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SUPERVISORY CONTROL SYSTEM.
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My invention relates, in general, to sys-
tems for remotely supervising and control-
ling the power apparatus in substations. of
an electrical system of distribution.

More particularly, it is the object of my
invention to provide means for supervising
and controlling such substations from a dis-
patcher’s office without special direct inter-
connection between the dispatcher’s office
and the substations. ’ :

Another object of my invention is to pro
vide a system of the above type, the opera-
tion of which will be unaffected by static line
surges, inductive interference, flash over
of insulators or the discharge of lightning
arresters. ; :

There are other objects of my invention,
which, together with the foregoing, will be
described hereinafter with reference to the
accompanying drawings.

- By means of my invention, it is possible
to supervise and control power equipment
from the dispatcher’s office over the ordinary
power transmission line. T accomplish this
result by the use of the well-known carrier
current, thereby forming a “wired” wireless
control of power equipment. Of course, it
is entirely possible to control the power
equipment entirely without wires by space
radio, uging my improved system. .

In order to facilitate the description of
nmy invention, I have shown it applied to an
electrical distribution system having a plu-
rality of automatic substations for sup-
plying energy thereto. These substations
arve controlled and supervised from a dis-
patcher’s office. )

Tt will be understood that, while I have
shown my invention as applied to automatic
substations, it is not Jimited to this use but
may be used to control any equipment of any
type from a remote point. .

In carrying out my invention, I employ a
group of signalling lamps at the dispatch-
er’s office, there being .one group for each sub-
station, the number of lamps in the groups
being determined by the number of appa-
ratus units it is desired to control. "In addi-
tion, the dispatcher’s office is provided with
a plurality of groups of keys, the number
of groups corresponding to the number of
gubstations and the number of keys corre-
sponding to the number of operations. it is
vod to perform at each substation. In
additian, at the dispatcher’s offies there i 4n

Serial No. 665,841,

automatic code-sending mechanism, consist-
ing of a finder switch and a code-sending
switch, and automatic connector switches,
one for each substation. At each substation
is provided a finder switch, a code-sending

‘switch and a connector switch, these being

similar to those located at the dispatcher’s
office. '

In addition, at both the dispatcher’s office
and the substation, there is located a radio
transmitting set and a receiving set of such
construction that it will function.with the
power control apparatus.

‘Briefly, the operation proceeds as follows:
It will be assumed that an apparatus unit in
a substation changes its condition under
automatic control. ~As a result of this oper-
ation, the finder switch at the substation is
operated to select the apparatus unit oper-
ated. The code-sending switch then fune-
tions to send out a code corresponding to the
position of the finder switch. The code is
made up of impulses. These impulses serve
te modulate an audio frequency generated
current, produced by an additional genera-
tor, into a series of pulses of radio frequency
currents. These doubly modulated im-
pulses are radiated from one aerial to space
or to the transmission line extending between
the stations and are received by the receiving
apparatus at the dispatcher’s office.  Here,
the signals are detected and transformed
from doubly modulated series of radio fre-
quency impulses to a series of audio fre-
quency impulses.. These impulses are then
demodulated to reproduce the original im-
pulses at the receiving station. These de-
tected impulses then operate the automatic
connector switch associated with that substa-
tion to operate the proper signal lamps of the
group assigned to that substation. In this
manner, the dispatcher is informed of the
operation at the substation.

The operation is somewhat similar in case
the dispatcher desires to control the opera-
tion of one of the apparatus units in a sub-
station. . To accomplish this result, the dis-
patcher operates the proper key in the group
associated with a particular substation. The
automatic code-sending mechanism fune-
tions as before, as does the radio sending ap-
paratus. - The radiated radie frequency im-
pulses are received at the substation, detected
and demodiilated to ordinarg inipulses whieh
sctuate the wennector switsi it the Hubsta-
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tion to select the apparatus unit. The unit
is then operated and the code is sent back to
change the supervisory signalling devices at
the dispatcher’s office whereby the dispatcher

is informed of the completion of the opera-.

tion.

Referring now to the drawings comprising
Figures 1 to 12, inclusive, I have shown, by
means of conventional circuit diagrams,
sufficient of the circuits and apparatus to
énable my invention to be readily explained
and understoocl.

Figs. 1 to 11, inclusive, when placed in the
order shown in Hig. 18, with corresponding
lines at the ends thereof in alinement, illus-
trate the cirvenits of my complete system.
TFigs. 1to §,inclusive. are diagrammatic views
of the equipment located in the load dispatch-
er’s oflice, while Figs, 6 to 11, inclusive, are
similar views of the selector and control
equipment in an automatic substation of the
electrical distribution system.

Fig. 12 is a diagrammatic view of my in-
vention applied to an electrical system of dis-
tribution having two substations and one dis-
patcher’s office.

Referring now more particularly to Fig.
12, the general outline of the system will first
be discussed. At A is indicated the load dis-
patcher’s equipment, while B and C are two
substations located along the transmission
line. There is no direct metallic connection
between the load dispatcher’s office A and
the substations BB and C.

The switching apparatus in the substations
B and C is controlled by a carrier current
which is superimposed upon the transmission
line E extending from the load dispatcher’s
office A to the substations B.and C. At the
load digpatcher’s office; the transmitting
equipment 1201 is connected to the serial
1202. The transmitting equipment 1201 iy
contiolled by a code-sending switch CD
and the finder switch ¥ which; in turn,
are actuated by the calling keys 1206 or
1207. In orvder to transmit voice currents
as well as control impulses, a telephone trans-
mitter 1208 is adapted to modulate the carrier
waves generated by the transmitting appa-
vatus 1201 when the receiver 1211 is raised
from the switch hook 1209. The receiving
apparatus 1212 is connected to the receiving
aerial 1213 in any well known manner. The
output of the receiving apparatus 1212 is
received by the telephone veceiver 1211 or by
the connector switch H which, in turn, actu-
ates an alarm 1216, oy other control apparatus
1218. The control apparatus 1218, in turn,
operates the supervisory signals which are in-
dicated at 1219.

The substation B contains apparatus sim-
ilar to that shown in station A. The similar
apparatus in both stations are corresponding-
Iy numbered. In addition to the ordinary
cending and recelving equipment described,

1,702,423

the substation B contains a wave-change
switch 1217 which is adapted to be controlled
by an operator at the substation to change the
wave length or frequency of the sending ap-
paratus 1201. The substation C contains ap-
paratus similar in every respect to the appa-
ratus shown in substation B. .

In outline, the operation of the apparatus
shown in Fig. 12 proceeds as follows: It
will be assumed that the dispatcher desires
to operate a civcuit breaker at the substation
B.  In order to accomplish this result, he
will operate the key 1206 which will cause
the finder switch I¥ to.operate to find the par-
ticular keyoperated. Thecode-sendingswitch
CD then operates to generate a certain num-
ber of impulses at a relatively low frequency.
These low frequency impulses interrupt an
audio frequency modulation of the ordinary
short-wave carrier current. The apparatus
which performs these functions is indicated
at 1201, The modulated short-wave carrier
current is radiated by means of an aerial 1202
and directed along the transmission line T.
These radiated waves are received at the sub-
stations B and C by means of the aerials 1213.
The receiving apparatus 1212 functions to
demodulate the received vibrations into a
series of interrupted audio frequency vibra-
tions. These interruptions in the audio fre-
quency vibrations are translated into im-
pulses of a relatively low frequency and serve
to actuate the connector switch H to operate,
through the intervening control equipment
1218, a circuit breaker or other apparatus
unit, which is indicated at 1220.

The operation of the apparatus unit causes
the finder switch F at the substation to asso-
ciate itself with the unit. The c¢ode-sending
switch CD then operates to generate a series
of low frequency impulses which serve to
interrupt the audio frequency modulation of
the short-wave carrier currents, as before,
which are received at the dispatcher’s office
A by means of the receiving aerial 1218. The
wave length or frequency of the short-wave
carrier current is different from the frequency
of the carrier current generated by the send-
ing apparatus 1201. Consequently, there is
no interference between the twe. At the dis-
patchers’ office, the receiving apparatus 1212
functions in a manner similar to the appa-
ratus 1212 at the substation and translates
the interrupted modulation. of the short-
wave carrier current into a series of low fre-
quency impulses which actuate the connector
switch H. This switch operates. through
the intermediate control apparatus indicated
at 1218, supervisorv lamps associated with
the particular breaker or apparatus unit at
the substation, which has been operated. The
change in supervisory signals apprises the
dispatcher of the completed operation of the
unit at the substation.

My invention also contemplates the inter-
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connection of the dispatcher’s office A and the s
substation B or G for telephone purposes.
In ‘the event thet the "dispatcher at omlc
A desires to colmﬁmmca*e with a party who
may be at substau,ﬂn B, the dﬁpm@hm
will operate key 1207 which causes certain
interruptions in the audio frequency modu-
lation radiated carrier wave in substantmlly
the same manner as before. Thereceiving ap-
parauw at subsuatlons Band C responds and
causes the operation of the connector switches
H to 2 certain point. However, inasmuch as
the signalling device 1216 at substation B is
the only one tln’c is connected at this particu-
lar position of the connector switches, the
operation of the connector H at substation C
has no particular function.

The operation of the signalling device 1216
suramons the opera or at substation B. The
dispatcher will, of course, remocve the receiver
1911 from the switch 1”09 thereby placing
the transmitter and receiver in proper rela-
tion to the sending apparatus 1201 and the
recelving apparatus 1212, The operator at
substation B will respond by removing the
receiver 1211 from the switch 1209, thereby
placing the transmitter 1208 and the receiver
1211 in proper relation to the receiving ap-
paratus 1212 and the sending apparatus 1201
The parties may now communicate as if con-
nected by a direct telephone line, the circuits
being so arranged that the parties may talk
in either direction without performing any
manual operation, as will appear subsequent-

7 ly. The circuits are so arranged that the

operation of the signalling devme 1216 1is
sfonped by the removal of the receiver 1211
from the switch 1209 at substation B.

My invention also makes provision where-
by the operator at the substation B may signal
the dispatcher at the office A or an operator at
F:r;bs:‘at"on C.  To signal -the dispatcher’s
office A, the operator at sabctauon B will op-
erate a key, such as 1207, which will cause the

operation of the finder switch F and the code-
Sendms) switch CD to control the functioning
of the radio sending equipment 1201, the radio
receiving eqmpment and the connector H at
the dis patcher s office. Al these operations
and the subsequent ones proceed as before de-

seribed.

To signal the substation C, the operator
will operate a key, such as 1206. The opera-
tion of this key causes the finder switch I to
operate to find the key. - The operation of the
key also causes a wave-changing device 1217
to onerate to change the wave 1ength of the
sending qppamtus 1201 at substation B, so
that it operates on the same wave len(rth as
the sending apparatus 1201 at the dlspatcher ]
office A. Thus the substation C may be com-
municated Wlth, and controlled from, substa-
tion B in substantially the same manner as
from the dispatcher’s office A.

In the same manner, the substation C may

3

signal and communicate with the dispatch-
er’s office A and the substation B.

Referﬁmg now more particularly to Fig. 1,
in the upper left-hand corner thereof is shown
a key K. This key is one of several groups
01“ keys and is of the ordinary double- thro‘W
type. The switch ¥ is a finder switch of the
usual rotary type, the wipers of which move
in a forward direction only. The finder
switch ¥ is previded with four wipers 123 to

1126, inclusive, each of which is adapted to

engage a bank contact comprising twenty-
five contact members. The wipers of the find-
er switch I have no normal position. The
mechanical construction of the finder switch
shaft is similar to the mechanical construc-
tion of the rotary Owﬂch disclosed in the pat-
ent to Clement No. 1,107,153. The switch
D is a code-sending switch similar in me-
chanical construction to the finder switch F.
On account of differences in eircuit design, the
switch CD is rotated to normal position at the
end of each operation.

