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UNITED STATES 

2,125,093 

PATENT OFFICE 
2,125,093 

SUPERWISORY CONTROL SYSTEM 

Leo D. White, Hansdowne, Pa., assignor to Gen 
eral Electric Cora pany, a corporation of New 
York 

Application May 18, 1937, Serial No. 143,316 
1. Cairns. 

My invention relates to Supervisory control 
Systems for supervising and controlling appa 
ratus in a remote station from a control station 
Such as a dispatcher's office and particularly to 
improvements in two-wire Synchronous selector 
Supervisory control Systems of the type disclosed 
in United States Letters Patent 2,059,896, 
granted November 3, 1936, to the assignee of this 
application. 
One object of my invention is to provide an 

improved arrangement of apparatus for effect 
ing the operation of a Selected unit in a Super 
visory control system of the type disclosed in 
the aforesaid Letters Patent so that an unde 
sired operation of the selected unit may not be 
effected due to an incorrect indication of the 
position thereof being received at the dis 
patcher's office. 
Another object of my invention is to provide 

an improved arrangement for starting a Super 
visory control system of the type disclosed in the 
aforesaid Letters Patent. 
My invention Will be better understood from 

the following description when taken in con 
nection with the accompanying drawings and its 
Scope will be pointed out in the appended claims. 

Referring to the accompanying drawings, Figs. 
1 and 2 when taken together diagrammatically 
illustrate a supervisory control system embody 
ing a preferred embodiment of my invention, 
the apparatus and circuits at the dispatcher's 
office being shown diagrammatically in Fig. 1 
and the apparatus and circuits at the remote 
station being diagrammatically shown in Fig. 2. 

General description of the System. 
In the arrangement shown in the drawings 

two line conductors I- and L-2 extend be 
tween the dispatcher's office and the remote sta 
tion. At the remote station a Selector SWitch. A 
is provided for Successively associating the ap 
paratus units thereat with the two line conduc 
tors L- and L-2 in a predetermined sequence. 
At the dispatcher's office a similar selector SWitch 
A is provided for successively associating the 
corresponding groups of control keys and indi 
cating lamps with the two line conductors L-, 
L-2 in the same Sequence. Preferably each 
Selector SWitch is of the Well known type which 
comprises a plurality of banks of contacts, each 
of which has a SSociated thereWith a cooperat 
ing wiper, and a suitable motor magnet for 
simultaneously moving all of the wipers in a step 
by step manner over the contacts in the respec 
tive banks. Any other suitable Selecting means 

(C. 177-353) 
examples of which are Well knoWn in the art 
may be used however. As shown in the dra W 
ings the switch A' consists of five banks of con 
tacts C', S', I', 'T' and N', a cooperating Wiper 
for each bank and an operating magnet m' for 
the five wipers; and the Switch. A consists of six 
banks of contacts C-, C, S, I, T and N, a 
cooperating Wiper for each bank and an operat 
ing magnet m, for the six Wipers. Each bank 
contains 25 contacts so that each Switch has 25 
different positions. Normally each SWitch is in 
its Zero or normal position, as shown. Each of 
the other positions, except the last, is allotted to 
a different apparatus unit so that with the ar 
rangement shown twenty-three different appa 
ratus units can be Supervised. In order to sim 
plify the disclosure, however, only the individual 
control devices and circuits for the apparatus 
units AU- which is allotted to the first posi 
tion of each Switch and for the apparatus unit 
AU-23 which is allotted to the twenty-third 
position of each SWitch, are shown. It will be 
evident, however, that a similar apparatus unit 
may be allotted to each of the other twenty-one 
positions between the first and twenty-third 
positions of the Switches. 
As shown in the drawings, the apparatus units 

AU-f and AU-23 are circuit breakers of the 
well known latched-in type but it is obvious that 
each apparatus unit may be any other Suitable 
control device. Each apparatus unit is provided 
With a suitable closing coil, such as CC- for 
apparatus unit AU- and CC-23 for the appa 
ratus unit AU-23, and with a suitable trip coil, 
Such as TC-1 for the apparatus unit AU- and 
TC-2S for the apparatus unit AU-23. Asso 
ciated With each apparatus unit is a control 
relay, such as CR- and CR-23 for the appa 
ratus units AU- and AU-23 respectively, 
which selectively controls the energization of 
the closing and trip coils of the associate appa 
ratus unit. As shown, these control relays are 
polarized relays of the well known type whose 
armature returns to the neutral position when 
deenergized after each operation. Each control 
Irelay has its respective winding connected be 
tween the contact in bank C which is allotted 
to the associate apparatus unit and the neutral 
terminal n' of a battery BAT' which is provided 
at the remote station. Therefore, with this ar 
rangement it will be seen that when the wiper 
associated with the bank C is in engagement 
with a contact which is allotted to an appa 
ratus unit, the direction of current flow through 
the wiper and contact of bank C determines 
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whether the associate control relay completes 
the closing coil circuit or the trip coil circuit of 
the associate apparatus unit. 
As shown, the circuit of each trip coil is also 

arranged to be completed by an overload relay 
such as OL- and OL-23 for the units AU 
and AU-23 respectively Which is so connected 
as to be responsive to an abnormal current 
through the associate circuit breaker. 
At the dispatcher's office the group of Con 

trol relays and indicating lampS corresponding 
to the apparatus unit AU- consists of a two 
position select key SK- which is operated 
when it is desired to have the selector SWitches 
A and A' stopped with their WiperS in engage 
ment With the first contacts in the respective 
banks, a two position control key CK-f which 
controls the operation of the indicating lamps, 
a red lamp R- which, when energized, indi 
cates that the apparatus unit AU- is in its 
closed position, a green lamp G-f which when 
lighted indicates that the apparatus unit AU 
is in its open position, a white lamp W- which 
when lighted indicates that the position of the 
apparatus unit AU- does not correspond With 
the position of the control key CK- and an 
amber light AM- which when lighted indicates 
that the Switches A and A' have Stopped with 
their wipers in engagement with the contacts 
allotted to the apparatus unit AU-l. The 
group of control keys and lamps corresponding 
to the apparatus unit AU-23 similarly consists 
of a select key SK-23, a control key CK-23, a 
red lamp R-23, a green lamp G-23, a white 
lamp W-23 and an amber lamp AM-23. 

Each group of control keys and indicating 
lamps has associated therewith an individual indi 
cating relay, such as IR- and IR-23 for the 
lamps corresponding to the apparatus units AU-f 
and AU-23 respectively, which determines by its 
position. Whether the associate red or green lamp 
is lighted. Each indicating relay also determines 
in conjunction with the associate control key 
Whether the associate White lamp is lighted. As 
shown in Fig. 1, the relays IR- and IR-23 are 
in positions to effect the lighting of the lamps R 
and R-23 respectively since the corresponding 
apparatus units AU- and AU-23 are shown in 
their closed positions. Since the control keys 
CK-f and CK-23 are also shown in their closed 
positions the positions of these keys agree with the 
positions of the corresponding apparatus units 
and, therefore, the white lamps W-- and W-23 
are not lighted. It will be seen, however, that if 
either of the control keys were in its other posi 
tion, the associate white lamp would be lighted. 
Each indicating relay is shown as a polarized 

relay of the well known type whose armature 
remains in the last position to which it is operated. 
The operating coil of each indicating relay is con 
nected between the neutral terminal n of a bat 
tery BAT at the dispatcher's office and the bank I 
Contact allotted to the corresponding apparatus 
unit. For example, the operating coil of the relay 
IR- is connected between the battery terminal 
in and the first contact in bank I, and the operat 
ing coil of relay IR-23 is connected between the 
battery terminal in and the twenty-third contact 
in bank I. The direction of the current through 
the operating coil of each indicating relay is 
determined by the position of the corresponding 
apparatus unit in a manner which will be herein 
after described. 
In Order that each group of control keys and 

