 and the No. 4
front contacts of relay 1627 to ground via optional link
1634. In addition, it prepares over its No. 1 front contacts
‘an alternate locking circuit for Start relay 1503.

Tt completes a path from Red lead 116 via the No. 4
front contacts of Coding relay 904, conductor 913, the
No. 6 front contacts of relay 1627, and the No. 2 back
continuity contacts of relay 1635 for the subsequent opera-
-tion of relay 1635 when a long response pulse is received
from a satellite station. Relay 1627 also prepares a
future locking circuit for relay 1635. 'Relay 1627 extends
a path over its No. 7 front contacts from battery and
resistor 1630 through the No. 5 back contacts of relay
1617, conductor 1631 and the No. 1 front contacts of
Coding relay 904 to Increase lamp 909 and ground there-
by lighting it.

When the aforementioned reply is received from the
satellite station thereby indicating that the circuits thereat
are prepared to receive the voltage control pulse or pulses,
the extended line interruption (long pulse) effectively
causes ground to be applied to the Red lead 116 whence it
is extended over the heretofore traced path to the wind-
ing of relay 1635. Relay 1635 operates and locks to
ground over its No. 2 front continuity contacts and the
No. 5 front contacts of relay 1627 to ground. At its No.
1 back contacts it opens an alternate locking circuit from
the lower winding of relay 1627 to ground via the No. 1

10

15

20

25

30

35

40

45

50

55

60

65

48

back contacts of relay 1625. At its No. 4 front contacts
relay 1635 extends ground to the contacts of key 1633;
and at its No. 5 front contacts it extends battery through
resistor 1637 to Proceed Lamp 1638 and ground thereby
lighting it. The circuits are now prepared for the trans-
mission of an inching pulse which, irrespective of the
length of time during which the voltage control key is
operated (unless it should exceed a limit imposed by the
cams of timer 1602) is effective to cause a single incre-
mental change in the increase direction of the device at
the satellite. If the desired change is to comprise more
than one such increment the key may be successively de-
pressed the desired number of times so long as the last
depression takes place within a 10.3-second interval sub-
sequent to the operation of Stop relay 1599.

Referring now in detail to key 1633 it will be seen that
when its contacts are closed, a path is extended from
ground - at the No: 4 front contacts of relay 1635 and
thence via conductors 1720 and 1717, the No. 3 back
contacts of relay 1702 and conductors 1718 and 1719 to
the winding of Send relay 1802. ‘Accordingly, relay 1862
is operated and at its No. 3 transfer contacts opens the
line. It will now be seen that each time key 1633 is de-
pressed, the satellite involved responds by effecting an
incremental change in the device being considered.

When the aforementioned 10.3-second interval has
transpired, the locking circuit for relay 1627 is interrupted
at contacts 1628 of the 10.3-second cam 1629. Accord-
ingly, relay 1627 releases, thereby opening the locking
circuit for Start relay 1503. Relay 1627 at its No. 5
front contacts interrupts the locking circuit for relay 1635
thereby restoring it to normal. Relay 1583 releases relay
1509 thereby interrupting at the No. 5 front contacts of
the latter the path from ground to the motor 1612 and
clutch magnet 1608 of timer 1602. The remainder of the -
circuit elements are now reset in the usual manner and
the apparatus is returned to its normal idle condition.

If it had been desired to effect a change in the opposite
direction, that is, decreasing instead of increasing, the cir-
cuits of the lower right-hand section of FIG. 9 would
have been used. Except for this, and except for the dif-
ference in the code which would have been transmitted,
operation of the circuits would be identical and no further
explanation is deemed necessary.

‘ Voliage Control-—Continuous Type

If instead of desiring to effect equal incremental
changes, it is desired to effect one or more changes of
variable magnitude, the continuous type of control is
employed. Here, the circuits of the right-hand section of
FIG. 9 are again employed, but the difference in operation
results from the inclusion of relay 1632, the two outer
sets of contacts on Voltage Control key 1633 and the indi-
cated optional wiring. As before, the increase or decrease
key is operated depending upon the direction in which
the change is to be made. The appropriate code is trans-
mitted and the long reply is received. When relay 1627
operates at the time the increase or decrease key is de-
pressed, it locks to ground over its No. 3 front contacts,
the No. 1 back contacts of relay 1635 and the No. 1 back
contacts of relay 1625, When the long pulse reply is
received and ground is extended over the heretofore traced
path to operate relay 1635, the last-traced locking path for
relay 1627 is interrupted and a different locking path
therefore is established over the No. 2 front contacts of
relay 1627, contacts 1628 of the 10.3-second cam 1629,
the No. 4 front contacts of relay 1627, optional link 1639,

" the No. 2 back continuity contacts of relay 1632, optional
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link 1636 and the No. 3 front contacts of relay 1635 to
ground. Proceed Lamp 1638 is now lit and the circuits
are prepared to emit a pulse whose duration will be pro-
portional to the length of time during which key 1633 is
depressed.

When key 1633 is depressed, the heretofore-traced path
is extended via conductor 1720 to operate Send relay 1802
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and interrupt the line continuity. In addition, a path is
extended from ground over the left-hand contacis of key
1633 and thence via optionsl link 1640 to the winding of
relay 1616 and battery. Relay 1616 operates, thereby
operating relay 1689 and transferving ground on conduc-
tor 1691 via the INo. 4 front contacts of relay 1618 and
the No. 1 front continuity contacts of relay 1580. Ac-
cordingly, an alternate locking path for Start relay 1583 is
extended from conductor 1881 via contact 1628 of the
15.5-second cam 1621 and conductor 1663 to the No. 4
front contacts of Start relay 15G3.

In addition to the above, Voitage Control key 1633 ex-
tends a path from ground at the No. 4 front contacts of
relay 1635 and optional link 1641 to the winding of relay
1832 and battery. - Relay 1632 operates; interrupting at
its No. 2 back continuity contacts the ground previcusly
conducied via optional link 1639 and other circuit ele-
ments to lock relay 1827. Instead, ground is extended
over the No. 2 front contacts of relay 1632 and thence via
link 1639 and the herctofore-traced path to lock relay
1627.

When the Voltage Control key 1633 has been depressed
for the desired interval it is released, whereupon relays
1536 and 1600 release. The line pulse is terminated and
ground is removed from optional link 1639 for a sufficient
interval of time (due to the slow release characteristic
of the contacts of relay 1632) to deenergize relay 1627.
Accordingly, relay 1635 is released over the obvicus path
and ground is removed from conductor 1681 for a
sufficient interval of time (due to the slow release char-
acteristics of relays 1616 and 1686) to allow Start relay
1583 to release. The remainder of the circuits are now
resiored to their normal idle conditions to await subse-
quent operations. No Answer relays 966 and 987 are
included in order to provide a means for lighting No Re-
ply Lamp 988 and sounding an alarm if no reply is
received to the above-mentioned codes. Since the opera-
tion of the No Answer relays $66 and 997 is identical
to that heretofore described with respect to other No
Answer relays, no further description of the operation
thereof will be given.

Satellites—General Considerations

As heretofore meniioned, it has been assumed that two
satellite stations are connected to the line extending from
the main station. These satellites have been identified
with the numbers 1 and 2, and the circuits for satellite 1
are shown in FIGS. 19-29 whereas the circuits for satel-
lite 2 are shown in FICS. 29 and 30. In order to sim-
plify the drawings, dot-dash rectangular represeniations
have been freely employed where practicable. For
ample, in FIG. 21 the circuits for the second two-state
device are repressned by a rectangle since, except for
the double code transmission and delayed answer fea-
tures, they operate In a manner similar to the circuiis
shown in detail in FIG. 20.

It will be recalled that the detailed description of th
main station circuils includes operations thereat which
are eifective to cause transmission of close, trip and in-
quiry codes for a first two-state device at satellite 1.
These codes are transmitted over the line loop and it
was stated that replies are received at the main station
from the satellite in response to these codes. The de-
tailed circuit operations that take place at the satellite
will new be ezplained.

1t will be recalled that each code is preceded by a
long prepare pulse. “When this puise (actually a line
interruption of extended duration) is received at the
satellite signaling circuit (FIG. 26), it is effective to
move the armature of line relay 2660 to its left-hand
contacts thereby extending a path from ground over these
coatacts, the No. 2 back contacts of Send relay 2601 and
the back contacts of Send-Hold relay 2682 to the wind-
ing of Pulss Follower relay 2508 and battery. Relay
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tacts removes ground from conductor 2581 which initiates
a flow of charging current io capacitor 2683. This charg-
ing current continues to hold the armature of relay 2694
in its right-hand position until its magnitude increases to
a point at which current flowing through the upper wind-
ing predominates. At this point, relay 2664 moves its
armature to its left-hand position and exutends a path
from ground over the No. 3 back contacts of Device
Sending relay 2502, the No, 2 front contacts of Work
Timer relay 2503, the No. 2 back contacts of First Parity
Check relay 25€4 and the No. 1 back contacts of Second
Parity Check relay 2565 to the winding of First Pulse re-
lay 2586 and battery.

Now returning to the remaining circuit changes that
are effected by the operation of relay 2508, it will be
seenl that a path is extended from ground over the No. 2
front contacts of relay 2508 to the winding of slow re-
lease relay 2587 and battery thereby operating it. A
locking circuit for relay 2586 is therefore: established
from ground over the No. 1 front contacts of relay 2507,
the No. 1 front contacts of relay 2563 and the No. 3
‘ront contacts of relay 2566.

At the end of the long prepare pulse, relay 2688 re-
leases thereby deenergizing relay 2586 over the hereto-
fore-mentioned path. Accordingly, ground is reapplied
over the No. 5 back contacts of relay 2588 and conductor
2381 to the operating winding of relay 2684 thereby caus-
ing its armature to engage its right-hand contacts. Ac-
cordingly, a path is extended from ground via the right-
hand contacts of relay 2664, the No. 4 back contacts of
relay 2582, the No. 3 front contacts of relay 2593 and the
No. 5 front contacts of relay 2586 to the winding of Off-
Mormal relay 2568 and batiery. Relay 2568 operates in
this circuit and locks itself over its own No. 5 front con-
tacts to ground via the No. 4 front contacts of relay
2596. Accordingly, the circuits are now prepared to effec-
tively respond to the following coded impulses.

If the received pulse had been short instead of long, a
different sequence of operations would have resulted in
which the circuits would have not effectively responded but
would have reset themselves to their normal idle condi-
tions to await receipt of a bona fide signal. Thus, for
example, ground from the No. 5 back contacts of relay
2568 would not have been removed from Timing Ca-
pacitor 2683 for a sufficient interval of time to have al-
lowed relay 2694 to operate. Accordingly, the circuit for
the operation of relay 2586 would not have been estab-
lished and at the end of the pulse, relays 2569 and 2587
would have reverted to their normal idle conditions. Re-
lay 256@ would have returned to its normal condition,
ground would have been reapplied to conductor 2501, and
the circuits would have been completely reset. It will
therefore be seen that in order for the circuits to be ren-
dered effective to respond to coded signals it is neces-
sary that such signals be preceded by a relatively long
prepare puise.

Now returning to the operation that results when a
bona fide prepare pulse is received, it will be recalled
that relays 2583 and 2506-2588 are operated thereby to
render the circuits responsive to the subsequent pulse
train. In addition to locking itself over the heretofore-
raced path, relay 2588 performs a number of important
functions. These include the extension of ground over
its No. 1 front contacts and the No. 1 back contacts of
relay 1200, to the operating winding of Pulse Shortening
relay 1981 and battery. Relay 1991 will operate thereby
extending ground over its No, 1 slow operate front con-
tacts and thence in two directions: one via the No. 1 back
contacts of Reply Pulse relay 19¢9 to the operating wind-
ing of Long Pulse relay 1916 and battery; the other via
the No. 2 back contacts of relay 1899 to the operating
winding of Short Pulse relay 3211 and battery. Return-
ing again to relay 2588, it will be seen that it extends
ground over its No. 2 front contacts for the future opera-
tion of Parity Check 1 relay 2584, It also extends a path
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from ground over its No. 3 front contacts for the opera-
tion of the counting chain of FIGS. 27 and 28. It extends
ground over its No. 4 front contacts and conductor 2509
to contacts of each of the A digit relays 27¢0-2704 and
the B digit relays 2888-2804 for the future locking there-
of. It additionally extends ground over its No. 6 front
contacts in two directions: one via conductor 2514 and
contacts of the chain relays in FIGS. 27 and 28 to oper-
ate Extra Pulse relay 2515, and the other via conductor
2516 to provide a locking circuit therefor. Amother path
is extended from ground over the No. 7 front contacts
of relay 2568 to conductor 2517 for the future extension
via contacts of relays 2584, 2505, 2515 and various of
the digit-representing relays of FIGS. 27 and 28 to effect
operation of individual device-controlling relays herein-
after described. A path is extended from ground over
the No. 8 contacts of relay 2508 and thence in two direc-
tions: one via the No. 4 back contacts of relay 2504 to
the winding of relay 2565 and battery; and the other via
the No. 2 front contacts of relay 2515 to the winding
of relay 2505 and battery. Ground is also extended over
the No. 9 front contacts of relay 2508 and thence in two
directions: one to the No. 3 contacts of Pulse Dividing
relay 2516 whence it is effective in the manner hereinafter
described; and the other via the No. 1 armature of Pulse-
_ Follower relay 2580 and either the front or back contacts
associated thereat to effect additional operations in con-
nection with relays 2510 and 2511.

As heretofore stated, Pulse-Follower relay 2508 fol-
lows the line pulsing; that is, it is operated for the dura-
tion of each line pulse. Accordingly, when the first pulse
in the digit train is received, relay 2500 operates and
remains operated only during the interval of line con-
tinuity interruption. Accordingly, ground is removed
from conductor 25981 to initiate action of Timing Capaci-
tor 2603, ground is reapplied to slow release relay 2507
and ground is extended from the No. 1 armature of relay
2500 via conductor 2518 and the No. 2 back continuity
contacts of relay 2511 to the operating winding of relay
2516 and battery. Accordingly, relay 2510 operates.

It will be helpful to an understanding of the circuit to
recognize that the time. interval elapsing between the
receipt of the long prepare pulse and the first pulse of the
following digit-representing train is insufficient to permit
the release of slow release relay 2507. Similarly, the
interval between each pulse in the digit-representing train
is likewise insufficient to permit such release. Accord-
ingly, relay 2507 continues in an operated condition
during the entire train of pulses that represent one bona
fide digit and this characteristic is advantageously utilized
to provide an increased measure of accuracy. Thus, for
example, should a long bogus pulse be received, any fol-
lowing train of pulses would be likely to lag by a sufficient
time interval to permit relay 2507 to release thereby re-
sulting in effective resetting of the circuits.

An inspection of FIG. 25 will disclose that relays 251§
and 2511 are arranged to operate as pulse dividers. They
are driven by Pulse-Follower relay 2509 in such a manner
that in response to the first pulse of a train (not the long
prepare pulses), relay 2510 is actuated, at the end of that
pulse relay 2511 is actuated, at the beginning of the next
pulse relay 2518 is released, and at the end of the second
pulse relay 2511 is released. This sequence of operations
by pulse-dividing relays 2518 and 2511 continues so long
as the pulses are received. '

The specific paths by which the alternate operations
of relays 251¢ and 2511 are accomplished may be traced
as follows: relay 2518 is operated from ground over the
No. 9 front contacts of relay 2568, the No. 1 front con-
tacts of relay 2500, conductor 2518 and the No. 2 back
continuity contacts of relay 2511 to the operating winding
of relay 2518, Relay 2510 operates and locks via the
No. 2 back continuity contacts of relay 2511 and the
No. 3 front contacts of relay 2519 to ground at the No. 9
front contacts of relay 2508. At the end of the pulse,
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relay 2500 releases thereby transferring ground via the
No. 1 back contacts of relay 2560 to conductor 2518
whence it is extended via the No. 4 front contacts of
relay 2518 and the No. 3 back continuity -contacts of relay
2511 to the operating winding thereof and battery. Relay
2511 operates and locks via its own No. 3 front continuity
contacts and the No. 3 front contacis of relay 251¢ to
ground at the No. 9 front contacts of relay 2568. In
addition, relay 2511 provides a new locking path for relay
2519, this locking path. extending via the No. 2 front
continuity contacts of relay 2511, the No. 4 froat contacts
of relay 2518, conductor 2519 and the No. 1 back con-
tacts of relay 2500 to ground at the No. 9 front contacts
of relay 2508. Both relay 2510 and 2511 are now oper-
ated and locked. :

When the next pulse is received, the last-traced locking
path for relay 251¢ is broken by the transfer of ground
from conductor 2519 to conductor 2518. Accordingly,
relay 2510 releases, thereby interrupting the heretofore-
traced alternate locking circuit for relay 2511 at the No.
3 front contacts of relay 2518. However, relay 2511 con-
tinues in an operated state by virtue of ground which is
conducted to the winding thereof via conductor 2518 and
its own No. 3 front contacts. At the end of the pulse,
ground is transferred back to conductor 2519 thereby inter-
rupting the last-mentioned locking path for relay 2511 and
restoring it to its normal inactive state.

In the meantime, the length of each pulse has been
measured by the capacitor timing circuif associated with
Long Pulse relay 2604, and the alternative operations that
result depending upon whether 2 pulsé is long or short will
be presently explained in connection with the operation
of the counting chain relays of FIGS. 27 and 28. As each
digit-representing pulse is received, a relay-activated con-
dition is progressively moved one step along the counting
chain which comprises relays 2785-270% and 2805-2869.
Thus, for example, when relay 2518 operates for the first
time, relay 2705 is also operated. When relay 2510 re-
leases, however, relay 2766 is operated and relay 2765 is
released. When relay 2519 is reoperated, relay 2767 is
actuated and relay 2706 is released, and so on until the
end of the chain is reached.

A further inspection of FIGS. 27 and 28 will reveal
that the five A-digit relays 2766-2764 and the five B-digit
relays 2800-28%4 are further identified with designating
symbols which both relate to the position of the digit
(ie,, A or B) and to the value thereof as expressed by an
element in the well-known 2-out-of-5 code. Thus, for ex-
ample, relay 2700 is further identified with the symbols
A0, A signifying that this relay relates to the A digit and
0 relating to the 0 element of the 2-out-of-5 code. Since,
as heretofore explained, the digit-representing pulse train
is composed of five pulses corresponding in sequential
position to elements 0, 1, 2, 4 and 7 in the 2-out-0f-5 code,
and since two of the five pulses are longer than the others
thereby expressing the value of the represented digit, cir-
cuits are provided which selectively conmect Long Pulse
relay 2604 via contacts of the counting chain relays with
the digit-representing relays in such manmer that relay
.2694 is effective to cause the actuation of the two relays
in each of the A and B-digit group which represent the
encoded digits. The manner in which this is accomplished
will be explained in detail after the operation of the hereto-
fore-mentioned  progressive activation of the counting
chain relays has been completed. For the purposes of this
description it will be assumed that the received code is
represented by the digits 00 although it will be readily
seen that other digits could have been employed.

When counting begins, all of relays 27§5-2709 and
2805-2899 are in their normal idle conditions. Accord-

ingly, when relay 2510 operates in response to the receipt
of the first pulse in the digit-representing train, a path is
extended from ground at the No. 3 front contacts of relay
25088 and thence via the No. 2 front contacts of relay
25190, conductor 2529, the No. 1 back contacts of relay
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2807, the No. 1 back contacts each of relays 27¢6-2799,
2805, 28306 and 2808, conductor 2810 and the No. 3 back
continuity contacts of relay 2753 to the winding thereof
and battery. Relay 2785 opsrates in this circuit and locks
itself to ground over its owa No. 3 front continuity con-~
tacts, the Mo. 2 back continuity contacts of relay 2766,
the No. 3 back contacts of relay 2767, the MNo. 2 back
continuity contacts of relay 2798, the No. 3 back contacis
of relay 2783, the Mo. 2 back continuity contacts of relay
2895, the No. 3 back continuity contacts of relay 28086,
the No. 2 back continuity contacts of relay 2897, the No.
3 back continuity contacts of relay 2888 and the No. 3
froni contacts of relay 2588. When the next pulse is re-
ceived, relay 2519 releases and ground is transferred via
the No. 2 back contacts of relay 2516 to conductor 2521
whence it is extended over the No. 2 front contacts of re-
lay 2745 to the operating winding of relay 2756 and bat-
tery. Relay 2706 operates thereby interrupting at its
No. 2 continuity contacts the heretofore-traced locking
path for relay 2785 and lockiag itself over its own Mo. 2
front continuity contacts and the remaining portion of the
neretofore-traced locking circuit to ground at the No. 3
front contacts of relay 2308. When the third pulse is
received, ground is reapplied to conductor 2520 and is
extended via the No. 1 back contacts of relay 2887 and
the No. 1 front contacts of reiay 2706 to the winding of
relay 2787 and battery. Relay 2787 operates thereby in-
terrupting at its No. 3 contacts the heretofore-traced lock-
ing path for relay 2786 and locking itself over its own No.
3 front contacts. Similar operation continues with the ac-
tuated-relay condition being advanced one position along
the chain for each received pulse until after relay 2899
is operated and locked. The long pulses which cause
the operaticn of relays 2768, 2763, 2888 and 28869 for the
00 code will, at the same time, effect the operation of
their corresponding A- or B-relays as will hereinafter be
explained. If ten and only ten digit-representing pulses
are received, counting will end with relays 2868 and 2803
in their activated states and the remainder of the counting
chain relays released. However, if more than ten digit~
representing pulses are received, relays 28638 and 2889
will remain operated and relay 27935 will be reoperated by
the eleventh pulse. The path over which this operation is
effected may be traced from ground on conductor 2529
i516 being operated) via the No. 1 back contacts
', the Wo. 1 back contacts of relays 2786—

of relays 2
27839, 2385 an

2602, conductor
tacts of relay %

Z81% and the No. 3 back continnity con-
to the winding thereof and battery.
Relay 2785, by openiag its Mo. 1 back contacts, releases
relay 2888. It, therefore, re-establishes the theretofore-
traced locking path to which it locks over its No. 3 front
countinuity contacts. In addition, it establishes a path for
the operation of Bxtra Pulse relay 2515, This path will be
traced from ground at the MNo. 6 front contacts of relay
2598, conductor 2514, the No. 4 front contacis of relay
2705 and the No. 4 front contacts of relay 28$9 to the
winding of relay 2515 and battery. Relay 2515 operates
and locks over its own Me. 3 front contacis and conductor
2316 to ground at the No. 6 front contacts of relay 2588.