In Fig. 2 there is indicated a transmission
line 200, which may be used for distributing
electrical energy to various points in the sys-
tem. Dlspose(i below thisisa high frequency
raontov 201 which is connected to ground at

2 by the conductor 204,  The conductor 204

cont‘uns an ammeter 205 registering the aerial |

current and an ammeter 920 for ’efflstﬂrmcr
aerial current plus the local oscillatory cur-
rent. A coil 206 forms part of the local
oscillatory - circuit conmected by conduc-
tors 207 and 208 to the aerial circuit and to
the ground circuit, respectively. A triode
209 for generating radio frequency oscilla-
tions is connected by the conductors 211 and
212 to a portion of the coil 206. The conduc-
tor 211 contains a Oucl leak and grid condens-
er 214, The triode 215 iz an mdmary vacu-
um tube for amplifying the output of 2 modu-
lating triode 223. Alternating current is sup-
plied over the conductors 253, when the relay
254 is operated, for energizing the filament of
the triodes 209, 215 and 223 the voltage, of
course, being reduced to proper value by the
transformer 236. - A rectifier of the mercury
arc type 242 is provided for supplying dirvect-
urrent to the plates of the different triodes.
It will be ceen that, in general, the circuits
including the triodes 209, 915 and 223 are ar-
ranged for the modulutmg of radio frequency
currents. . It will be noted that the oscilla-
tions of the triode 223 may be controlled by
the telephone transmitter 946 when the relay
248 is operated. The triode may also oscil-
late fllltOI’l’)’lth‘lﬂV at audlo frequency when
the relay 227 is operated and the howler trans-
former 225 is connected in the circuit. The
relay 227 is connected to the code-sending
switch CD and functions in a manner to be
described subsequently. The relays 270, 252
and 254 contro! the energizing circuits of the
triodes 209, 215 and 223. The relays 261, 262
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and 258 control the operation of the receiving
apparatus, as will anpear.

The potentiometer 237 is connected between
the conductors 231 and 232 and its middle
pomL sérvag as a connection for the negative
terminal of the high-voltage divect-current
source to the various grid circuits. At T is
indicated an or Luzuy telephone circuit, tho
transmitter of which may be cmmnctod
means of a transformer 945, in broper 1(\m~
tion to control the oscillation frequency of
the modulation triode 223,

In FFig. 3 is shown the receiving apparatus
at the dispatcher’s office. This comprises a
recelving aevial 805 which is disposed below
the transmission line 200. The uerial 305 is
connected through the series condenser 304 to
the radio frequency inductance 306, This,
in turn, is connected to ground. The radio
frequency inductance 306 is the primary of
the radio frequency fransformer. of which ra-
dio frequency the inductance 308 is the sec-
ondary therefor and in inductive relation to
the inductance 306.

The receiving sef is, in general, zimilar to
well-known radio 1'%(*1\*;110 systems having
the detector triode 309, the audio fr equency
amplifier triode 318 ‘md a third friode 829.
The triode 329 is connected in ﬂm circuit after
the manner of a detector. It fumctionz to
rectify the amplified andio "uquencv erre-
vents. With the triode 329 connected 1n this
manuer, it is necessary to change the eom-
gtants of the grid leak and condenser 332,
inasmuch as the triode operates at a rela-
tively low frequency. The filaments of the
triodes are energized from a source of alter-
nating current (not shown) through the
transformer 337.

Tt will be noted that the plate of the triode
329 is connected through the relay 385 to the
positive side of the high-voltage, direct-cur-
rent source. 'The velay 335 controls the op-
er ation of the connector switch H—1 in
Fig. 5.

T<1o 4 shows relay groups RG—4 and
RG—5. These are seloctive rela y groups, the
relay group RG—>5 heing the primary select-
ing ‘group and the relay group RG—4 heing
the socondary selecting group.

The relays 400 to 400 mclu sive, control the
operation of the superv isory lamps L. The
relay group RG—3 comprises relays for con-
trolling the load indica tmﬁ]amps, such as are
shown nt IL—1.

Tn Hig. 5, there is shown a copnector switch
FI—1. Thisswitch is of the same mechanical
construction as the finder switch F. How-
ever. the cirenits have been so designed as to
enable it to be directively controlled.

In ¥ig. 6 is shown radio receiving appara-
tus which is similar to the receiving appara-
tus shown in Fig. 3. The only dzﬂ’m‘@n('o be-
tween the two figures is that, in Fig. 6, the
relays 631 and 652 are provided for changing
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the normal wave length of the receiving sta-
tion to the same wave length as that of the re-
ceiving apparatus at the dispatcher’s office
The reason for this has been described.

The connector switch H shown in Fig.
is similav in all 1'espef'ts to the connector
switch H—1 (Fig. 5) previously described.

The relay groups RG and RG—1 of Fig. 8
are so]r\ctmg relays controlled by the connee-
tor switch H, the relay group RG—1 bemg
the primary selecting group and the relay
group RG being the secondary - selecting
Qroup.

The relays 901 to 904, inclusive, in Fig. 9,
are those Uelectod bv the opem*lon of the
selecting relays of Fig. 8.  The contactor
945 may be any one of the contactors in the
substation. Relays 920 to 922, inclusive, are
provided for the purpose of controlling the
operation of the finder switch F—1 (Fig.
10) in accordance with the posmon of the
contactor 945. An ammeter A of the well-
known Felvin balance type is connected to
an ammeter shunt of the direct-current sup-
ply busses 940 and 941 and operates to shift
the contact maker 933 in accordance with
the current traversing the busses. The con-
tactor 945 serves, in conjunction with other
devices (not shown), to cause the function-
ing of the rotary converter RC.

In Fig. 10 is shown the finder switch F—1
and the cod'=~senduw switch CD—1. These
switches are very similar to the switches I
and CD previously described.

In Fig. 11 is shown the radio transmitting
appamtus located at the substation. This
apparatus is substantially the same as the
dispatcher’s radio transmitting apparatus
shown in Fig. 2. There is a shcht differ-
ence, hov»ever which consists in the pro-
vision of relavs 1141, 1157 and 1158 for
changing. the wave lenoth or frequency
of the radiated @hort wave carrier current.
By the operation of these relays, the nor-
mal wave length of the carrier current is
changed to the frequency of the short
waves radiated from the transmitting sta-
tion. The reason for this has been described.

Having briefly described the apparatus
shown in the drawings, I will now describe
its detailed operation. In order to do this,
it may be assumed that the contactor 945 at
the substation closes. . The closing of the
contactor 945 may occur in response to cer-
tain conditions brought about.by the opera-
tion of the ordinary automatic controlling
equipment at the substation. The equip-
ment has not been shown in the drawings,
as 1t is well known.

When the contactor 945 operates, a circuit
is closed which may be traced from ground
by way of the spring 916, and throngh the
winding of the relay 922 to batter The
velay 922 is cnermvod by this cu‘cmi and,
upon operating, at its armature 929 closes
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a circuit for the relay 921. The relay 921
is energized and  attracts its - armatures.
Prior to this time, the relay 920 has been en-

ergized as o vesull of the relay 922 being in--

-~

operative. Whoen the rvelay 922 was ener-
gized, the relay 920 did not retract its arm-
atures, because of the fact that it had estab-
lished a Iocking or holding circuit for itself
at armature 923. , :
When the relay 9211s energized, it operates
to establish a locking circuit for itself at arm-
ature 926 from ground through the winding
of rvelay 921, front contact and armature 926
and battery to ground and to close a circuit
which may be traced from ground by way
of the armature 927 and its front contact,
the front comtact and the armature 924, the
common conduactor 962, the back contact and
the armature 1010, through the winding of
the stepping magnet 1004, and thence to the
battery by way of the back contact and the
armature 1040 of the relay 1028. The step-
ping magnet 1004 is immediately energized
to place 1ts pawl in position to actuate the
switch shaft upon its deenergization and, at
armature 1010, to open its own circuit. As
the magnet 1004 interrupts its own cireuit,
it intermittently operates to advance the

switch wipers 1011 to 1014, inclusive, step by
“J.step, until said wipers are brought into en-

gagement with the bank contact members
1015 to 1018, inclusive. In this position, a

‘circuit is completed extending from ground

by way of the wiper 1014 and its associated
bank contact 1018, the conductor 963, the
armature 925 and its front contact, the front
contact and the armature 928, the common
conducter 964, and through the winding of
the relay 1028 to the battery. The relay 1028
is immediately operated from this circuit.
As a result of the energization of the relay
1028, the cirenit of the stepping magnet 1004
is opened at armature 1040 and, at armature
1041, a circuit is completed which extends
from ground by way of the said armature and
its front contact, through the winding of the
slow-release relay 1083, and thence to the
battery by way of the back contact and the
armature 1052. Another result of the ener-
gization of the relay 1028 is that a circuit is
closed through ground by way of the wiper

1055 and its associated bank contact, the ar-
mature 1009 and its back contact, the arma-

ture 1042 and its front contact, and through
the winding of the relay 1027 to the battery.
Another cireult in parallel -with that de-
sceribed above, except that it goes by way of
the armature 1044 and its back contact and
the armature 1043 and its front contact, may
he iraced for energizing the relay 1025. The
1027, upon operating, at 1ts armature
1059 closes a circuit for the relay 1026.
At this point, it may be well to mention the
cuiiar construction of the armature 1039
tiie relay 1027.  The armature 1039 is

.
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weighted and is so constructed that, when

the relay 1027 is deenergized, the armature.

1089 vibrates for some time on account of its
momentum.. The adjustment between the
{ront and back contacts is so made that the
armature 1039, in decreasing the amplitude
of its operation, first permanently opens the

“circuit of the relay 1025. The operation of
the relay 1025 is without particular fune-
tion at the present time.  The relay 1026, upon

operating, at its armature 1038 closes a cir-
cuit for the relay 1080 and at-its armature
1087 establishes a circuit which extends from
ground by way of the armature 1041 and

its front contact, through the winding of the
repeating relay 1001, the armature 1087

and its front contact, and thence to battery, by
way of the back contact and the armature 1052
on the stepping magnet 1084 of the code send-
ing switch CD—1.

The relay 1030 is energized from the pre-
viously traced circuit and, upon operating, it
closes a circuit at armature 1046, which ex-
tends from the battery, by way of the front
contact and the armature 1046, through the
winding of the slow-release relay 1032, and
thence to ground, by way of the back contact
and the armature 1007. The relay 1032, upon
operating, at armature 1050 closes a circuit
for the slow-release relay 1031, By the oper-
ation of the relay 1031, a circuit is completed
which extends from ground by way of tie
armature 1006 and its back contact, the front
contact and the armature 1051, through the
winding of the magnet 1084, the wiper 1057
and its associated bank contact, and thence
to battery, by way of the armature 1046 and

its front contact. The magnet 1084 is ener-

gized over this circuit and operates to place
1ts pawl in such position as to operate the
switch shaft upon its deenergization. An-
other result of the energization of the magnet
1034 is that the circuit of the slow-release re-
lay 1033 is opened as is, also, the circuit of the
repeating relay 1001,

When the circuit of the relay 1028 is closed,
as previously described, the relay 1160 of the
radio transmitting set is energized over a
circuit extending irom ground by way of the
front contact and armature 1053, the con-

ductor 1092, and through the winding of the

relay 1160 to battery. The operation of the
velay 1160 closes the circuit of the relay 1154,

thereby connecting the source of alternating:

current to the rectifier 1149 and to the.fila-
ments of the various triodes 1109, 1115 and.
1123, The current suppliéd to the filaments
of the triodes is' reduced by means of the
the transformer 1133 to the desired poten-
tial. The rectifier 1142 operates to place
a high direct-current potential upon the plate

- cirenits of the various triodes. The oscillator

1109 is placed in operation and radiates a
continuous wave of a certain radio frequency
by means ot the aerial 1101. Inasmuch as this
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aerial is placed in inductive relation to the
transmission line 200, the radiated wave is
directed over the transmission line and is re-
ceived by'means of the receiving aerial 305
of the receiving set at the dispatcher’s of-
fice. The filaments of the various triodes at
the receiving station are normally energized
and, consequently, may be affected by the re-
ceived short wave train.

Returning now to the operation of the code
sending switch CD—I1, it will be remembered
that, upon the energization of the relay 1026,
a circuit is also closed for the relay 1001
The operation of this relay causes the energi-
zattion of the relay 1127 of the radio trans-
mitting equipment -over a circuit extending
from ground by way of the conductor 1091,
armature 1005:and its front contact, conductor
1090, and through the winding of the relay
1127 to battery. The energization of the re-
lay 1127, at armature 1163, connects the grid
of the modulator 1123 to one side of the pri-
mary of the transformer 1125 and connects
armature 1164 the other side of the primary
of the transformer to the positive pole of the
grid biasing battery 1180. As a result of this
operation, the modulator tube 1123 is started
into oscillation at-a frequency determined by
the.constants of the circuit designated by the
nimeral 1128 and which, for the purposes
of 'this invention, is an audio frequency.