indicating lamps may be associated with the two 
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line conductors L-f and L-2 at the same time 
the corresponding apparatus unit is aSSociated 
therewith, it is essential that the wiperS of the 
two switches shall engage their corresponding 
contacts at the same time. This result is obtained 
by completing a synchronizing circuit through 
the two line conductors when both SWitches OCCulpy 
corresponding positions and providing means 
which responds to the current flowing through the 
Synchronizing circuit for effecting the simultane 
ous operation of the motor magnets of the two 
switches. In the arrangement, shown, the line 
conductor L-2 is normally connected to the mid 
or neutral terminals in and a of the batteries BAT 
and BAT respectively. The line conductor L 
is normally connected to the Wipers of the banks 
S and S' respectively. In the dispatcher's office 
the adjacent contacts of the bank S are connected 
to the opposite polarity terminals of the battery 
BAT through the normally closed contacts of the 
corresponding select keys. For example, the first 
and twenty-third contacts of the bank S are re 
spectively connected to the positive terminal of 
the battery BAT through the normally closed 
contacts of the select key SK- and SK-23. At 
the remote station the adjacent contacts of the 
bank S are connected to the opposite polarity 
terminals of the battery BAT". The correspond 
ing contacts of the two banks S and S', however, 
are connected to opposite polarity terminals of 
the respective batteries. For example, the first 
contact of the bank S is connecied to the positive 
terminal of the battery BAT, and the first contact 
of the bank S is connected to the negative ter 
minal of the battery BAT". Therefore, as the 
WiperS of the two Switches A and A simultane 
Ously engage Successive contacts in their respec 
tive banks, current impulses of opposite polarity 
flow through the two line conductors L- and 
L-2 in series. At the dispatcher's office these 
Current impulses of Opposite poiarity cause a tWo 
position polarized relay SSR, the operating wind 
ing of which is connected in Series with the line 
L-, alternately to reverse the position of its 
armature. In the remote station the current 
impulses of opposite polarity cause a similar two 
position polarized relay SSR.', the operating wind 
ing of which is connected in series with the con 
ductor L-, alternately to reverse the position of 
its armature. The alternate operation of the 
armatures of the two relays SSR, and SSR' effects 
the energization of the motor inagnets in and m', 
the circuits of which are respectively completed 
through the contacts of the banks N and N' of the 
selectors A and A'. When the selector Switches 
A and A' are in their normal positions, which are 
the positions in which they are shown in the 
drawings, the ille conductor L- is connected to 
the neutral terminal of battery BAT at the 
remote Station by a circuit which includes in series 
the operating winding of the relay SSR', the wiper 
and normal contact of bank S and the resistor 
R'-; and to the positive terminal of battery 
BAT at the dispatcher's office by a circuit which 
includes in Series the operating winding of relay 
SSR, the wiper and normal contact of bank S and 
the windings of relays S- and E. The current 
which normally flows through this completed 
check circuit is of Such a small value that he only 
relay which is operated thereby is the line check 
relay S- which, by closing its contacts, com 
pletes an energizing circuit for the starting indi 
cating relay H. 
The resistor R'-f at the remote station has 

connected in parallel therewith a series circuit 
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2,125,098 
including the operating winding of the start relay 
E' and a half-wave rectifier O. However, the 
normal direction of current flow through the 
resistor R'- is such that the half-wave rectifier 
0 prevents the relay E" from being energized. 
The starting indicating relay H, when ener 

gized, completes a circuit for a start light STL 
at the dispatcher's office which, when lighted, 
informs the dispatcher that the selector SWitches 
are in their respective normal positions and that 
the line conductors are neither open nor short 
circuited. If the line Wires were open circuited, 
the circuit through the relay S- would be open 
and, therefore, the circuit of the relay H would 
be open at the contacts of the relay S- and 
the start light STL would not be lighted. If 
the two line conductors were short-circuited, the 
relay E Would be energized Sufficiently to Open 
its contacts in the energizing circuit of the relay 
H so that the start light STL would not be 
lighted. 
In order that the dispatcher may start the 

two selector switches A and A' operating when 
they are in their normal positions, there is pro 
vided at the dispatcher's office a start key STK 
which, when operated, completes an energizing 
circuit for a start relay P through the wiper and 
normal contact of the bank T. 
The start relay P, when energized, opens at the 

contacts 02, the normally completed check cir 
cuit through the windings of relays S-, E 
and SSR, at the dispatcher's Office and the relays 
SSR,' and E' at the remote station SO that the 
line conductor L- is disconnected from the 
positive terminal of battery BAT and connects 
at its contacts 3 the negative terminal of bat 
tery BAT to the line conductor L- independ 
ently of the windings of relays S- and E. Con 
sequently, the direction of current flow through 
the line conductors I- and L-2 is reversed 
So that the start relay E" at the remote Station 
is energized and closes its contact.S. An energiz 
ing circuit is then completed for an auxiliary 
start relay F' which, in turn, completes a locking 
circuit for its operating coil and also a shunt 
circuit around the Winding of the start relay 
E' and resistor R'-. When the winding of 
relay E" and the resistor R'- are short-cir 
cuited, Sufficient current flows through the Wind 
ings of the relays SSR and SSR' to cause their 
respective armatures to move to their other po 
sition and thereby effect the operation of the 
motor magnets m and m' to move the SWitches 
A and A' to their first positions. The Synchro 
nous operation of the selector switches then con 
tinues until either the selector SWitches return 
to their normal positions or a contact in bank 
S is reached whose associated Select key has 
been operated by the dispatcher. As soon as 
the Wiper associated With the bank S engages 
such a contact, the Selector Switches stop since 
the Synchronizing circuit is then open at this 
point. Therefore, it will be seen that the dis 
patcher can cause the selector switches to move 
from their normal position to any desired posi 
tion merely by first operating the select key 
associated with the desired position and then 
Operating the Start key S.K. 
When the selector switches A and A' stop with 

their Wipers on the contacts Corresponding to 
an operated select key, a circuit is completed 
at the dispatcher's office for the amber light 
associated with the operated Select key. This 
amber light circuit is completed through the 
individual contact of bank T. corresponding to 

3 
the selected apparatus unit and contacts of a 
position check relay B which are closed only 
after the selector Switches have established the 
proper Connections. The operation of the relay 
B is controlled by a time delay pick-up relay D 
Which is connected So that, when in its deen 
ergized position, it completes an energizing cir 
cuit for a time delay drop-out relay C. The 
Winding of the relay D is connected so that, when 
the selector switch A is in operation, the relay 
is in its deenergized position and the relay C is 
energized, but after the selector switch. A has 
remained in any of its positions for a predeter 
mined time, the relay D operates and interrupts 
the energizing circuit of the relay C. The relay 
C, When energized, closes contacts in the ener 
gizing circuit of the relay B. This energizing 
circuit of the relay B also includes contacts of 
the relay A-f which is alternately connected 
between the wiper associated with bank S and 
the positive and negative terminals of the bat. 
tery BAT by the operation of the relay SSR. 
Whenever the select key in series With a contact 
of the bank S is closed, the relay A-4 is short 
circuited when the cooperating wiper associated 
with the bank S engages such a contact. When, 
however, the wiper stops in engagement with 
Such a contact whose associate Select key has 
been Opened by the dispatcher, the relay A 
is Sufficiently energized to complete an energiz 
ing circuit for the relay B before the time relay 
C Operates to open its contacts in the energizing 
circuit of the relay B. The relay B in addition 
to completing the circuit of the amber light 
aSSociated with the operated Select key also coin 
pletes a locking circuit for its operating coil so 
that the relay B is not deenergized by the relay 
C. When it opens its contacts in the energizing 
circuit of the relay B after the selector switch 
A has been stopped for a predetermined time. 

After the Selector Switches A and A' have es 
tablished the proper connections to the desired 
apparatus unit, the dispatcher can operate the 
Selected apparatus unit by operating a common 
Operate key COK of the selected apparatus unit 
Which is in a predetermined position and by oper 
ating a common operate key TOK if the selected 
apparatus unit is in another predetermined po 
Sition. The Operation of either of these two oper 
ate keys completes through contacts of check re 
lay B energizing circuits for the quick operating 
relay F and the time delay relay V. Relay F, 
When energized, disconnects the relay SSR, and 
the Wiper associated with bank S from the line 
conductor L- and the neutral terminal n of bat 
tery BAT from line conductor L-2 and connects 
line conductors L- and L-2 to the wipers of 
banks C and C-, respectively, through contacts 
of time relay V while it is in its deemergized posi 
tion. In each of the banks C and C- the ad 
jacent contacts are connected to opposite polarity 
terminals of the battery BAT but corresponding 
contacts of the two banks are also connected to 
opposite polarity terminals. For example the 
first, third etc. contacts of bank C and the second, 
fourth etc. contacts of bank C- are connected 
to the negative terminal of battery BAT whereas 
the first, third etc. contacts of bank C-I and the 
Second, fourth etc. Contacts of bank C are con 
nected to the positive terminal of the battery 
BAT. Therefore, the direction of the operating 
current which flows through the two line con 
ductors when the relay F is energized depends 
upon the position of the Switch A. The operat 
ing current also is always in the same direction 
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4. 
as the last synchronizing current impulse. For 
example in the arrangement shown the synchro 
nizing current impulse which causes the SWitches 
to move from their Zero to their first position 
flows from the remote station through the con 
ductor - to the dispatcher's office and back 
to the remote station through line conductor 
L-2. When the Switches are in their first posi 
tion the operating current flows from the remote 
station through line conductor I-? to the dis 
patcher's office and back to the remote station 
through line conductor I-2. Therefore this 
operating current is in a direction to maintain 
the armature of the synchronizing relay SSR in 
the remote station in the position to which it was 
last operated in response to the last Synchroniz 
ing current impulse. The direction of this oper 
ating current, however, is such as to operate a 
polarized master operate relay MOR' in the re 
mote station so that it closes its contacts. This 
relay MOR, has two operating windings 2 and 3 
which are respectively connected to alternate 
contacts of bank S' and which are arranged SO 
that the synchronizing current which flows 
through them in the different positions of the 
switch. A causes the relay MOR' to maintain its 
contacts 5 Open. 
When, however, a reverse current flows through 

either of these two windings, the relay MOR." 
closes its contacts 5 and completes a circuit for 
a relay W. 