Immediately after the tenth puise has been received
and before any possible additional puise has arrived at
the satellite, a parity check is made to determine whether
or not two, and only twe, of the A-digit and B-digit re-
lays have operated. If such is the case, relay 2594 will
operate, but if more or less than two A-digit or B-digit
relays are operated, relay 2584 will remain deenergized.
Thus, provision is made for checking that the correct
number of active code elements have been received. The
circuits that accomplish this may be traced from ground
at the No. 2 front contacts of relay 25068 and thence via
the No. 1 back contacts of relay 2511, conductor 2512,
the Mo. 5 front centacts of relay 2868 (since an eleventh
pulse has not yet arrived, relay 2808 is still energized),
any one of several alternate paths via serially intercon-
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nected contacts of the B-digit relays 2868-2504, conduc-
tor 281%, any one of several alternate paths via serially
interconnected contacts of the A-digit relays 2708-2704,
conductor Z718, the No. 5 front contacts of relay 2309
and the No. 2 front contacts of relay 2585 to the win 3
of relay 2564 and battery. Relay 2504 will operate in this
circuit and at its No. 4 back contacts will interrupt the
operating circuit for relay 2565. However, since relay
2505 has a slow release characteristic, its coniacts remain
closed for a brief additional period, thereby preventing
the immediate de-energization of the winding of relay
2584. The significance of this will be later apparent when
the path is described which exteads via the MNo. 3 front
contacts of relay 2594, the No. 3 back contacts of relay
2505 and the No. 1 back contacts of relay 2515 to con-
ductor 2522,

Now, observing the aforementioned alternate paths via
serially interconnected contacts of the A and B digit
relays, it will be seen from a visual inspection of FiG-
URES 27 and 28 that a complete path may not be traced
therethrough except when any two, but only two, of the
B digit relays and any two, but only two, of the A
digit relays are operated. Thus, for example, if a re-
ceived code represents the two decimal digits 00, the two
A-digit relays A—4 and A-7 (2763 and 2704) together
with the two B-digit relays B—4 and B-7 (2893 and 2884)
will be operated and the aforementioned path could tien
be traced via the INo. 2 front contacis of relay 2384,
the No. 3 front contacts of relay 2883, the No. 4 back
contacts of relay 2802, the No. 3 back contacts of relay
2861, the No. 2 back contacts of relay 2888, conducior
2811, the No. 2 front contacts of relay 2734, the No. 3
front contacts of relay 2783, the No. 4 back contacis
of relay 2762, the No. 3 back contacts of relay 2781 and
the No. 2 back contacts of relay 2799 to conductor 2718,

Tt will now be recalled that normally no eleventh pulse
wiil be received and that, therefore, Extra Pulse relay
2513 will not ordinarily operate. Therefore, if the re-
quired number of A and B digit relays have been op-
erated and the aforementioned path completed to operate
relay 2584, an activating ground will be extended from
the No. 7 front contacts of relay 2588 via conducior
2517, the No. 3 front contacts of relay 2584, the No. 3
back contacts of relay 2585, the No. 1 back contacts of
relay 2515 and conductor 2522, whence it is extended to
various contacts of B-digit relays 2801-2804.

A consideration of the above will now reveal relays
2594 and 2585 to be effective to check that the reguired
number of long pulses are received in each group of five
and that relay 2515 checks that no more than a total of
ten are included. Since the operation of the parity check
relays depends upon the receipt of at least ten pulses
(it being necessary that reiay 2869 be operaied), the cir-
cuits inherently check that at least ten have been received.
Only when a total of ten, no more and no less, has bsen
received, and only when two long pulses have been re-
ceived in each group of five, will the aforementioned
path be exiended from ground to conductor 2523. Ac-
cordingly, the circuits provide an exceedingly high degree
of reliability and will not operate when an incorrect code
is applied thereto.

If ground is not applied to conductor 2322 within
a brief period subsequent to the receipt of the last puise,
the release of slow release relay 2587 will result in the
resetting of the circuits without their having effectively
responded to the code. Thus, for example, after the Iast
pulse has arrived, relay 2588 rcleases, removing activating
ground from the winding of relay 2547. Although during
a digit string ground would be reapplied before the con-
tacts of relay 2507 released, no additional pulse now
follows and the contacts of relay 2547 assume their nor-
mal idle condition. Accordingly, ground is interrupted at
the No. 1 front contacts of relay 2567 thereby unlocking
relay 2506 and restoring it to normal. At the No. 4

front contacts of relay 2596 the locking ground for relay
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2308 is removed, thereby releasing relay 2508 and re-
storing the circuits to normal. It should be noted that
this release sequence is followed irrespective of whether

or not the parity and extra pulse checks indicate the re-

ceipt of a bena fide code. However, if the code has been
a correct one, the aforementioned path will have been
extended to conductor 2522 and, as will hereinafter be
seen, will have been effective to produce an activated
condition of the related control apparatus for the desired
single or two-state device.

As heretofore mentioned, while the coded impulses are
being received, Long Pulse relay 2664 is effective via con-
tacts of the pulse counting relays 2785-2789 and 2805-
2869 to selectively actuate two of the A-digit relays 2700~
2784 and two of the B-digit relays 2809-2804. This is
accomplished in the following manner. As each pulse is
received, an activated condition is progressively stepped
one position along the relay chain and at the same time
Long Pulse relay 2604 scnses the pulse to determine
whether it is short or long. " If the pulse is short, the
armature of relay 2684 remains at its righthand contacts
and the path extended thereover from ground produces
no further effect. However, if the pulse is long, the
armature of relay 2604 engages the lefthand contacts and
a path from ground is extended thereover via the No. 3
back contacts of relay 2502, the No. 2 front contacts
of relay 2563, the No. 2 front contacts of relay 2586
and the No. 2 back contacts of relay 2809 to the No. 5
armature of pulse-dividing relay 2518. Since relay 2510
is operated during odd pulses and is released during even
ones, the ground will be alternately extended to Odd
conductor 2523 and Even conductor 2524, whence it will
be further extended via contacts of the operated one of
the counting chain relays to the associated digit relay.
Thus, for example, if it is again assumed that the A
and B digits are 0 and 0, Long Pulse relay 2604 will re-
tain its armature in its unoperated, i.e., righthand, posi-
tion during receipt of the first three digit-representing
pulses and, therefore, no ground will be extended to the
Wo. 3 armature of puise-dividing relay 2510. However,
the fourth and fifth digit-representing pulses will be of
the long type and, therefore, before each of these pulses
terminates, relay 2604 will move its armature to engage
its lefthand contacts and the aforementioned path ‘will be
extended to the Mo. 5 armature of relay 2510. Relay
2510 is released coincident with the beginning of the
fourth pulse and, therefore, its armature engages the asso-
ciated back contacts to extend the ground when applied by
relay 2694 over conductor 2524 to the No. 4 front con-
tacts of the fourth counting-chain relay 27¢8. Since the
fourth puise is effective to cause the actuation of relay
2708, these contacts will be closed and the path will be
extended to the winding of A-digit relay 2703, Relay
2783 will operate and lock over its own No. 1 front con-
tacts to ground supplied thereto over conductor 2509 via
the No. 4 front contacts of relay 25¢8. At the end of the
fourth pulse, ground is reapplied by relay 2560 to con-
ductor 2501, thereby re-establishing a timing base for the
subsequent operation of relay 2664. Accordingly, when
the fifth pulse arrives, its length is sensed and, since it has
been assumed to be of the long type, the heretofore-
traced path from ground is again completed to the No.
5 armature of relay 2510. However, relay 2510 is ac-
tnated coincident with the beginning of the fifth pulse
and, therefore, ground is extended to conductor 2523 and
thence to the No. 4 armature of the fifth pulse-counting
relay 2709. Relay 2709 will have been operated in re-
sponse 10 the receipt of the fifth pulse and the ground is,
therefore, extended over the No. 4 front contacts thereof
to the winding of A-digit relay 2704 and battery. Relay
2704 operates and locks over its own No. 1 front contacts
to the same ground heretofore described for the locking
of relay 2783.

Operaiion of the B-digit relays 2868-2804 (under the
control of long pulse relay 2604) and the last five count-
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ing chain relays 2805-2809 is identical to that relating
to the A-digit relays 2700-2784 except for the operation
of the last B-digit relay 2804. Here an alternate path
is established to extend the path supplied if the tenth

‘pulse is of the long variety. This path may be traced

from ground over the left-hand contacts of relay 2604 via
the No. 3 back contacts of relay 2502, the No. 2 front
contacts of relay 2503, the No. 2 froat contacts of relay
2506, the No. 2 front contacts of relay 2882, the No. 1
back contacts of relay 2518 and the No. 4 front contacts
of relay 2808 (it will be recalled that relay 2898 is not
released when relay 2809 is actuated) to the winding of
B-digit relay 2804 and battery. Relay 2804 operates and
locks over its own No. 1 front contacts.

Now, returning to- the operations that result when two
A-digit and two B-digit relays are operated and the code-
checking circuits of FIG. 25 have indicated the code to
be bona fide, it will be recalled that ground is extended
via contacts of the parity check relays 2504 and 2505
and relay 2515 to conductor 2522, whence it is further
extended to contacts of the last four B-digit relays 2801
2804. The contacts of all five of the B-digit relays 28060~
2804 are arranged to provide conventional code trans-
lation_to extend ground to a particular one of the ten
output leads BO-B9 that corresponds to the two-out-of-
five code elements represented by the two actuated B-digit
relays. Since, for the purposes of this illustrative ex-
ample, it has been assumed that the B digit is 0, the last
two B-digit relays 2803 and 2804 will be operated and a
path will, therefore, be extended to the BO lead from con-
ductor 2522 via the No. 6 front contacts of relay 2864
and the No. 7 front contacts of relay 2803. No other
one of the B-digit output leads, BO-B9, will be grounded
when relays 2893 and 2804 are operated.

The A-digit relays 2768-2704 are similarly effective to
provide translation from two-out-of-five to one-out-of-
ten code. However, since in this illustrative embodi-
ment only the A digits, 0, 1 and 2, are used, armatures of )
certain of the A-digit relays which would be required
to effect translation for the remaining decimal digits are
not included. It will be readily understood, however,
that if the number of controlled devices were increased
so that additional codes were required, armatures could
be readily added to provide for A-digit translation of the
numbers. 3 to 9. It should also be understocod, as men-
tioned above, that additional sets of digit-representing re-
lays could be added if the number of codes required were
such as to necessitate a substantial increase in the digits
employed. Thus, for example, a set of C-digit relays
could be added and the counting chain could be either
extended or could be adapted to a re-entry type to provide
the necessary counting capacity.

It will now be recalled that the A and B digits assumed
to have been received are 0 and 0, respectively. Ground
is, therefore, applied to the B0 lead in FIG, 28 in the
manner heretofore described, and another ground is ap-
plied via the No. 3 front contacts of relay 2704 and the
No. 4 front contacts of relay 2793 to the AO lead of
FIG. 27. Ground appearing on the A0 lead is conducted
over the obvious path to the winding of the Tens Digit 0
relay 2108, thereby operating it. Accordingly, the ground
applied to the BO lead is extended via cable 2812 to the
No. 1 front contacts of relay 2180 and thence via the
No. 2 back contacts of relay 2608 to the winding of relay
2601 and battery. Relay 20881 operates and locks over
its own No. 1 front contacts and the No. 2 back contacts
of Answer relay 1992 to ground through contacts 1903
of the 2.5-second cam 1804 in Timer 1995. Relay 2001,
in closing its No. 2 front contacts, establishes a path for
the future operation of relay 2896 from ground at the No.
3 front contacts of the fourth counting chain relay 2708
at the time that relay operates during the next counting
sequence. No additional operations result from . this
grounding of the A0 and BO leads. Accordingly, when
relay 2507 releases a brief interval after receipt of the
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last digit-representing pulse, the circuits of FIGE. 25-28

are reset to their normal idls conditions to await receipt
of the next series of coded i
O

mpulses,
It will be recalled from the description of the main
“station circuits that the first two-state device in satellite
1 is arranged for double code transmission. This ex-
plains the reason why the fisst grounding of the AQ and
BO conductors resulted in the operation’ of relay 2801
rather than in the activation of a device-actuating relay.
Therefore, an identical series of impulses, including the
long prepare pulse, is transmitted from the main sta-
tion and is effective at the satellite in the manner hereto-
fore described to result in the application of ground a
second time to the A0 and BO leads. Relay 2108 is
again operated by ground extended thereto from the
AD lead and the ground appearing om the BO lead is,
therefore extended via the No. 1 front contacts of relay
2100 to the No. 2 armature of relay 2600. However, it
now finds relay 2696 operated and locked since, during
the counting of repeated series of digit-representing
pulses, relay 2798 will have been operated and ground
will have been extended over the above-traced path from
the No. 3 froat contacts thereof through the No. 2 front
contacts of relay 2691 to the winding of relay 2089 and
battery. Relay 2660 will have operated and will have
locked over its own No. 1 front contacts to the ground on
conductor 2082. Accordingly, the aforementioned
ground at the No. 2 armature of relay 2088 will be ex-
tended through the associated front contacts therecf via
the No. 8 back continuity contacts of relay 2803 to the
operating winding thereof and battery. Relay 2603 will
thereupon operate. At its No. 1 front contacts it extends
ground to conductor 2804. At its No. 2 front contacts
it partially completes a path for the future operation
of Lock relay 2685. At its No. 3 contacts it partially
completes a path for the future shunting down of
Memory relay 2886. At its No. 4 front contacis it par-
tially completes a path for the future operation of
Memory relay 2866. At its No. 7 front contacts it com-
pletes a path from Answer conductor 2067 io conductor
2008. At its No. 9 front contacts it extends the hereto-
fore-traced path from ground via conductor 2389 and
the No. 3 back continuity contacts of relay 1288 and
thence in two directions: one, to the winding of relay
1966 and battery; the other, through the winding of re-
lay 1285, the No. 1 front contacts of relay 1966 and the
No. 4 back contacts of relay 1982 to ground. Thus, so
long as ground is extended over tie BO lead, relay 1969
is supplied with ground at both of its winding terminals.
However, when the circuits of FIGS. 25-28 release a
brief interval afier receipt of the last digit-representing
pulse, ground is removed from the right-hand terminal of
the relay 3280 winding, whereupon it operates in series
with relay 1986 over the path which may be traced from
ground via the No. 4 back contacts of relay 1982, the
No. 1 front contacts of relay 1985, the winding of relay
1909 and the winding of relay 1584 to battery.

Also, as heretefore mentioned, Slow Release reiay
2507 releases a brief interval after the receipt of the jast
digit-representing pulse, whereupon the locking path for
relay 2586 is interrupted and ground is reapplied to con-
ductor 2523 over the No. 1 back contacts thereof. When
the first pulse in the irain was received, relay 2566
operated and removed ground from this conductor, there-
by releasing Start relay 1919. Accordingly, when ground
is reapplied it is extended over the Mo. 1 back con-
tacts of relay 1219 and thence via conductor 1929 in two
directions: one, to clutch 1921 of timer 1895 and battery;
the other, via contacts 1922 of the 18-second cam 1823
of Timer 1985 via resistor 1824 to the Timer Motor
1925,  Accordingly, the Timer Motor 1925 and Clutch
1821 are actuated and operation of Timer 1985 begins.

One. last operation resulting from the actuation of
relay 2003 is the completion of its locking path over its
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own No. 8 front continuity contacts and the No. 3
front contacts of relay 1966 to ground.

During the aforementionzd interval of time when re-
lay 1966 is operated and relay 19286 is released, an al-
ternate path is established for maintaining Pulse-Shorten-
ing relay 1991 in an operated condition. This path may
be traced from ground over the No. 2 front contacts of
relay 1906 and the No. 1 back contacts of relay 1909
to the winding of relay 1861 and battery.

It will be recalled that relay 1981 operates coincident
with the operation of relay 2598 and that it remains
operated so long as relay 2568 remains in its actuated
state. However, as heretofore described, relay 2568 is
released soon after the last digit-representing pulse is
received and it is desired to establish an alternate path to
maintain Pulse Shortening relay 1981 in its operated state
until relay 1988 operates. Accordingly, the alternate
path via the No. 2 front contacts of relay 1966 is pro-
vided to ensure this desired sequence of operations,

When relay 1909 operates, the aforementioned oper-.
ating path of relay 1981 is interrupted. However, since
the armatures of relay 1981 embody a slow release char-
acteristic, a momentary operating path will be established
for lock relay 2685 from ground over the No. 1 front
contacts of relay 2683, conductor 2804, the No. 2 front
contacts of relay 191, the No. 4 front contacts of re-
lay 1969, the No. 2 front contacts of relay 2893 and the
MNo. 2 back continuity contacts of relay 2085 to resistor
2611 and battery. Relay 2905 operates and locks itself
to ground over its own No, 2 front continuity contacts.
It transfers ground at iis No. 3 contacts to extinguish
Green lamp 2832 and light Red lamp 2813. In addition,
it extends an obvious path over its No. 1 front contacts
from battery to Interposer relay 2814 which is effective
through contacts (not shown) to activate the first two-
state device. The circuits now await an indication of a
change in state by the device, and when this occurs, the
movable element of the device condition-indicating con-
tacts 2015 disengages the right-hand stationary contacts
and moves to engage the left-hand stationary contacts,
thereby {transferring ground thereto. Accordingly, a
path is extended from ground over the left-hand contacts
of element 2615 and thence via the No. 5 front contacts
of relay 2863 in two directions: one, via the No. 7 front
contacts of relay 2833, conductor 2897, back contacts of
relay 196€ and the No. 2 front contacts of relay 196¢ to
the winding of relay 1%22 and battery; the other, via con-
ductor 2§68, the No. 6 front contacts of Answer relay
1542, the No. 3 front contacts of relay 1912, the No. 4
front contacts of relay 2603 and the No. 1 back con-
tinuity contacts of Memory relay 2986 to the operating
winding thereof, resistor 2016 and battery. Relay 2696
operates and locks to ground over its own No. 1 front
continuity contacts.

Now, returning to the functions that result from the
operation of relay 2902, it will be seen that at its No. 1
contintity contacts it interrupts one of the locking paths
for relay 2883 but that relay 2603 continues locked for
& briel additional interval via the ground supplied there-
to over the No. 3 front contacts of relay 19086. At its
No. 3 back contacts relay 1892 interrupts the operating
circuit for relay 1912. At its No. 4 contacts relay 1902
interrupis the operating path for relays 1900 and 1906
and connecis ground to conductor 1833 at its No. 7 front
contacts in order to maintain relays 1916 and 1911 in
their operated conditions after relays 1661 and 1906 re-
lease. At its No. 5 front contacts it locks itself to ground
via the No. 1 front contacts of relay 1910, the No. 2
front contacts of relay 1911 and contacts 1914 of the
i2.9-second cam 1915 in Timer 1905. At its No. 6
contacts it extends the ground heretofore traced for the
opcration of relay 2686. At its No. 8§ contacts it partial-
ly extends a path which would be completed to shunt
down relay 2806 if a trip code had been received and if
the device has been deactivated in response thereto.
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After a brief interval, the contacts of relay 1912 change
position. Accordingly, at"the No. 3 back contacts there-
of the heretofore-traced path from ground is extended
to the operating winding of relay 1916 and battery. At
its No. 1 back contacts relay. 1912 extends a path from
ground via the No. 1 back contacts of Long Pulse 1 re-
lay 1617 and the No. 2 front contacts of Short Pulse 1
relay 1916, to the operating winding of Reply Pulse re-
lay 1262 and battery. Ground is now extended over
the No. 1 front contacts of relay 1911, the No. 2 front
contacts of relay 1918, the back contacts of No Reply
relay 1918, the No. 3 front contacts of relay 1909 and

the Mo. 6 back contacts of relay 2500 to the operating’

winding of Send relay. 2661 and battery. Accordingly,
relay 2601 operates and at its No. 1 back continuity
contacts opens the line thereby to transmit a reply pulse
to the main station.