Tt will be noted that the secondary of the
transformer 1125 is connected in inductive
velation, by means of transformer 1122, to the
grid of the amplified triode 1115. The trans-
former 1125 1s ordinarily called a howler
transformer. The frequency of oscillation of
the tube 1123 is in the audible range-and, con-
sequently, the short-wave train generated by
oscillator 1109 is modulated in accordance
with the audio frequency amplified oscilla-
tions from the triode 1123. This superim-
poses upon the short carrier wave the audio
frequency vibration set up by the oscillator
1123,

Referring now to the receiving station at
the dispatcher’s office, shown in Fig. 8, the ef-
fect of ‘these superposed ‘audio frequency os-
cillations will be explained. The triode 309
is'connected in-circuit after the manner of an
ordinary detector and this detécts the super-
posed audio frequency vibrations and trans-
mits them to the grid of the amplifying triode
318 by means of the audio frequency trans-
former 315.. Thetriode 818 merely acts as.an
amplifier and transfers the amplified audio
frequency vibrations to thetriode 329, which,
it will e noted, is connected in cireuit after
the manmner of an ordinary detector. It will
be seen-that the relay 385 is connected in the
plate eircuit of the triode 829." This relay is
normally-energized by the plate current flow-
ing. The received andio frequency oscilla-
tions when rectified by the tricde 829 cause a
great decrease in the mormal plate current

1,702,423

and, consequently, the relay 335 retracts its
armature 350 whenever audio frequency mod-
ulated short waves are received. The relay
335, upon retracting its armature, closes a cir-
cuit extending from ground through the up-
per winding of the line relay 507 of the con-
nector H—1 (Ifig. 5), conductor 366, arma-
ture 350 and its back contact, conductor 367,
and through the lower winding of the relay
507 to battery.

The relay 507 is energized over this circuit
and, upon operating, -at its armature 521
establishes a circuit for the slow-release relay
505. 'The energization of the relay 505 opens
one point of the release circuit at armature
518, and at armature 534 opens a certain cir-
cuit which will become eflective later. The
operation of the armature 517 of relay 505
also closes a circuit which extends from
ground by way of said armature and its front
contact, through the winding of the slow-re-
lease relay 504, the bank contact with which
the wiper 531 is in engagement and the said
wiper, and thence to battery. The relay 504,
upon being energized, prepares another cir-
cuit for itself at armature 515, and at arma-
ture 514 closes a circuit for the relay 501, The
energization of this relay places ground upon
the wiper 530. Another result of the opera-
tion of the relay 505 is that, armature 535, a
circuit is completed extending from ground
by way of the armature 536 and its back con-
tact, the armature 535 and its front contact,
the conductor 548, and through the winding
of the relay 482 to battery. The relay 482,
upon operating, establishes a locking cireuit
for itself at armature 483, and, at armature
484, prepares another circuit, which will be
described later.

It will be noted that, when the relay 507 is
first energized, the magnet 523 of the switch
is also operated. The operation of the mag-
net 528 merely places its pawl in such a posi-
tion that it may actuate the switch shaft upon
its deenergization. -

Returning to the operation of the. code-
sending switch CD—1, Fig, 10, when the cir-
cuit of the relay 1001 is opened by the ener-
gization of the magnet 1034, previously de-
seribed; this relay is deenergized to open the
circuit of the relay 1127 of the radio transmit-
ting apparatus. The deenergization of the
relay 1127 opens the oscillating circuit of the
modulator tube 1123 and, consequently, inter-
rupts the audio frequency modulation of the
radiated short wave train. At the dispatch-
er’s office, this interruption in the audio fre-
quency modulation-eauses the energization of
the relay 385 in'the plate cirenit of the triode
329, due to the fact that there is practically
no-energy transferred by means of the trans-
formers 315 and 326 and nermsl current flow
is established through the winding of the ve-
lay. The energization of the relay 335 opens
the circuit of the line relay 527 of the connec-
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tor H—1. By the retraction of the line relay
armature 521, the circuits of thé slow-release
relay 505 and also of the stepping maoneu
523 are opened. 'The stepping magnet 023
energizes to advance the switch wipers 530 tu
533, ]ncluslve, into engagement with the first
set of bank contacts. The movement of the
connector H—1 from its normal position
closes the circuit for the relay 506 at wiper
532. The relay 506, upon operating, places
ground upon the conductor 550 at armature
519, at armature 536 opens the previous?)
traced energizing circuit for the relay 482,
and at armature 520, closes a circuit over con

~ductor 549 for thie relay 470. The relay AQO

upon attracting its armature, closes a loc Lno
circuit for itsélf at armaturs 471 aid, at arma-
ture 472, closes a circuit for an audible alarm
(not shown) and the alarm lamp 473, The at-
tention of the dispatcher is thus drawn to the
fact that an operation has been perxoi med at
the substation and that there is te be a change
in supervisory signals.

Referring now to the code sending switch

'CD—I Trig. 10, 1t will be remembered that

the enermzatlon of the stepping magnet 1034
also opens the circuit of the slow- release re-
lay 1083. After a short interval, thzs relay
deenergizes and opens the cirenit of the step-
The
magnet 1034 merely deenergizes to advance
the wipers 1055 to 1058, inclusive; into en-
ga;’zement with the first set'of bank contacts

and, at armature 1052, closes the circuit of
the repeauno' relay 1001 and also the circuit

of the relay 1083. The relay 1033 energizesto-

close the circuit of the stepping ma onet 1034
and the repeatln@ relay 1001 energizes to
close the circuit of the sending rel‘w 1127 in
the radio transmitting appﬁ.mtu%, thereby
again superposing the audio frequency vibra-
tions upon the short wave radiated by the
aerial 1101. This causes the deenergization
of the relay 335 at the dispatcher’s oflice, for
the reasons mentioned before, and the con-
sequent closure of the circuit of the line relay
507 of the connector switch H—1.

The alternate operation of the relay 1033
and the stepping magnet 1034 of the code

-sending switch CD—1 at the substation con-

tinves until the wipers 1055 to 1058, inclu-
sive, are brought into engagement with the
bank contact set’ which includes the bank
contact 1061, When this occurs, a circuit is
completed extending from ground by way
of the armature 927 and its front contact, the
front contact and the armature 924, the com-
mon conductor 962, the wiper 1013, bank con-
sact 1017, the bank contact 1001, the wiper
1056, tthU(“h the winding of the velay 1002
to b%ttery “The relay 1002 is energized over

this circuit and operates its armature 1006
to open the cirenit of the stepping magy
1084 and fo prepare another cwcmt at tuG

front contact of this armature for the said

7

magnet. An additional result of the opera-
tion of the relay 1002 is that the circuit of
the slow-release relay 1032 is opened m arma-

ture 1007. Adfter a short interval of time,
relay 1082 is deenergized to open the circuit,
of the slow release re lay 1031. Upon the re-
tractien of the armature 1049 of velay 1031,

a circuit is completed which extends from
ground by way of the armature 1006 and its
front contact, the back contact and the arma-
ture 1049, the front contact am{ the armature
1051, thy oao'h the winding of the %*eppxnn
ma:mei 103 4 the wiper 1057 and 1its asso-
ciated bank cont: act, and thence to bastery by
way of the 'umature 1046 and the front con-
tact.

The magnet 1084 is energized over thig
circuit and actuates its armature to position
its associated pawl and to open the circuit
of the slow-release relay 1083 and also the
circuit of the repbatmg relay 1001.. The
slow-release relay 1083 is fleenelgutfl after
an intervaL to opemnt the circuit of the stepping
magnet 1084 which is deenergized to again
close the circuit of the slow-release relay 1033
and to close the circuit of the repeatin'v relay
100i. The operation of the magnet 1034, of
course, advances the switch- wipers 1055 to
1058, inclusive, into engagement with the
next set of bank contacts. Bs this oper atiom,
the circuit of the relay 1002 is-opened
this relay vefracts its armaturve to thereby
open, at armature 1006, the cum b of mag-
net 1034, and at armature 1007 closing a eir-
cuit for the relay 1082. The relay 1032 oper-
ates to cloge cnca_m for the relay 1031 Bv

the operation of these reiays, the circuit of

the magnet 1034 is un established. The
alternate operation of the 1eluy 10838 and the
magnet 1034 again occurs uniil the mpcrb
*Ooo {0 1\)08 1nclu,-31ve, are JJ\' “FC‘L into

lPC‘hldG: thﬂ hmk com/wct 106‘

During the oparation of the code- sending,

switch’ Gﬂml, while its wipers were being

rotated in search of the bank contact et

which includes the‘ bank contact 1061, the
circuit of thé relay 1001 was in Lernuue?ltlv
opened and, consequently, the cncu*t of the
line re’av oO( of the ﬂonnecwl H—1 (Fig. 5)
through the intermediate action of the Lela y
1127 of the radio transmitting set at the sub-
station and the velay 385 of the radio receiv-
ing set at the dispatcher’s office. Tt is true
that the slow-release re ay. 1083 indirect

controls the speed of opmnmﬂn of the relays
1001, 1127, 335 and 507. It is also true

at each deenewzmtlon /f the rela v 8507, the

cireuit of the relay 505 is o?wned
In order to obviate an
which would ocenr wer
deonergiéed between the kp_
he relay 1038 in the swi 1. the time
conaaaf of the slow-r cleds1 ng relay 1633 s‘
materially . faster than the time constant of

eyr :']uutluil 5 0%

W

and-

70

80

90

160

116

120

130



(=23

10

30

35

40

50

55

60

8

the slow-releasing relay 505. Hach time the
circuit of the line relay 507 is opened, this re-
lay is deenergized to open the circuit of the
slow-releasing velay 505 and also to open the
circuit of the stepping magnet 523. The
magnet 523 is thus deenergized a plurality of
imes to advance the wipers 530 to 533, inclua-
sive, into engagement with the bank contact
set which corresponds to the number of inter-
ruptions in the audio frequency superposed
on the short-wawve carrier current received by
the receiving aerial 305, The number of
these interruptions is determived by the num-
ber of steps the code sending switch CD—1
at the substation has taken to find the bank
contact set including the bank contact 1061.
It will be assumed that the bank contact set
selected by the connector H-1 includes the
bank contact 540.

As the wipers of the connector HI—1 have
been rotated out of engagement with the nor-
mal set of bank contacts, the original ener-
gizing circuit of the relay 504 is opened.
However, the relay 504 is not deenergized
until the termination of the first series of im-
pulses. This result obtains by reason of the
fact that, at each retraction of the armature
521, a circuit is closed for the relay 504.

By the deencrgization of the relay 504 at
the end of the first series of impulses, the cir-
cuit of the slow-release relay 501 is opened at
armature 514 and a circnit 1s cloged at arma-
ture 516 which extends from battery by way
of the baclk contact and the armature 516, con-
ductor 562, through the winding of the relay
408, eonductor 551, bank contact 540, wiper

530, the front contact and the armature 508,

and thence to ground by way of the front con-
tact and the armature 517.

The relay 408 is energized over the above
cirenit and operates to open the locking cir-
cuits of certain relays in the relay group
RG—5 at armature 425, to close its own lock-
ing circuit at the front contact of the arma-
ture 425 to ground on the conductor 550,
which has been previously grounded by the
operation of the relay 506. Other results
of the energization of the relay 408 are that,
at avmature 426, a selecting cireuit is pre-
pared and, at armature 428, a circuit is closed
which extends from ground by way of the
armature 509 and its front contact, conduetor
559, armature 428 and its front contact, and
through the winding of the relay 438 to bat-
tery. The relay 438 is energized over this
circuit and controls certain cirenits which
will be deseribed later.

Returning now to the operation of the code
sending switch CD—1, (Fig. 10), when the
wipers 1055 to 1058, inclusive, are brought
into engagement with the bank contact set
which includes the bank contact 1063, as pre-
vieusly described, a circuil is completed
which extends from ground by way of the
armature 927 and its front contact, the front
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contact and the armature 924, the common
conductor 962, the wiper 1012, the bank con-
tact 1016, the conductor 961, the armature 930
and its front contact, the conductor 966, the
bank contact 1063, the wiper 1056, and
through the winding of the relay 1002 to bat-
tery.