After an operate key has been in its operated 
position for a predetermined time, time relay V 
operates and disconnects the line conductors L 
and L-2 from the wipers of banks C and C, re 
spectively, and completes an energizing circuit 
for a time relay W which in turn connectS the 
line conductor L-2 to the neutral terminal 12 of 
battery BAT and the line conductor L- to the 
positive terminal X of battery BAT if the Operate 
key TOK has been operated and to the negative 
terminal-of battery BAT if the operate key COK 
has been operated. Therefore, the operation of 
either operate key effects first the transmission 
over the line conductor L- and L-2 of a prep 
aratory impulse corresponding in polarity to the 
polarity of the last synchronizing impulse and 
then the transmission of an operating impulse 
corresponding to the particular operate key which 
has been operated. 
At the remote station, the termination of the 

preliminary operate impulse effects the energiza 
tion of the relay X" in series with the relay W. 
The energization of the relay X' transfers the 
connections at the remote station. So that the re 
lay SSR’ is disconnected from the line conductors 
L- and I-2 and the operating winding of the 
polarized relay MCR is connected across the line 
conductors. Therefore, this polarized relay 
MCR' is selectively operated in response to the 
polarity of the second operate impulse and con 
trols the direction of the current flow through 
the control relay associated with the selected 
apparatus unit through its corresponding contacts 
of bank C’ so that the control relay completes 
an energizing circuit for the trip coil of the Se 
lected apparatus unit if the operate key TOK has 
been operated and completes an energizing Cir 
cuit for the closing coil of the selected apparatus 
unit if the operate key COK has been operated. 
Therefore, by alternately operating the key TOK 
and COK a selected apparatus unit can be opened 
and closed as many times as the dispatcher de 
sires. However, if the dispatcher operates the key 
COK while the selected apparatus unit is closed or 

2,125,093 
the key TOK while the selected apparatus unit is 
open, a false operation of the Selected unit is 
not effected because the control relay associated 
therewith is selectively operated in accordance 
with the polarity of the operate impulse. 
In order to effect the operation of each group 

of signal lamps at the dispatcher's Office in ac 
Cordance With the position of the Corresponding 
apparatus unit in the remote station during each 
operation of the selector switches A and A', two 
suitable Sources of alternating current of differ 
ent frequencies AC'-il and AC-2 are provided 
at the remote station and means are provided in 
each position of the selector switch A allotted 
to an apparatus unit for Selectively connecting 
the sources of current across the two line con 
ductors L- and L-2 in accordance. With the 
position of the corresponding apparatus unit. In 
the arrangement shown in the drawings, the 
source of current AC'-i is arranged to be con 
nected across the line conductors L- and L-2 
when the selected apparatus unit is in one posi 
tion and the Source AC'-2 is arranged to be 
connected across the line conductors When the 
apparatus unit is in its other position. 
The connection of the sources AC'-i and 

AC'-2 across the line conductors is controlled 
by an auxiliary master indication relay P' of 
the polarized type. In each position of the 
Switch A', allotted to an apparatus unit, the 
winding of the relay P’ is connected by the Wip 
er associated With the bank I to auxiliary COil 
tacts on the corresponding apparatus unit. If 
the apparatus unit is closed, current flows in a 
direction through the operating winding of the 
relay P' to cause the relay to effect the connec 
tion of the source AC- across the line conduc 
tors L- and L-2, whereas if the apparatus 
unit is open current flows in the opposite direc 
tion through the operating Winding of the re 
lay P" so that the relay effects the connection of 
the Source AC-2 across the line conductors. 
Therefore, as long as the SWitch A' is in a posi 
tion allotted to an apparatus unit, signalling 
current corresponding in character to the posi 
tion of the apparatus unit, is transmitted over 
the line conductors in series to the dispatcher's 
Office. 
At the dispatcher's office suitable frequency re 

Sponsive means is provided for controlling the 
groups of Signal lamps in response to the fre 
quency of the signalling current translitted 
thereto from the remote station. As shown, this 
frequency responsive means is a naster indica 
tion relay MIR, of the balanced relay type, which 
has two opposing Windings AC-4 and AC-2 
normally connected in parallel across the line 
conductors L- and I-2. The circuit of the 
Winding AC-8 is designed so that it is tuned 
to the frequency of the source. AC’- and the 
Circuit of the Winding A.C.--2 is designed 3G that, 
it is tuned to the frequency of the Source AC-2. 
The master indication relay MTR Selectively con 
trols the polarity connected to the wiper asso 
ciated with bank I so that as the circuits of 
the indication relays are successively completed 
by the wiper, current flows through each indi 
cation relay in the proper direction to cause it 
to effect the lighting of the associate group of 
Signal lamps in accordance With the position Of 
the corresponding apparatus unit. For example, 
if the apparatus unit is closed when the selec 
tor Switches A and A' are in the position allotted 
to that apparatus unit, the source AC'-' is con 
nected across the line conductors and the cur 
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2,125,093 
rent in the winding AC-4 of the master indi 
cation relay MIR, is greater than the current in 
the Winding AC-2. Consequently, the relay MIR 
connects the positive terminal of the battery BAT 
to the Wiper a SSociated with bank I So that cur 
rent flows through the operating Winding of the 
indication relay in the proper direction to effect 
the lighting of its associate red lamp. If, how 
ever, the apparatus unit is in its open position, 
the Source AC-2 is connected across the con 
ductors instead of the source AC’-- and, there 
fore, the relay fir, connects the Wiper aSSociated 
With the bank I to the negative terminal of the 
battery. BAT instead of to the positive terminal. 
Consequently, the indication relay corresponding 
to the apparatus unit is operated So as to effect 
the lighting of its associate green lamp. 

In order that the master indication relay MIR 
may have sufficient time to change its position 
before the circuit through the wiper associated 
With the bank I is completed thereby When the 
Switch. A moves from one position to the next, 
the circuit through the Wiper associated. With 
the bank I also includes the contacts of a relay 
X. The winding of the relay X is alternately 
connected to the positive and negative terminals 
of the battery BAT by the Synchronizing relay 
SSR. The relay X is designed so that it opens 
its contacts each time the selector switch A is 
noved from one position to the next. In this 
Way the circuit through the Wiper of the bank 
I is maintained open for a sufficient length of 
time after the selector Switch reaches its new 
position to allow the master indication relay MIR. 
to assume a position corresponding to the posi 
tion of the apparatus unit, allotted to the new 
position of the selector switch before the circuit 
through the bank is completed. 

In order to effect the automatic operation of 
the selector switches A and A' from their nor 
mal position when an apparatus unit in the re 
mote station automatically changes its position, 
each apparatus unit has associated thereWith 
an indication auxiliary relay such as IA- and 
A-23 for the apparatus units AU- and AU-23 
respectively. The circuit of each indication aux 
iliary relay is normally completed through aux 
iliary contacts on the associate apparatus unit 
so that when the apparatus unit changes its 
position, the corresponding indication auxiliary 
relay becomes deemergized. If the Selector SWitch 
A' is in its normal position so that the Zero 
position relay H” is energized, the deemergization 
of any indication auxiliary relay completes a 
circuit, for a start relay D'. The relay D' then 
con1pletes through the Wiper and Zero contact 
of the bank I' a circuit for the Operating Wind 
ing of the auxiliary master indication relay P' 
so that current flows through this operating 
Winding in the proper direction to effect the con 
nection of the alternating current source AC'- 
across the line conductors L- and L-2. This 
alternating current causes the master indication 
relay MIR, at the dispatcher's office to operate 
and complete through the Wiper and normal Con 
tact of the bank I and a normal contact of the 
start key STK an energizing circuit for the start 
relay P. The start relay P then effects the 
starting of the selector Switches A and A' in the 
same nanner as When it is energized in response 
to the closing of the start key STK. The Selec 
to Switches then continue to operate until they 
reach their nornal position. As the Wipers of 
the bank I and pass over their respective con 
tacts, signal currents corresponding in chara,c- 

5 
ter to the positions of the associate apparatus 
units are transmitted over the line conductors. 
The position of each indication relay in the dis 
patcher's office is, therefore, checked and if it 
does not agree. With the corresponding appara 
tus unit, it is operated to the position correspond 
ing thereto. In the group of lamps associated 
with the automatically operated apparatus unit 
in the remote Station, the white lamp is lighted 
to show the dispatcher which apparatus unit has 
changed its position. 
AS Soon as the selector Switch. A reaches the 

position allotted to the apparatus unit which has 
changed its position, an energizing circuit is 
Completed for the associate deenergized indica 
tion auxiliary relay through the Wiper and cor 
responding contact in bank T. The indication 
& LXiliary relay then completes a locking circuit 
for its operating coil which is independent of 
the corresponding contact in the bank T. 
In order to prevent the alternating current cir 

Cuit Which is used as Signalling curient from 
Operating any of the direct current devices, suit 
able retardation coils RC- and RC’- are re 
Spectively connected in series with the line con 
ductor I-? at the dispatcher's office and at the 
remote Station and similar retardation coils 
RC-2 and RC-2 are respectively connected in 
Series With the line conductor L-2 at the dis 
patcher's affice and at the remote station. The 
Source AC- and AC-2 and the windings 
AC- and AC-2 are connected to the line con 
ductor L- at points intermediate the retarda 
tion coils RC-f and RC’- and to the line con 
ductor Li-2 at points intermediate the retarda 
tion coils RC-E and RC'-2. 
In Order to prevent the direct current impulses 

from flowing through the sources AC- and 
AC-2 and the Windings AC- and AC-2, a 
Suitable condenser CON'-i is provided in the 
connection between the sources AC’- and 
AC-2 and the line conductors I-2, a suitable 
Condenser CON'-2 is provided in the connection 
between the Sources AC’- and AC-2 and the 
line conductor Li-2, and suitable condensers 
CON-f and CON-2 are respectively connected 
in Series with the windings AC- and AC-2 of 
the master indication relay MIR. 
At the dispatcher's office there is provided a 