As heretofore mentioned, the length of the reply pulse
indicates the condition of the device in question, a long
_pulse indicating an activated condition and a short pulse

indicating a deactivated condition. Since the device has

assumed an activated state, the circuits are arranged to
transmit a relatively long pulse (actually a line interrup-
tion for an extended period) and this is accomplished by
causing the line interruption to continue for a relative-
1y long period measured by the slow release characteris-
tic of Long Pulse relay 1919,

Referring again to relay 1899, it will be seen that when
it operates, the heretofore-mentioned operating paths for
relays 191G and 1911 are:interrupted. However, an
alternate operating path for relay 1911 has been estab-
lished via the No. 1 front contacts of relay 1216 and re-
lay 1911, therefore, continues in its operated state. No
such alternate path has been established for relay 1918
and it, therefore, begins to release. However, its contacts
embody a slow release characteristic and a relatively long
period of time elapses before these contacts assume their
normal deenergized positions. During this interval the
heretofore-traced path from ground at the No. 1 front
contacts of relay 1911 to the winding of relay 2601 is
maintained, and it is not until the No. 2 front contacts
of relay 1910 release that the Send relay is de-energized
and line continuity is restored. It will, therefore, be seen,
as mentioned above, that the duration of line discon-
tinuity is proportional to the interval that elapses between
the time that Long Pulse relay 1910 is de-energized and
the time at which its contacts disengage.

Not only does the release of relay 1916 effect trans-
mission of the reply pulse over the line but, in addition,
it initiates a sequence of resetting operations which are
effective to restore the common control circuits of FIG.
19 to their normal idle condition. Thus, relay 1910,
at its No. 1 front contacts, interrupts the holding path
for Answer relay 1982, thereby effecting its release (the
operating path for relay 1902 having already been inter-
rupted at the No. 2 front contacts of relay 190¢ when re-
lay 1969 released in response to the operation of relay
19¢2). The release of relay 1982 results in several cir-
cuit restoring operations. Thus, at its No. 3 back con-
tacts it restores ground for the reoperation of relay
1912. At its No. 4 front contacts it interrupts the lock-
ing ground for relay 2883, thereby releasing it, and at
its No. 6 front contacts it interrupts the holding path for
relay 1916. ' In releasing relay 1916, at its No. 1 front
contacts, interrupts the holding path for relay 1911. At
its No. 2 front contacts relay 1916 interrupts the operat-
ing path for relay 1989 which releases.

" The circuits, except for Start relay 1919 and Timer
19903, are now completely reset to their normal idle states
and restoration of relay 1919 and the Timer 1905 may
be effected in either of two ways. If no other signals are
received over the line loop, the Timer 1905 will continue
to operate until the 18-second cam 1923 transfers the
movable element of contacts 1922 to the upper position.
At that time the heretofore-traced operating circuit for
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the Timer Motor 1925 is interrupted and ground is ex-
tended over the upper contacts 1922 via the No, 3 back
continuity contacts of start relay 1219 to the winding
thereof and battery. - Accordingly, relay 1919 operates,
thereby locking.itself over its own No. 3 front continuity
contacts to ground at the No. 1 back contacts of relay
2506. At the same time ground is removed at the No.
1 back contacis of relay 1919 from conductor 1929,
thereby de-energizing the Clutch 1921 of the Timer 1905.
As heretofore mentioned with respect to the timer at the
main station, spring loading is provided to reset the timer
cams to their normal idle conditions, and the circuits are
now completely restored to normal. :
Now it may be assumed that a trip code for the first
two-state device in satellite 1 -is transmitted. -from the
main station. Since this will also be a double code trans-
mission, the . pulse-responsive circuits of FIGS. 25 and
26, together with the counting and translating circuits
of FIGS. 27 and 28, will operate in an identical manner
to that heretofore described except that the code now em-
ployed relates to the digits 0 and 1 instead of the digits
0 and 0. Accordingly, relay 2681 will be operated in
response to the receipt of the first transmission of the
code, during the second transmission relay 2860 will be
operated, and at the conclusion of the second transmis-
sion a path from ground will be extended via the Bl lead
of FIG. 28 through cable 2812, the No. 2 front contacts
of relay 2198, the No. 3 froat contacts of relay 269¢
and the No. 8 back continuity contacts of relay 2817 to
the winding thereof and battery. Relay 2817 operates
and locks over its No. 8 front continuity contacts as here-
tofore described with respect to relay 2963. This initi-
ates opération of the common control circuit of FIG. 19,
When relays 1908 and 1981 operate, a shunting path. for
releasing Lock Relay 2085 is completed from the junction

. of resistor 2611 and the coil of relay 2685 via the No. 2
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front contacts of relay 2617, the No. 4 front contacts
of relay 1900, the No. 2 front contacts of relay 1941,
conductor 2804 and the No. 1 front contacts of relay
2017 to ground. Accordingly, relay 2095 releases, there-
by de-energizing Interposer relay 2814 to effect the deacti-
vation of the first two-state device through contacts not
shown. In addition, the release of relay 2805 results in
the transfer of ground from the red indicating lamp 2013
to the green indicating lamp 2812. The circuits now
await indication that the device has changed its state, and
when such an indication is received the movable element
of the condition-indicating contacts 2815 moves to the
right-hand position, thereby extending a path from ground
via the No. 6 front contacts of relay 2817 and thence
in two directions: one, over its No. 7 front contacts to
lead 2007 via a path similar to that heretofore described
for the operation of relay 1992; the other, via the No.
8 front contacts of relay 1992, the No. 2 front contacts
of relay 1912 and the No. 3 front contacts of relay 2017
to the junction of resistor 2816 and the winding of Mem-
ory relay 2006, thereby shunting down relay 2806 and
causing it to release.

After a brief interval, the contacts of relay 1212 move
to their de-energized positions, whereupon ihe heretofore
mentioned ground at the No. 2 armature of relay 1912
is transferred to the winding of Long Pulse 1 relay 19317 -
over the obvious path. Accordingly, ground is extended
via the No. 1 back contacts of relay 1912, the No. 1
front contacts of relay 1917 and the No. 2 back contacts
of relay 1916 to the winding of relay 1289 and battery.
In addition, a path is established from ground over the
No. 2 front contacts of relay 1917 to the winding of Long
Pulse relay 191¢ and battery.

It will be recalied from the description relating to the
close operation of the first two-state device that Short
Pulse relay 1911 will have been operated at the time relay
1906 was actuated. Accordingly, when relay 1909 oper-
ates, the operating path for both the long pulse and short
pulse relays 191¢ and 1911 is interrupted at the Nos. 1
and 2 back contacts of relay 1905, Although relay 1911
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releases, an alternate operating path for relay 1918 is
eifective to retain it in its operated state for an additional
eriod of time. This alternate path is that herstofore
described as extending over the MNo. 2 front contacts of
Long Pulse 1 relay 1917. In operating, relay 19€9 at its
No. 3 front contacts completes a path for the activation
of Send relay 2681 from ground over the No. 1 front
contacts of reiay 1911, the No. 2 front contacts of relay
" 1913, the back contacts of relay 1918, the No. 3 front
contacts of relay 1999 and the No, 6 back contacts of
relay 2580 to the winding of relay 2601 and baitery.
Since, as mentioned above, relay 1911 is releasing, the
continuity of this operating path for relay 2661 is main-
tained for an interval corresponding to the slow release
characteristic of Short Pulse relay 1221. This character-
istic is such that the contacis complete their movement
after a delay somewhat less than that of the contacts of
Long Pulse relay 1318 and, therefore, the period during
which Send relay 2681 is operated is less than that here-
tofore described in connection with the close operation
above, Accordingly, interruption of line continuity per-
sists for a relatively short interval, thereby effecting the
transmission of a short pulse.
To aid in an understanding of the generation of the long
and short pulses, it may be helpful to recognize that
when a long pulse is to be transmitted the Short Pulse
relay 1911 is retained operated while the Long Pulse
relay 1918 releases to control the length of the pulse;
whereas, when a short pulse is to be transmitted, Long
Pulse relay 191@ is retained in an operated condition
while Short Pulse relay 1911 is releasing thereby to ef-
fect transmission of a short pulse. Thus, it will be seen
that the difference in the long and short pulses results
from a difference in the release time of the long and short
pulse relays 1919 and 1911.
The remainder of the circuit operations are similar to
those heretofore described, with the relay 1902 being re-
leased when the contacts of Short Pulse relay 1911 com-
plete their movement. As heretofore explained, the re-
lease of relay 1982 is effective to initiate a resetting se-
quence that results in returning the various relays and
‘circuits to .their normal idle conditions. Although the
Trip relay 2817 is released, the Memory relay 2896 and
the Lock relay 2683 remain in the deactivated state.
It may now be assumed that an inquiry code for the
first two-state device at sateliite 1 is transmitted from the
main station over the line Ioop. Since, as heretofore men-
tioned in connection with the description of the circuits
of the main station, single code transmission is empioyed
for all inquiries, the code received at the satellite (code
02) is effective to result in the applicaticn of ground via
the AQ and B2 leads to the circuits of FIG. 21. There the
A0 ground is effective to operate relay 2164 and ground
on the B2 lead is, therefore, extended via the Wo. 3 front
contacts of relay 2185 and the No. 8 back coatinnity con-
tacts of Inquiry relay 2818 to the winding thereof aad
battery., Relay 2818 operaies and locks itself over its
own No. 8 front continuity contacts to ground via the
path heretofore traced for the locking of close and trip
relays 2803 and 2617. Ground is also extended via the
Mo. 9 front contacts of relay 2818, conductor 2969 and
the No. 3 back coatinuity contacts of relay 1586 to the
winding of relay 1996 and battery, thereby initiating
operation of the common control circuits of FIG. 19.
‘As heretofore described, when ground is removed from
the B-digit lead (in this case, B2), ground is removed
from conductor 2699 and relay 1988 operates. Accord-
ingly, a path for the operation of relay 1962 is com-
pleted from ground via the No. 7 front contacts of relay
2618, conductor 2867, back contacts of relay 1988 and
the No. 2 front contacts of relay 1288 to the winding of
relay 1902 and battery. Paths are now ccmpleted for
the operation of relays in FIG. 19 which are effective
to cause the emission of pulse whose length indicates the
condition of the device.

If the device is in its unoperated state, a path will be
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extended from ground over ths right-hand contacts of con-
dition-indicating device 2818, the Mo. 6 front contacts
of relay 2618, the No. 8 frent contacts of relay 1382, the
No. 2 front contacts of relay 1812 and the No. 3 front
contacts of relay 2618 to the junction of the operating
winding of Memory relay 2606 and resistor 2036. Since
it will now be assumed that the device has not automati-
cally changed conditicn since it last responded to a trip
order, relay 2866 is de-energized and the ground traced
to the aforementioned junction produces no effect thereat.

After a brief delay the contacts of relay 1912 complete
their travel and transfer the ground at the No. 2 movable
element thereof via the associated back contacts to the
winding of relay 19317. Since relays 1930 and 1911
will have already been operated by the closing of the MNo.
4 front contacts of relay 1966, relay 19i8 will lock to
ground over the No. 2 front contacts of relay 1917.
Therefore, when relay 198$ operates in the manner here-
tofore described, relay 1914 is retained ia its operated
condition but relay 1911 is released and, in the manner
heretofore described, the length of the pulse transmitted
over the line loop is the function of the release time of
relay 1911. Accordingly, a relatively short pulse is re-
turned to the main station and the circuits reset them-
selves in the manner described above.

If, when the inqury code had been received, the de-
vice had been in its activated state, the movable element
of contacts 2815 would have extended the path from
ground but in a different direction. Here it would have
passed over the No. 5 front contacts of relay 20618, con-
ductor 2808, the No. 6 front contacts of relay 1662 and
thence initially via the No. 3 front contacts of relay 1912
and the No. 4 front contacts of relay 2618 to the back
stationary contact associated with the No. 1 movable ele-
ment of Memory relay 2666, However, if it is assumed
that the device has not changed state since it last operated
in response to the receipt of a close code, relay 2685 will
be operated, its No. 1 front continuity contacts will be
closed and the heretofore-traced path will not, therefore,
be extended from the No. 1 back continuity contacts to
the winding of relay 2064.

Returning to the No. 3 contacts of relay 1912, it will be
seen that as soon as these contacts have completed their
travel, the above-described path will be diverted to the
operating winding of relay 1916, thereby effecting its
operation. The No. 1 contacts of relay 1916 will furnish
the alternate locking path to hold relay 1911 when relay
1909 releases. Therefore, the pulse transmitted over the
line loop will be a funciion of the release characteristic of
relay 1910 and the transmitted pulse will be of the long
variety.

Uninvited Pulse

It will be recognized that Memory relay 2886 will
ordinarily reflect the true state of the device to which it
relates. However, due to some unusual condition such
as the automatic tripping of a circuit breaker, a device
may. change its state without having received the appro-
pirate control code. Accordingly, it is possible that after
such automatic change a memory relay may reside in a
state other than that which represents the condition of
its associated device. This may perhaps be more clearly
understood when it is recognized that the state of a
memory relay represents the condition that its asso-
ciated device did assume in response to the receipt of the
last order code relating thereto. Since, in an interval
following the last ordered operation of the device, it may
have automatically changed (that is, without authoriza-
tion from the main station), the device may have gotten
out of step with its associated memory relay and provi-
sion is advantageously made for effecting a change in the
condition of the memory relay, if required, to render it
once more representative of the condition of its asso-
ciated device.

Since no substantial period should elapse between the
time and automatic change takes place and the recogni-
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tion thereof at the main station, provision is made at the
satellite to effect transmission of a relatively short pulse
over the line loop whenever any unauthorized change
takes place to a two-state device. As heretofore men-
tioned in connection with the main station description,
such pulse has been described as being uninvited.

If it may be assumed that the first two-state device in
satellite 1 last responded to a close order code by assum-
ing its activated state and that some time thereafter it
changed to its deactivated state without having received
a corresponding order from the main station, the first
change that takes place in the circuits at the satellite is
the transfer of ground to.the right-hand contacts of
condition-indicating device 2915.
will be extended from ground via the right-hand con-
tacts of device 2015 and thence through the No. 6 back
contacts of relay 2017, the No. 2 back contacts of relay
2018, the No. 6 back contacts of relay 2003 and the
No. 2 front contacts of relay 2066 to the operating wind-
ing of Alarm Group relay 2206 and battery. Relay
2200 operates, thereby extending ground over its No. 1
front contacts to the operating winding of Alarm relay
1926 and battery. Relay 1926 operates and at its No. 1
front contacts extends ground from the No. 2 front con-
tacts of relay 1919 to the winding of Alarm 1 relay 1927
and battery. At its No. 2 front contacts relay 1926 ex-
tends ground from the No. 4 front contacts of relay
1919 to the winding of relay 1910 and battery. At its
No. 3 front contacts relay 1926 extends ground from the
No. 5 front contacts of relay 1919 via the No. 2 back
contacts of relay 1909 to the operating winding of relay
1911 and battery. At its No. 4 front contacts relay 1926
extends a path from the stationary element of the No. 1
contacts of relay 1912 via the No. 6 front contacts of
 relay 1919 to the operating winding of relay 1969 and
battery, thereby preparing relay 1909 for operation when
relay 1912 releases.

Now, returning to relay 1927, it will be seen that when
it operates in the above-described circuit, it opens its back
contacts and removes ground from the heretofore traced
path via the No. 3 back contacts of relay 1962 to the
operating winding of relay 1912. Accordingly, relay
1912 will be de-energized and after a brief delay its con-
tacts will release and the path for the operation of relay
1909 will be completed. The operating path for short
pulse relay 1911 will be interrupted and, since long pulse
relay 1916 remains energized, the length of the um-
invited pulse now to be transmitted will correspond to
the delay in release of the short pulse relay 1911 contacts.

When the pulse is received at the main station it is
effective, as heretofore described, to imitiate a standard
rapid roll call and inquiry codes are transmitted in the
manner heretofore described. When in FIG. 13 the
brushes of the second bank 1312 engage the third sta-
tionary terminal, the inquiry code 26 is transmitted in

“the manner heretofore described. When this code is re-

ceived at the satellite, it is effective to result in the appli-
cation of ground to the A2 and B6 conductors in FIGS.
27 and 28. The ground on conductor A2 operates tens
digit 2 relay 2101, thereby extending the path for ground
on conductor B6 via the No. 7 front contacts of relay

Accordingly, a path -
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via No. 6 front contacts of relay 1992 and a moment
later via the No. 3 back contacts of relay 1912 to the
operating winding of relay 1916 and battery. The No. 1
contacts of relay 1916 will furnish an alternate locking
path to hold relay 1911 when relay 1909 releases. Relay
1919 now releases to impart a long characteristic to the
pulse sent to the main station. The common coatrol cir-
cuits of FIG. 19 and relay 2201 now revert to their nor-

~mal states to await the individual inquiry codes which

10

will be transmitted from the main station for each of the

two-state devices in satellite 1.

As heretofore described, the first individual code sent

" out from the main station to satellite 1 is that which re-
_ lates to a system signal. If it may be assumed for the
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purposes of this description that a system signal condi-
tion does not ‘exist at satellite 1, a short pulse will be
returned to the main station and the roll call apparatus
will proceed to interrogate the first two-state device at
satellite 1 by effecting the transmission of the appropri-
ate inquiry code. Since it has been assumed that this
device has automatically changed state and that it initiated
the transmission of the uninvited pulse, the series of opera-
tions that take place when Inquiry relay 2018 is operated
in response to the receipt of the inquiry code are identical
to those heretofore described in relation to the receipt of
an inquiry code when the device is unoperated except
that since the Memory relay 2606 is now operated, the
sequence of operations will now include the shunting

- down of operating potential for relay 2696 thereby to
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2101 and the No. 3 back transfer contacts of group in- ~

quiry relay 2201 to the operating winding thereof and
battery. Relay 2201 operates, locking itself over its own
No. 3 front transfer contacts to ground via the same
path heretofore traced for the locking of relays 2003,
2017 and 2018. The ground on the B6 lead is now fur-
ther extended via the No. 4 front contacts of relay 2261
to conductor 2009, whence it is effective to activate relay
1906 and initiate operation of the circuits of FIG. 19.

At its No. 2 front contacts relay 2201 extends ground
via conductor 2007 and the heretofore-traced path to the
winding of relay 1902; and at its No. 1 front contacts it
extends ground via the No. 2 front continuity contacts
of Alarm Group relay 220¢ to conductor 2088; thence

65

70

75

effect its release.

It will be recalled that when relay 2018 is operated, a
path is extended for the activation of the common con-
trol circuits of FIG. 19. If device condition-indicating
contacts 2015 are in a position corresponding to a de-

5 activated state, a path for shunting down relay 2606 will
‘be momentarily established when the sequence of opera-

tions arrives at a point at which relay 1902 is operated
and the contacts of relay 1912 are still in their operated
positions.. Thus, for example, such paths may be traced
from ground over the right-hand contacts of indicating
device 2015, the No. 6 front contacts of relay 2018, the
No. 8 front contacts of relay 1902, the No. 2 front con-
tacts of relay 1912 and the No. 3 front contacts of relay
2018 to the junction of resistor 2016 and the winding of
Memory relay 20606. - Accordingly, relay 2086 is re-
leased in order that it may agree with the actual condi-
tion of its associated apparatus.

It may now be noted that although the device in:ques-
tion has been de-energized (through automatic means),
Lock relay 2605 remains in its active state. The circuits
are arranged in this manner in order to permit an op-
erator at a remote point (that is, at a satellite) to reclose
a circuit breaker or other control device which may have
automatically tripped without adversely affecting appara-
tus at the main or satellite stations.  Of course, if it should
be desired that Lock relay 2005 be released, the principles
underlying the circuits described could readily be ex-
tended to effect such modified operation.

As beretofore explained, the remaining individual items
in satellite 1 are interrogated by the roll call apparatus
whereupon the roll call is terminated and the circuits are
reset to their normal idle states.

Delayed Completion Operations at Satellite

It will be recalled that provision is made for controlling
devices having starting and stopping delayed character-
istics.. Thus, for example, in FIG. 21 it will be seen that
the second two-state device in satellite 1, though similar
to FIG. 20, is neverthless different with respect to the ad-
dition of the No. 10 front contacts to the close relay 2103
and trip relay 2164. In addition, another difference re-
sides in the use of double code transmission for the cir-
cuits of FIG. 26 and single code transmission for the cir-
cuits of FIG. 21. It should be noted that the circuits of

FIGS. 20 and 21 could be readily adapted to employ
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either single or double code and. that there is no inter-
dependency between immediate or delayed answer on the
ore hand and rapid or deliyed completion on the other.
The combinations embodied in FIGS. 20 and 21 are mere-
Iy selected in order to disclose both the single and double
code operations and both the immediate and delayed
completions of two-state devices.