The relay 1002 is energized over the above
circuit and it operates, as before, to open the
circuit of the stepping magnet 1034 at arma-
ture 1006 and to open the circuit of the slow-
release relay 1082 at armature 1007. The
slow-release relay 1032 is deenergized to open
the circuit of the slow-release relay 1031
which also retracts its armature after an in-
terval, As a result of the latter operation,
the stepping magnet 1034 is-operated to open
the circuit of the interrupter relay 1033,
which retracts its armature to open the cireuit
of the stepping magnet 1034. The magnet
1084 is thus deenergized to advance the switch
wipers 1055 to 1058, inclusive, into engage-
ment with the next set of bank contacts. As
a result of this operation, the cireuit of the
line relay 1002 is opened and this relay re-
tracts its armature.

The deenergization of the relay 1002 opens
the ecircuit of the stepping magnet 1034 and
closes a cireunit for the slow-release relay 1032.
The relay 1032 is energized and it operates to
establish a circuit for the relay 1031. The
Intter relay, upon being energized, reestab-
lishes the circuit of the stepping magnet
1084. The stepping magnet 1034 now in-
termittently operates, under the control of
the slow-release relay 1083, to advance the
wipers 1055 to 1058, inclusive, until they are
brought into engagement with the twenty-
ffth set of bank contacts.

During the second advancement of the
switch wipers of the code-sending switch
CD—1, at cach operation of the stepping
magnet 1034, the circuit of the repeating re-
lay 1001 is opened and, consequently, the
circuit of the radio sending relay 1127. - By
the intermittent operation of the reiay 1127,
a series of interruptions is produced in the
audio frequency modulation of the carrier
current radiated by the aerial 1101, = At the

dispatcher’s office, these interruptions-in the

superimposed - audio frequency - vibrations
cause the relay 335 to be energized a plurality
of times. As a result of the latter operation,
a series of interruptions is produced in the
circuit of the line relay 507 of the connector
H—1 at the dispatcher’s office.  Upon each
retraction of the armature 521 of the relay
507, the circuit of the stepping magnet 523
is opened and the magnet operates to advance
the wipers 530 to 533, inclusive, into engage-
ment with the bank -contact set, which corre-
sponds to the number of interruptions in the
radio frequency modulation of the received
carrier wave, which is determined by the sec-
ond movement of the wipers of the code-send-
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ing switch CD—1 at the substation. It will
be assumed that this contact set includes the
bank contact 541.

When the wipers of the connector H—1
are brought inte this position, no more in-
terruptions are produced in the audio fre-
quency vibrations superimposed on the ra-
ciated short waves until the slow-release re-
lays 1082 and 10383 of the code-sending
switch CD—1 are deenergized. During the
advancement of the switch wipers of the
connector switch H—1 at the dispatcher’s
office to their second resting position, when
the wiper 531 engages the twelfth, thir-
teenth and fourteenth set of bank coitacts,
a circuit is completed for the relay 503. The
relay 503, upon being energized, closes a cir-
cuit for the relay 501 at armature 511, at
armature 512 prepares & circuit for main-
taining itself energized, and at armature 513
removes battery irom the conductor 561.
Shortly after the wipers of the connector
H—1 are brought into engagement with the
banl contact set which includes the bank
contact 541, previously described, the slow-
release relay 503, which has been maintained
energized during the rotation of the switch
by the armature 521 of the line relay 507, re-
tracts its armatures. As a result of the de-
energization of the slow-release relay 503, the
circuit of the slow-release relay 501 1s opened
at armature 511 and, at armature 513, a cir-
cuit is completed which extends from’ bat-
tery by way of the said armature and its
back contact, the conductor 561, through the
winding of the relay 405, the conductor 557,
the bank contact 541, the wiper 580, the front
contact and the armature 508, and thence to
ground by way of the front contact and the
armature 517. The relay 405 is energized
over this circuit and operates to establish a
locking circuit for itself at the armature 419
and to prepare a circuit at armature 420 for
short-circuiting the relay 400.

As previously described, the code-sending
switch CD-—1 in the substation is stepped
around until its wipers are brought into en-
gangement with the twenty-fifth set of bank
contacts after the termination of the second
series of impulses. The wipers of the con-
nector switch H—1 are also stepped in syn-
chronism with the wipers of the code send-
ing switch CD—1 and are brought to rest
into engagement with their twenty-fifth set
of bank contacts.. This result is produced
due to the fact that, during the third move-
mend of the wipers of the code-sending
switch CD—1, the repeating relay 1001 is
intermittently operated as is the relay 1127
in the radio sending set at the substation. As
before, the operation of the latter relay in-
terrupts the audio frequency modulation of
the short-wave carrier. current. This, in
turn, causes, at the dispatcher’s office, the
relay 4%5 to be deenergized & like numbias 5£

9

times and to repeat these interruptions to the
circuit of the line relay 507 of the connector
H—1.

. In the code-sending switch CD—1, the op-
eration of the wipers 1055 to 1058, inclusive,
to their twenty-fifth set of bank contacts

-opens the circuit of the relay 1027 and also
-the energizing circuit of the slow-release re-

lay 1025. The relay 1027 immediately re-
tracts its armatures. By reason of the pe-
culiar construction of the armature 1039,
previously described, this armature vibrates
for an interval of time, thus alternately clos-
ing the circuit of the slow-release relays 1026
and 1025. For the reasons explained, the
relay 1025 is the first to retract its armature.
The deenergization of the relay 1025 pre-
pares a circuit for the relay 1003.

Another result of the switch wipers of the
code-sending switch CD—1 being brought
into engagement with the twenty-fifth set of
bank contacts is that a circuit is closed ex-
tending from ground by way of the wiper
1055, the bank contact 1060, and through the
winding of the relay 1029 to battery. The
relay 1029 operates to open another point
in the relay 1025 at the armature 1044, and
to close a circuit at the armature 1045 for
the relay 1003. Upon being energized, the
relay 1008 operates to establish another cir-
cuit for the relay 1028 at armature 1008 and
to close a circuit at armature 1007 which ex-
tends from ground by way of said armature
and its front contact, wiper 1011, bank con-
tact 1015, conductor 960, and through the
winding of the resistor 931 to battery. This
cireuit serves to short-circuit the relays 920
and 921. Consequently, these relays retract
their armatures. The relay 920, upon re-
tracting its armature, opens its locking cir-
cuit at the armature 923, also removes ground
from the common conductor 962 at the arma-
ture 924, and at armature 925 removes one
ground connection from the conductor 964.
The deenergization of the relay 921 causes
this relay to open its locking circuit at the
armature 926 and to restore certain other
circuits to nermal.

At the connector H—1, the relay 507 is de-
energized because of the fact that the radio
sending relay 1127 remains energized for an
interval after the wipers of the code-sending
switch CD—1 in the substation engage the
twenty-fifth set of bank contacts, thus main-

taining a steady series of superimposed au-

dio vibrations upon the short-wave carrier
current. - The relay 502 in the connector
H—1 thus deenergizes and .closes a circuit
which extends from ground by way of the
back contact and the armature 510, the con-
ductor 560, through the winding of the relay
480, the armature 426 and its front contact,
the front contact and the armature 420, 4nd
through the resistor 412 to battery. This cir-
euit serves o shunt out the ¥elay 400, which

70

75

80

85

90

95

100

105

110

120

[
891
[+

180



<t

10

20

60

65

10 1,702,423

retracts its armature. The latter operation
effaces the suptrvmm) lamp 415 and closes
a circuit for the supervisory lamp 417. By
reason of these changes in supervisory sig-
nals, the dispatcher is apprised of changes
in the position of the contactor 945 at the
substation,

The relay 480 is energized in series with
the shunting circuit of the relay 400, it being
understood, of course, that the relay 480 is of
low resistance. The 101‘1_7 480 operates to
open the locking cirenit of the relay 482,
which deenergizes. The operation of these
relays is without function in the present in-
stance as the signal controlling operation has
been completed properly. The function of
these relays will be described later.

Returning now to the operation of the
switch CD—1, the slow-release relay 1026 is
ﬁnally deenevgized to open the civcuit of the
x‘cmy 1001 at armature 1057 and, at arma-

ure 1058, to open the cix cuit of the relay 1030.
Thc deenunmahon of the relay 1030 opens
the civeuit of the slow-release relay 1032 at
armature 1046 and, at the armatures 1047
and 1048, completes a circuit which extends
from ground by way of the armature 1048
and its back contact, through the Wmdmg of
the stepping ma gnel 1034, the armature 1047
and its back cmmct, the { twenty-fifth -bank
contact with which the wiper 1008 is in en-
eagement and ihe said wiper, and thence to
battery by way of the back contact and the
armature 1052. The stepping nmgnet 1084
is encrgized over this civcuit and operates to
restore “the Wlper% 1055 to 1058, inclusive, to
their normal pmmon, whereupon the circuit
of the magnet 1034 is opened . and its operation
ceases. As o result of the wipers of the code-
sending switch CD~1 being brought to nor-

mal paosition, the cireuit of the relay 1029 is
opened and Chis 10L1v is deenergized to open
the circuit of the relay 1003, The slow-re-
leage relay 1032, upon re tracting its avmature,
opéns the civeuit of the slow-velease relay 1031
which is also deenergized. The relay 1003,
upon T'e'l’mctirm its armature, opens the cir-
cuit-of the lc?‘ny 1093 ab armature 1008 and,
at armature 10077, removes the shunt from the
cirenits of the relays 921 and 920.

Tt will be vemembered that the relay 922 is
in operated position, and, mm.«eqnmﬂv the
rel‘w 921 is again one‘c”l redl to establish a
1(\chnﬂ civenit 1ted i at apmature 9206.
The operation oi the ether armatures of the
refay 921 1 mihom effect at this time, as the
relay 920 is inert.  The deenergization of the
velay 1028 in the LOdP sending switch CD—1
vestores cerfain cirenits in the switch to their
normal conditions. In addi‘hon, the deener-
gization of the relay 1028 opens the circuit
of the relay 1160 in the radio transmitting de-
vice.  The deeuergmzmon of the relay 1001

. whieh oceur 1‘(‘(1 immed iately after the deener

gization of the slow-release relay 1026, opens

the cirouit of the relay 1127 in the radio trans-
mitting set.

As the civcuit of the relay 1127 is opened,
this relay deenergizes to interrupt the os-
cillation of the cscillator triode 1123 and,
consequently, the radiated short waves are
no longer modulated by the audic frequency
oscillations. At the receiving station, the
relay 335 is consequently energized and opens
the cireuit of the line velay 507 of the con-
nector FI—1. As the civemt of the relay 507
is opened, this relay is deenergized to bhreak
the circutt of the slow-velease relay 505,
Upon retracting its armatures; the relay 505
closes a circuit for the stepping magnet 523
which extends from battery by way of the
Wiper 532 in engagement with the twenty-
fifth bank conzuci “the back contact and the
armature 524, the back contact and the arma-
ture 518, and thrm‘mh the winding of the step-
ping magnet 523 to ground. The stepping
magnet 523 inter: upts its own cireuit and
operates to restore the wipers 530 to 533, in-
clusive, t() their normal position.

In the radio transmitting set at the sub-
station, the deenergization of the relay 1160,
which occurs responsive to the deenergization
of the relay 1028 in the code sender CD—I1,
opens the circuit of the relay 1154. The re-
lay 1154 deenergizes to remove the alternat-
ing current from the ener gizing circuits of
triodes 1109, 1115 and 1193, That i is, the de-
ener, Oixation of this relay deenergizes the
filaments of the above-mentioned triodes and,
in addition, removes the battery potentials
from their plates.

in the above described mfmner, the ap-
paratus is released following the sending of
a supervisory signal to the dispatcher, notify-
ing him of an 3 yutomatic ope aflon oceurring
in the substation.

It will be noted that the supervisory signal
417 is not actuated immediately after the two
series of impulses which caused its selection.
It is operated when the wipers of the con-
nector switch H-—1 are brought into enf*w._e
ment with their twenty-ffth s set of bank con-
tacts and remain there for an interval. Ry
this circuit arrangement, false operation of
the supervisory smnals 18 prevented should
sither the switch CD—1 in the substation or
the connector switch H-—1in the dispatcher’s
office. get out of synchronism with Le other,
which_ frequently happens due to line dis-
turbances caused by static line surges, indne-
tive interference, flash over of insulators and
the discharge of lightning arrvesters.. In the
event of any of these troubles occurring, the
switches may get out of synchronism; “thus,
the wipers of each of the sivitches will not be
in their twenty-fifth position simultaneous-
ly. Consequently, when the audio frequency
modulation of the radiated short wave train

-1s resumed, the wipers will not be in the same

relative poqulons The supervisory signals
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will not be operated and the answer-back op-
eration will start all over again.