Suitable alarm AL such as an electric horn. The 
circuit of this alarm is controlled by an alarm 
relay K the circuit of which is controlled by the 
Starting indication relay H so that each time the 
relay H changes its position, the circuit of the 
alarm relay is opened to effect the operation of 
the alarm AL. Since the relay His energized 
each time the switches A and A’ move to their 
normal position and is deenergized each time the 
SWitches A and A’ leave their normal position, 
the relay K is deemergized to effect the operation 
of the alarm each time the Selector. Switches leave 
their normal position in response to an automatic 
Operation of an apparatus unit and each time the 
SWitches A. and A’ return to their normal posi 
tion. In Order to prevent the alarm from being 
Operated When the selector Switches A and A' 
Start in response to the operation of the star, 
key STK, the circuit of the alarm includes nor 
mally closed contacts on the start, key STK. A 
Suitable alarm key AK is provided for controlling 
the circuit of the relay K so that either a short, 
or a Continuous. Operation of the alarn may be 
effected in response to the deenergization of th 
relay K. 
At the dispatcher's office there is also provided 
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an emergency reset key ERK which is operated 
by the dispatcher to effect the resetting of the 
Selector switches to their normal position if for 
any reaSOn they do not return automatically. 
At the remote station a battery potential relay 

A'- whose operating coil is connected directly 
across the terminals of the battery BAT', is pro 
Vided for completely disconnecting the line co:- 
ductors T- and I-2 from the battery BAT 
in case the potential thereof decreases below a 
predetermined value. 

Detail description of the operation of the system 
The operation of the arrangement shown in 

the drawings is as follows: When the apparatus 
unitS AU- and AU-23 are closed and thé 
Selector Switches A and A' are in their normal 
position, the various control devices occupy the 
positions in which they are shown in the draw 
ingS. At the disptacher's office the red lamps 
R- and R-23 are lighted, the circuits of these 
lamps being respectively completed through the 
left-hand contacts of the indication relays iR 
and IR-23. The contacts 5 of the synchroniz 
ing relay SSR complete energizing circuits for the 
relay X and the relay D. between the neutral 
-terminal in and the positive terminal of the 
battery BAT. - 
At the renote Station the Wiper and normal 

contact of the bank T' complete an energizing 
circuit for the zero position check relay H’ be 
tWeen the positive terminal and the neutral ter 
minal 2' of the battery BAT. The contacts 6 
of the synchronizing relay SSR' complete an 
energizing circuit for the line cut-off relay C 
between the negative terminal and the neutral 
terminal 12' of the battery BAT'. The indication 
auxiliary relay IA- is energized by a circuit 
which is completed between the negative terminal 
and the neutral terminal 2' of the battery BAT 
by the auxiliary contacts 8 on the apparatus unit 
AU- and the contacts 9 of the relay LA-A. A 
similar circuit is completed for the indication aux 
iliary relay A-23 through the auxiliary con 
tacts 9 on the apparatus unit AU-23 and the 
contacts f of the relay IA-23. 

Also when the Selector Switches are in their 
In Ornal position, a check circuit is completed to 
effect the lighting of the start lamp STL if the 
Supervisory System is in an operative condition 
and to effect the operation of the alarm AL if the 
line conductors L-1 and L-2 are either open or 
short-circuited or if the potential of the battery 
BAT at the remote station is below a prede 
termined Value. - 

This check circuit is from the neutral ter 
minal of the battery BAT through resistor R'-i, 
Wiper and normal contact of bank S', contacts 2 
of relay C", winding of relay SSR.", contacts le) 
of relay X", retardation coil RC'-, contacts 3 
of relay A'-, line conductor L-, retardation 
coil RC-f, contacts 103 of relay W, contacts 4 
of relay F, winding of relay SSR, wiper and nor 
mal contact of bank S, contacts 5 of relay D, 
contacts 02 of relay P, winding of relay S-i, 
winding of relay E, contact 6 of key ERK, positive 
terminal of battery BAT, neutral terminal n of 
battery BAT, contacts if of relay F, retardation 
coil RC-2, line conductor L-2, contacts 9' of 
relay A-, retardation coil RC'-2 to the neutral 
terminal 12' of battery BAT'. 
The normal current in this check circuit is suf 

ficient to cause the relay S- to close its con 
tacts 9 but is not sufficient to operate any of the 
other relays whose Windings are connected in this 
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check circuit. The relay S- by closing its con 
tacts 9 completes an energizing circuit for the 
check relay H. This circuit which also includes 
the contacts 20 of the relay E is connected be 
tween the negative terminal and the neutral ter 
minal n of the battery B.A.T. When the relay H 
is energized, its contacts 2 complete a circuit 
for the start lamp STL, which, when lighted, in 
forms the dispatcher that the Supervisory Sys 
tem is in an operative condition. At its contacts 
22 the relay H maintains a locking circuit for the 
alarm relay K completed between the positive 
terminal and the neutral terminal n of the bat 
tery BAT. This locking circuit for the alarm 
relay K also includes the contacts 23 of the 
relay K. 

If either line conductor becomes open or the 
potential of the battery BAT at the remote sta 
tion fails. So that the battery, potential relay 
A'- opens its contacts 3 and 9', the above 
traced check circuit is opened and the relay His 
deenergized. ... By opening its contacts 2 the 
relay H opens the circuit of the start light STL 
and by opening its contacts 22 the locking cir 
Cuit of the alarm relay K is opened. By closing 
its contacts 24 the alarm relay K completes a 
circuit for the alarm AL through the lower nor 
mally closed contacts of the start key STK. 
With the alarm key AK in the position shown, 
an energizing circuit is completed for the alarm 
relay K as Soon as the relay H reaches its deen 
ergized position. This energizing circuit is com 
pleted from the negative terminal of the battery 
BAT through the contacts 26 of the relay H, 
Winding of relay K, contacts 25 of relay K, nor 
mally closed contacts of alarm key AK to the 
neutral terminal of the battery BAT. By closing 
its contacts 23, the alarm relay K completes a 
locking circuit for its winding which is inde 
pendent of the contacts of the alarm key AK. 
Therefore, when the alarm key AK is in the posi 
tion shown, the alarm AL is operated for only a 
short time. If, however, the alarm key AK is in its 
other position. So that its contacts are open, the 
above-traced energizing circuit of the alarm relay 
K is not completed by the closing of the contacts 
26 of the relay H and, therefore, the alarm con 
tinues to Operate until the dispatcher moves the 
alarn key AK to the position shown. 

If a short circuit occurs across the line con 
ductors, the increased current which flows 
through the check circuit under this condition 
causes the relay E to open its contacts 20 in the 
circuit of the relay H. Relay H then becomes de 
energized and extinguishes the start lamp STL 
and effects the operation of the alarm AL in the 
manner above described. 

It Will now be assumed that the supervisory 
System is in an operative condition and that the 
dispatcher desires to operate the apparatus unit 
AU- to its open position. The dispatcher first 
Operates the select key SK-1 corresponding to 
the apparatus unit AU- so that the contacts of 
the Select key are open. The opening of these 
Contacts disconnects the first contact in the bank 
S from the positive terminal of the battery BAT. 
The dispatcher then operates the start key STK 
SO that its upper contacts are opened and its 
lower contact is closed. A circuit is then com 
pleted from the positive terminal of the battery 
BAT through the lower contacts of the start key 
STK, winding of start relay P, contacts 27 of re 
lay H, Wiper and normal contact of bank T. to the 
neutral terminal n of the battery BAT. Start 
relay P then operates and by closing its contacts 
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28 completes through contacts 29 of the relay 
Ha, locking circuit for the coil of relay H. By 
opening its contacts 92, the relay P disconnects 
the line conductor I-? from the positive ter 
ininal of the battery BAT and by closing its con 
tacts 3 connects this line conductor L- to the 
negative terminal of the battery. BAT without 
the Windings of the relayS S- and E and the 
contacts S of the emergency reset key ERK in 
series. As a result of the Operation of the relay 
P, the voltage impressed across the line conduc 
tors L- and f-2 at the dispatcher's office is 
reversed so that current flows through the recti 
fier and the start relay E at the remote sta 
tion. This relay E" closes its contact 32 and 
thereby connects the winding of the auxiliary 
starting relay F between the positive terminal 
and the neutral terminal in of the battery BAT'. 
By closing its contacts 33, the relay F completes 
a locking circuit for its operating coil through 
the contacts 34 of the Zero position relay H' So 
that the relay F remains energized until the se 
lector switch. A has left its zero position. By 
closing its contacts 35, the relay F completes a 
shunt circuit around the high resistor R'- So 
as to increase the current flowing through the 
line conductors to a Value Sufficient to cause the 
armatures of the Synchronizing relay SSR, and 
SSR, to move to their left-hand position. 