Now turning more particularly to FIG. 21, it will be
noted that representations of close and trip relays similar
to relays 2663 and 2617 are depicted within the dashed
rectangle 2162. Each of the relays 2183 and 2104 are,
however, different from their counterparts of FIG. 20 in
that they each include an additional set of contacts over
which ground may be sclectively extended to conductor
2185,

Gperation of circuits of FIG. 21 will bs similar to that
heretofore described with respect to the selective opera-
tion of close, trip or inquiry relays 2103, 2184 and 2186.
The ensuing operations that result from the operation of
relay 23186 are identical to those heretofore described for
relay 2618 but those that result from the operation of
relays 2183 and 2384 are slightly different. Thus, for
example, when relay 2163
that heretofore traced in FIG. 20 is extended to initiate
cperation of the common conirol circuits of FIG. 19. At
the same time, however, the MNo. 10 front contacts of
relay 2303 are operated thereby extending a path from
ground via conductor 2105 and conductor 45%7 to the
winding of automatic release relay 1568, Relay 1963 op-
erates and at ifs front contacts extends a path from
ground at the No. 1 back contacts of relay 1961 and the
MNo. 2 front contacts of relay 1263 to the winding of relay
19862. Relay 1902 operates and locks itself in the manner
heretofore described thercby interrupting the operating
path for relay 18312 and causing it to release as hereto-
fore described. Before it releases, however, a momen-
tary path is extended from ground at the device condi-
tion-indicating contacts 2187 and thence over a path via

is operated, a path similar to
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back contacts (not shown) of relay 2194, back contacts

(not shown) of relay 2146, front contacis {(not shown)
of relay 2183, front contacts of relay 1982, the No. 2
front contacts of relay 1212 and front comtacts (not
shown) of relay 21086 to the junction of resistor 2188 and
the operating winding of relay 2i89. However, relay
2189 is already deenergized and this shunting path there-
fore has no effect thereon. A moment laier the contacts
of relay 1912 complete their release and ground is there-
fore extended over the No. 2 back contacts thereof to the
operating winding of relay 1%17. Relay 1917 operates
thereby providing a holding ground for relay $91¢ which
will have already been energized. Relay 1216 does not
cperate and no ground is therefore extended for main-
taining relay I%11 in an operated condition after relay
289 releases.  Accordingly, when relay 1952 opens its
Wes. 1 and 2 back contacts, relay 2911 releases thersby
to impart a relatively short characteristic tfo the pulse
transmitted over the line loop. As heretofore described,
the main station apparatus responds ic a relatively short
puise by lighting a white lamp. The circuits of both the
main and satellite stations reset themselves to their nor-
mal idle conditions and when at last the second two-state
device assumes its activated condition, an uninvited pulse
i3 transmitted from the satellite to the main station there-
by to initiate a standard rapid roll call. This is accom-
lished by operations which result when ground is ex-
tended via the leff-hand contacts of condition-indicating
device 2187, back contacis (not shown) of relay 2183,
back contacts (not shown) of relay 5, back contacts
(not shown) of relay 2184, back contacts (nct shown) of
relay 2183, the winding of relay 2259 and battery. As
heretciore described, the operation of relay 2280 results
in the coperation of relay 19%6 which in turn is efective
to cause the transmission of a short uninvited pulse. The
roll call now proceeds in the standard rapid fashion and
when it transmits an inguiry cede to determine whether or
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not satellite 1 is the source of the uninvited pulse, it
receives an affirmative reply. Accordingly, the individ-
ual devices of satellite 1 are separately polled and when
the sequence advances to the second two-state device of
FiG. 21, the inquiry code is effective to result in the op-
eration of relay 2166. Whea relay 2106 operates, it ex-
tends a path to the common control circuits of FIG. 19
to initiate their operation, relay 21€2 is actuated, and a
relatively long puise is transmitted over the line loop to
the main station. This relatively long pulse is effective
in the manner heretofore described to activate the ap-
propriate red indicating lamp and extingnish the green
lamp and the white delayed completion lamp. The roil
call proceeds to individually interrogate each of the re-
maining devices in satellite 1 and when it is terminated,
the circuits are returned to their normal idle conditions
and are prepared for future control operafions.

Similar -operations result when a trip code is received
for the device of FIG. 21. Here again, ground is extended
via conductor 2165 to initiate an immediate reply which
is effective to light the appropriate white delayed-com-
pletion lamp at the main station. Later, when the device
completes its deactivation, an uninvited pulse is generated
and a roll call ensues. A reply fo the inquiry code is
effective to change the condition of the indicating lamps
to extinguish: both the red and white and to light the green.

It will be noted as heretofore mentioned that the cir-
cuits of FIG. 21 are arranged for single code response and
that therefore relays corresponding to relays 2000 and
2001 are not provided. Instead, paths are extended di-
rectly from the A and B digit leads to the appropriate
A-digit relay (such as relay 2160) and via contacts of
the A-digit relay to the operating winding of the appro-
priate close or trip relay.

System Signal Originating at Satellite 1

As heretofore mentioned, a system signal condition may
occur at any one of the satellites. If it should occur
at satellite 1, a path is extended from ground via the léft-
hand contacts of System Signal Switch 2110 and the No.
2 back contacts of Memory relay 2111 to the winding of
relay 2266 and battery. Relay 2200 operates- and in the
manner heretofore described is effective to cause the cir-
cuits to emit an uninvited pulse over the line loop. When
this pulse is received at the main station it is effective
to initiate a standard rapid roll call, and during such
roll call a code is transmitted ‘which in effect inquires
if the first satellite is the source of the uninvited pulse.
When an affirmative reply arnives at the main station, it
is effective again in the manner heretofore described to
cause an individual interrogation of each device at the
satellite. The first individual device code transmitted
is that which relates to a system signal inquiry at the
first satellite and such code is effective to operate inquiry
relay 2112, An additional path is now extended from the
left-hand contacts of system switch 2110 via the No. 3
front contacts of relay 2112 and conductor 2008 to the
common control circuits of FIG. 19. When relay 1902
has operated and before relay 1912 has moved its con-
tacts, a path is extended via the No. 6 front contacts of
relay 1992, the No. 3 front contacts of relay 1912, the
No. 2 front contacts of relay 2112 and the No. 1 back
continuity contacts of Memory relay 2111 to the operating
winding thereof, resistor 2113 and battery. Accordingly,
relay 2111 operates to record a system signal-originating
condition at the first satellite. When the contacts of relay
1912 have fully responded, the heretofore-traced path is
alternately extended to the operating winding of relay
1916 and battery. Accordingly, relay 1916 operates and
provides the heretofore mentioned path for the continued
operation of Short Pulse relay 1911. Thereforé when
relay 1989 is subsequently energized, it is the Long Pulse
relay 1910 that releases and imparts a relatively long char-
acteristic to the impulse transmitted over the line loop.
The main station circuits respond in the manner here-
tofore described, and the relay 2111 remains locked until
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a subsequent inquiry has found the system signal switch
to have reverted to its original non-signal-indicating posi-
tion.
’ Call to the Main Station

There may be occasions when an attendant at a satellite
station desires to signal the main station without refer-
ence to any particular device. Thus, for example, he
may desire to have the main station operator contact
him over another communication facility. Accordingly,
provision is made as heretofore described in connection
with the main station circuits for the controlled emission
of an uninvited pulse to initiate a roll call during which
a calling condition originating at the satellite is verified
at the main station.

The sequence of operations is initiated by the depression
of an outgoing call key. Thus, for example, in FIG.
22 key 2202 is depressed thereby extending a path from
ground over the contacts thereof and the No. 1 back
contacts of Reply 2 relay 2283 to the winding of Call
relay 2204 and of battery. Relay 2284 operates and
locks via a path which may be traced from ground over
the No. 2 front contacts of a relay 2204 and the No. 1
back contacts of relay 2203. In addition, it extends a
path from ground over its No. 3 front contacts and the
No. 4 back contacts of Inquiry relay 2205 to the winding
of relay 2200 and battery. Relay 2288 operates and in
the manner heretofore described is effective to initiate the
generation of an uninvited pulse which is transmitted over
the line to the main station. A standard rapid roll call
ensues and when the heretofore mentioned satellite-inter-
rogating code is received, an affirmative reply is trans-
mitted to indicate that the uninvited pulse originated in
the satellite. The roll call proceeds to the individual
interrogation of each device thereat and when the brush
of the second bank 13312 of the step switch in FIG. 13
has advanced to the seventh bank terminal the inquiry
code transmitted from the main station is effective through
the counting and decoding circuits of FIGS. 25-28 to
extend ground to the Tens Digit 1 relay 2114 and In-
quiry relay 2205. Accordingly, relay 2285 operates, lock=
ing in the manner heretofore described with respect to
other inquiry relays, and ground is extended via its No.
6 front contacts to conductor 2089 whence it is effective
to initiate operation of the common control circuits of
FIG. 19.

At its No. 4 front contacts relay 2205 transfers the
heretofore-traced ground from relay 2288 to conductor
2008 whence it is extended to the No. 6 stationary con-
tacts of relay 1982. At ifs no. 2 front contacts relay
2205 extends ground to Answer lead 2807 and thence
via the heretofore-traced path to the winding of relay
1902; and at its No. 1 front contacts it partially prepares
a path for the future operation of Reply 1 relay 22987 when
Reply Pulse relay 1909 operates. When, during. the se-
quence of operations the contacts of relay 1912 move to
the positions which corresponds to a deenergized condi-
tion of the operating winding, the ground heretofore
traced to the No. 6 stationary contacts of relay 1282 is
further extended via the associated movable element and
the No. 3 back contacts of relay 1912 to the winding of
Short Pulse 1 relay 1916 and battery. Relay 1916 oper-
ates thereby supplying a holding ground for Short Pulse
relay 1911 in order to prevent its release when Reply
Pulse relay 1909 is energized. Accordingly, the char-
acteristic of the reply pulse will be imparted by Long
Pulse relay 191¢ and the pulse will therefore be a rela-
tively long one. At this time, the heretofore-mentioned
path is completed via the No. 4 front contacts of Reply
Pulse relay 1209 and the No. 2 back contacts of relay
2203 to the winding of relay 2286 and battery thereby
causing it to operate. When Reply Pulse relay 1989 re-
leases, ground is removed from the No. 2 stationary con-
tact of relay 2203 and relay 2203 operates in- series
with relay 2266 in a circuit which may be traced from
ground over the No. 1 front contacts of Call relay 2204,
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the front contacts of relay 2286, the winding of relay
2203 and the winding of relay 2286 to battery. When
relay 2203 operates, it interrupts at its No. 1 back con-

tacts the heretofore-traced locking circuit for relay 2264. -

Relay 2204 releases and at its No. 1 front contacts inter-
rupts the heretofore-traced path for the operation of re-
lays 2263 and 2286. Relays 2203 and 2206 release and
the circuits are restored to normal.

General Code at Satellite I

In the rescription relating to the main station circuits,
a section is included which relates to general code oper-
ations. It will be recalled therefrom that a general code
is employed whenever it is desired to effect the simul-
taneous response of a plurality of devices to a single
code. When a general code is transmitted from the main
station, it is recognized at the satellite (or satellites if the
general code-responsive devices are located at more than
one satellite) and circuits are provided at the satellite or
satellites to effect the desired change. Such circuits are
shown in the upper section of FiG. 23 within the dashed
rectangle 2386.

As heretofore explained in connection with the main
station general code circuits, the terms “close” and “trip”
as applied to the general code relays are of no signrificance,
the operation of the close relays merely resulting in the
completion of one set of cperations and that of the trip
relays in a different set of operations. Bearing this in
mind, it will be later seen that operation of Close relay
2301 will result in the locking of Locking relay 2885
and a corresponding relay in FIG. 21 (not shown),
whereas operation of trip relay 2392 will result in the
release of both.

Now turning specifically to the operations of the relays,
the receipt of a close general code at the satellite is effec-
tive to cause the circuits of FIGS. 25-28 to impress
ground upon conducters A and B2, whereupon the
ground on conductor B? is extended over front contacts
No. 4 of relay 2114 and back continuity contacts No. 6 of
relay 23¢1 to the winding thereof and battery. Relay
2361 operates, locks and extends ground in the manner
heretofore described to initiate operation of the com-
mon control circuits of FIG. 19. In addition, at its No.
1 front contacts rzlay 2301 extends ground to the wind-
ing of No. Reply relay 1918 thereby operating it to pre-
vent the initiation of the reply by the circuits of FIGS. 19
and 26. This is done in order that no satellite except
the one most remote from the main station returns a
reply indicating receipt of the general code. At its No.
2 front contacts relay 23¢1 extends ground to the mov-
able element of the No. 4 contacts of relay 1569 from
whence it is later extended via the No. 4 contacts and the
No. 2 front contacts of relay 1581, conductor 2884 and
the No. 5 front contacts of relay 2301 to the operating
winding of Master On relay 2303, At its No. 3 front
contacts relay 23¢1 extends ground in two directions: one
via conductor 2068 to the No. 6 stationary contact. of
Answer Relay 1282 and in the other direction via the No.
4 front contacts of relay 2361, conductor 2687 and the
back contacts of relay 1968 to the No. 2 stationary con-
tact of relay 19¢¢ whence it is later extended to the wind-
ing of Answer relay 1202, .

When relays 1963 and 19¢1 operate, the heretofore-
menticned path is completed and relay 2303 operates.
Ground is selectively extended over the Nos. 1 and 2 front
contacts of relay 2323 to operate the lock relays of FIGS.
20 and 21. It is extended via the No. 1 front contacts,
conductor 2384 and the No. 2 back continuity contacts of
relay 2085 to the winding thereof; it is extended over
the No. 2 front contacts, conductor 2365 and the No. 2
back continuity contacts (not shown) of the correspond-
ing locking relay in FIG. 21 to the operating winding
thereof (not shown). Paths are now completed o oper-
ate interposer relays (for example, relay 2814) which in
turn are effective to change the states of the associated
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devices. When the control circuits of FIG. 19 revert
to their normal idle conditions, the path for the oper-
ation of relay 2383 is infervupted and it, together with
relay 2381, are reset to their normal idle conditions. The
circuits now await the completion of the desired chan
whereupon the changes in the device condition-indicating
contacts result in the generation of an uninvited pulse
which is transmitted to the main station in the manner
heretofore described. A rapid roll call of modified char-
acter resuits and each satellite is polled even though in a
preceding satellite a changed condition may have been

stected. Upon the conclusion of this modified roll call
the common control circuits at the main station revert
to their normal states. If subsequent thereto an additional
device completes its change, another uninvited pulse is
transmitted to the main station and yet another modified
rapid roll call will ensue.

The operations that result when a general trip code is
received are substaniially identical tc those described in
relation to the close code. IHowever, the grounds thai
are extended by Master Off relay 2385 are conducted via
leads 2367 and 2398 to effect release of the heretofore-
mentioned lock relays in FIGS. 20 and 21. The remain-
ing operations are similar to those heretofore desciibed
and will not be repsated.

a

System Signal Code

As previously mentioned, it may be necessary at times
to effect a crash shutdown or other change, and circuits
corresponding to those shown within the dashed rectangle
2303 are provided at each satellite to recognize a crash
code and {o effect the desired results. Thus, for example,
if a crash code is received at saiellite 1, it is effective to
result in the application of ground to the winding of
Trip relay 2319. Relay 2316 operates, locks and extends
ground in the manner heretcfore described to initiate
operation of the common control circuits of FIG. 19.
In addition, it extends ground to relay 1918 to prevent a
response, and during the sequence of cperations ground is
applied to Master Cff relay 2311 in the mauner hereto-
fore described with respect to Master On relay 2363, Ac-
cordingly, ground is selectively extended over the Nos. 1
and 2 front contacts of relay 2311 and conductors 2347
and 2383 to release the lock relays of FIGS. 20 and 21
(relay 2485 in FIG. 20 and a corresponding relay, not
shown, in FIG. 21).

Although the paths extended from ground by the opera-
tion of relay 2311 are used to release the lock relays, it
will be apparent that they could be used to effect the
selective operation of one, the release of the other or any
desired combination depending upon the changes required
to fulfill conditions imposed by a crash code coundition.
Similarly, additional contacts couild be added to selec-
tively control other two-state devices as required.

Incoming Call to Satellite

If the operator at the main station desires to contact

someone at the satellite, he may activate a distinctive alarm

or indicating device at the satellite station by depressing
a suitable key at the main station conscle. When this

is done, the main station emits a distinctive code in the.

manner heretofore described and circuits of FIGS. 25-28
espond by extending ground to Tens Digit 2 relay 2161
and conductor B1. The ground on conductor Bl is cor-
respondingly extended to the winding of Close relay 2312
which operates, thereby extending grouand over its No. 1
front contacts to a bell or other type of attention-inviting
device. In addition, relay 2312 extends ground over its
No. 2 front contacts and then in two directions (similar
to those herstofore described with respect to other closz
relays) to the circuits of FIG. 19. At its No. 5 froat con-
tacts it locks itseif and at its No. 6 front contacts it ex-
tends ground from lead 2313 to comductor 2469 whence
it is effective to initiate operation of the common control
circuits (FIG. 19). At its No. 4 front contacts, relay
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2312 completes an additional locking circuit in order that
it may e retained in an operated condition after the
common conirol circuits havs been reset and until the
12.9 second cam 1915 has rotated to open ifs asscciated
contacts 13i4. This altérnate path may be traced from
the No, 4 front contacts of relay 2312 and thence via con-
ductor 2314, the No. 2 back contacts of relay 2587 and
conductor 1229 through contacts 1934 to ground. The
common control circuils now operate in the manner pre-
vicusly described to effect the generation and transmission
of a reply pulse, whereupon they are reset to their nor-
mal idle conditions. Relay 2312 is not reset, however,
because of the alternate locking circuit traced via con-
ductor 2334, Accordingly, the alarm bell or other at-
tention-inviting device remains activated until the alter-
nate lecking circuit is broken by the opening of contacts
1534, At this time, relay 2312 is reset, the bell is retired
and the circuit revert to their normal idle states.

Voliage Control

As heretofore stated in connection with the description
of the main station circuits, two types of voltage control
are provided. The circuits at the main station will differ
slightly depending upon which is selected, and the pulsing
cver the transmission loop will be also different. Thus,
for example, when step type voltage control is employed
one pulse is transmitted and the length of this pulse is a
measure of the degree of change required.

When voltage control operation is initiated at the main
station, a distinctive code is transmitted to the satellite.
There the circuits of FIGS. 25-28 respond by applying
ground to the appropriate A and B digit leads. Since
two codes are provided for voltage control, one relating
to increase and the other to decrease, one or the other of
two B-digit leads will be grounded. If it is assumed that
the received code is that which relates to an increase,
conductor B2 will e grounded and relay 2464 will operate
over its No. 6 back continuity contacts. Relay 2498 will
lock over its No. 6 front continuity contacts in the man-
ner heretofore described for relay 2361, Relay 2400 will
extend ground over ifs No. 7 front contacts to initiate
operation of the common coatrol circuits of FIG. 19.
At its No. 3 contacts it extends ground in one direction
via conductor 2688 to the No. 6 stationary contact of re-
lay 1%82, and in the other direction over its No. 4 con-
tacts via conducior 2687 and No. 1 back contacts of relay
1588 tc the No. 2 stationary contacts of relay 1588 whence
it is later extended to the winding of relay 1982. At its
No. 5 contacis it locks itself over an additional holding
circuit which includes contacts 1914 of the 12.9 second
cam 1915, Atits No. 2 contacts it extends ground to the
operating winding of Device Sending relay 2582 and
battery. At its No. 1 contacts it completes a path from
the Mo. 4 stationary contacts of pulse follower relay 2506
via the No. 2 front contacts of relay 2592 to Increase
Stepping Device 2421, - Accordingly, when pulse follower
relay 2860 later operates in response to the telemetering
pulse, a path will be extended from ground over the Mo. 4
front contacts thereof to apply ground either for a con-
trolled variable interval if continucus type control is em-
ployed or for one or more brief intervals in the event the
step type is used. The circuits of FIG. 19 now proceed
to effect the generation of a relatively long pulse which,
when received at the main station, is effective to light
Proceed Lamp 1§38 thereby advising the main station
operator that the circuits are ready to respond when con-
trol key 1633 is depressed. If the continuous type of
control is employed, the transmitted pulse will persist
substantially for the period of time the key is depressed,
and if it may be initiaily assumed that this iype of con-
rol is employed, the satellite circuits will respond in the
following manner.

Pulse Follower Relay 2580 will, as its name implies,
follow the pulse, Accordingly, the heretofore-mentioned
path will be established for the duration of the pulse
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thereby resulting in the activation of device 2401 for a
similar period.

Returning now to ‘the operation of relay 2582, it will
be seen that at the Nos. 3 and 4 back contacts thereof
paths from Long Pulse relay 2604 are interrupted thereby
preventing undesired response by the control circuits of
FIG. 25. After the Voltage Control Key 1633 has been
depressed for the desired length of time it is released,
whereupon relay 2588 correspondingly releases to de-
energize device 2402, The circuits now await the open-
ing of contacts 1914 which interrupt the heretofore-de-
scribed alternate locking circuit for relay 2460, thereby
affecting its release (the original locking circuit having
been interrupted previously). The circuits are now reset
to their normal idle conditions.