The manner in which the answer-back sig-
nal is started all over again will be described
subsequently.

In the same manner as before described,
any changes in position of any contactors or
other apparatus units at the substation causes
the finder switch F—1, the code-sending
switech CD—1, the radio transmitting set in
the substation, the radio receiving set, and
the connector FI—1 in the chsp teher's office
to be operated to control the actuation of the
supervisory signals.

Special prov1svons have been hl&Cw wheve-
by the load dispatcher is apprised of the load
on the substation. This arrangement com-
prises a elvin balance a‘mnntcr A (Fig. 9)
which is connected to an ammeter shunt in the
main bus 940 of the substation: The Kelvin
balance which is !escrmed 11 the “Sti\z:dard
Handbook for Electrical nmneew 3—67,
fifth edition—MecGraw Hil 0% Co. oper-
ates in a well-known manner to shift the con-
tactor 933 to various positions as det epnlned
by the load on the substation.

In order to briefly deqcmbu this operation,
it will be assumed that the ¢ maker 933
has been placed in connection with the con-
tact 950. 'This operation closes a ¢ t for

ntact

cirenit
the relay 949. Upoq operating, the relay 949,
at armature 947, establishes a civenit for the
relay 944 and, ‘st its other arma ture, also
places a potenual upon the proper bank con-
tact in the code- sendmrr switch CD—1 of
Fig. 10. -

Tt will be poted that, while the reLw (‘12
is in a deenergized condmon, the circuit of
the relay 943 was closed and this relay became
energized to establish a locking cirvcuit for
tsehﬁ end to prepare certain other circuits,
as will appear. The relay 944, upon being
energized, closes m starting circuit for the
finder switch F—1 in the same manner as the
relays 920 and 921, as before described.
These relays cause the functioning of the
finder switch F-—1, the code-sending switch
CD—1, the radio transmltth.b apparatus of
11 the radio receiving apparatus of
I‘lg. 3, and the operation of the connector
H~1 in the dispatcher’s office, shown in Fig.

- 5. All the above opemtions oceur in & man-

Q
St

G

ner similar to that already deseribed.

By theqe operations, certain relays in the
lehy groups RG—4 and RG—5 ave energ ized
and locxer? in that position. It will be as-

sumed that these relays are the relays 411 and
406.. When the group selecting 181‘1 v 411 of
the first selecting group Ru— 5 ig energized,
2 urcmt 18 nnomentarﬂy closed by the opera-

tlon of the relay 501 of the connector H—1

for the relay 438 .in the manner above de-
scribed.  The relay 438, upon opmcupﬂ
opens the locking circuit of that one of o
relays, such as relay 485, 436 o1 4387,

ey

-tablish a locking circuit for 1tself

which

11

may be energized, thus causing this relay to
retract its armatures. This operation opens
the circuit of a certain load-indicating lamp
which may be lit.

Now, at the end of the selecting operation,
when the wipers of the coqnecior T 1are 1’1
engagement with their twenty-fifth set of
bank contacts, a circuit is closed n the usual
manner for energizing the relay 435, This
relay operates to establish & lockmﬂ cireuib
for itself at armature 439 and, at armabure
440, closes a circuit for the load-indicating
lamp 450.  This lamp will now continue to
burn, indicating to the dispatcher that there
is & certain pmmcular load on the substation,
until a change in load occurs, whereupon if
18 e\tmo wished by a code being sent back and

another la amp honted

In the above case, also, in ‘case thelu s 8
false operation in the sen dnw back of the ﬂode
and the switches get out of synchronism, the
answer-back swnaL so indicate and the snnd

ing back of the code is started over agfnn

as will appear.

The operdmon of the alarm relay 470 calls
the attention of the load dispatcher to the
change in load, as has heretofore been de-
seribed. The dispatcher then operates the
key K—1 to stop the operation of the ala arim.

‘Whenever any change in load occurs, the
contact maker 933 on the Kelvm balance A is
operated to open the circuit of the relay 949
and to close a circunit for a relay similar to it.
It will be seen that there is a group of relays,
such as relays 942, 943 and 944 pr ov1ded for
each contact of the contactor 933 of the Kel-
vin balance.. These rf—\m‘*s operate in a slight-
ly different manner from the relays, such as
relays 920, 921 and 922, which are associated
with the other appamtus units and contactors
in the substation.

It will now be assumed that the contactor
945 at the substation is open and the load dis-
patcher desives to doqe it. ln order to ac-
complish this result, the dispatcher operates
the double-throw key I in a direction to
meomentarily close the springs shown on the
right. v ’

The operation of the key I closes a circuit
which extends from ground by way of the
spring 100 and its working contact through
the winding of the relay. 108, conductor 183,
the front contact and the armature 413, and
thence to the battery. The relay 108 is en-
ergized over this circuit and operates to es-
ab armature
178 over a Dath extending from ground by
way of the spring 176 and its e‘sng contact,
armature 173 and its front contact, through
the winding of the relay 106, t}\e conductor
183, and thence to the batter y by way of the

front contact and the armature 418, The op-

emtlor of the armature 172 of the relay 106
cjosm a circuit for the monitoring la; np 174,

This lamp remains lighted durm') the send-
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ing operation even after the key X restores
to normal, in order to inform the dispatcher
that the de sived code is being sent.  Another
result of the energization of the relay 106 is
that, ai armature 1()4, a circuit is completed
which extends from 551.011111 by way of the
armature 104 and 1ts working contact,
through the winding of the stepping magnet
109 of the finder switch ¥, the arma rture 132
and its back contact, and thence to the bat-
tery, by way of the buck contact and the avma-
ture 120.  As the stepping et 109 in-
tom‘upL:; ’Hx; own cirenit, 1t opﬂ; ates ag a buz-
ser to advance the switeh shaft carrying the
wipers 123 to 126, inclusive, until the said
wipers ere brought into (‘ﬂmwmmn" with the
banl contact sot comprising the contacts 127
to 130, mdu%’v". which is the contact set
associated with the ov 3L in the finder K.

Vhen the switch wipers age brought into
engagement with dl seb of bank contacts,
a cireult is closed which extends from ground

ﬂnmmh ‘}]L winding of the relny 108 by way
of the common conductor 184, which is com-
mon to all the keys of the group, the {front
contact and the ann”‘ulw 10L the bank con-
tact 130, the wiper 126, and through the
winding of me 161307 113 to the battery. ¢
The ‘rohv 113 is bmernl/ed over this circult
and, upen ope;ntmr opens the circuit of the
stepping magnet 109, thus st oppino the op-
eration of the ﬁndel switch ¥, and closes a
civeuis for the velay 111 over a path extend-
ing from battery by W:z r of the armature 120
and its front con‘u,‘mtj through the winding
of the relay 111, the bank contact with which
the wiper 160 is in engagement, and thence
to ground by way of the said wiper, and, at
armature 191, closes a cirenit which extends
imm gmlmd bV way of the armature 121 and
its Tront c(m{aci through the winding of the
slow-release refay 143, and Thence to the bat-
tery, by way of the armature 152 and ifs back
contact.

Another vesult of the energization of the
relay 113 is that, at armature 199 ,.a circult 1s
completed extending from Orounfl by way of
the ml\mtum 192 and its front (‘O"lt’mt the

conductor 188, and through the Wmdmw of
the velay
tion 0'f'

270 to the bﬁftor“ The energiza-
the relay 270 (*]cse% a cireuit for the
. 54 at armature .2(] The cnergization
of the vela 1y 254 operates fo apply an alternat-
rent to ﬂl' power cireutts of the radio
nsﬂrli‘fting station ot the dispatcher’s of-
ice. - This nho raating current energizes the
’,Lmnm» of the triodes 209, 215 and 298
nrongh the step-down frﬂnwurmer 2386.
The vectifier 242 operates to rectify the al-
ternating current and thus supplies a high
di]'ec’[-cuwmi potential to the plates of the
triodes 209, |.5 and 293, BV the energiza-
tion of the ﬁhmmt of the oscillator 20‘) the
trinde 1s caused to oscillate and these 05011-
lations are radiated as short waves by means

1,702,425

of the serial 201 which is disposed in indue-
tive relation fo the transmission line 200. A
short-wave carrier current is thus supplied
to the transmission line.

In the finder switch ¥, the energization of
the relay 111 causes the circuit of the slow-
release relay 110 to be closed by the operation
of the armature 117. :

The armature 117 of the relay 111 is con-
gtructed in a manner similar to the armature
ot the relay 1027 of the code-sending switch
UD—1 (Fig. 10) at the substation and, con-
sequently, when the relay 111 becomes deen-
ized, the armature 117 vibrates for an
interval afterwards. The slow-relense relay
110, upon operating, at the armature 115
closes a ewcmt for the relay 140 and, at the
armature 116, establishes a cireunit which ex-
tends from ground ]W way of the armature
121 and its front contact, through the wind-
; ng of the repeating relay 144, the front con-

tact and the armature 116, and thence to the
bauely by way of the armature 152 and its
back contact. The repeating relay 144, upon
operating, at its armature 154 closes a c1rcmt
which extends from ground by way of the
conductor 187, armature 154 and its front
contact, conductor 186, through the winding
of the sending relay 997 in the radio sending
appara tus and thence to the battery.

The energization of the sending relay 297
connects onb tonmnu of the 31‘1m’r’y wind-
ing of d) howler transformer 225 to the posi-
tive pole of the grid biasing battery 230 at
armature 276 and, at cd'matme 275, connects
the other terminal of the primary Wmdmrr
to the grid circuit of the modulat » triode
228. This tube now oscillates at “uﬂio fre-
quency in the same manner as the modu?amr
tube of the trar nsmitting set at the substation,
previonsly described. The output of this os-
ciflator is amplified by meaﬂq of the ampli-
fier triode 215 and modulates the short-wave
train generated by the os cﬂh tor 209. Tt will
be tnderstood that the wave length or fre-
quency of the short waves gener ated by the

oscillator 209 is substa nimﬂv different from
\hof'e generated by the oscillator triode at
the tra qniﬁl}m set at the o ub% ation. This
srovision is made, of course, in order fo in-
sure that the radiated waves will not inter-
ferve with each other. = The modulated short-
waves are, of course, transmitted along the
transmission line 200 and are received at the
substation by means of the receiving aerial
601 Fig. 6. The receiving set of Tlo 6 is,
of com se, normally tuned ¢ 0 be resonant with
the neﬂwncv of the radiated short waves
Peﬂel'md by “the 4 transmitting set at the dis-
p?fcner office. By the ov)emtmn oi the de-
tector tricde 609 the andic frequency - ocil-

lations are dcfected from the modulated short

“triode
piified

Ee N
am

wave and transferred to the amplifies
618, Fere these vibrations arve {
and utput of the amplifier triode is con-

the o
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nected to the primary of the transformer 626.
The secondary of this transformer is connect-
ed to the grid circuit of the triode 629 which
is cennected In the circuit after the manner
of a detector.. In the plate circuit of the
triode 629.1s a receiving relay 625 which is
normally energized by plate current ordinar-
ily flowing. 'The received audio frequency
vibrations are rectified by this tube and cause
a great decrease in plate current, thereby
causing the reiay 635 to retract its armature.
The deenelglzauon of the relay 635 closes a
circuit at armature 690 extending from
ground through the upper winding of the re-
}f»y 700, conductor 692, the back contact and
the armature 690, conductor 691, and through
the lower winding of the relay 700 of connec-
tor H to battery.

The relay 700 of the connector H is ener-

17ed over this circuit and, upon operatmg,
closes a cireuit for the slow- release relay 702
in parallel with the st eppmg magnet 707.
The magnet 707 is energized fo place its as-
sociated | pawlin posmon to actuate the switch
shaft. ~ The slow-release relay 702, upon be-
ing energized; closes a circuit for the slow~
acting relay 708. The latter relay operates
to energize the slow-release relay 706 over a
cireuit from ground through armature 711
and its front contact, winding of relay 706,
front contact and armature 713 and battery
to ground. The operations of these relays
have the same functions as has been deseribed
in connection with the connector H—1 of
Hig. 5.