In the dispatcher's office the Synchronizing re 
lay SSR, by closing its contacts 36, completes an 
energizing circuit for the motor magnet m from 
the negative terminal of the battery BAT through 
the interrupter contact and winding of motor 
magnet m, wiper and normal contact of bank 
N and protective resistor PR-F to the positive 
terminal of the battery BAT. The motor mag 
net m, then operates in a manner Well knoWh. 
in the art to effect the movement of the Selector 
Switch. A to its first position. When the Wiper 
associated with the bank N engages its first con 
tact which is connected to the negative terminal 
of the battery BAT through protective resistor 
PR-2, the circuit of the motor magnet m is not 
again completed through the contacts 36 of the 
synchronizing relay SSR, because both terminals 
of the motor magnet are now connected to the 
negative terminal of the battery B.A.T. By open 
ing its contacts 5 and closing its contacts 36, the 
Synchronizing relay SSR, also reverses the current 
through the time delay pick-up relay D So that it 
maintains its contacts 5 open and its contacts 
46 closed for a predetermined time while these 
lector switch A is moving from one position to 
another. By closing its contacts 46, the relay D 
completes an energizing circuit for the time delay 
drop out relay C. This relay C is designed, how 
ever, so that the contacts 4 thereof remain closed 
as long as the Selector SWitch A is operating from 
one position to another and for a short time after 
it stops in any position. Therefore the relay C 
does not open its contacts. At until after the 
switch. A has been stopped for a predetermined 
time. 

In the remote station the Synchronizing re 
lay SSR.", by closing its contacts 37, completes 
a similar energizing circuit for the motor mag 
net in which effects in a well known manner 
the movement of the SelectOI SWitch. A to its 
first position. By opening its contactS 6 and 
closing its contacts 38, the Synchronizing relay 

s 

SSR' also reverses the current through the re 
lay C. So that the relay C by opening its con 
tacts 2 maintains the Synchronizing circuit open 
for a predetermined time after the Switch A 

7 
reaches its first position. : Relay C, therefore, 
controls the speed at which the selector SWitches 
move from one position to the next. 
Since the contacts of the Select key SK 

have been opened by the dispatcher, no circuit 
is completed through the wiper and first contact 
of the bank S when the SWitch. A reaches its 
first position. A high resistance, check circuit, 
however, is completed Which causes the relay 
A- to close its contacts 39. This check circuit 
is from the positive terminal of the battery BAT, 
through the wiper and first contact of bank C-, 
Winding of relay A-, contacts 4 of relay B 

5 
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which complete a short circuit around a resistor 
42, winding of relay SSR, contacts 4 of relay 
F, contacts 3 of relay W, retardation coil 
RC-A, line conductor I-, contacts 3 of re 
lay A-3, retardation coil RC'-, contacts 90 
of relay X", winding of relay. SSR, contacts 2 
of Irelay C", wiper and first contact of bank 
S, Winding 2 of relay MOR', negative terminal 
of battery BAT', neutral terminal n' of battery 
BAT, retardation coil RC-2, contacts 9' of 
relay A-, line conductor L-2, retardation 
coil RC-2, contacts of relay F to the neutral 
terminal in of battery BAT. 
While the current in this check circuit is in 

the opposite direction to the last Synchronizing 
Current impulse, and therefore is in the proper 
direction to effect the movement of the arma- is 
tures of the Synchronizing relays SSR, and SSR’ 
to their right-hand position, the magnitude of 
the current is not SUfficient to do so. Therefore 
the Switches A and A' Stop in their first position. 
If the contacts of the select key SK- had 
been closed. When the SWitches reached their first 
position, the relay A- Would have been short 
circuited by the Select key SK- and consequent 
ly the contacts 39 would not have been closed. 
Also the current through the Windings of the 
Synchronizing relays SSR, and SSR' would have 
been Sufficient and in the proper direction to cause 
the arnatures of the relays SSR, and SSR' to 
move to their right-hand position and effect the 
operation of the motor magnets m, and m, to 
move the switches to their Second position. 
Therefore, it will be seen that the relay A 
closes its contacts 39 only when the Selector 
SWitches stop in the position corresponding to 
an operated Select key. 
By closing its contacts 39 the relay A- com 

pletes an energizing circuit for the relay B. . This 
circuit is from the negative terminal of the bat 
tery BAT through the contacts 39 of relay A-f, 
contacts 47 of the relay C, winding of relay B 
to the neutral terminal in of the battery BAT. 
By closing its contacts 48, relay B completes a 
circuit around the contacts 4 before the relay 
C Operates to open them. Therefore, it will be 
seen that the relay A- has to close its contacts 
39 within a predetermined time after the Selec 
to SWitch. A stops in any position in order to 
effect the energization of the relay B. 
By opening its contacts 4, the relay B removes 

the short circuit from around the resistor 42 in 
the circuit of the relay A- So that the relay 
will open its contacts 39 more quickly when its 
operating coil is deenergized. By closing its con 
tacts 9 the relay B completes a circuit to light 
the amber light AM- so as to notify the dis 
patcher that the desired apparatus unit AU 
has been properly selected by the selector 
Switches. This circuit is from the negative ter 
iminal of the battery BAT through the contacts 
A 9 of the relay B, amber light AM-1, first con 
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tact and wiper of bank T to the neutral terminal 

of the battery B.A.T. 
AS Soon as the Switch A' reaches its first posi 

tion, a circuit is completed from the neutral 
terminal 12' of the battery BAT', through the 
operating winding of relay P', wiper and first 
contact of bank I’, auxiliary contacts 8 on ap 
paratus unit AU- to the negative terminal of 
the battery BAT. The direction of current flow 
in this circuit is such as to cause the relay P' 
to close its contacts 54 and complete a signalling 
circuit from one terminal of the alternating cur 
rent source AC'- through the contacts 54 of the 
relay P', contacts 55 of the relay H', which is de 
energized as soon as the switch. A’ leaves its nor 
mal position, condenser CON'-, contacts 3 of 
relay A'-, line conductor I-, contacts 56 
of key ERK, then through two parallel circuits 
one including the condenser CON- and wind 
ing AC-4 in Series and the other including con 
denser CON-2 and winding AC-2 in series and 
then through line conductor L-2, contacts 9' 
of relay A-, condenser CON'-2 to the other 
terminal of the Source AC-. 

Since the circuit of the winding AC-f of the 
relay MIR is tuned to the frequency of the 
Source AC'-f, more current flows through the 
winding AC- than flows through the Winding 
AC-2 When the source AC'-i is connected 
across the line conductors. Therefore, the relay 
MIR closes its contacts 58 in response to the 
signalling current and completes between the pos 
itive terminal and the neutral terminal n of the 
battery BAT a circuit which includes the con 
tacts 59 of the relay X, wiper and first contact 
of bank I and the operating winding of the indi 
cating relay IR-. The current in this circuit, 
however, is in a direction to maintain the left 
hand contacts of the relay IR-t closed. There 
fore, the red lamp R- remains lighted. 

After the amber light AM- lights, thereby 
informing the dispatcher that the desired appa 
ratus unit AU- has been properly selected by 
the selector switches, and he notes also that the 
red lamp R- is still lighted thereby indicating 
that the apparatus unit is still closed, the dis 
patcher operates the common trip key TOK, 
Which completes an energizing circuit for the 
relay F. This circuit is from the negative ter 
minal of battery BAT through windings of relay 
F, contacts to 5 of relay W, contacts 50 of relay 
B, contacts 96 of trip key TOK to the neutral 
terminal in of battery BAT. An energizing cir. 
cuit for the winding of time relay W is also com 
pleted at the same time since this winding is 
Connected in parallel with the Winding of re 
lay F and contacts (5 of relay W. 
The closing of contacts to 7 of relay F com 

pletes a shunt circuit around contacts 06 of 
key TOK. The closing of contacts 5 of relay F. 
Completes a circuit around the contacts 39 in the 
locking circuit of relay B so as to maintain the 
relay B energized as long as the relay F is en 
ergized. By opening its contacts f4 and closing 
its contacts 60 relay F interrupts the connection 
between the line conductor L- and the positive 
terminal of the battery BAT through the Wind 
ings of the relays SSR and A-f and the wiper 
and first contact of bank C- and connects the 
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line conductor I- to the negative terminal of 
the battery BAT through the wiper and first 
contact of bank C, and contacts O8 of relay V. 
By opening its contacts f and closing its con 
tacts 6 the relay F interrupts the connection 
between the line conductor L-2 and the neutral 
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terminal n of battery BAT and connects the line 
conductor L-2 to the positive terminal of the 
battery BAT through contacts 09 of relay W and 
the wiper and first contact of the bank C-. 
Therefore, the result of the operation of relay 
F is to apply full potential of battery BAT across 
the line conductors in such a manner as to ap 
pose the potential of half of the battery BAT 
at the remote Station. Therefore, the current 
through the line conductors is reversed in re 
Sponse to the operation of the relay F. 
At the remote Station this reverse current 

which flows through the operating winding of 
the relay SSR, and the Winding 2 of the relay 
MOR." is in a direction to maintain the armature 
of the relay SSR' in its left-hand position. 
Therefore, this reverse current does not change 
the position of the armature of the relay SSR'. 
The direction of this reverse current, however, 
is Such as to cause the relay MOR to close its 
contacts 5 and complete a circuit from the pos 
itive terminal of the battery BAT', through the 
winding of relay W’, contacts 53 of relay Z’, con 
tacts 5 of relay MOR.", to the negative terminal 
of the battery BAT. 
By closing its contacts 64, relay W' connects 

the winding of relay X" and contacts 0 in a 
series-circuit around the contacts 5 of relay 
MOR, but relay X" does not operate because its 
Winding is short-circuited by the contacts 5. 
At the dispatcher's office, the operation of the 

relay W after the key TOK has been operated 
for a predetermined time effects the opening 
of the contacts 08 and 09, thus removing the 
preparatory control impulse from the line con 
ductors L- and T-2. The closing of the con 
tacts of relay V completes an energizing cir 
cuit for the time of relay W. 
The removal of the preparatory control in 

pulse effects at the remote station the de-ener 
gization of the relay MOR.", causes its contacts 
5 to open, and thereby removes the short cir 

cuit from around the winding of relay X" so that 
the relays X’ and W are energized in series. 
The opening of contacts 00 of relay X" discon 
nects the remote station synchronizing circuit 
from the line conductor L- and the closing of 
contacts 2 of relay X" connects the master 
control relay MCR across the line conductors so 
that it may respond to the polarity control im 
pulse. - 