Similar operations result when a decrease code is trans-
mitted except that here relay 2492 is operated and De-
crease Device 2463 is actuated instead of Incrsase De-
vice 2401,

If step type voltage control were employed instead
of the continuous type, one or more impulses would
have been received, Pulse Follower relay 2508 would have
operated a corresponding number of times and either the
increase or decrease device as the case may be would
have been energized correspondingly. Other than this,
the operation of the satellite circuits would be identical.

Telemetering

As heretofore explained in connection with the descrip-
tion of the main station circuits, provision is made to
briefly utilize the signaling circuits for the transmission
of a telemetering pulse whose length is a measure of
the telemetered quantity. When the appropriate code
is received from the main station, it is effective to actuate
relay 2484 which locks itself and extends ground to
the common control circuits of FIG. 19 in the manner
heretofore described for other such relays. In addition,
relay 2484 locks itself over its No. 6 contacts in an
alternate circuit which is identical to the corresponding
circuit described for relay 2408. At its Nos. 1 and 2
contacts it serially interconnects Sending Contacts 2483
between ground and conductor 2486. When contacts
2465 are closed by a telemetering transmitter (not
shown), ground is extended via conductor 2466, con-
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ductor 1928 and the No. 6 back contacts of relay 2560 -

to the operating winding of Send relay 2601 and battery.
The line continuity will therefore be interrupted for a
period whose duration is directly determined by contacts
2485 under control of the telemetering transmitter.

One additional function performed by relay 2484 is
the extension of ground via the No. 3 front confacts
thereof to the winding of relay 1918 thereby causing it
to operate and interrupt the path leading from the No. 2
stationary contact of relay 191¢ and other circuitry to
conductor 1928. Thus the common control circuits are
prevented from interfering with the exclusive control
of Send relay 2601 by contacts 2405.

When the 12.9 second cam 1915 opens its associated
contacts 1914, the alternate locking circuit for relay 2404
is interrupted and the relay releases. In the meantime,
the common control circuits have reset themselves to their
normal idle conditions.

Second Satellite

FIGS. 29 and 30 disclose representations of circuits
which may be employed at a second satellite. Since these
circuits are almost identical to those of satellife 1, few
details are shown. A reference to FIG. 29 will reveal a
receiving circuit 2969, sending alarm circuit 2991 and
a signaling circuit 2902. These circuits 2980-29¢2 cor-
respond to the circuits of FIGS, 19 and 25-28.

It will also be seen that a representation of a first
two-state device is shown in rectangle 2903, that of a
second two-state device in 294, that of a system signal
originating circuit in 3888, of an alarm reporting circuit
in 3001, of a general code circuit in 3482, of a system
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signal order circuit in 3883 and of telemetering circuits
in 3004. Of course, it will be apparent that these circuits,
except for those relating to a general code and a system
signal order, respond to different specific codes than their
counterparts in satellite 1. In order that this may be
demonstrated clearly, the A and B digit leads have been
shown in detail.

Two remaining principal differences reside in the cir-
cuits. One of these relates to the operations that result
from the receipt of a general code order and the other
relates to the coding and type of operation contemplated
for the first and second two-state devices 2963 and 2904.
Whereas in the circuits of satellite 1 relay 1918 is op-
erated when a general code is received thereby to prevent
the emission of an acknowledgement pulse, the circuits
of satellite 2 do not include such provision since the
satellite has been assumed to be more remote from the
main station and since it is therefore desired that it
emanate an acknowledgment pulse when a general code
order has been received.

The differences that relate to the first and second
two-state devices reside in the elimination of double code
and delayed answer operations, it having been assumed
that both two-state devices in satellite 2 are of the im-
mediate answer single code type.

Cther than the above, the circuits of satellite 2 are
similar to those of satellite 1 and reference is hereby made
to the description of the circuits of satellite 4 for a com-
plete understanding thereof.

Monitor—General Considerations

It will be recalled that the monitor circuits for a
given section may be located at any point having access
to the section transmission circuits but that in the spe-
cific embodiment herein selected for illustrative descrip-
tion it has been assumed that the monitor is located at
or pear the main station of the succeeding section. It
will also be recalled that the monitor provides a visual
indication by means of display lamps of the conditions of
the several two-state devices conirclled from the section
main station. Thus, the operator at the succeeding main
station is provided with a visual display of the devices of
the preceding section. k

It will also be recalled that each monitor includes cir-
cuits which are used to effectively relay a system signal
condition between sections but that no actual control of
two-state  devices is affected by any of the monitors
themselves. .

Now turning particularly to the circuits of FIGS.

- 31-38, it will be seen that they disclose circuits for the

monitor. This monitor is the one which is connected to
the same transmission circuits as the heretofore described
main station and satellites. -~ Accordingly, provision is in-
cluded for visual display of the conditions of the devices
of both satellites.

A moment’s reflection will reveal -that the monitor cir-
cuits must distinguish between the various codes trans-
mitted from the main station together with the replies
returned from the satellites in order that the conditions
of the monitor indicating lamps may accurately refiect the
conditions of the devices in question. Accordingly, in
FIG. 31 there is disclosed a signaling circuit. similar but
slightly different from that shown in FIG. 26. The differ-
ence resides in the inclusion of an additional capacitor in
the timing circuit for Long Pulse relay 3106 in order that
the timing characteristic thereof may be altered so as to
distinguish on the one hand between the long and short
pulses included in the code pulse trains and on the other
hand between the long and short pulses (here of different
lengths than those of the code pulse train pulses) trans-
mitted in reply from the satellites.

FIGS. 32, 35 and 37 disclose pulse counting and de-
coding circuits which are similar to those of satellite 1
except for certain variations which will be discussed
during the detailed description of the circuits, FIGS. 36

and 38 include common control circuits which perform
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various functions in some respects similar to those of
FIG. 19; FIGS. 33 and 34 disclose circuits for four two-
state devices and for an incoming call to the main station
from the first satellite. In addition, it will be noted that
FIG. 36 includes certain non-common control relays which
perform various special functions as hereinafter more
fully described.

Now considering the circuits of FIG. 31 it will be seen
that they include a Line relay 3181 similar to relay 2608,
a Send relay 3192 similar to relay 26%%, a Send Hold
relay 3363 similar to relay 2602 together with Long Pulse
relay 3160 similar to relay 2694, resistor 3104 similar to
resistor 2685, and capacitor 3165 similar to capacitor
2603. When Get Ready For Repiy relay 3200 is not
operated, the time constant of the resistor 3184—capacitor
33105 combination is such as to impart a characteristic
to relay 3100 similar to that of relay 2684. This is ac-
complished in order that relay 3168 may properly dis-
tinguish between the lengths of various pulses that make
up the signaling pulse trains. However, since the length
of a short reply pulse from a satellite is greater than that
of a short code-train pulse, and since the length of a long
reply pulse is greater than that of a long code-train pulse,
the timing characteristic of relay 3186 is altered when
it is desired to distinguish between long and short reply
pulses by including capacitor 3201 in parailel with ca-
pacitor 31035 over a path which will be hereinafter traced.

For purposes of this description it has been assumed
that the first two-state device in satellite 1 is in its inac-
tive state and that therefore Green relay 3380 is energized
and that Green Lamp 3381 is activated by current flowing
from battery via the No. 3 back confacts of No Reply
relay 3302, the No. 3 back centacts of Device Flash Con-
trol relay 3383, resistor 3304 and the No. 1 front contacts
of relay 3389, to the filament of Green Lamp 3361 and
ground.

When a close code is transmitted from the main station,
it is effective to cause the common control, pulse counting
and decoding circuits to operate in a manner similar to
that of the satellite. Accordingly, ground is extended
over the A0 and BO leads in FIGS. 35 and 37. Via the
AQ lead it is effective to actuate First Digit O relay 3385
and over the BO lead it is extended via the No. 1 front
contacts of relay 33%5 and the No. 2 back contacts of
Pouble Transmission 2 relay 3306 to the winding of
Double Transmission 1 relay 3387 and battery. Relay
3307 operates and in the manner previously described
with respect to relays 2606 and 26061, the circuits are pre-
pared to extend ground from the BO lead when the code
is received for the second time. This ground is extended
via the No. 2 front contacts of relay 3206 to the winding
of Device Control relay 33¢8 and battery. Relay 3308
operates. At its No. 6 front contacts it extends a path
from ground to the winding of relay 3280 and battery.
At its No. 1 front contacts it extends a path from battery
via resistor 3608 and conductor 3601 to the filament of
White Lamp 3329 and ground. At its No. 2 front con-
tacts it locks itself over a path which may be traced from
ground at the contacts of Reply Failure 2 relay 3242,
the No. 1 back contacts of Pulse Follower 1 relay 3203,
the No. 4 front contacts of relay 3288 and the No. 2 front
contacts of relay 3398 to the winding thereof and battery.
At its No. 3 front contacts relay 3388 partially completes
a path for the future shunting down of No Reply relay
3302 in the event the latter should operate. At its No. 4
front comntacts relay 3268 partially completes a path over
which relay 3302 may be later operated. At its No. 5
froat contacts it partially completes a path over which
relay 3282 may later be operated. At its No. 7 contacts,
relay 3388 partially extends a path which may subse-
quently be completed to operate Red relay 331¢; and, at
its No. 8 front contacts it partially completes a somewhat
similar path which may be subsequently completed to
operate Green relay 3388,

Now turning to relay 3208, it will be seen that when it
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operates it partially completes a path over its No. 2 front
contacts from ground at the No. 3 front contacts of Pulse
Follower relay 3265 to the operating winding of relay
32063. Accordingly, when a reply pulse is received and
relay 3285 operates, a path will be established for the
operation of relay 3263.

At its No. 5 front contacts relay 3280 effectively con-
nects capacitor 3281 in paraliel with capacitor 3165 there-
by altering the heretofore-mentioned timing characteristic
of relay 3i68. At its No. 6 front contacts relay 3268
extends a ground in order that when relay 3203 subse-
quently operates it will be locked over its own No. 2
front contacts. -

At its No. 8 front contacts relay 320§ extends a-path
from the stationary element of contacts 3861 to the operat-
ing winding of relay 3204 and battery. Accordingly,
when contacts 3801 close subsequently, relay 3284 op-
erates.

it will be recalled from the description of the common
control circuits of satellite 1 that during the sequence of
operations foilowing receipt of a code the First Pulse
relay 3207 (2506 for satellite 1) will release. However,
for an interval of time following the receipt of coded
impulses, relay 3207 will be operated and therefore the
locking path for Start relay 3869 will have been inter-
rupted at the No. 7 back contacts of relay 3287. This
locking path, when completed, may be traced via the No.
7 back contacts of relay 3267 and thence over conductors
3288 and 3286 and the No. 5 front continuity contacts
of Start relay 3806 to the operating winding thereof and
battery. When the locking path is interrupted, relay 3849
releases and the operating path therefor becomes de-
pendent upon the closing of the upper set of contacts
3504 associated with the 18-second cam 3805. Thus, the

5 circuit may be traced from ground at either the No. 7

back contacts of relay 3287 or the No. 7 front contacts
of relay 3289 via conductor 3266 (conductors 3288 and
3206 if the path is traced over the No. 7 back contacts
of relay 3287) and thence via the No. 4 back contacts of
relay 3809, the aforementioned uppsr set of contacts 3804
and the No. 5 back continuity contacts of relay 3886 to
the operating winding thereof and battery.

It will now be seen that although relays 3288 and 3207
are operated, relay 3809 will remain de-energized until
18 seconds have transpired subsequent to the release of
relay 3207. It will also be recalled that relay 3267 will
not have released until the end of the coded signal.

The circuits now await the receipt of a reply pulse at
which time Long Pulse relay 3160 moves its armature
in one direction if the pulse is long and positions its arma-
ture differently if the pulse is short. Relay 3285 also
responds to the received pulse by operating for the dura-
tion thereof and it is effective in the manner heretofore
described to initiate operation of certain of the associated
relays including Slow Release relay 32¢%. In addition, it
completes a path which may be traced from ground via
the MNo. 1 front contacts of relay 3200 and the No. 5
front contacts of relay 3285 to the operating winding of
Read Reply relay 3210 and battery. Relay 3210 operates.
In addition, at its No. 3 front contacts relay 3205 extends
ground via the No. 2 front contacts of relay 3264 to the
winding of relay 3283 and battery. Relay 3203 operates
and locks to ground over its own No. 2 front contacts
and the No. 6 front contacts of relay 3269.

Now returning to relay 3210, it will be seen that when
it operates ground is extended over its No. 2 front con-
tacts to the winding of relay 3211 and battery. Accord-
ingly, relay 3211 operates,

Since it has been assumed that a close code was trans-
mitted, it may be expected that a long pulse will be
received to indicate compliance on the part of the satcl-
lite apparatus. Accordingly, relay 3168 will move its
armature to engage its right-hand contacts thereby ex-
tending ground via conductor 3166, the No. 3 back con-
tacts of Parity Check 1 relay 3213 and the Mo, 1 back
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contacts of Parity Check 2 relay 3214 to the winding of
First Pulse relay 3287 and battery. Relay 3287 operates
and locks itself over its own No. 3 front contacts to
ground at the No. 1 front contacts of relay 3209. An
alternate locking path may be traced over the No. 3 front
contacts of relay 3267 and thence via conductor 3215 to
ground at the No. 1 front contacts of relay 3211.

At the end of the pulse, relay 3285 releases thereby
completing a path from battery via resistor 3212, the
No. 3 front contacts of relay 3211, the No. 1 back con-
tacts of relay 3285 and the No. 1 front contacts of relay
3267 to the filament of Red Lamp 3216. In addition, a
path is extended from ground over the No. 1 front con-
tacts of relay 3208, the No. 5 back contacts of relay
3205, the Mo. 1 front contacts of relay 3210, the No. 6
front contacts of relay 3297 and the No, 7 front con-
tacts of relay 3308 to the winding of Red relay 3316 and
battery. Accordingly, relay 3310 operates, releasing at
its No. 4 back contacts the locking circuit for Green
relay 3386 and locking itself over its own No. 4 front
contacts to ground at the No. 4 back contacts of Green
relay 3360. Therefore, the heretofore-traced path for the
activation of Green lamp 3381 is interrupted and instead
a path is completed from battery via the No. 3 back
contacts of relay 3393, the WNo. 3 back contacts of relay
3393, resistor 3394 and the No. 1 front contacts of relay
3318 to the filament of Red lamp 3311 and ground. Dur-
ing the brief interval that both the Red relay 3319 and the
Green relay 3300 are operated, a path is extended from
ground over the No. 3 front contacts of relay 3360 and
the MNo. 3 front contacts of relay 3318 to the winding
of Alarm relay 3662 and battery. In addition, a path is
completed from ground over the No. 2 front contacts of
relay 3368 and the No. 2 front contacts of relay 3310 to
the winding of relay 3383 and battery. Relay 3363 op-
erates and locks itself over its own No. 2 front contacts
and the No. 1 back contacts of Retire Flashing Lamps
relay 3683 to ground. When Alarm relay 3602 operated,
it locked itself over its own No. 2 front ceatacts to
ground via the right-hand rormally closed contacts of Re-
tire Audible Alarm key 3684. An obvious path is thus
extended from ground over the No. 1 front contacts of
relay 3692 to operate buzzer 3645. Relay 3303 extends
ground over its No. 1 front contacts and the No. 1 back
contacts of Flasher 2 relay 3686 to the operating winding
of Flasher 1 relay 3637 and battery. Relay 36G7 operates,
thereby completing: a path at its No. 3 front contacts
to operate relay 3686. When relay 3696 operates it inter-
rupts the heretofore traced path to the winding -of relay
3607 thereby resulting in an alternate operation of relays
3666 and 3697 in the manner heretofore described with
respect to relays 1105 and 1166 in the main station cir-
cuits. Flasher relay 3698 is arranged to follow relay
3687 over the obvious path and it extends battery over
its front contacts via the No. 3 front contacts of relay
3303, resistor 3304 and the No. 1 front contacts of Red
relay 3316 to Indicating lamp 3311 thereby imparting a
fiashing condition thereto.

The flashing condition continues together with the
sounding of the buzzer until the Retire Audible Alarm
key 3664 and Retire Flashing Lamps key 3609 are de-
pressed to retire Alarm relay 3602 and Device Flash Con-
trol relay 3383 over the cbvious paths.

Now returning to the operations that result when relay
32085 released, it will be noted that a brief interval there-
after relays 3289 and 3210 release. Relays 3247 and
3211 release, and locking ground is removed from relay
3388,  When relay 33838 releases, it interrupts the hereto-
. fore traced path for the operation of relay 3200 and it
extinguishes White Lamp 3389. The circuifs are now
reset to their normal idle states, the Satellite Reply Lamp
3216 having remained lit only for a brief interval of
time due to the release of relay 3211, Of course, Red
Indicating Lamp 3311 will continue to flash and buzzer
2605 will continue to operate until the heretofore men-
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tioned kevs 3684 and 3699 are depressed. At that time,
the buzzer will be retired and Red Indicating Lamp 3311
will change from a flashing to a steady state.

Now if it may be assimed that a trip code is trans-
mitted from the main station to effect deactivation of
the first two-state device in satellite 1, the code is effec-
tive at the monitor to initiate operation of the pulse
counting and decoding circuits which extend ground to the
AQ and Bl leads (FIGS. 35 and 37). These. grounds
result in the activation of relay 33907 in order that when
the code is repeated and relay 3306 is operated ground
may be extended from the Bl lead to operate relay 3308.
Operations similar to those previously described take place
up until the point at which the circuits await the reply
pulse from satellite 3. A difference in operations, how-
ever, now results since instead of receiving a relatively
long pulse as was the case when the close code was re-
ceived, a relatively short pulse will be received to indi-
cate that the first two-state device at satellite I has proper-
1y responded to the trip code by assuming a deactivated
state. Relay 310¢ will not therefore change the posi-
tion of its armature and ground will continue to be ex-
tended over the left-hand contacts thereof. IHowever,
it will be seen that since relay 3288 is operated, this
ground is not effectively extended to perform any opera-
tion and therefore First Pulse relay 3267 will not operate.
Therefore, a path will be extended from ground over
the No. 1 front contacts of relay 3260, and at the end of
the pulse via the No. 5 back contacts of relay 3285, the
No. 1 front contacts of relay 3210, the No. 6 back con-
tacts of relay 3287 and the No. 8 front contacts of relay
3368 to the winding of Green relay 336¢ and battery.
Relay 3386 operates thereby releasing Red relay 3318 and
locking itself over its own No. 4 front contacts to ground
at the No. 4 back contacts of relay 3318. For a brief
interval, the contacts of relay 3318 remain in their oper-
ated states and therefore the previously-traced paths are
established for the operation of Alarm relay 3682 and
Device Flash Control relay . 3363. Buzzer 3605 will
therefore be activated, Red Lamp 3311 will be retired
and a flashing condition will be imparted to Green Lamp
3391, all in the manner previously described in detail with
respect to the closing operations.

Ordinarily, when an inquiry code is transmitted over
the communication circuit it will find the related device
to be resident in the state represented by the indicating
lamp display. The reason for this is that when a device
changes state without having received an order to do so
it is effective to cause an uninvited pulse to be trans-
mitted ot the main station and a roll call is initiated to
discover the identity of the changed device and to corre-
spondingly modify the lamp display. However, there
may arise an unusual condition which results in the loss
of a pulse and it is therefore possible that the condition
as shown by the lamp display is different from that which
actually exists. Therefore, provision is made at the
monitor for the circuits thereat to respond to each inquiry
code received in the manner now to be described. :

When an inquiry code is received, it is effective to
operate the device relay of the device in question (ie.,
a relay corresponding to relay 3308). The circuits are
activated in the manner heretofore described and then
await receipt of either a long or a short pulse depending
upon whether the condition of the device is active or
inactive. If the red relay is operated (i.e., a relay corre-
sponding to relay 3319) and the reply pulse is long, First
Pulse relay 3287 is operated, relay 3108 moves its arma-
ture to its right-hand contacts, and ground is conducted
over the previously-traced path to the winding of the red
relay and battery. Since the red relay is already oper-
ated, no change is effected therein and the circuits reset
themselves to their normal idle states. Similarly, if the

green relay (ie., a relay corresponding te relay 33890) is
operated and a short pulse is received, relay 3160 retains
its armature in engagement with its left-hand stationary
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countact; First Pulse relay 3287 remains de-energized, and
heretofore-traced path from ground is extended to the
winding of the green relay. Since the green relay is
already energized, no change is effected therein and the
circuits reset themselves to their normal idle states. If
on the other hand the received pulse indicates that a
change has cccurred, operation will be similar to that here-
tofore described with respect to a close or a trip opera-
tion. Thus, for example, if Green relay 336$ is operated
and an inquiry code relating to the first two-state device
at the first satellite is received, relay 3388 will operate
and if the reply pulse is long, thereby indicating that the
device is actpally energized, ground will be extended by
Long Pulse relay 3188 and thence via conductor 3186 and
the heretofore-traced path to operate First Puise relay
3287. Accordingly, when relay 3285 releasss at the end
of the pulse, a path is compieted to the operating winding
of Rad relay 331¢ thereby operating it, releasing Green
relay 3388, imparting a flashing condition tc Red lamp
3311, exiinguishing Green lamp 33§41, and activating
buzzer 3665.