Returning now to the operation 6f the code
sending switch CD (Fig. 1), the relay 140,
upon "oemting, at its armature 148 closes a
circuit for the slow-release relay 141. The
1"](.V 141, upon attracting its armature, es-
tablishes a circuit for the slow-release relay
142. The Tatter relay upon being energized,
cleses a circuit which extends from oround bV
way of the armature 155 and its back contact,
the front contact and the armature 151, the

front contact and the armature 153, througn
the winding of the magnet 146, by Wav of the
wiper 162 and its associated banlk cont tact, and
thence to battery by way of the front contact
and armature 148, The stepping magnet 146
ig energized over this circuit and operates to
place its associated pawl in a position to ac-
tuate the switch shaft and also to open the
circuit of the relays 144 and 143 at armature
152.

The deenergization of the relay 144 opens
the civcuit of the sending relay 227 in the
radio transmitting set. . The deenergization

of the relay 2927 disconnects the grid of the
o‘;cmator tube
forme
tor tri
"I’Dt%
-

228 from the howler trans-
r 225 and, consequently, the modula-
ode ceages to oscillate. This inter-

the modulation of the short-wave car-
current and, as a result thereof, the re-

in the radio receiving apparatus at

OX

13

the substation . operates to open the eircuit of
the line relay 700 of the connector H.

In the code- sending switch CD, the slow-
release relay 143, _upon being de benergived,
opens the circuit of the stepping magnet 148,

Whlch is also deenergized, fo reeqtabhsh the

circuit of the relays 143 and 144 and to ad-
vance the switch wipers 160 to 163, inclusive,
into engagement with their first set of bank
contacts. The stepping of the code-sending
switch CD continues under the control of the
slow-release relay 143 until the wipers of the
switch are brought into engagement with the
bank contact set which includes the contact
165. When this oceurs, a circuit is com-
pleted which extends from ground by way of
the armature 103 and its front contact, the
wiper 125, the bank contact 129, the hanl con-
tact 165, the wiper 161, and throuﬂh the wind-
ing of the relay 145 to the battery

The relay 145 is energized over this cireuit
and, upon operating, opens the circuit of the
stepplno magnet 146 at armature 155, at the
front contact of this armature Drepares an-
other circuit for the magnet and, at armature
156, opens the circuit of the slow-release re-
lay 141. The rotation of the wipers of the
code-sending switch, of course, is interrupted.
The slo w-release 1ela,y 141, upon being deen-
ergized, opens the circuit of the slow- -acting
relay 142. After a short interval, the slow-
release relay 142 retracts its armature and
cleses a circuit which extends from ground by
way of the armature 155 and its front contact,
the back contact and the armature 151, the
front contact and the armature 153, thro ugh
the winding of the stepping magnet 146, the
wiper 162 and bank contact with which the
said wiper is in engagement, and thence to
battery by way of the front contact’ and arma-
ture 148. The stepping magnet 146 operates
to attract its armature, Lhereby placing its
pawl in actuating position and opening the
circuit of the slow-release relay 143 and also
the circuit of the relay 144.

In qccordance with the first movement of
the wipers of the code-sending switch €D, a
series of interruptions is produced in the cir-
cuit of the sending relay 227 of the radio send-
ing set. This reldy is deenergized a plurality
of times in 1 response thereto. At each deener-
gization, as before described, the andio fre-
quency modulation of the radiated short-
wave carrier current ceases and the receiving
relay 685 in the radio receiving set at the sub-
station energizes. Consequently, after each
mterruptlon in the circuit of the sending re-
lay 227, the relay 635 at the substation ener-
gizes. In this manner, the interruptions are
repeated in the circuit of the line relay 700 of
the connector H, Fig. 7.

As a result of the retractions of the arma-
ture 709 on the line relay 700, the circuits of

the slow-release relay 702 and the magnet 707’

are opened and closed a plurality of times.
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The deenergizations of the magnet 707 serve
to advance the switch wipers 725 to 728, inclu-
sive, into engagement with the bank contact
set, which corresponds to the number of in-
terruptions produced in the audio frequency
modulation of the short-wave carrier current.
This, in turn, is determined by the position of
the wipers 160 to 163, inclusive, of the code-
sending switch CD, I‘1g 1.

Al the first orff—*lormal step of the connector
switch H in the substation, the relay 701 is
energized to place ground upon the conductor
760. Tt will be assumed that the bank contact
set, to which the wipers 725 to 728, inclusive,
are stepped, includes the bank contact 730.

During the interval that the slow-release
relays 149 and 141 in the code-s ending switch
CD at the dispatcher’s office are letmctmrr
their armatures, the slow-release relay 703 of

i the connector H, which has been maintained

energized by the continued operation of the
armatire 7 709, is deenergized. As a result of
this oper dtl()ll, a cireuit is completed which
oxtends from ground by way of the armature
711 and its front contact, the armature 721
and its front contact, wiper 725, bank copt‘wt
730, conductor 762, throuorh the winding of
the 1'(*hy 8§06, conductor 7{1, and thence to the
battery by way of the armature 715 and its
back contact. The relay 806 is energized over
this circuit and operates to close a locklng eir-
cuit for itself at the armature 822 to ground
on the conductor 760.

Adverting to the operation of the code-
sending switch CD at the dispatcher’s office,
the slow-release relay 143, upon being deen-
ergized, opens the circuit of the steppmo
nuonct 146 which is also deenergized. The

etraction of the arma ture of the mwnet 146
advmces the switch wipers another st"p and
also closes the cireuit of the interrupting re-
lay 143 and the repeating relay 144. - By the
movement of the switch wipers, the circuit of
the relay 145 is opened and this relay retracts
its armatures to open the circuit of the mag-
net 146 and to close the circuit of the slow-re-
lease relay 141. The energization of the relay
141 also closes the circuit of the relay 142.

The operation of the relay 142 again starts
the stepping operation of the magnet 148.
The magnet 146 is now intermittently oper-
ated to advance the wipers 160 to 163, inclu-
sive, into engagement with the bank contact
set which includes the contact 166. A circuit
is now closed which extends from ground by
way of the armature 103 and its front con-
tact, the armature 119 of the relay 108 and its
fmnt contact, the wiper 124, the bank contact

198, the bank contact 166, the wiper 161, and
Uno1mh the winding of the relay 145 t6 the
batiow The 1ehy 145 is energl/ed to mo-
mmhu'ﬂv stop the operation of the switch
wipers of the code-sending switch CD in the
same manner as before described.

The repeating relay 144 operates to inter-

1,702,423

rupt the circuit of the radio- sendinw relay
227 during thesecond movement of the switch
wipers of the code sender CD. As a result
thereot, the deenergizations of this relay pro-
duces a series of interruptions in the audio
frequency vibrations superimposed upon the
short-wave carrier current radiated by the
transmitting aerial 201, In response to the
interr upuons in the audio frequency modula-
tion of the carrier current, the relay 635 in the
radio receiving cet .at the substafion is suc-
eeoswely deenermzed and energized. The op-

ation of this Iehy serves to repeat the in-
tenu ptions to the cireuit of the line-relay 700
of connector TI. The operation of the line re-
lay 700 controls the action of the stepping
magnet 707 in advancing the wipers 725 to
(28 inclusive, into enn'wemeﬂt with the
pmper bank contact set, Wnlch it will be as-
sumed, includes the bank contact 731,

At the termination of this series of inter-
ruptions,the radioreceiving relay 635 remaing
deenergized and the line relay 700 remains en-
ergized. Consequently, the slow-release relay

704, which was energized by the switch wipers

of the connector 1l heing rotated past the
twelfth, thirteenth and fourteenth set of
bank contacts and which has been maintained
energized by the operation of the armature
of the line relay 700,15 deenergized. By the
deenergization of the relay 704, a circuit is
closed which extends from ground by way
of the {ront contact and the armature 711,
the armature 721 and its front contact, the
wiper 725, the bank contact 731, the con-
ductor 768, through the winding of the relay
808, conductor 770, and the armature 719 and
its back contact to the battery. The relay
808 is operaied over this circuit and attracts
1ts armatures to establish a locking cireunit
for itself at the armature 850 and to prepare
a circuit at the armature 819 for the relay
904 of the appamum control relays.
Going back to the operation of the code-
sen(hng switeh CD at t_he dispatcher’s office,
the slow-release relays 141 and 142 operate as
before and the magnet 146 is intermittently
operated after an interval to advance the
wipers 160 to 163, inclusive, into engagement
with the twenty-fifth set of bank contacts.
‘When the wipers 160 to 163, inclusive, are
brought into engagement wi ith the twentv—
fifth set of bank contauto, the circuit of the
stepping magnet 146 is opened and its opera-
tion ceases temporarily. A cireuit is also
completed which extends from ground by

way of the wiper 160 and its associated

twenty-fifth bank contact, and through the
winding of the relay 112 to the babtery The
relay 112 is energl/ed to prepare a cireuit
for the stepping magnet 109, the function of
which will be described hereinafter,

Another result of the rota vtion of the w me’ g
of the switch CD to their twenty-fitth posi-
tion is that the cirenit of the relay 111 is
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opened. The relay 111 is immediately de-

energized, whereupon the armature 117 is-

caused to vibrate. The relay 110 is thus
maintained energized for an interval after
the relay 111 is deenergized.

In the same manner as before described,
the operation of the repeating relay 144
cauges the radio sending relay 227 to inter-
rupt the audio frequency modulation of the
radiated short-wave train whereby the relay
635 of the radic receiving set at the substa-
tion is caused to repeab the interruptions to
the line relay 700 of the connector H. DBy
the operation of the line relay 700, the wipers
of the connector H are brought into engage-
ment with their twenty-fifth set of bank con-
tacts.

Now, during the interval that the relay
110 in the dispatcher’s office is maintained exn-
ergized, there is no interruption in the audio
frequency modulation of the radiated short
waves; the line relay 700 of the connector I
remaing energized and the slow-release relay
705 is deenergized. As a result of the latier
operation, a circuit is completed which ex-
tends from the battery by way of the back
contact and the armature 720, the conductor
769, the conductor 872, through the winding
of the relay 904, the conductor 871, the arma-
ture 819 and its front contact, and thence
to ground by way of the iront contact and
the armature 823. The relay 904 is operated
over this circuit and closes a circult af it
armature 916 for the contactor 945 and, at
the armature 915, closes a circuit for the re-
lays 920 and 921. 'The operation of the relay
904 also causes certain other apparatus in
the substation to function whereby the ro-
tary converter RC is brought into operation,
the contactor 945, of course, being closed.
By the operation of the contactor 945 and the
relays 920 and 921, an answer-back signal is
given to the dispatcher whereby the super-
visory signals at the dispatcher’s office are
actuated in order to notify him that the de-
sired operation hag taken place.

There is a slight difference in the operation
of the answer-back in this instance, however,
inasmuch as the relay 106 associated with the
key K is locked energized. When the super-
visory lamp 417 is lighted by the deenergiza-
tion of the relay 400, which occurs responsive
to the sending back of the answer-back sig-
nal, the relay 400 retracts its armature 413,
thereby causing the relay 106 to be deener-
gized and the lamp 415 to be extinguished.

By the change in supervisory signalling
devices, the dispatcher 1s informed that the
desired operation has been completed at the
substation.

The deenergization of the relay 106 opens
the operating circuit of the finder switch F
and the code-sending switch CD, insuring
that the operating code will not be sent to
the substation again.
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The contact 915 on the relay 904 at the sub-
gtation is provided so that,in case the contac-
tor 945 should be in closed position, an
answer-back signal will be given to the dis-
patcher in order to check his supervisory sig-
nals. Ifthecontactor in 945 isin a closed po-
sition, the relay 922 is energized over the
circuit including the contacts 946, as has al-
reacdy been explained. The energization of
the relay 922 completes an energizing cireuit
for the relay 921. If now the relay 904 is en-
ergized, as explained above, 2
breaker is closed, a cireunit 1s completed for
the relay 920 over a circuit including the front
contact and armature 915 and the front con-
tact and armature 929. The relay 920 thus
energizes and the code finder and code trans-
mitier at the substation are set into operation
in the manner which has been described in
detail above. Since the relay 922 is ener-
gized, the code transmitter will be set for
indicating a closed-circuit breaker.

The locking relay 108 also provides means
whereby, if; for some reason or other, the code
1s not transmitted properly, the transmitting
operation will occur repeatedly until the cor-
responding contactor or apparatus unit is
operated in the substation.

By the conjoint action of the contacts 915
of the relay 904 at the substation and the
locking relay 106 of the key X, provision
1s also made that, if the answer-back code
i not transmitted properly, it will be sent
back repeatedly until the proper indication
is given to the dispatcher.