When the relay W at the dispatcher's office 
Operates, the closing of its contacts f 3 con 
nects the line conductor T-2 to the neutral ter 
minal n, of battery BAT and the closing of its 
contacts 4 connects the line L- to the posi 
tive terminal of battery BAT through the con 
tacts if 5 of key TOK. Thus a positive control 
impulse is transmitted over the line conductors 
T- and L-2. The opening of contacts O5 of 
relay W effects the de-energization of relay F. 
However, the relay V remains energized through 
the contacts 06 of key TOK so that the posi 
tive tripping impulse remains on the line con 
ductors until the key TOK is released, and the 
circuit for relay B remains completed through 
contacts 48 and the parallel connected contacts 
22 of relay W and contacts 23 of relay W. 
At the remote station the positive tripping 

impulse causes the master control relay MCR to 
close its contacts 6 and 7. The contacts 6 
complete an energizing circuit for relay B'. The 
closing of contacts 66 of relay B' completes a 
shunt circuit around the contacts ff0 of relay 
U' in the Series circuit including the windings 
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of relays X" and W". The closing of contacts 
63 of relay B' completes an energizing circuit for 
time delay relay Y' which in turn by closing its 
contacts 8 completes an energizing circuit for 
relay T'-. The closing of contacts 9 of re 
lay T- completes a circuit from the positive 
terminal of battery BAT' through contacts 
of relay MCR', contacts 9 of relay T'-f, wip 
er and first contact of bank C', and Winding of 
relay. CR-2 to the neutral terminal 12' of the 
battery BAT. The current in this circuit is in 
a direction to cause the relay CR- to close its 
left-hand contacts, thereby completing through 
the auxiliary contact 67 on the apparatus unit 
AU- an energizing circuit for the trip coil 
TC-. The energization of the trip coil TC 
effects the opening of the apparatus unit AU-. 
AS Soon as the apparatuS unit AU- opens, 

the current through the operating coil of the 
relay P' is reversed by the apparatus unit open 
ing its contacts 8 and closing its contacts 68. 
As a result of this reversal of current, the relay 
P' opens its contacts 54 and closes its contacts 
69. By opening its contacts 54 the relay P' dis 
connects the Source AC- from across the line 
conductors and by closing its contacts 69, it 
connects the Source AC'-2 across the line con 
ductors. 
Since the circuit of the winding AC-2 of the 

relay MIR, at the dispatcher's office is tuned 
to the frequency of the Source AC'-2, the relay 
MIR Operates in response to the Connection of 
the source AC-2 across the line conductors to 
open its contacts 58 and close its contacts 70. 
The relay MIR, thereby reverses the direction 
of current flow through the indication relay 
IR- So that it opens its left-hand contacts and 
closes its right-hand contacts. The opening of 
the left-hand contacts of the relay IR- inter 
rupts the circuit of the red lamp R-1 so that 
it is extinguished. By closing its right-hand 
contacts, the relay IR- completes a circuit for 
the green lamp GR- directly across the posi 
tive and negative terminals of the battery BAT 

4.5 and a circuit for the white lamp W- through 
the contacts of the control key CK-. The dis 
patcher can extinguish the white lamp W-f by 
moving the control key CK.-- so that its posi 
tion agrees with the new position of the appa 
ratus unit AU-f. 
When the dispatcher restores the trip key TOK 

to its normal position after effecting the trip 
ping of the selected apparatus unit AU-, the 
relays V and W are de-energized to remove the 
positive tripping impulse from the line wires 
L- and L-2 So that the master control relay 
MCR' at the remote station opens its contacts 

6 and to effect the de-energization of the 
relays B and CR-. The opening of the con 
tacts 63 of relay B' removes a short circuit from 
around the winding of time relay Z' which be 
comes energized in series with relay Y’ through 
contacts 20 of relay Y and contacts 2 of 
relay W. The opening of contacts 53 of relay 

;I, Z' interrupts the series circuit for the windings 
of relays W' and X so that they are restored 
to their normal positions and line T- is recon 
nected to the Synchronizing circuit at the remote 
station. The opening of the contacts 2 of relay 
W’ effects the de-energization of the relays Y' 
and Z' So as to reestablish the norrlal Selected 
condition of the control relays at the remote 
station. . 
The de-energization of the relays W and W at 

the dispatcher's office when the key TOK is re 
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leased, re-establishes the heretofore described 
energizing circuit for relay A- which in turn 
completes an energizing circuit for relay B 
through contacts 4 of relay C and contacts 39 
of relay A-. In order to insure that the con 
tacts 47 of relay C are closed when relay A-f 
closes its contacts in response to the removal of 
a control impulse from the line conductors L-f 
and Li-2, the relay W, when energized, con 
pletes through its contacts 24 an energizing 
circuit for the time delay drop-out relay C. 

After the dispatcher has opened the selected 
apparatus unit AU-, he may effect the closing 
thereof by depressing the master close key COK. 
The closing of the contacts 25 of key COK, 
Which are connected in parallel with contacts 
06 of key TOK, complete an energizing circuit 

for relay F from the negative terminal of bat 
tery BAT, Winding of relay F, contacts 05 of 
relay W, contacts 50 of relay B and contacts 25 
of key COK to the neutral n of battery BAT. 
The closing of contacts 25 of key COK also com 
pletes an energizing circuit for the winding of 
time relay V which is connected in parallel with 
the series-connected Winding of relay F and con 
tacts 05 of relay W. 
The energization of the relay F effects, in the 

manner heretofore described, the transmission 
Over the line conductorS L- and T-2 of a 
preparatory control impulse of the same polarity 
as the last Synchronizing impulse and the sub 
sequent operation of the time relay W effects, in 
the manner heretofore described, the de-energi 
Zation of relay F to remove the preparatory con 
trol impulse from the line conductors L- and 
L-2 and the energization of the time relay W. 
When the relay W operates, the closing of its 
contacts 3 connects the line conductor L-2 
to the neutral terminal n of battery BAT and 
the closing of its contacts 4 connects the line 
Conductor. I- to the negative terminal of bat 
tery. BAT through contacts 27 of key TOK and 
contacts 26 of key COK. Thus, a negative clos 
ing impulse is transmitted over the line con 
ductors L- and L-2. 
At the remote station, the preparatory control 

impulse effects the operation of relays MOR.", 
W, and X’, and the connection of the master 
control relay MCR," across the line conductors 
in the manner heretofore described. The nega 
tive closing impulse causes the master control 
relay MCR to close its contacts 28 and 29. 
The closing of contacts 28 completes an ener 
gizing circuit for relay B' which in turn effects, 
in the manner heretofore described, the sequen 
tial operation of the relays Y and T'-f. 
closing of the contacts 9 of relay T- com 
pletes a circuit from the negative terminal of 
battery BAT through contacts 29 of relay 
MCR', contacts 9 of relay T'-, wiper and 
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first contact of bank C and winding of relay . 
CR- to the neutral terminal n' of battery 

The current in this circuit is in a direc 
tion to cause the control relay CR- to close 
its right-hand contacts and thereby complete 
through the auxiliary contacts 77 on the appa 
ratus unit AU- an energizing circuit for the 
closing coil CC- so that the apparatus unit 
AU- is closed. 
By opening its auxiliary contacts 68 and clos 
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ing its auxiliary contacts 8, the apparatus unit . 
AU- reverses the current through the relay P' 
so that it opens its contacts 69 and closes its 
contacts 54. The relay P', therefore, discon 
nects the signal source AC-2 from across the 75 
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line conductors and connects the source. AC 
across the line conductors. Therefore, at the 
dispatcher's office, the relay MIR operates to 
open its contacts 8 and close its contacts 58 so 
that the current through the indication relay 
IR-1 is reversed. The relay IR- then oper 
ates to extinguish the green lamp G- and to 
light the red lanp R- and the White lamp 

The dispatcher may extinguish the white 
lamp, W-4 by moving the check key CK- so 
that its position corresponds to the closing po 
Sition of the apparatus unit, AU-8. 