As heretofore mentioned, provision is made for recog-
nition of a no-reply condition by the monitor circuits.
Thus, for example, if a close, trip or inguiry cede is re-
ceived and thereafter no reply arrives, the circuits will
respond by extinguishing the then-lighted indicating lamp
relating to the device, thus resuiting in deactivated siates
of both the reiated lamps. This is accomplished in the
following manner. :

It will be recalied that when the first pulse of a code is
received, Start relay 3886 is released by the removal of
ground from conductor 3288 at the No. 7 back contacts
of relay 3207. Accordingly, when the last pulse of the
code is terminated and shortly thereafter relay 3267 re-
leases, ground is reapplied to conductor 3268 whence it
is extended via conductor 3286 and the No. 4 back con-
tacts of relay 3889 to clutch 3888 of timer 3863 and bat-
tery. This ground is also extended via the normally
closed contacts 3384 of cam 3885 and resistor 3247 to
the motor 3898 of timer 3883 and battery. The timer
is activated and initiates movement of its associated cams.

The remainder of the circuits will have assumed the
conditions previously described when a code is reccived,
and they now await receipt of a reply pulse. However,
since it has been assumed that none arrives, the timer
continues to operate and at the end of 9.4 seconds con-
tacts 3861 close. Ground is therefore extended over
these contacts and thence via the No. 8 front contacts of
relay 3260 to the winding of Reply Failure 1 relay 3284
and ‘battery. Relay 3284 operates. At its No. 2 front
contacts it extends a path from ground via the No. 4
front contacts of relay 3388 to the winding of No Reply
relay 3302, resistor 3312 and battery. At its No. 1 front
contacts reiay 3204 completes a path from ground via
the No. 2 front contacts of reiay 3362, the No. 5 front
contacts of relay 3363 and the No. 1 front contacts of
relay 3264 to the winding of Reply Failure 2 relay 3262
and battery. Relay 3202 operates and at its back con-
tacts interrupts the locking circuit vor relay 3368 which,
before its interruption, could be traced from ground via
the back contacts of relay 3282, the No. 1 back contacts
of relay 3283, the No. 4 front contacts of relay 3200 and
the MNo. 2 front contacts of relay 3368 io the winding
thereof. Relay 3308 releases, thereby interrupting the
operating circuit for relay 3266. Relay 326% releases,
interrupting the operating path for relay 3204 which also
releases and interrupts the operating path for relay 3202.
Except for relay 3392, the circuits reset themselves to their
normal idle conditions and the indicating lamps remain
unlit until such time as relay 3392 is released.

An inspection of the circuits associated with reiay 3302
will reveal that it can oniy be released by being shunted
down over the No. 3 front contacts of relay 3368 and
the No. 2 front contacts of relay 3211. Therefore, relay

3362 will remaln energized until a trip, close or inquiry
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code relating to the associated device is received and a
reply returned.

Now considering the second two-state device, it will be

n that a representation of circuits therefor is shown
within the dashed rectangle 3313. These circuits will be
identical to those for the first two-state device. It will
be noted, however, that since the second two-state device
is arranged for single code transmission, the double trans-
mission relays 3386 and 3387 are not required and that
lead 3314 1s connected directly from contacts of the First
Digit 0 relay 3383 to the operating winding of the de-
vice relay (not shown but identical to relay 3368) in rec-
tangle 3313. Since operation of these circuits (except
for the double code features) is identical to that of the
first device circuits, they will not be described in detail..
It may be helpful, however, to understand that no unusual
operations result from the delayed completion character-
istics of the second two-state device. Thus, for example,
if a close code is transmiited for the second two-state de-
vice at satellite I, the reply indicates that the order has
not been carried out. However, since the green relay is
cperated, and as heretofore described with respect to the
circuits of the first device the short reply pulse results in
the application of ground to the cperating winding of the
green reiay, no change is effected. Subsequently, when
the device completes its operation and an uninvited pulse
is sent to the main station, a roil call results in the man-
ner heretofore described and the monitor indicating lights
change at the time a reply is received to the appropriate
inquiry code. The detailed manner in which this is ac-
complished is explained above and reference thereto is
hereby made for a complete understanding of circuit op-
erations.

Representations of circuits for the first and second two-
state devices of the second satellite are shown in dashed
rectangies 3400 and 3491, Since these circuits are iden-
tical to those heretofore described, no additional explana-
tion will be made. However, it should be noted that -
the leads 3315 and 33%6 are extended over appropriately
different paths in accordance with the codes employed.

It will be recalled that provision is made for certain
single-state conditions as, for example, the previously men-
tioned passage of the fluid separating device along a
pipeline. When it is desired to monitor such condition,
circuits such as those represented by the dashed rectangle
3492 are included. Such circuits are identical to those
shown for the first two-state device of the first satellite
except that a link 3403 is employed to interconnect the
adjacent cross connecting terminals. Accordingly, De-
vice Lamp Reset key 3494 is effective to extend a path
from ground to the winding of the green relay (not
shown) corresponding to relay 3300 to reset it after
the condition has been recognized by the attendant.

In operation, an uninvited pulse is sent to the main
station whenever an outgoing call or scraper passage
condition exists at satellite 1. This results in a2 roll call
during ‘which an inquiry code relating to the outgoing
cail or scraper passage condition is transmitted. The
device relay of the circuits in rectangle 3402 (ie., the
relay corresponding to relay 3388) recognizes this inquiry
code and responds thereto by operating and initiating
additional operations similar to those heretofore de-
cribed. Red lamp 3405 flashes and buzzer 3605 is
actuated. Since, when the outgoing call or scraper pas-
sage coadition terminates no roll call resuits, some means
is required for reseiting the related circuits at the moni-
tor station and key 3404 is provided for this purpose.

incoming Call From KMain Station to Monitor

It will be recalled that apparatus is provided at the
main staticn for signaling the monitor in order that the
attendant thereat may realize that he should perform
some function such as calling the main station over an
outside facility. The corresponding circuits at the moni-
tor are shown in FIGS. 36 and 38 and operate in the
following manner.
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When the appropriate code is received, ground ‘is ex-

tended via conductor B5 over the No. 4 front contacts

of First Digit 1 relay 3317 to the winding of Attention
relay 3616 and battery. Relay 3618 operates and at its
No. 2 front contacts locks to ground supplied over the
contacts of Long Pulse relay 3869, the contacts of Short
Pulse relay 3810, the No. 2 back contacts of Alarm 1
relay 3811 and the winding of Lock Check relay 3812 to
the No. 2 front contacts of attention relay 3618. At this
time relay 3812 operates.

Relay 3610 extends a path at its No. 3 front contacts
to the winding of Attention Flash relay 3611 and battery.
Relay 3611 operates, locking itself over its No. 1 front
contacts to ground via the No. 2 back contacts of Retire
Flashing Lamps relay 3603. In addition, it further ex-
tends the path traced from ground over the No. 3 front
contacts of relay 3616 and thence via the No. 2 front con-
tacts of relay 3611 to the winding of Attention Alarm re-
lay 3612 and battery. Relay 3612 operates and locks over
its No. 2 front contacts to ground at the right-hand nor-
mally closed contacts of Retire Audible Alarm key 3604.
At its No. 1 front contacts it extends ground via the No. 1
back contacts of Flasher 2 relay 3696 to the winding of
Flasher 1 relay 3687 and battery thereby initiating op-
eration of the flasher relays in a manner similar to that
heretofore described. Accordingly, battery is alternately
applied and removed from Indicating lamp 3613 over a
path which, when completed, may be traced from battery
via resistor 3614, the No. 1 back contacts of relay 3607
and the Mo. 3 front contacts of relay 3611 to the fila-
ment of lamp 2513 and ground. Alarm Bell 3615 is ac-
tuated periodically over a path which may be traced from
ground via the No. 3 back contacts of relay 3607, the
No. 2 front contacts of relay 3688, and the No. 3 front
contacts of relay 3612 to bell 3615 and battery.

As heretofore mentioned, a reply is returned to the
main station to acknowledge receipt of the code by the
monitor. This is accomplished in a manner partly similar
to that in which the circuits of the satellites return their
reply puilses and the similarities and differences will be-
come apparent as the following discussion proceeds.

Now returning to the operations that took place while
the code was being received, it will be recognized that
in response. to the receipt of the first pulse, relay 3287
will have operated. Relay 3800 will have been released
in a manner similar to that heretofore described and
at its No. 7 back contacts will have extended ground via
the Nos. 2 and 3 front contacts of Memory Setting relay

3616 to the windings of Long Pulse relay 3889 and Short .

Pulse relay 3819. When Lock Check relay 3812 operated,
it will have interrupted the circuits which will have ex-
~ tended from ground over parallel paths through the No. 3

back contacts of relay 3889 and the No. 1 back contacts
of Alarm 1 relay 3811 and thence via the No. 3 back con-
tacts of relay 3812 to the winding of relay 3616 and bat-
tery. The contacts of relay 3616 begin to release and
after a brief pause complete the travel to their released
positions. A path is then extended from ground via the
No. 1 front contacts of relay 3812 and the No. 5 back
continuity contacts of relay 3616 to the winding of Send
relay 31982 and battery. Relay 3102 operates to interrupt
line continuity. '

In addition to establishing the previously traced path
for operating relay 3102, Memory Setting relay 3616
interrupts at its Nos. 2 and 3 front contacts the operating
paths for relays 3809 and 3818. Accordingly, relay 3869
begins to release, but relay 3818 remains operated in a
circuit which may be traced from ground at the No. 1
front contacts of relay 3619 via the No. 3 back continuity
contacts of relay 3616 to the winding of relay 3810 and
battery. Therefore, the operating circuit of relay 3812
and the locking circuit of relay 3616 remain complete
until the contacts of Long Pulse relay 389 disengage.
Since these contacts have a relatively slow release charac~
teristic, relays 3812 and 3620 remain operated for a rela-
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tively long interval thereby imparting a long character-
istic to-the reply pulse return to. the main station. This
is accomplished by the-retention of ground at the operat-
ing winding of relay 3182 via the heretofore-traced path
over the No. 1 front contacts of relay 3812 for the dura-
tion of its operation. When relay 3809 releases, it inter-
rupts the path to the operating winding of relay 38I2
and to the locking winding of relay 361¢ thereby causing
both relays to release. Relay 3619 in releasing releases
relay 38316. Relay 3812 in releasing ‘disconnects ground
at its No. 1 contacts from the previously traced path via
the No. § back continuity contacts of relay 3616.to the
operating winding of relay 3162 thus de-energizing relay
3182 and restoring line continuity. Relay 3616 reoperates
over a path to ground at the No. 1 back contacts of relay
3811 via the No. 3 back contacts of relay 3812.

The circuits now await the completion of the 18-second
interval at which time Start relay 3860 is reoperated by
ground conducted to the winding thereof via the No. 7
back contacts of relay 3287, conductors 3288 and 3206,
the No. 4 back contacts of Start relay 38¢9, the normally
open contacts 3804 of cam 3805 and the No. 5 back
continuity contacts of relay 3868 to the winding thereof
and battery. Start relay 3869 operates in this circuit and
locks itself over its own No. 5 front:continuity contacts
to the previously-traced ground appearing on lead 3206.

The circuits are now reset to their normal idle condi-
tions except for the flasher and bell circnits which may
be reset in the conventional manner.

Outgoing Call to Main Station

Occasions may arise when a main station attendant
desires to signal the main station of the preceding sec-
tion. Accordingly, provision is made for operation of a
key at the monitor which results in the emission of an
uninvited pulse to the main station where it is effective to
initiate a roll call. Inquiry codes are transmiited in the
conventional manner to determine the origin of the pulse
and when the appropriate inquiry code is sent, apparatus
at the monitor responds by returning a relatively long
pulse thereby indicating that the condition originated in
the monitor and that it relates to an outgoing call thereat.
This is accomplished in the following manner.

To initiate the sequence. of operations, the Call Main
Station key 3813 is depressed thereby extending a path
from ground over the contacts thereof to the winding of
Call Main Station relay 3814, resistor 3815 and battery.
Relay-3814 operates and locks itseif to ground over its
own No. 3 front contacts. At its No. 1 front contacts it
extends a path via the No. 2 back contacts of relay 3617
and the No. 1 back contacts of relay 3816 to the operating
winding of relay 3817 and battery. At its No. 4 front

contacts relay 3814 extends a path from ground via the -

No. 2 front confacis of relay 3817 and the No. 6 front
contacts of relay 3806 to the winding of Long Pulse relay
3362 and battery. This path may be further traced from
the No. 6 front contacts of relay 23888 via the Nos. 2 and
3 front contacts of relay 3616 to the winding of Short
Pulse relay- 3810 and battery. Relays 3809, 3510 and
3817 all operate. Relay 3811 then operates over a path
from ground via the No. 3 front contacts of relay 3869
and the No. 1 front contacts of relay 3817 to the wind-
ing of relay 3811 and battery. - Accordingly, ground
which heretofore extended to the winding of relay 3616
from ground at the No. 1 back contacts ‘of relay 3811 is
removed and relay 3616 releases. However, in the mean-
time, ground is extended to operate Send relay 3162 via

‘the contacts of relays 3869 and 3810, the No. 2 front

contacts of relay 3811, the No. 1 back contacts of relay
3812 and the No. 5 back continuity contacts of relay
3616 to the winding of relay 3102, Accordingly, when
relay 3810 releases (in response to the release of relay
3616) the period during which relay 3102 is operated is
determined by the slow release characteristic of relay

'3819; and since it has-a shorter characteristic than that

&
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of Long Pulse relay 3809, the pulse transmitted to the
main station is of relativelv brief duration.

Relay 3809 is retained i:: its operated state by ground
which is conducted thereto via the No. 4 front contacts
of relay 3814, the No. 2 {ront contacts of relay 3817 and
the No. 6 front coniacts of relay 3888, Accordingly, re-
lay 3869 together with relays 3811, 3814 and 3817 re-
main in an operated condition to await receipt of an in-
quiry coede duaring the ensuing roll call,

When during the roll call the inquiry code relating to
a calling condition at the monitor is transmitied cver the
signaling circuit, First Pulse relay 3287 operates thereby
removing ground from the winding of Start relay 3809
over the heretofore described path. Accordingly, relay
3811 is released by the removal of ground from its
operating path at the No. 3 front contacts of relay 3868,
and at its No. 2 back contacis prepares 2 circuit to which
relay 3617 locks when it subsequently cperates.

Not only is the inguiry code effective to initiate the
release of Start relay 3889 but it is additionally effective
to extend ground via the No. 5 front contacts of relay
3317 to the winding of relay 3617 and battery. Relay
3617 operates and at its No. 3 front contacts locks to
ground via the winding of relay 3812, the No. 2 back
contacts of relay 38:1 and serially connected contacts of
relays 3819 and 3849. Relay 3812 also operates in this

locking circnit thereby completing a2 path from ground
via its No. 2 front contacts and the No. 4 front contacts
of relay 3617 to the winding of relay 3816 and battery.
At the same time the heretofore-traced path for the oper-
ation of relay 3616 is interrupted at the Mo. 3 back con-
tacts of relay 3812 and relay 3616 releases. According-
ly, the previously-described operating paths for the long
and short pulse relays 3369 and 3519 are interrupted and
relay 3889 begins to release. However, Short Pulse relay
3816 is retained in its operated state by ground which is
extended thereto via the No. 1 front comtacts of relay
3617 and the No. 3 back continuity contacts of relay
3616. The path for the operation of Send relay 3162 is
therefore maintained for a relatively extended interval
and a long pulse is returnied to the main station.

The circuits are now returned to their normal idie
states. Except for relays 3814 and 3816, the various re-
lays are reset in a manner similar to that previously de-
scribed in the section pertaining to an incoming cail
from the main station. When relay 3812 releases, a path
is extended from ground over its No. 2 back contacts
and the No. 3 front contacts of Release relay 3816 to the
junction of resistor 3815 and the coil of relay 3814.
Relay 3814 is thus shunted down and releases. In releas-
ing, it interrupts at its Mo. 5 front contacts the iocking
circuit for relay 3816 thereby causing the latter to release.
Thke circuits are now returned to their normal idle con-
ditions to await subsequent operations.

System Signal Inquiry

As heretofore explained in the section relating to the
main station, a system signal condition may arise in a
succeeding section. In this event, the main station of
the succeeding secilon is effective to ground two leads
corresponding to leads 1405 and 1486. These two leads
which are grounded are shown in FIG, 36 and are identi-
fied as 3618 and 3618. The monitor circuits respond in
the manner hereinafter described in detail by emitting a
short uninvited pulse which is effective at the main sta-
tion to initiate 2 standard rapid roll call. Since a system
signal conditicn actually exists, replies received to the
first two inquiry codes both constitute long pulses and
the main station responds in the manner previously de-
scribed by emitting a crash code to its own satellites and
by grounding conductors 1485 and 14906.

Mow turning to the specific operations that result from
the grounding of conductors 3618 and 3619, it will be
scen that the ground on conductor 3619 is extended via
the No. 5 back contacts of Crash Inquiry relay 3629 and
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the No. 2 back continuity contacts of Memory relay 3621
to the winding of Alarm relay 3817 and battery. Relay
3817 operates and extends a path from ground on con-
ductor 3618 via its Mo. 4 front contacts and the No. 8
front countacts of Start relay 3868 to the winding of
Short pulse relay 3816 and battery. . In addition, a path is
extended from the No. 8 front contacts of relay 3869
via the Nos. 3 and 2 front contacts of relay 3616 to the
winding of Long Pulse relay 3889 and battery.

Relay 3811 operates in the circuit which may be traced
from ground via the No. 3 front contacts of relay 38¢0
and the No. 1 front contacts of relay 3817 to the winding
of relay 3811 and battery. In operating, relay 3811 re-
moves ground from the winding of relay 3616 thereby
causing it to release. When relay 3616 releases, a path
is compleied for the operation of Send relay 3102 from
ground via serially interconnected contacts of relays 3309
and 3818, the No. 2 front contacts of relay 3811, the No.
1 back contacts of relay 3812 and the No. 5 back conti-
nuity contacts of relay 3616 to the winding of Send
relay 3182 and battery. Line continuity is thus inter-
rupted. However, since the operating path for Long Pulse
relay 3809 is broken at the No. 3 contacts of relay 3616,
Long Pulse relay 3889 releases to open the operating cir-
cuit for Send relay 31€2. Accordingly, in the manner
previously explained, a relatively long pulse is transmitted
over the line to the main station. Relays 3818, 3811 and
3817 now remain energized to await further circuit op-
erations which take place when the system signal inquiry
cedes are received from the main station.

When the first of such codes is received from the
main station, it is effective in the manner previously de-
scribed to initiate the release of Start relay 3808. Relay
3811 therefore releases and reoperates Memory Setting
relay 3618, Relay 3889 not only de-energizes relay 3811
but in addition extends a path over its No. 7 back con- -
tacts to the Nos. 2 and 3 front contacts of relay 3618
whence it is further extended to the windings of relay
3569 and 3819. When the ccunting and decoding cir-
cuits of FIGS. 35 and 36 have fully responded, they are
effective to apply ground via the No. 7 front contacts of
relay 3317 to the winding of Crash Inquiry relay 3620
thereby operating it. Relay 3629 locks over its own No.
2 front contacts and the heretofore-traced path to ground
at the contacts of relay 3899. At the same time, Lock
Check relay 3812 operates thereby interrupting at its No.
3 back contacts the operating path for relay 3616, How-
ever, during the brief interval that elapses before the
contacts of relay 3616 complete their travel, a path is
completed from conductor 3619 via the No. 5 front con-
tacts of relay 3628, the No. 4 front contacts of relay 3616,
the No. 2 front contacts of relay 3628 and the No. 1 back
continuity contacts of Memory relay 3621 to the winding
thereof, resistor 3622 and battery. Relay 3621 operates
and locks to ground over its own No. 1 front continuity
contacts.

When the contacts of relay 3516 complete their travel,
a path is completed for the operation of Send relay 3162.
This path may be traced from ground at the No. 1 front
contacts of relay 3812 via the No. 5 back continuity con-
tacts of relay 3616 to the winding of relay 3102 and bat-
tery. Relay 3182 operates and interrupts line continuity.
In the meantime, the previously traced operating circuits
for relays 3809 and 3810 will have been broken at the
Nos. 2 and 3 front contacts of relay 3616, but an alter-
nate operating path will have been established for relay
361@ from ground on conductor 3619 via the No. 5 front
contacts of relay 3628 and the No. 3 back continuity
contacts of relay 3616. Accordingly, aftér a brief tims
interval corresponding to the slow release characteristic
of Long Pulse relay 3809, the operating and locking ¢ir-
cuits for relays 3812 and 3628 are broken, these relays
release, Send relay 3162 is released, and line continuity
is restored. Thus, the pulse which is returned to the main
station is of the long variety.
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. The main station circuits respond fo the long pulse by
again transmitting the same inquiry code which is effec-
tive to reapply ground via the No. 7 front contacts of
relay 3317 to the operating winding of relay 3620. Relay
3620 reoperates and locks over its No. 2 front contacts
and the previously traced circuit, thereby energizing Lock
Check relay 3812 which in turn removes ground from
the winding of relay 3616 to cause its release. In the
meantime, long and short pulse relays 380% and 3810
will have been operated over paths which may be traced
from ground at the No. 7 back contacts of relay 3382

via the Nos. 2 and 3 front contacts of relay 3616 to the

windings of relays 3802 and 3819.