Sinee the locking civeuit of the relay 106
can only be opened by the receipt of the cor-
rect supervisory code which, upon operating
relay 400, opens the locking circuit of relay
106, this relay will remain locked until such
receipt of the correct code, and, since, as
long as the relay 106 remains energized the
code transmitter at the dispatcher’s office can
not restore, but, instead operates to repeat the
control code, the control code will be repeated
to operate the relay 904 and the relay 504
will, as a result of its energization, transmit
a supervisory code back to the dispatcher’s
office, in the manner described in detail above,
until the proper supervisory code has been re-
ceived and the relay 106 deenergized thereby.

It should be - noted, of course, that, if no
supervisory signal is operated when the con-
nector Hl—1 is actuated, the relays 480 and
482 will cause the relay 191 to be energized.
The results of the operation of this relay will
be described subsequently. It will suffice to
say at this time that the operation of this
relay does not interfere with the repeating
function as before described.

Returning now to the operation of the
code-sending switch CD, it will be remem-
bered that the circuit of the slow-relesse re-
lay 110 is finelly opened by the cessation of
the vibration of the armature 111. . The relay
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110, upon being deenergized, opens the cir-.

cnit of the slow-release relay 140 at the arma-
ture 115, at the armature 118 opens the circuit
of the reluy 144, and at the armature 114
closes a circuit which extends from the bat-
tery by way of the front contact of the arma-
ture 118 and the said armature, the armature
114 and its hack contact, t the back contact
and the armoture 182, through the winding
of the stepping magnei; 109, and the front
contact and the armature 103 to ground.
The magnet 109 is operated over this Ccircuit
to adva ncn the Wﬂi’elg 123 to 126, inclusive.

The slow-release relay 140, up(m being de-
enunw\d, npom the circuit of the slow-re
lease relay 141 and closes a cirenit which ex
tends from ground by way of the arnu mhu
147 and its back contact, _hluugn the wind-
ing of the stepping magnet 146, the armature
149 and its tack contact, the bank contact
with which the wiper 163 is in engagement
and the said wiper, and thence to the bat-
tery by way of the armature 152 and its back
contact, The magnet 146 operates to restore
the wipers 160 to 168, inclusive, to normal
position. By this operation, the circuit of
the relay 112 is opened and this relay is de-
energized to open the circuit of the stepping
mmmct 109 of the finder switch T whereby
the rotation of the 3 wipers of the finder switch
ceases. The slow-release relay 141, n pon re-
tracting its armature, opens the cir cmu of the
dlow-release relay 142 which is also deener-
gized. In the above manner, the sending
apparatus is released in response to the trans-
mitting of the sending operation.

The reason that the finder switch is given a
nunber of steps at the end of the code trans-
mitting operation is to allow the calls to be
evenly (hqtr buted over the groups of keys.
To explain more fully, assuming that an-
other relqy, such as relav 106, 1s operated n
addition to the said relay, by the momentary
operation of another key, such as X, were it
not for the provisions made, the code cor-
responding to the operated relay would be
transmitted indefinitely until the proper
answer-back signal were recorded on the
lamps, and I there would be no actuating code
sent out for the other relay which was oper-
ated. By means of the arrangement shown,
this difficulty is obviated and one transmit-
ting operation cannot indefinitely prevent the
remaining opera tmns

The 101‘1y 118 of the finder switch T is, of
counrse, doenu glzed as soon as the wiper 120
is rotated from engagement with the bank
contact 180, when the circuit of the stepping
magnet 109 is closed. If no other relay, such
as 105 or 106 is opermed the finder switch
may again rotate the wipers 123 to 126, inclu-
sive, into engagement with the bank co*lhc*q
127 t,o 130, inclusive,

The deenergization of the relay 113, in ad-
dition te opening some of the local cireuits

1,702,423

of the finder switch B, opens the circuit of
the relay 270 of the radio transmitting set
Whereby the filaments of the tricdes 209, 215
and 223 are deenergized and the direct-current
potential removed from the plate civcuits of
these tubes. The deenergization of the fila-
ments of the various triodes, of course, shut
off the short-wave carrier current.

It will be seen that, when the relay 144 of
the code-sending switeh CD deenergizes, the
cirenit of the 1'day 227 in the radio trans-
mitting set is opened and this relay, conse-
(meudv, opens the oscillating CHCUIL of the
modulalor 223 whereby the audio ncque*lcy
modula
is interrupted. - The relay 635 at the substa-
tion is thus energized to open the circuit of
the line relay 700. The release of the connec-
or H follows responsive to the deenergiza-
ticn of the line relay in the same manner as
the release of the connector H—1, which was
deseribed previously.

It will be seen that, in the above-described
case, the operating code from the dispatcher’s
office will continue to be sent until the cor-
rect answer-back signal is received from the
substation in which the apparatus unit is
located.

Thus, this necessitates that the transmit-
ting aerial 201 shall be radiating short-wave
carrier current at a certain wave length,
while the receiving acrial 305 is receiving
short-wave carrier current radiated by the
transmitting apparatus at the substation.
Under these conditions, unless some special
provision is made, the receiving sets, at both
the dispatcher’s office and the substation, will
be nnable to receive a short wave generated
by other than their associated t msmit-ting
sets. This is due to the fact that, inasmuen
as aerials 201 and 805 are ]plaaec1 close to-
gether, the energy radiated by the aerial 201
will be much me‘uer than the energy received
#rom the radiations of the tr ransmitting set

at the substation. ¥ven though the receiv-
ing set is tuned to different wave lengths, the
short wave generated by the aa%om(lied tmns—
mitting appamtuq will render the veceiving
set incapable of receiving smxmls from other
wave lengths due to the txomendou% differ-
ence in power between the signals.  In ovder
to enable the receiving set to receive while the
transmitting set is sendi ng, my invention pro-
vides qp@cml circuit connections which allow
this duplex oper ation to take place

In order to describe the operation in this
case, it will be assumed that the transmitting
set of Fi ig. 2 is in opersation and that an an-
swer-back signal 1s being sent out from the
substation. It will be seen that there is a
connection 295 from the sending coil at a
point below the ground connection extending
b v way of the conductor 364 through the vari-
able condenser 380 fo the receiving aerial.
It will also be seen that there is anof ther con-

ion of the Sh()lt wave carrier current ©
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nection from the point 296 of the transmit-
ting coil above the ground connection extend-
ing by way of the conductor 365 through a

variable inductance 381 to the same peint of
5 the radio receiving aerial.

“Thus, thers will
be a transfer of energy from the transmit-
ting set to the receiving set. By varying the
Cﬂpqmty of the variable condenser 380 and
the inductance of the variable inductance
381, the phase relation of the energy received
by the receiving set-of Fig. 3 can be adjusted
8o that this recelved energy is ap a phase dif-
ference of 180° from the phase of the oscil-
lations radiated from the aerial 201. By
this arrangement, absolute neutralization of
the short wave radiated by the aerial 201 is
secured in the receiving set of Fig. 8. The
vadio receiving .set of Fig. 3 can then be in-
fluenced by the received waves radiated by the
transmitting set at the substation on different
wave lengths.

t. the substation, the radio transmitting
and receiving sets are connected by the con-
ductors 1180 and 1181 which contain the vari-
able condenser 695 and the variable induc-
tance 696 whereby the same result is secured
in the receiving set of Fig. 6, as has been de-
scribed in connection With the receiving set
of Fig. 3.

In case the contactor 945 at the substation
is. closed and the dispatcher desires to open
it, he opemies the Ley K momentarily in
the opposite direction to that previously op-
erated, thus cperatmw the spring shown on
the left. Tho relay 105 is locked energized
as a result of this operation, and the code for
opening the contactor 945 is sent out although
the wipers 128°t0 126, inclusive, of the finder

switch F are blOUf_’,ht into engagement with
the bank contacts 127 to 180, inclusive. The
difference in the code sent cut is due to the
fact that the common relay 108 is not ener-
gized at this time and, consequently, the wip-
ers of the code- @endmw switeh CD are stepped
into engagement with the contact set which
includes the bank contact 164 dur ing their
second movement. Thus, the number of in-
terruptions in the audio frequency modula-
.tion of the short-wave carrier current is
changed. Otherwise, the operations are sim-
ilar to those described.

The dispatcher is also provided with
checking key ¥—35. This key is of such con-
struction that it is adapted to remain in op-
crated position until restor ml by the rh%-
A)At(‘.‘hel The operation of ¢
cloges a circuit for the relay 191. The ener-
gization of the relay 191 places ground at
armature 194 and. tn*ouﬂh the resistor 107,
upon the wipers 123 and 195 at the armature
194, at the armature 193 phces ground upon
the bank contact 195 and, at the armature 19_4,
closes a circuit for the stepping magnet 109

Ry these operations, the finder switeh F
is operated to find the bank contact set which
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includes the bank contact 195. The code-
sending switch is now operated to control
the sending relay 227 of the radio transmit-
ting apparatus whereby a series of interrup-
tions is produced in the audio frequency mod-
ulation of the short-wave carrier current, and,
consequently, in the circuit of the receiving
relay 635 at the substation. The connector
H is thus operated in a particular manner to
select relays 901, 902 and 903 at the substa-
tion. These relays carry contacts for clos-
ing the circuits of all the relays, such as 920
cund 921, in the substation. The operation
of relays such as 920 and 921 causes the func-
tioning of the finder switch F—1 and the
code-sending switch CD—1, as well as the
radic transmitting set thereat. Consequent-
ly, when the checking code is sent out, all the
apparatus units codes will be sent back to the
dispatcher in order to check the supervisory
signals.

Under certain conditions, it will be seen
that 1t may be desirable to operate a plurality
of contactors, or other apparatus units, in
the substation simultaneously in order to
take care of standard operations or emer-
gency conditions. To this end, I have pro-
vided a relay 906 which is ada,pted to close
circuits at armatures 917, 918 and 919 for
the particular contactors or apparatus units
that it is desired to operate. The relay 906
is energized in the same manner as the relay
904." The operation of this relay and the
contactors controlled by it will be apparent
without further explanation.

The manner in which the answer- back code
is automatically started over again will now
be described.  For this purpose, it will be as-
sumed that an answer-back signal is being
sent back from the substation and that, for
some reason, the signal does not get througa
properly.

It will be seen that, immediately upon the
slow-release relay 505 of the connector H—1
being energized, a circuit is closed extending
from ground by way of the armature 536 and
its back contact, the armature 535 and its
front contact, the conductor 548, and through
the winding of the relay 482 to the battery.
The relay 489 is energized over this circuit
and operates to establish a locking cireuit for
itself at armature 483 and to prepare a circuit
at armature 484 for the relay 191. Imme-
diately upon the first movement of the switch
Wwipers of the connector H-—1, the relay 506
is energized and the original energizing cir-
enit of the relay 482 is opened but this relay
does not deenergize, due to its previously es-

tablished locking circuit. Inasmuch asit has
been assumed that the supervisory signal is
not operated, the switch wipers of the con-

nector H—1 are not in the twenty-fifth posi-

tion when the time interval occurs by the
audio frequency vibrations being superim-
posed upon the short-wave-carrier current
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with the wipers of the code-sending switch
Thus
no cireuit is completed for the supervisory
lamp signals, Consequently, the relay 4&‘)
is not eneroued and the lodunn circuit of
the relay ¢ 182 remains closed. This relay then
remains operated after the deenergization of
the relay 505 of the connector H1 which
occurs upon the release of the switch. When
the relay 505 deenergizes, under the above
conditions, a circuit is s closed extending from
ground by way of the armature 534 and its
back contact, conductor 547, armature 484

and its front contact, conductor 184, and
through the winding of the 1ehv, 191 to bat-
tey y

The energization of the relay 191 starts
the finder switch TF and the code-sending
switch CD and the radio transmitting ap-
paratus at the dispatcher’s office t0 agan
function in the same manner, as before de-
seribed.

At the substation, the operation of the
radio receiving apparatus and the connee-
tor H serves to select the relays 901, 902 and
903 wherveby the answer-back codes for the
position of all the apparatus units are sent
back. This cireuit arrangement insures that

the dispatcher will always lave a correct

indication before him by the supervisory
lamps of the condition of apparatus units at
the substation,

It will be seen that the provision of lock-
ing relavs, such as relays 105 and 106, associ-
ated with the various keys also renders it
impossible to send out an unnecessary code
for the reason that, if the dispatcher should
inadvertently throw the leey K in the same
direction ag it had frst been thrown, the op-
posite relay 105 or 106, as tdﬁ case may be,
would not be energized, as there would be
no circuit for it, and no operation would
oceur.  As no monitori ing lamp is lighted,

the dispatcher’s attcntwn is called to h1s‘

mistalke.