If, for any reason such as a premature release 
of an operate key, the preparatory control im 
pulse is not followed by an operating impulse 
Within a predetermined time, it is desirable to 
effect the de-energization of the series-connected 
relays W' and X’ so as to re-establish the normal 
Selected condition of the control relays at the 
remote Station. This result is accomplished in 
the arrangement shown by having the relay X', 
when energized by the removal of the preparatory 
Control impulse, complete an energizing circuit 
for time relay U' from the positive terminal of 
battery BAT through winding of relay U", con 
tacts 32 of relay Y', and contact 33 of relay X" 
to the neutral terminal of battery BAT. If the 
preparatory control impulse is followed immedi 
ately by the operating impulse, relay Y is oper 
ated to open the energizing circuit of relay U' 
before this relay can operate. However, if the 
preparatory control impulse is not followed by the 
operating impulse within the operating time of 
the time relay U, the opening of the contacts O 
of relay U' effects the deenergization of the relays 
X' and W. So as to re-establish the normal Se 
lected condition of the control relays at the re 
note Station. 

It will be seen, therefore, that after an appa 
ratus unit has been selected the dispatcher can 
open and close it as many times as he desires and 
that each change in the position of the selected 
apparatus unit is indicated instantly by the cor 
responding group of lamps in the dispatcher's 
Office. 

After the dispatcher has effected the desired 
operation of the selected apparatus unit AU-, 
he may effect the return of the selector. Switches 
A and A' to their normal position merely by clos 
ing the select key SK-1. The closing of this 
select key SK-f completes a low resistance shunt 
circuit around the relay A- so that sufficient 
current flows through the Synchronizing circuit 
in the proper direction to effect the movement of 
the arnatures of the Synchronizing relays SSR 
and SSR' to their right-hand position and there 
by respectively complete energizing circuits for 
the motor magnets m and n' which move the 
Selector Switches A. and A' to their second posi 
tion. The Synchronizing circuit is then completed 
through the Second contacts of the banks S and 
S' so that current flows through the circuit in 
the reverse direction. This reverse current causes 
the armatures of the synchronizing relays SSR, 
and SSR' to move to their left-hand position so 
that the circuits of the motor magnets m and m' 
are completed to move the selector Switches. A 
and A' to their third position. If all of the selec 
tor keys are in their normal position, it will be 
seen that reverse current impulses are in this 
manner alternately transmitted through the syn 
chronizing circuit as the switches move from 
position to position and that the switches are 
Operated in Synchronism until they reach their 
24th position where the synchronizing circuit is 
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open at the banks S and S'. The 23rd and 24th 
contacts of the bank.. N, however, are connected 
together so that as soon as the wiper of the bank 
N engages the 24th contact of the bank, the cir 
cuit of the motor magnet m is again completed 
and the motor magnet effects the movement of 
the switch. A from its 24th position to its normal 
position. Similarly, the 23rd and 24th contacts 
of the bank N' are connected together so that as 
Soon as the Wiper of the bank N' engages its 
24th contact the circuit of the motor magnet m 
is again completed and the motor magnet effects 
the movement of the switch A" to its normal posi 
tion. 
When both of the switches A and A’ reach their 

normal position, the above-traced check circuit 
through the relays S-1, E and E' is again com 
pleted and the relay S- by closing its contacts 
9 completes the above-described energizing cir 

cuit for the relay H which, in turn, by closing its 
contacts 2 completes the circuit of the start light 
STL. Also by opening its contacts 26 and closing 
its contacts 22, the relay H momentarily inter 
rupts the circuit of the alarm relay K which, by 
closing its contacts 24, completes a circuit for 2: 
the alarm AL through the lower normal contacts 
of the start key STK which is now in its normal 
position. 

It Will now be assumed that while the selector 
SWitches A. and A' are in their normal position, 
the Current through the closed apparatus unit 
AU-23 in the remote station increases to a value 
Sufficient to cause the overload relay OL-23 to 
close its contacts 89 So that a circuit is completed 
through the trip coil TC-23 and the auxiliary 
contacts 8 on the apparatus unit. The ener 
gization of the trip coil TC-23 effects the open 
ing of the apparatus unit AU-23. By opening 
its auxiliary contacts f: the apparatus unit 
AU-23 interrupts the heretofore described lock 
ing circuit of the indication auxiliary relay IA-23. 
By closing its contacts 82 the relay IA-23 com 
pletes through the contacts 83 of the zero position 
relay H a circuit for the start relay D'. By clos 
ing its contacts 84 the relay D' completes a cir 
cuit for the operating winding of the relay P’ so 
that it closes its contacts 54 and connects through 
contacts 85 of the start relay D' the source AC’-f 
aCrOSS the line conductors L- and I-2. At the 
dispatcher's office the signal current which is 
transmitted over the line conductors as a result 
of the source AC'- being connected thereto 
causes the relay MIR to close its contacts 58 and 
complete a circuit from the positive terminal of 
the battery BAT through the contacts 58 of the 
relay MIR, contacts 59 of relay X, wiper and nor 
imal contact of bank I, upper normal contacts of 
start key STK, winding of relay P, contacts 27 of 
relay H, wiper and normal contact of bank T. to 
the neutral terminal n of battery BAT. Start 
relay P then operates in the manner above de 
Scribed and effects the starting of the selector 
switches A and A’ which continue in operation 
until they again reach their normal position. 
Since the start key STK is in its normal position 
When the selector switch A leaves its normal posi 
tion, the alarm AL is operated in this case in re 
Sponse to the de-energization of the alarm relay 
K 
As the wipers of the two switches stop momen 

tarily on each contact, an indication of the posi 
tion of the associate apparatus unit is transmitted 
in a manner above described to the corresponding 
indication relay in the dispatcher's office. Thus, 
the position of each apparatus unit is checked 
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each time the Selector SWitches are moved to the 
corresponding positions. In the case assumed, 
When the Selector Switch. A reaches its twenty 
third position, Source AC-2 is connected acroSS 
the line conductors So that the relay MIR, at the 
dispatcher's office is operated to cause the relay 
IR-23 to reverse its position and thereby ex 
tinguish the red lamp R-23 and light the green 
lamp G-23 and the white lamp W-23. The 
lighting of the white lamp W-23 informs the 
dispatcher which apparatus unit has changed its 
position and has caused the Selector SWitches to 
Operate. 
At the renote station. When the SWitch. A 

reaches its twenty-third position, a circuit is 
completed from the neutral terminal n' of the 
battery BAT through the wiper and twenty 
third contact of the bank T', winding of relay 
IA-23, auxiliary contacts 9 on the apparatus 
unit AU-23 to the positive terminal of the bat 
tery BAT. Relay IA-23 by closing its contacts 

completes a shunt circuit around the wiper and 
23rd contact of bank T' so that, the relay remains 
energized after the Switch. A leaves its 23rd posi 
tion. Therefore, the starting relay D' is not again 
energized through the contacts 82 of the relay 
IA-23 when the Switch. A reaches its normal 
position. 

If at any time the operator desires to check 
the position of the Signal lanps at the dispatcher's 
office, he can do so merely by operating the start 
key STK. The Selector Switches A and A' Will 
then complete a cycle of operation during which 
the indicating circuit for each apparatus unit is 
completed to the corresponding control relay So 
that it will operate to automatically check the 
lighting Of the corresponding signal lamps. 

If at any time the two Selector SWitches get out 
of Synchronism, the dispatcher can restore each 
switch to its normal position by operating the 
emergency reset key ERK so that its contacts 9 
complete a shunt circuit across the line conduc 
tors L- and L-2. This shunt circuit completes 
a local operating circuit for each Synchronizing 
relay which operates independently of the other 
to effect the return of its associate Selector SWitch 
to its normal position. The circuit of the relay 
SSR, is completed either from the positive or the 
negative terminal of the battery. BAT depending 
upon the position of the switch A, wiper of bank 
S, winding of relay SSR, contacts 4 of relay F, 
contacts (3 of relay W, retardation coil RC-?, 
contacts 9 of emergency reset key ERK, re 
tardation coil RC-2, contacts of relay F to 
the neutral terminal n of battery BAT. The 
circuit of the relay SSR' is from. the positive or 
negative terminal of the battery BAT' depending 
upon the position of the Switch A', through either 
the winding 2 or the winding 3 of relay MOR, to 
the wiper of bank S', then through contacts 2 
of relay C", winding of relay SSR.", contact 00 
of relay X", retardation coil RC'-, contacts 3 
of relay A'-f, line conductor L-, contacts 9 
of emergency reset key ERK, line conductor L-2, 
contacts 9 of relay A-, retardation coil 
RC'-2 to the neutral terminal n' of the battery 
BAT. Each Synchronizing relay then operates 
in an obvious manner to effect the return of its 
asSociate Selector Switch to its normal position. 
While I have, in accordance with the patent 

statutes, shown and described my invention as 
applied to a particular System and as embodying 
Various devices diagrammatically indicated, 
changes and modifications Will be obvious to 
those skilled in the art and I, therefore, aim in 

1. 
the appended claims to cover all Such changes 
and modifications as fall within the true spirit 
and scope of my invention. 
What I claim as new and desire to Secure by 

Letters EPatent of the United States, is: 
1. In a Supervisory control System, a first sta 

tion, a second station, two line conductors inter 
connecting said stations, selecting means at each 
station, each Selecting means having a normal 
position, a relatively high impedance check cir 
cuit including a Source of direct current and said 
conductors in Series completed by Said selecting 
means when both are in their respective normal 
pOSitions, means for reversing the direction of 
current flow through said check circuit, means 
responsive to said reversal of current for de 
creasing the impedance of said check circuit, 
means responsive to the increased current in said 
check circuit produced by the operation of said 
impedance decreasing means for transmitting 
over said conductors impulses of opposite polarity, 
and means responsive to said impulses for ef 
fecting the Synchronous operation of said se 
lecting means. 