‘When the contacts of relay 3616 complete their release,
a path will be completed for the actuation of Send relay
3102 from ground via the No. 1 front contacts of Lock
Check relay 3812 and the No. 5 back continuity contacts
of relay 3616 to the winding of relay 3102 and battery.
At the same time, the previously-traced operating circuits
for relays 3809 and 3810 will have been broken at the
Nos. 2 and 3 front contacts of relay 3616. However,
Short Pulse relay 3810 again remains operated by ground
which is conducted thereto over the above-traced alter-
nate path. Accordingly, after a brief time interval cor-
responding to the slow release characteristic of relay 38649,
the operating and locking circuits for relays 3812 and 3620
are broken, these relays release, Send relay 3102 is re-
leased, and line continuity is restored. Thus, another
relatively long pulse will have been transmitted over the
line to the main station.

The main station circuits now respond by transmitting
a code which has heretofore been denominated a system
signal order.

System Signal Order

As mentioned in connection with the description of the
main station circuits, a system signal order may be initi-
ated by any one of several occurrences. These include
the origination of a system signal condition at any one
of the satellite stations within the section at hand, the oc-
curence. of a system signal condition in a preceding sec-
tion, and the occurrence of a system signal condition in a
succeeding. section, all in the manner hereinbefore de-
scribed. Irrespective of where the system signal condi-
tion originates, the monitor will respond in an identical
manner to the system signal order code. In the event the
condition originated in either the preceding section or the
section at hand, the main station of the succeeding sec-
tion will respond to operations by the monitor to trans-
mit a corresponding system signal order code over its sec-
tion. However, if the condition originated in a succeeding
section, the main station of the succeeding section will
not respond to operations in the monitor by transmitting
a system signal order code since it will have already done
so. The manner in which these differences of operation
are carried out is explained in detail in the section relat-
ing to the description of the main station circuits.

Now turning specifically to the circuits of the monitor,
it will be apparent that when a system signal order code
is received thereat, the first pulse is effective to cause the
operation of First Pulse relay 3207 and the consequent
release of Start relay 3809. Accordingly, short and long
pulse relays 3809 and 3810 are operated. When the.last
pulse of the code has been received, the counting and
decoding circuits of FIGS. 35 and 37 are effective to in-
troduce ground via the No. 6 front contacts of relay 3317
to the winding of relay 3623 which operates, locking itself
over its No. 3 front contacts to ground on front contacts
of relay 3809 via the path previously traced. Relay 3812
operates, removing ground from the operating winding of
relay 3616 and applying ground over the No. 5 back con-
tacts of relay 3616 to the operating winding of Send relay
3102. Since no alternate operating paths are provided for
long and short pulse relays 3809 and 3819, the release of
relay 3616 causes both relays 3869 and 3810 to become

’ 84
deenergized. As mentioned before, the contacts of relay
3810 open first thereby interrupting the operating path
for relay 3812 after a relatively short interval. Relay
3812 in turn interrupts the operating path for Send relay
3192 and line continuity is restored. Thus, a relatively
short pulse is transmitted-over the signalling circuits to
the main station.

In the meantime, ground w111 have been applied for a

- brief interval (that is for the duration of the operation
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of relay 3623 which releases when relay 3810 releases)
over the No. 2 front contacts of relay 3623 to conductor
3624. This conductor corresponds to conductor 1407,
and the ground applied thereto is effective to cause the
removal .of ground from conductors 3618 and 3619 and
the application of ground to conductor 3625. Conductor
3625 corresponds to conductor 1416 in the main station
circuits, and application of ground thereto is effective dur-
ing the brief interval before relay 3616 releases to shunt
down and release Memory relay 3621. The path over
which this is accomplished may be traced from conductor
3625 via the No. 5 front contacts of relay 3623, the No. 1
front contacts of relay 3616 and the No. 1 front contacts
of relay 3623 to the junction of resistor 3622 and the
winding of relay 3621.

The circuits will reset themselves to their normal idle
conditions. The long and short pulse relays 3809 and
3810 will have been released, thereby releasing relays .
3812 and 3623 in the manner described. The Memory
Setting relay 3616 will have been thereupon reoperated,
and at the end of the heretofore mentioned 18-second
interval Start relay 38€6 will have been reoperated.

Initiation bf ROU Call From Monitor

Occasions may arise when a main station attendant de-
sires to check the conditions of the various-devices lo-
cated in the preceding section. Accordingly, provision is
made at the monitor for the initiation of a roll call of the
devices within the section to which the monitor apper-
tains. The apparatus by which this is accomplished in-
cludes Roll Call Start Key 3818 which, when depressed,
extends a path from ground to the winding of Roll Call
relay 3819 and battery. Relay 3819 operates and extends
a ground over its front contacts to the winding of Roll
Call 1 relay 3820. Relay 3820 operates. When key
3818 is released, relay 3819 also releases and ground is
transferred from the winding of relay 3828. However,
relay 3820-is of the slow release type and for a brief inter-
val ground is extended via the back contacts. of relay
3819, the No. 2 front contacts of relay 3820 and the No. 2
front contacts of relay 3800 to the winding of Send relay
3102 and battery. At the end of the interval, the con-
tacts of relay 3820 complete their travel thereby interrupt-
ing the continuity of the operating circuit of relay 3102
and relay 3102 releases. The characteristics of relay 3820
are such as to result in the maintenance of the operating
circuit for relay 3102 during an interval such that a rela-
tively long pulse is transmitted and it will be recalled that
the receipt of a long pulse at the main station results in
a complete roll call thereat rather than one of the rapid
variety.

Relays 3819 and 3820 will now have reset themselves
and the circuits will respond to the receipt of the wvari-
ous inquiry codes and replies in the manner heretofore
described. '

In the event that the circuits are operating at the time
key 3818 is depressed, Start relay 3800 will be de-energized
(since First Pulse relay 3207 will have been operated)
and in that event relay 3820 will lock to ground at the
No. 1 back contacts of relay 3800 over its own No: 1
front contacts. Subsequently, when thé circuit operations
have been completed and the 18-second interval has trans-
pired after which relay 3800 is reoperated, the heretofore-
traced path to the winding of Send relay 3102 will be
completed for an interval determined by the slow release
characteristic of relay 3820 in the manner described.
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Mutilated Code Check

It will be recalled from the description of the satellite
circuits that provisicn is made to check each group of
pulses received in order to determine that the correct
mumber are present and that two pulses in each group
are of the relatively long type. It will also be recalled
that provision is therein made to check for the possible
presence of an exira pulse and that the circuits will re-
spond effectively only when all of the warious tests have
been satisfied. Somewhat similar provision is included
in the circuits of the monitor, relays 3213, 3214 and
3217 severally corresponding to relays 2584, 2585 and
2515. However, since the individual devices are con-
trolled from the satellites but not from the monitor, the
operation of the parity check and extra pulse relays is
employed to produce different results in the monitor than
in the satellites. In the satellites no ground was effectively
extend to the B0-BY leads unless the various checks were
satisfied, and therefore if a mutilated code was received
the circuits simply did not respond to change the condi-
tion of the device. However since as mentioned before,
the devices are not controlled through the monitor, it is
desired to call the attention of the attendant to the fact
that a mutilated code has been received. Therefore addi-
tional relays 3626 and 3627 are included. These relays
recognize a mutilated code condition and are effective
io socund a buzzer and light a lamp to alert the station
attendant.

When the first pulse of a code is received, relay 3500
operates and a path is extended from ground via the
left-hand contacts of Retire Audible Alarm Key 3604
and the No. 5 front contacts of relay 3588 to the winding
of relay 3627 and battery. Relay 3627 operates and since
relay 3214 will have already been operated, relay 3627
locks over its Mo. 2 front contacts and the No. 4 front
contacts of relay 3214 to ground at the left-hand contacts
of key 36%4. When the 10 digit-representing pulses have
been received, a parity check is made in the manner here-
tofore explained in regard to the satellite circuits. If
this check is satisfied, relay 3213 operates before slow
release relay 3289 releases and therefore an operating
circuit is not completed for relay 3626. However, if the
parity check is not satisfied, relay 3233 does not operate;
and when relay 3289 releases, a path is completed from
ground via the left-hand contacts of key 3604, the No. 2
back contacts of relay 3262, the No. 2 back contacts of
relay 3213 and the No. 1 front contacts of relay 3627 to
the operating winding of relay 3626 and battery. Relay
3626 operates and locks via contacts of the multilated
code releass key 3628 to ground over the left-hand con-
tacts of key 3604. At its No. 1 front contacts relay 3626
extends an operating path from ground to Buzzer 3605 and
at its No. 3 front contacts its extends a path from battery
via resistor 3609 to the filament of Mutilated Code Lamp
3629,

When Off-Normal relay 3218 releases after the last
pulse has been received, relay 3214 releases thereby
interrupting the locking circuit for relay 3627. Relay
3626, however, remains operated until it is reset either
by the depression of key 3628 or key 3604.

If the parity check proves satisfactory but more than
the proper number of pulses is received, Extra Pulse
relay 3217 operates and at its No. 4 froat contacts ex-
tends ground from the aforementioned left-hand contacts
of key 3684 to the operating winding of relay 3625 and
battery. Relay 3626 operates, locking itself over the
previously described path, actuating buzzer 3695 and
lighting lamp 3629. Relay 3628, together with buzzer
3685 and lamp 3622, may be retired by the depression
of either key 3623 or 3684.

While we have illustrated our invention by a particular
embodiment thereof, the invention is not limited in its
application to the specific apparatus and particular ar-
rangement therein disclosed. Various applications, modi-
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fications and arrangements of the invention will readily
occur to those skilled in the art.

The terms and expressions which we have employed
in reference to ihe invention are used as terms of de-
scription and not of lmitaiion, and we have no intention
in the use of such terms and expressions of excluding
equivaients of the features shown and described or parts
thereof, but on the contrary, intend to include therein
any and all equivalents, modifications and adaptations
which may be employed without departing from the spirit
of ihe invention.

What is claimed is:

1. A control system comprising a main station and a
plurality of satellite stations, a signaling transmission cir-
cuit interconnecting said main and satellite stations, a
plurality of devices located at each of said satellite sta-
tions, cach of said devices being adjustable to one of
two different states at a given time, means at said main
station to apply different coded signals to said circuit
for selectively adjusting each of said devices at each of
said satellite stations to a desired one of said two dif-
ferent states, means at each of said satellite stations re=
sponsive to said coded signals received from said circuit
for adjusting each of said last-mentioned devices to said
desired one of said two different states, means at each
of said satellite stations effective when one of said devices
is adjusted to a state unlike said last-mentioned desired
one state by a condition other than by said coded signals
of said signal means at said main station for transmitting
on said circuit a common code signal to said raain station,
means responsive to the receipt of said common code
signal from said circuit at said main station for auto-
matically generating and sequentially transmitting on said
circuit to said satellite stations a series of coded signals,
each relating to a different one of said satellite stations
and effectively inquiring about the location of said one
device, means at each of said satellite stations responsive
to the receipt from said circuit of the respective last-
mentioned coded signals in such manner that only the
coded signals relating to the satellite station at which said
one device is located activates said last-mentioned means
at said last-mentioned satellite station for generating and
transmitting on said circuit to said main station a fur-
ther common code signal identifying said last-mentioned
station as the location of said one device, and means at
said main station antomatically responsive to said further
common code signal for automatically generating and
transmitting on said circuit coded signals relating to the
plurality of devices located at said satellite station in-
cluding said cne device for identifying said unlike state
of said Jast-mentionad one device.

2. A control system comprising a main station, a first
satellite station and a second satellite station, a signaling
transmission circuit interconnecting said main and sateilite
stations, a plurality of devices located at each of said
satellite stations, each of said devices being adjustable
to one of two different states at a given time, means at
said main station to apply different coded signals to said
circuit for selectively adjusting each of said devices at
each of said satellite stations to a desired one of said two
different states, means at said satellite stations responsive
to said coded signals received from said circuit for ad-
justing each of said last-mentioned devices to said desired
one of said two different states, means at said first satellite
station effective when one of said devices thereat is ad-
justed to a state unlike said last-mentioned desired one
state by a condition other than by said coded signals of

‘said signal means at said main station for transmitting on

said circuit a common code signal to said main station,
means responsive to the receipt of said common code
signal from said circuit at said main station for automati-
cally generating and transmitting on said circuit a coded
signal relating only to said first satellite station and effec-
tively inquiring whether said one device is located thereat,
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means at said first satellite station responsive to. the receipt
of said last-mentioned coded signal thereat when said one
device is located at said first satellite station for generating
and transmitting on said circuit to said main station a
further common code signal indicating said one device
is located at said first satellite station, and means at said
main station automatically responsive to said further
common code signal for automatically generating and
transmitting on said circuit a plurality of coded signals
relating only to the plurality of devices located at said
first satellite station for identifying said unlike state of
said one device thereat.

3. A control system comprising a main station, a first
satellite station and a second satellite station, a signaling
transmission circuit interconnecting said main and satellite
stations, a plurality of devices located at each of said
satellite stations, each of said devices being adjustable to
one of two different states at a given time, means at said
main station to apply different coded signals to said circuit
for selectively adjusting each of said devices to either a
desired one of said two different states, means at said
satellite stations responsive to said coded signals received
. from said circuit for adjusting said devices to said desired
one of said two different states, means at said satellite
stations effective when one of said devices is adjusted
to a state unlike said last-mentioned desired one state by
a condition other than by said coded signals of said means
at said main station for transmitting a common code sig-
nal to said main station, means automatically responsive
to the receipt of said common code signal from said cir-
cuit at said main station for automatically generating and
transmitting on said circuit to said satellite stations inquiry
coded signals for ascertaining the instant states of said
devices thereat including said unlike state of said one
device.

4. A control system comprising a main station, a first
satellite station and a second satellite station, a signaling
transmission circuit interconnecting said main and satellite
stations, ‘a plurality of devices located at each of said
satellite stations, each of said devices being adjustable to
one of two different states at a given time, means at said
main station to apply different coded signals to said circuit
for selectively adjusting each of said devices to a desired
one of said two states, means at each of said satellite
stations responsive to said coded signals received from
said circuit for adjusting each of said devices to said. de-
sired one of said two different states, means at each of
said satellite stations effective when one of said devices is

10

15

20

40

-
[

adjusted to a state unlike said last-mentioned desired one

state by a condition other than by said coded signals of
said signal means at said main station for transmitting a
common code signal on said circuit o said main station,
means responsive to the receipt of said common code sig-
nal from said circuit at said main station for automatically
generating and transmitting on said circuit to said satellite
stations a coded signal relating only to said first satellite
station and inquiring whether said one device is located
thereat, means at said first satellite station responsive to
the receipt of said coded signal from said circuit when
said one of said devices is not located at said first satellite
station for generating and transmitting on said circuit to
said main station another common code signal indicating
said one device is not located at said first satellite station,
means at said main station responsive to the receipt of said
last-mentioned common code signal for automatically
generating and transmitting on said circuit to said satellite
stations a coded signal relating only to said second satellite
station and inquiring whether said one device is located
thereat, and means at said main station automatically
responsive to a further common code signal received on
said circuit from said second satellite station and indicat-
ing said one device is located thereat for automatically
generating and transmitting on said circuit to said second
satellite station a plurality of coded signals relating only
to the plurality of devices located at said second satellite
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station to identify said unlike state of said ome device
thereat.

5. A control system comprising a main station,.a first
satellite station, and a second satellite station, a signaling
transmission circuit interconnecting said main and satellite
stations, a plurality of devices located at each of said satel-
lite stations, each of said devices being adjustable fo one
of two different states at a given time, means at said main
station: to apply different coded signals to said circuit for
selectively adjusting each of said devices to a desired one
of said two states, means at each of said satellite stations
responsive to said coded signals received from said circuit
for adjusting each of said devices to said desired one of
said two different states, means at each of said satellite
stations effective when one of said devices is adjusted to
a state unlike said last-mentioned desired one state by a
condition other than by said coded signals of said- signal
means at said main station for transmitting a common code
signal on said circuit to said main station, means at said
main station responsive to the receipt of said common
code signal for automatically generating and selectively
transmitting on said circuit to said satellite stations a
coded signal relating only to said first satellite station and
inquiring whether said ome device is located thereat,
means at said first satellite station responsive to the receipt
of said last-mentioned coded signal from said circuit when
said one of said devices is not located at said first satellite
station for generating and transmitting on said circuit to
said main station another common code signal indicating

_said one device is not located at said first satellite station,

means at said main station responsive to the receipt of
said last-mentioned common code signal for automatically

generating and transmitting to said satellite stations a’

coded signal relating only to said second satellite station
and inquiring whether said one device is located thereat,
means. at said second satellite station responsive to the
receipt of said last-mentioned coded signal from said cir-
cuit when said one of said devices is located at said.second
satellite station for generating and transmitting on said
circuit to said main station a further common code signal
indicating said one device is located at said second satellite
station, and means at said main station automatically re-
sponsive to said further common code signal for automati-
cally generating and transmitting to said second satellite
station inquiry coded signals for ascertaining the instant

states of said devices thereat including the unlike state of

said one device.

6. A control systein comprising a main station, a first
satellite station and a second satellite station, a signalling
transmission circuit intercomnecting said main and satel-
lite stations, a plurality of devices located at each of said
satellite stations, each of said devices being adjustable to
one of two different states at a given time, means at said
main station to apply different coded signals to said circuit
for selectively adjusting each of said devices to a desired
one of said two states, means at said satellite stations
responsive to said coded signals received from said circuit
for adjusting each of said devices o said desired one of
said two différent states, means at each of said satellite
stations effective when one of said devices is adjusted to
a state unlike said last-mentioned desired one state by.a
condition other than by said coded signals of said.signal
means at said main station for transmitting a common

. code signal on said signal to said main station, means at
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said main station responsive to the receipt of said com-
mon code signal for automaticaily generating and trans-
mitting on said circuit to said satellite stations a coded
signal relating only to said first satellite station and in-
quiring whether said one device is located thereat, means
at said first satellite station responsive to the receipt of
said last-mentioned coded signal when said one of said

devices is not located at said first satellite station for gen- -

erating and-transmitting on said. circuit to said main sta-
tion another common code signal indicating said one de-
vice is not located at said first satellite station, means

%
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at said main station responsive to the receipt of said last-
mentioned common code signal from said circuit for auto-
matically generating and t insmitting on said circuit to
said satellite stations a coded signal relating only to said
second satellite station and inguiring whether said one
device is located thereat, means at said second satellite
station responsive o the receipt of said last-mentioned
coded signal from said circuit when said one device is
located at said second satellite station for gemerating and
transmitting on said circuit to said main station a further
common code signal indicaiiag said one device is located
thereat, and means at said main station responsive to the
receipt of said last-mentioned common code signal from
said circuit for automatically generating and transmitting
on szid circuit to said second satellite station a plurality
of coded signals each relating to a different one of the de-
vices located at said second satellite station for cbtainiag
additicnal common code signals indicating the instant
states of the respective last-mentioned devices including
the unlike state of said one device.

7. A conirol system comprising a main station, a first
satellite station and a second satellite station, a signaling
transmission circuit interconnecting said main and satel-
lite stations, a plurality of devices located at each of said
satellite stations, each of said devices being adjustable to
one of two different states at a given time, means at said
main station to apply different coded signals to said circuit
for selectively adjusting each of said devices to a desired
one of said two states, means at said satellite stations re-
sponsive to said coded signals received from said circuit
for adjusting each of said devices to said desired one of
said two different states, means at each of said satellite
stations effective when one of said devices is adjusted to
a state unlike said last-mentioned desired one state by a
condition other than by said coded signals of said signal
means at said main station for transmifting a common
code signal on said circuit to said main station, means at
said main station responsive to the receipt of said com-
mon code signal for automatically generating and trans-
mitting on said circuit to said satellite stations a coded
signal relating only to said first satellite station and in-
quiring whether said one device is located thereat, means
at said first satellite station respomsive to the receipt of
said last-mentioned coded signal from said circuit when
said one device is located at said first satellite station for
generating and transmitting to said main station a further
common code signal, and means at said main station re-
sponsive to the receipt of said further common code signal
for automatically generating and transmitting on said cir-
cuit to said satellite stations a plurality of coded signals,
each relating to a different one of the devices located at
said first satellite station for obtaining other common code
signals indicating the instant states of the respective last-
mentioned devices including the unlike state of said one
device.