2. In a Supervisory control system, a first sta 
tion, a Second station, two line conductors inter 
Connecting said stations, Selecting means at each 
Station, each Selecting means having a normal 
position, a relatively high impedance check cir 
cuit including a Source of direct current and said 
conductors in series completed by said selecting 
In eans when both are in their respective normal 
positions, means for producing a relatively large 
annount of reverse current in said check circuit, 
means responsive to said relatively large amount 
of reverse current for transmitting over said con 
ductors impulses of opposite polarity, and means 
responsive to Said impulses for effecting the syn 
chronous operation of said selecting means. 

3. In a Supervisory control system, a first sta 
tion, a Second station, apparatus units at said 
Second Station, two line conductors interconnect 
ing Said Stations, Selecting means at each station, 
each Selecting means having a normal position, 
a relatively high impedance check circuit includ 
ing a Source of direct current and said con 
ductors in series completed by said selecting 
means when both are in their respective normal 
positions, means for producing a relatively large 
amount of reverse current in said check circuit, 
means responsive to Said relatively large amount 
Of reverse current for transmitting over said con 
ductors in series impulses of opposite polarity, 
means responsive to said impulses for effecting the 
Synchronous operation of said selecting means, : 
and manually controlled means for effecting the 
operation of said reverse current producing 
e3S. 
4. In a Supervisory control system, a first sta. 

tion, a Second station, two line conductors inter 
connecting Said stations, Selecting means at each 
Station, each Selecting means having a northal 
position, a relatively high impedance check cir 
cuit, including a source of direct current and said 
conductors in series completed by said selecting 6. 
means when both are in their respective normal 
positions, means for reversing the direction of 
current flow through said check circuit, means 
responsive to said reversal of current for decreas 
ing the impedance of said check circuit, means : 
responsive to the increased current in said check 
circuit produced by the operation of said in 
pedance decreasing means for transmitting over 
Said conductors impulses of opposite polarity, 
means responsive to Said impulses for effecting 
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12 
the synchronous operation of said Selecting means 
manually controlled means at Said first Station 
for effecting the operation of said current re 
Versing means, and means responsive to the Op 
eration of an apparatus unit for effecting the 
operation of said reverse current producing 
e3S. 
5. In a Supervisory control System, a first Sta 

tion, a second station, two line conductors inter 
connecting said stations, selecting means at each 
station, each Selecting means having a normal 
position, a check circuit completed by Said Se 
lecting neans and both in their respective normal. 
positions and including a source of direct current 
and a relatively high impedance Connected in 
parallel to a series-connected half-Wave rectifier 
and a relay winding, said rectifier being connected 
So that no current from said source flows through 
Said relay Winding, means for reversing the cur 
rent through said circuit whereof Said relay Wind 
ing is energized, neans responsive to the ener 
gization of said relay winding for Short-circuiting 
said impedance, means responsive to the in 
Creased current in Said check circuit produced 
by Short circuiting said impedance for transmit 
ting over said Conductors impulses of opposite 
polarity, and means responsive to Said impulses 
for effecting the Synchronous operation of said 
Selecting means. 

6. In a Supervisory Control System, a first Sta 
tion, a second station, apparatus units at Said 
Second Station, Woline conductors interconnect 
ing said Stations, Selecting means at Said Second 
Station having a position individual to each of 
Said units, means for transmitting current in 
pulses of Opposite polarity alternately through 
Said conductors in Series, means responsive to Said 
impulses for effecting the operation of Said se 
lecting means, means for stopping Said Selecting 
means in a position individual to a unit, means 
for transmitting through said conductors in Series 
While said selecting means remains in the posi 
tion individual to a unit, a preparatory direct 
Current inpuise of the Sane polarity as the last 
Synchronizing impulse followed by an impulse 
code individual to the desired operation of the 
Selected unit, and means responsive to said last 
mentioned inpulses for operating the selected unit 
if it is not in the position corresponding to Said 
inpulse Code. 

7. In a Supervisory control system, a first sta 
tion, a second Station, apparatus units at said 
Second station, tWO line Conductors interconnect 
ing Said Stations, Selecting means at Said Second 
Station having a position individual to each of 
said units, means for transmitting current im 
pulses of Opposite polarity alternately through 
said conductoi'S in Series, means responsive to 
Said impulses for effecting the operation of Said 
Selecting means, means for stopping said selecting 
means in a position individual to a unit, means 
for transmitting through Said conductors in series 
while said selecting means remains in the position 
individual to a unit a preparatory direct current 
impulse of the same polarity as the last Syn 
chronizing impulse followed by a direct current 
impulse of a predetermined polarity depending 
upon the desired operation of the selected unit, 
and means responsive to the polarity of Said 
last-mentioned direct current impulse for oper 
..ating the Selected unit if it is not in the position 
corresponding to said last-mentioned direct cur 
rent impulse. 

8. In a Supervisory control Systern, a first sta 
tion, a second station, apparatus units. at Said 
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Second station, two line conductors interconnect 
ing said stations, selecting means at Said second 
Station having a position individual to each of 
said units, means for transmitting current in 
pulses of opposite polarity alternately through 
said conductors in Series, means responsive to 
Said impulses for effecting the Operation of Said 
Selecting means, means for Stopping said Select 
ing means in a position individual to a unit, 
means for transmitting through said coniductors 
in Series While said Selecting means remains in 
the position individual to a unit, a preparatory 
direct current impulse of the same polarity as the 
last Synchronizing inpulse followed by an Op 
erating direct current impulse of one polarity 
When it is desired to have the Selected unit in one 
predetermined position and Of the Opposite po 
larity when it is desired to have the selected unit in 
another predetermined position, polarity respon 
Sive means normally unresponsive to Said last 
mentioned direct current impulses, means re 
Sponsive to Said preparatory impulse for render 
ing said polarity responsive means responsive 
to the following direct current impulse, and means 
controlled by said polarity responsive means for 
selectively operating the Selected unit in accord 
ance With the polarity of the operating impulse. 

9. In a Supervisory control system, a first sta 
tion, a Second Station, apparatus units at said 
Second station, two line conductors interconnect 
ing Said Stations, Synchronously operated mull 
tiple position Switching means at each station 
having a single position individual to each unit, 
Said means including means for transmitting cur 
rent impulses of Opposite polarity alternately 
through said conductors in series, means respon 
Sive to Said impulses for effecting the synchro 
OuS Operation of Said. SWitching means, means 

at Said first Station for stopping each switching 
means in the position thereof individual to a 
desired unit, means for transmitting through 
Said conductors in Series while each Switching 
means remains in its respective position indi 
vidual to a selected unit a preparatory direct 
Current impulse of the said polarity as the last 
Synchronizing impulse followed by an impulse 
Code individual to the desired operation of the 
Selected unit, and means responsive to said last 
mentioned impulses for operating the selected 
unit if it is not in the position corresponding to 
the tiransmitted impulse code. - 

10. In a Supervisory control system, a first sta 
tion, a Second Station, apparatus units at said 
Second Station, tWO line conductors interconnect 
ing Said stations, Synchronously operated multi- : 
ple position SWitching means at each station hav 
ing a single position individual to each unit, said 
means including means for transmitting current 
impulses of opposite polarity alternately through 
said conductors in series, means responsive to 
Said impulses for effecting the synchronous op 
eration of Said SWitching means, means at said 
first station for stopping each switching means in 
the position thereof individual to a desired unit, 
means for transmitting through Said conductors 
in Series - while each switching means remains 
in its respective position individual to a selected 
unit a preparatory direct current impulse of the 
Same polarity as the last Synchronizing impulse 
followed by a direct current impulse of a pre 
determined polarity depending upon the desired 
Operation of the Selected unit, and means re 
sponsive to the polarity of said last-mentioned 
direct current inpulse for Operating the Selected 
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unit if it is not in the position corresponding to 
said last-mentioned direct current impulse. 

11. In a supervisory control system, a first sta 
tion, a second station, apparatus units at said 
Second Station, two line conductors intercon 
llecting said Stations, Synchronously operated 
multiple position switching means at each sta 
tion having a single position individual to each 
unit, Said means including means for transmit 
ting current impulses of opposite polarity alter 
nately through said conductors in series, means 
responsive to said impulses for effecting the 
Synchronous operation of said switching means, 
means at Said first station for stopping each 
Switching means in the position thereof indi 
vidual to a desired unit, means for transmitting 
through said conductors in series while each 
Switching means remains in its respective posi 

13 
tion individual to a selected unit a preparatory 
direct current impulse of the same polarity as 
the last Synchronizing impulse followed by an 
operating direct current impulse of one polarity 
when it is desired to have the selected unit in 
One predetermined position and of the opposite 
polarity when it is desired to have the selected 
unit in another predetermined position, polarity 
responsive means normally unresponsive to said 
last-mentioned direct current impulses, means 
responsive to said preparatory impulse for ren 
dering said polarity responsive means responsive 
to the following direct current impulse, and 
means controlled by said polarity responsive 
means for Selectively operating the selected unit 
in accordance with the polarity of the operating 
impulse, 
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