3. Apparatus comprising a plurality of controllable
two-position keys located at a first geographical point, a
first plurality of devices located at a second point geo-
graphically spaced from said first point, a second plurality
of devices located at a third point geographically spaced
from said first and second points, each of said devices ad-
justable into one of a plurality of predetermined states at
a given time, a signaling transmission circuit interconnect-
ing said keys and said first and second pluralities of de-
vices, control means at said first point operatively con-
nected with certain positions of said keys to transmit
coded signals on said circuit to said first and second plu-
ralities of devices for selectively adjusting said last-men-
tioned devices into desired states of said plurality of pre-
determined states, roll-call means at said first point con-
nected to said control means and keys and operable to
transmit coded signals on said circuit for selectively sens-
ing the instant states of said respective devices in each of
said first and second pluralities of devices, means con-
nected to each of said first and second pluralities of de-

10

30

35

40

50

=4
o

60

70

75

290

vices for transmitting a predetermined code signal on
said circuit when one device of only one of said first and
second pluralities of devices ¢ Tects an unauthorized change
from said desired state to another state of said plurality
of predetermined states, and means at said main station
automatically responsive to said predetermined code sig-
nal received on said circuit thereat for automatically ac-
tivating said roll-call means to automatically transmit
coded signals on said circuit for sensing the instant states
of said devices in said one of said first and second piu-
rality of devices including the other state of said last-
mentioned one device.

9. The apparatus according to claim 8 in which said
means connected to each of said first and second piu-
ralities of devices {ransmits two of said predetermined
code signals on said circuit when one device of each of
said first and second pluralities of devices effects an un-
authorized change from said desired state to said other
state, and said activating means at said main station is
automatically responsive to said two predetermined code
signals received on said circuit thereat for automatically
activating said roll-call means to automatically transmit
two pluralities of coded signals for semsing the instant
states of said devices in said first and second pluralities
of devices including the other states of said one device at
each of said last-mentioned pluralities of devices.

10. Apparatus comprising a plurality of controllable
two-position keys located at a first geographical point, a
first plurality of devices located at a second point geo-
graphically spaced from said first point, a second piu-
rality of devices located at a third point geographically
spaced from said first and second points, each of said de-
vices adjustable into one of a plurality of predetermined
states at a given time, a signaling transmissicn circuit in-
terconnecting said keys and said first and second plu-
ralities of devices, confrol means at said first point op-
eratively connected with certain positions of said keys to
transmit coded signals on said circuit to said first and
second pluralities of devices for selectively adjusting said
last-mentioned devices into desired states of said pluralit
of predetermined states, and roll-call means at said first
point connected to said keys and control means and auto-
matically activated by a predetermined code signal trans-
mitted on said circuit, when one of said devices effects an
unauthorized change from the desired state to another
state of said plurality of states, for automatically generat-
ing and transmitting .coded signals on said circuit for
sequentially sensing the instant states of said devices ir-
cluding the other state of said one device.

11. Apparatus comprising a main station and a plu-
rality of satellite stations, a signaling transmission line
interconnecting said main and satellite stations, a plu-
rality of devices located at each of said satellite stations,
each of said devices adjustable to one of two different
states at a given time, means comprising a plurality of
two-position keys at said main station for adjusting each
of said devices at each of said satellite stations to a de-
sired state of said two states, means at each of said
satellite stations for adjusting each of said devices to said
desired state, means at said main station controlled by
the respective positions of said keys at a given instant
for generating and transmitting on said line to said satel-
lite stations a plurality of coded signials, each distinctive to
a different one of said plurality of devices for causing the
desired adjustments of the respective last-mentioned de-
vices, said means at said satellite stations activated by
said plurality of coded signals received from said line for
adjusting said last-mentioned devices to said desired states,
and means at said main station automatically activated
by a predetermined code signal received from said line
when one of said devices at one of said satellite stations
is adjusted to a state different from said desired state
by a condition other than that responsive to said coded
signals of said signal means at said main station for auto-
matically causing said signal means to automaticaily
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generate and transmit on said line inquiry coded signals
distinctive to the respective devices located at said last-
mentioned one satellite station, said last-mentioned in-
quiry coded signals serving to identify the instantaneously
adjusted states of the respective devices including said one
device at said last-mentioned one satellite station.

" 12. Apparatus comprising a main station, a first satel-
lite station, a second satellite station, a signaling trans-
mission line interconnecting said main and satellite sta-
tions, a first plurality of devices located at said first satel-
lite station, a second plurality of devices located at said

second satellite station, each of said devices adjustable to ~

one of two different states at a given time, means. com-
prising a plurality of two-position keys at said main sta-
tion for selectively adjusting each of said devices to a
desired state of said two states, means at each of said
satellite stations for adjusting each of said devices to
said desired state, means at said main station controlled
by the respective positions of said keys at a given instant
for generating and transmitting on said line to said satel-
lite stations a first plurality of distinctive coded signals
severally relating to a different device of said first plu-
rality of devices for causing the desired adjustments of
said last-mentioned devices, and a second plurality of
distinctive coded signals severally relating to a different
device of said second plurality of devices for causing the
desired adjustments of said last-mentioned devices, said
means at said satellite stations activated by said first and
second pluralities of distinctive coded signals received
from said line for adjusting said devices of said first and
second plurality of devices to said desired states, and
roll-call means at said main station automatically re-
sponsive to a predetermined code signal received from
said line for automatically causing said signal means to
automatically generate and transmit on said line inquiry
coded signals distinctive to said devices, when one of said
devices is adjusted to a state different from said desired
state by a condition other than that in response to said
coded signals of said signal means at said main station,
for identifying the instantaneously adjusted states of the
respective devices including the different state of said
'one device. )
13. Apparatus comprising a main station, a first satel-
lite station, a second satellite station, a signaling trans-
mission line imterconnecting said main and satellite sta-
tions, a first plurality of devices located at said first satel-
lite station, a second plurality of devices located at said
second satellite station, each of said devices adjustable to
one of two different states at a given time, means com-
prising a plurality of two-position keys at said main sta-
tion for selectively adjusting each of said devices to a
desired state of said two states, means at each of said
satellite stations for adjusting each of said devices to
said desired state, means at said main station controlled
by the respective positions of said keys at a given instant
for generating and transmifting on said line to said satel-
lite stations a first plurality of distinctive coded signals
each relating to a different device of said first plurality
of devices for causing the desired adjustments of the re-
spective last-mentioned devices, and a second plurality of
distinctive coded signals each relating to a different device
of said second plurality of devices for causing the de-
sired adjustmenis of the respective last-mentioned de-
vices, said means at said satellite stations activated by
said first and second pluralities of coded signals received
from said line for adjusting said devices of said first and
seconnd plurality of devices to said desired states, and
roll-call means at said main station automatically re-
sponsive to a predetermined code signal received from
said line for automatically causing said signal means to
automatically generate and transmit on said line in-
quiry coded signals distinctive to said devices, when one
of said last-mentioned devices is adjusted to. a state dif-
fgrent’ from the desired state by a condition other than
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that in response to said coded signals of said signal means,
for identifying the different state of said one device.

14. Apparatus comprising a main station, a first satel-
lite station, a second satellite station, a signaling trans-
mission line interconnecting said main and satellite sia-
tions, a first plurality of devices located at said first satel-
lite station, a second plurality of devices located at said
second satellite station, each of said devices adjustable to
one of two different states at a given time, means com-
prising a plurality of two-position keys at said main sta-
tion for selectively adjusting each of said devices to a
desired state of said two states, means at each of said
satellite stations for adjusting each of said devices to said
desired state of two states, means at said main station
controlled by the respective positions of said keys at a
given instant for generating and transmitting on said line
to said satellite stations a first plurality of distinctive

" coded signals each relating to a different device of said
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first plurality of devices for causing the desired adjust-
ments of said last-mentioned respective devices, and a
second plurality of distinctive coded signals each relat-
ing to a different device of said second plurality of de-
vices for causing the desired adjustments of said Jast-men-
tioned respective devices, said means at said satellite sta-
tions activated by said first and second plurality of coded
signals for adjusting said devices to said desired states, and
roll-call means at said main station automatically re-
sponsive at one time 10 a predetermined coded signal re-
ceived from said line for causing said signal means to
generate and transmit initially to said line a first plurality
of inquiry ceded signals to identify the instantaneously
adjusted states of the respective devices including said
one device of said first plurality of devices, said roll-call

means also automatically responsive at another time to

a different predetermined code signal for generating and
transmitting both said last-mentioned first plurality of
inquiry coded signals and a second plurality of inquiry
coded signals to identify the instantaneously adjusted
states of the respective devices included in said first and
second pluralities of devices.

15. Apparatus comprising a main station, a first satel-
lite station, a second satellite station, a signaling trans-
mission line interconnecting said main and satellite sta-
tions, a first plurality of devices located at said first satel-
lite station, a second plurality of devices located. at said
second satellite station, each of said devices adjustable
to one of two different states at a given time, means. at
said main station for selectively adjusting each of said
devices to a desired state of said two states, means at
each of said satellite stations for adjusting each of said
devices to said desired state, means at said main station
for generating and transmitting on said line to said satel-
lite ‘stations a first plurality of distinctive coded signals
each relating to a different device of said first plurality of
devices for causing the desired. adjustments of the last-
mentioned respective devices, and a second plurality of
distinctive coded signals each relating to a different de-
vice of said second plurality of devices for causing the
desired adjustments of -the last-mentioned respective de-
vices, said means at said satellite stations activated by

said first and second plurality of coded signals as con- -

trolled by said main station adjusting means for adjusting
said devices to said desired states, means at said satellite
stations -effective when one of said devices is adjusted
to a state different from said desired state by a condi-
tion other than that caused by said coded signals of
said signal means at said main station for transmitting
a first common code signal on said line to said main sta-
tion, means at said satellite stations effective when  at
least two of said devices are adjusted simultaneously to
desired states by said adjusting means in response to a
code signal received from said line for transmitting a
second common code signal on said. line to said main
station, and roll-call means at said main station auto-
matically responsive to said first-mentioned common code
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signal received from said line for transmitting on said
line inquiry coded signals for identifying the instantane-
ously adjusted states of the respective devices including
said one device at said last-mentioned one satellite sta-
tiom, said roll-call means further automatically responsive
to szid second common code signal for transmitting on
said line said last-mentioned one plurality of other in-
quiry coded signals for identifying the instantaneously
adjusted states of the respactive devices at one of said
satellite stations and also for transmitting on said line a
second plurality of further inquiry coded signals for
identifying the instentaneously adjusied states of the re-
spective devices at the other of said satellite stations, said
last-mentioned identifications of the last-mentioned states
of said respective devices at said one and other satellite
stations also including the instantaneously adjusted states
of said two devices.

16. The apparatus according to claim 15 in which said
roll-call means respousive to said second common code
‘transmits a first plurality of inquiry coded signals for
identifying the instantaneously adjusted states of the re-
spective devices including one of said two devices at said
first satellite station, and thereafter also transmits a
second piurality of inguiry coded signals for identifying
the instantaneously adjusted states of the respective de-
vices including the cther of said two devices at said sec-
ond sateilite station.

17. A control system comprising a plurality of sections,
each having a main station, a plurality of satellite stations
and a transmission line interconmecting said main and
satellite stations, a plurality of monitor stations, a first
monitor station connected to the main and satellite stations
of one of said system sections for constituting a first system
section, a second monitor station connected to the main
station and satellite stations of another of said system sec-
tions for constituting a second system section, said first
monitor station also connected to said last-mentioned main
station, said second monitor station also connected to the
main station of a further one of said system sections, said
last-mentioned main station together with its associated
satellite stations comstituting a third system section, a
plurality of devices located at each of said satellite stations,
each of said devices adjustable to one of two different
states at a given time, means at each of said satellite sta-
tions to adjust each device to a desired state of said two
states, means at each of said main stations to transmit
coded signals to activate each of said adjusting means for
selectively adjusting each of said devices in the associated
system section to a desired one of said two states, means
at each of said satellite stations of said first system sec-
tion responsive to an occurrence of an unexpected condi-
tion in one of said devices in said last-mentioned section
for generating and transmitting an emergency code signal
to said main station connected in said last-mentioned sec-
tion, and means located at said last-mentioned main station
for activating said first monitor station to transmit a pre-
selected code signal for alerting said main station of
said second system section of the occurrence of said un-
expected conditicn.

18. The control system according to claim 17 which
includes means at each of said satellites of said second sys-
tem section responsive to an occurrence. of an unexpecied
condition in one of said devices in said last-mentioned sec-
tion for generating and transmitting an emergency code
signal to said main station of said last-mentioned system
section, means at said last-mentioned main station for
activating said first monitor station to transmit a predeter-
mined code signal for alerting said main station of said
first system section of the occurrence of said last-men-
tioned unexpected condition, and means at said main sta-
tion of said last-mentioned second system section for
activating said second monitor station to transmit another
predetermined code signal for alerting said main station
of said third sysiem section of the occurrence of said
unexpected condition.
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19. The control system according to claim 17 which in-
cludes means at each of said satellite stations of said third
system section responsive io an occurrence of an unex-~
pected condition in one of said devices in said last-men-
tioned section for generating and transmitting an emer-
gency code signal to said main station of said last-men-
tioned system section, and means at said last-mentioned
main station for activating said second monitor station to
transmit a further predetermined code signal for alerting
said main station of said second system section of the
occurrence of said last-mentioned unexpected condition.

20. Apparatus comprising a main station and a plu-
rality of satellite stations, a signaling transmission line
interconnecting said main and satellite stations, a plurality
of devices located at each of said satellite stations, each of
said devices being adjustable from one to another of two
different states at a given time, certain of said devices
being relatively slow in changing from said one of said
two different states to the other of said two different
states, others of said devices being relatively fast in chang-
ing from one of said two different states to the other of
said two. different states, means at said main station for
selectively generating and transmitting on said line to said
satellite stations a plurality of coded signals severally
relating to said one and another states of said certain and
other devices, means at each satellite station responsive
to the receipt from said line of one of said coded signals
relating to one of said other devices for causing said last-
mentioned one other device to change from said one to
said other state and substantially simultaneously therewith
to transmit on said line to said main station a preselected
code signal indicating said last-mentioned other state of
said last-mentioned one other device after said last-men-
tioned one other device has fully changed to said lasi-
mentioned other state in response to said last-mentioned
one coded signal, said last-mentioned means also respon-
sive to the receipt from said line of a different one of said
coded signals relating to one of said certain devices for
causing said last-mentioned one certain device to change
from said ome state to said other state and substantially
simultaneously therewith to transmit on said line to said
main station another preselected code signal indicating
said last-mentioned one certain device has started io
change from said last-mentioned one to said other state
but before said last-mentioned one certain device has fully
changed to said last-mentioned other state.

21. The apparatus according to claim 20 in which said
last-mentioned means subsequently transmits a further
preselected code signal on said line to said main station
after said last-mentioned one certain device has fully
changed to said last-mentioned other state for indicating
said last-mentioned one certain device has fully changed to
said last-mentioned other state in response to said last-
mentioned different coded signal.

22. Apparatus comprising a main station, a plurality of
satellite stations, and a monitor station, a plurality of de-
vices located at each of said satellite stations, each of said
devices being adjustable to one of two different states at
a given time, means comprising a signaling transmission
line for interconnecting said monitor station with said
main station and said satellite stations, means at said main
station for selectively generating and transmitting on said
line to said satellite stations and said monitor station a
plurality of coded electric signals severally relating to de-
sired states of said devices and severally effective to cause
said devices to adjust to said desired states, means at
each of said satellite stations responsive to the receipt of
one of said plurality of coded electric signals from said
line thereat for causing the corresponding one of said de-
vices to adjust to the desired state and for transmitting
a predetermined code signal relating to said last-mentioned
desired state on said line to said main and monitor sta-
tions, means at said main station responsive to said prede-
termined ccde signal received from said line thereat for
indicating the desired state of said corresponding one de-



. . 8,046,525

S 95 :

vice at said main station, and means at said monitor station
responsive to the receipt from said line thereat of said one
coded electric signal and said predetermined code signal
for identifying said corresponding one device and for
identifying said desired state of .said corresponding one
device at said monitor station, said last-mentioned -desired
state of said corresponding one device being simultane-
ously indicated at both said main and monitor stations.

23. A control system comprising a plurality of sections .

each having a main station, at least one satellite station
and a signaling transmission line interconnecting said main
and satellite stations, a plurality of monitor stations, a
first monitor station connected to the main and satellite
stations of one of said sections for constituting a first sys-
tem section, a second monitor station connected to the
main and satellite stations of another of said sections for
constituting a second system section, said first monitor
station also connected to said last-mentioned main station,
said second monitor station also connected to the main
station of a further one of said sections, said last-men-
tioned main station and its associated satellite station con-
stituting a third system section, a plurality of devices
located at each of said satellite stations, each of said de-

15

20

vices adjustable to one of two different states at a given .

time, means at each of said main stations to selectively
transmit coded signals on the associated line to associated
devices for adjusting said last-mentioned devices to de-
sired states of two different states, means at each satellite
station responsive to said coded signals for adjusting: said
associated devices to said desired states, means at each of
said satellite stations for transmitting an emergency code
signal on the associated line to the associated main station
for indicating an occurrence of an emergency condition at

25

30

one device of an associated satellite station, means at said .

main station of said third system section responsive to said
emergency code signal when said emergency condition
occurs at one device located at said satellite station in said
last-mentioned system section for acknowledging the oc-
currence of a system code signal in said last-mentioned
system section, said last-mentioned means also activating
said second monitor station to transmit a preselected code
signal to said main station of said second system section
for alerting said last-mentioned main station of the occur-
rence of said system signal, and means at said last-men-
tioned main station responsive to said last-mentioned pre-
selected code signal for activating said first monitor sta-
tion to transmit another preselected code signal to said
main station of said first system section for alerting said
last-mentioned main station of the occurrence of said
system signal. :

24, The system according to claim 23 which includes
means at said main station of said second system section
responsive to said emergency code signal when said emer-
gency condition occurs at one device located at said
satellite station in said last-mentioned system section for
acknowledging the occurrence of a system code signal in
said last-mentioned system section, said last-mentioned
means also activating said first monitor station to transmit
a preselected code signal for alerting said main station of
said first system section of the occurrence of said last-
mentionied system signal, said last-mentioned means also
activating said second monitor station to transmit another
preselected code signal for alerting said main station of
said third system section of the occurrence of said last-
mentioned system signal.

. 25. The system according to claim 23 which includes
means at the main station of said first system section re-
sponsive to said emergency code signal when said emer-
gency condition occurs at said one device located at said
satellite station in said last-mentioned section for ac-
knowledging the occurrence of a system code signal in
said last-mentioned system section, said last-mentioned
means also activating said first monitor station to transmit
a further preselected code signal for alerting said main
station of said second system section of the occurrence of
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said last-mentioned system-signal, and means- at said last-
mentioned main station responsive to said last-mentioned
preselected code signal for acknowledging the occurrence
of said last-mentioned system signal and for activating said
second monitor station to transmit an additional pre-
selected code signal for alerting said main station of said
third system section of the occurrence of said last-men-
tioned system signal. - -
. 26. A control system comprising two independent sec-
tions, a first section having a main station, a satellite sta-
tion, and a signaling transmission line connecting said
stations, a second section having a main station, a satellite
station, a signaling transmission line connecting said last-
mentioned main and satellite stations, and a monitor
station, means interconnecting said monitor station to said
main station of ‘said first section and to said main and
satellite stations of said second section, a plurality of
devices located at each of said satellite stations, each of
said devices adjustable to one of two different states at a
given tinie, means at each of said satellite stations o adjust
each device to a desired one of said two states, means at
each main station to transmit coded signals on the asso-
ciated line to activate each’ of said adjusting means for
selectively adjusting each of said devices within the asso-
ciated section to a desired one of said two states, means at
each of said satellite stations responsive to an occurrence
of an unexpected condition in one of said devices thereat
for transmitting to said main- station an emergency code
signal on said line within the associated section in which
said last-mentioned one device is located, and means at
said last-mentioned main station responsive to said emer-
gency code signal to activate said monitor station for
transmitting a preselected code signal on said interconnect-
ing means to the main station of the other of said last-
mentioned first and second sections, ’
27. A control system comprising two normally inde-
pendent sections, a first section having a main station, and
two satellite stations, and a signaling line connecting said
main and satellite stations, a second section having a main
station, two satellite stations, a signaling transmission line
connecting said last-mentioned main and satellite stations,
and a monitor station, means interconnecting said monitor
station to said main station in said first section and to said
main station of said second section, a plurality of devices
located at éach of said satellite stations, each of said
devices being adjustable to one of two different states at a

given time, means at each of said satellite stations to adjust - -

each of said devices thereat to a desired one of said two
states, means at each of said main stations to transmit
coded signals on the associated line to activate each of said
adjusting means for selectively adjusting each of said

_devices within the associated section to a desired one of
said two states, means at said monitor station to transmit

coded signals, means at each of said satellite stations re-
sponsive to an occurrence of an unexpected condition in
one of said devices thereat for transmitting an emergency
code signal on said line to said main station within the
associated ‘section in which said last-mentioned one device
is located, means at said last-mentioned main station re-
sponsive to said emergency signal to’ activate said signal
means thereat to transmit ¢oded signals on the associated
line for selectively adjusting certain devices within the
associated section to other desired states of said two dif-

ferent states, said last-mentioned- signal means also acti- -

vating said signal means at said monitor station for trans-
mitting a preselected code signal on said interconnecting
means to the main station of the other of said last-men-

tiohed first and second sections, and means at said last- .

mentioned main station responsive to said preselected code
signal to activate said signal means thereat to transmit
coded signals on the associated line for selectively adjust-
ing certain devices within said last-mentioned other section
to other desired states of said two different states. .
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