Under certain conditions, the dispateher I
the connec-
tion in case be inadvertently operates a key
or, for any other reason, he desires to stop
the sending of the code. In order fo accom-
plish this 1(“'41 Ity it is only necessary for the
dispatcher te operate the key momentarily in
the opposite divection.  To describe this op-
eration, it will be assumed that the key K is
thrown to the right and that the velay 106
has been locked energized. To stop the code-
sending operation, the dispatcher will throw
the key to the left, ihm eby opening the lock-
ing circuit of the relay 106, which deenergizes
cznd allows the sending ﬂppamtm to be re-
stored to normal condition in the usual man-
ner. - The deenergizatien of the relay 106
opens the energizing cireuit of the stepping
magnet 109 at the a rmature 104, therebv pre-
ven {tvm any further movmmnt of the code-
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finder switches. A further result of the de-
energization of relay 106 is to open the ener-
numo circuit of the Jelay 113 at armature
101. The energization of the relay 113 opens
the energizing circuit of the relay 111 which,
in turn, opens the energizing circuit of Lhe
relay 110 at armature 117. After the in-
terval of time, the 1day 110 permits its ar-
m&tme 115 to drop to its back position, there-
by deenergizing the relay 140, [’pon the
deener leuon of the 1'elay 140, the energiz-
ing circuit is completed for the relay 146
from ground ¢ver armature 147, its back con-
tact, tiuoug;h the winding of relay 146, the
armature 149 and its back contact, switch

banl and wiper 163, the armature 152 and
its back contact and battery to ground. 'The

stepping magnet is energized over this cir-
cuit to prepare its pawl for stepping the wip-
ers 160 to 16% and simu "ancously opens ils
own evxmgi/mo cireuit o he armature ]vu
The stepping magnet 146 is ihelehpon de-
ener 01ved and opers ates its pawl to step the
wipers 160 to 163 to their next contact posi-
tion. The armature 152 again closes its back
eontact, and the civeuit for the stepping mag-
net previously traced is again closed. In this
manner, the stepping magnet operatos like a
buzzer (o step the wipers from contact to con-
tact. At the twenty-fifth contact, the circuit
for the relay 141 is opened at the quLch bank
and its wiper 162. The deenergization of the

relay 141 opens the energizing circuit of iﬂe
relay 142 at armature 150, The switch 146
is once again energized and deenergized,
thereby stepping the wipers from their
twenty-fifth to. thcir first contact. At this
position, the cireuit for the stepping magnet
146, previously traced, is opened at the bmtd\
bank and ii‘s'vripcr 163 on its first contact.
In this manner, the apparatus at the office
18 restored to normal. "The relay 105 is not
01)01 gized at this time for the reason thf‘t the
relay 400 is energized and there is no battery
('onnecte(] io tho \undlnw oi ’me w‘

t,d.s, ine! mhno thL qupmen at the d' pa
fice and the substation, is vestored to
1 condition. .
i1 be understood that, in the system
hown, there is ano ther substation which has
v duplicate of the apparatus shown in Figs.
6 to 11, inclnsive. When the infervuptions
are produced in the audio frequency modn-
Lu mn of the carrier current generated by the
lispatcher’s station during the sending of
P olgnal the connector s‘»ltoh at the other
substation s well as the connector switch H
at the substation shown responds.. Ordingr-
ily, this would cause eonfusion if a1l the op-
erations of e ea ach connector ‘%Wltca would cause
selection ef ﬂupmaum units.

.
er's

pperations can be Sp! Iit up so that In the
same  relative ljnsmons of the connector

switches at the substatiens only one connee-

However, the
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tor switch operates to select an mpmatus
unit, the operation of the other connector
switch being ‘without function. The connec-
tor switch in the other substation is, of course,
released at the termination of & signal, upon
the cessation of the avcho 1 requency modula-
tion of the short wave radiated from the dis-
patcher’s office.

It is often desivable for the dispatcher to
be able to communicate tele A)hon:cuhs with
an operator at any onc of { he substations.
To accomphsn this rest i1t, i is only neces-
the dispatcher to operate a key.
The operation of this key causes the finder
switch F to operate in the usual manner to
select the key relay whereupon the code-send-
ing switch CD is started into operation and
the circuit is closed 1“01' enermztng the {i1-
odes 209, 215 and 223 of the radio transmit-
ting set, whereby the short-wave oscillator
209 is started into operation s and short waves
are radiated by the transmitting aerial 207.

In addition, by the operation of the relay
118, a circuit is closed for the repeating velay
144 which energizes to close the cirenit of tho
radio sending rvelay 227, The energization
of the thter relay co*m%ts the modulator
tube 223 to the primary of the transformer
225. ml‘e modulator 228 immediately starts
to oscillate and, through the intermediate
action of the amplifier 215, moduhmo the

radiated short waves at a suitable audio fre-
quency, as has been described.

At the receiving set in the substation,
the modulations are selected from the carrier
wave and cause the retraction of the arma-
ture of the receiving relay 635. The deen-
ergization of this relay, of course, closes
the cirenit for the line relay 700 of the con-
nector I. - Inasmuch as the Lalilf'tﬂa key
has been operated at the (hspatch 'y office,
the code-sending switch CD is operated to
send out certain definite series of impulses
whereby the audio frequency modulation of
the short wave is lntenuwted a plurality ¢
times to control the receiving re'm' 685 a
the substation. The operation of the latier
relay, of course, omorluces the interruntions
of the circuit i in the line relay 700 of the con-
nector H. The operation of the relay 700
canses the connector o operate in a i
similar to that already @P:czzbeu

By the operation of the connector sw
H., the selecting relays 806 md 802 of
groups REG—1 and R{, respectively,
energizegl and, when the cq.zmector switch
pauses for an Interval in its Wm*v-ﬁf“
position, a circuit is closed e::fuldmn from
ground by way of the nrmature 823 and its
front contact, the front contact and the arma-
ture 830, con luctor 835, and through the
winding ‘of the rmav 1183, conductor 838,
conductor 7 69, and thence to battery by way
of the armature 720 and its back contack.
The energization of the velay 1163 closes a
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circuit at its armature 1195 extending from
ground by we ay of the said armature and its
front conta wet, through the windings of the
relays 1168 and 1162 in multiple, the arma-
ture 1191 -and its back contact, and thence to
ba tuGI') by way of the baf k contact and the
armature 1198. The relay 1162 energizes
to establish a locking circuit for itse olf and
for the relay 1168 at armature 1197. The
energization of the velay 1168 closes a cireuit
at the armature 1196 extendmg from bat-
tery by way oi the front contact and the said
armature, and thr ough the bell coils to
ground. "This circuit causes the operation
of the bell or signalling device 1159 to draw
the attention of the operator at the substa-
tion to the fact that the msm ccher is calling,

‘When the signal ceases to be sent out {rom
the dispatcher’s office, the audio frequency
modudation of the short wave radiated
the transmitter in the dispatcher’s office
ceases and the connector H and the selected
relays ave released. The signalling device
1159 does not stop operating, due to the fact
that there has been a locking circuit estab-
lished for the lehys 1168 and 1162.

At the dwo‘vcrlo' s office, the dispatcher
will remove the receiver 2561 from the switch
hook. The operation of the switeh hook
closes a circuit extending from ground by
way of the switch hook and throuoh the
winding of the relay 248 to battery.

The energization of the relay 248 connects
the transmitter 246 in circuit with the pri-
By
the operation of the switch hook another cii-
cuit 18 closed extending over conductor 362
and through the Wlndnw of the relay 841
to battery. The energization of the relay
341 disconnects the detector tube 329 and con-
nects the output of the amplifier triode 818
to the primary winding of the transformer
244. 'The secondary winding of the trauns-
former 844 is connected in circuit with the
the receiver 251 of the telephone T. Inas-
much as the transmitter is Ponnecwd i cir-
cuit with the primary of the transformer
245, the qecond‘uv of Wlhch is connected in
the gmd circuit ot the modulator trwme 223,
the oscillation of the modulator 223 will be
controlled in accordance with the voice waves
and will modulate, through the intermediate
operation of the u“m)h{xet triode 215, the
short wave train generated by the oscillator
triode 209. This operation  superimposes
audio freque vibrations. upon the: gener-
‘ﬁed carrier wave in the usnal manner,

At the substation, when the operator there-
at responds, he will remove the receiver 1151
Trom the switch hook. This operation closes
s circuit Tor the relay 1148, At alsc ciosw G
cireuit extending {rom ground by way of the
switch hook sprn vs, conductor 1183, and
through the winding of the *elgw 641 to the
battery. The energlzatz on of the relay 641
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disconnects the detector triode 629 and con-

nects the output of the amplifier 618 to the
primary of thetransformerG44. The second-
aryof the transformer 644 is connected in cir-
cuit with the receiver 1151,  The energization
of the relay 1148 connects the {ransmitter 1146
in circuit with the primary winding of the
transformer 1145. In the usval manner, by
speaking in the transmitter 1146, it is possi-
ble to modulate the short wave generated by
the oscillator triode 1109 and radiated .;y
means of the aerial 1101. The operation of
the rel dy 1148 copens the locking circuits of
the relays 1168 and 1162. These relays de-
energize to stop the sigpalling opﬂ"atwn
By the operation of the switch heok, a civcuit

s also tompuuod for the relay 1152 which

functions as hefore to connect energy to the
filament and plate civcuits of the triodes 1109,
1115 and 1123, whereby the short waves are
radiated.

Asbefore deseribed, at both the dispatcher’s
office and the substation, the trans mittino set
is connected to the receiving set in order to
secure neutralization of the radiated waves so
that the receiving set may be affected by the

rave from the other station. By using the in-
strumenmhlle: provided, it is thus possible to
communicate bot\\c en the substation and the
dispatcher’s ofiice in the same manner as it is
possible to cor nmunicate over an ordinary
wire telephene.

The hanging up of the receiver at the dis-
patcher’s office disables the transmitti: ng set
and deenergizes the triodes 209, 215 and 223.

At the subs ation, the u,p]wcment of the re-
ceiver 1151 decnerglzcs the triodes 1109, 1115
and .1123.

In addition, at both the dispatcher’s cfficc
and substation, the r eplacement of the 1e(en-
er renders the receiving set effective to re-
ceive the code 1‘117711150r as previously de-
seribed.

Yet it may happen that the dispatcher will
call the substation in the manner heretofore
described and there will be no operator there.
In this event, inasmuch as the locked signal-
ling device 1159 is operated, the dispatcher
zmd% it desirable to roloa\c it. Inorder to do

this, he will operate his key associated with
il 11 substation, whereby a code of impu]“{v"
are sent out and the cennector I operates to
select the velay 1180 which is oper rated when
the connector H pauses in its twenty-fifth po-
sition. The enermmuon of the relay 1190
opens the locking civeuit of the relays 1168 and
1162 and the operation of the signalling de-
vice is stopped. :

Tn the event that the operator at the sub-
station desires to call the dispatcher, the op-
evateor will clocse a key, such as £—7 (Fig. 9).
Asavesult of this operation, s circuit is elosed
extending through the Wmdmu of the relay
980 and thrwwh the vesistor 986 to the bai-
tery. The 181&)’ 980 is energized over this

1,702,
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cireuit and, upon ope ating, ab its armature
683 establishes a locking civeuit for itself, and
ab its armature 982 closes a circuit for the
magnet 1004 of the finder switech F—1.

In the same manner as before described, a
code of impulses is generated by the conjoint
action of the finder switch F—1 and the code
sending switch CD—1. In accordance with
this lmpvls code, the audio frequency modu-
Jation of the short wave radiated by the trans-
mitting 1101 is interrupted to produce
2 corresponaing series of deenergizations of
the recelving 1'emv 335 in the receiving set at
the dis spatche ()f‘we, whereby the connector
H—1is opera ieu to select the selective relays
409 and 406 wher eby the relay 258 (Fig. 2) is
selected.

The relay 258 is energized when the connec-
tor TI—1 pauses in its twent y-fifth position.
Upon energizing, the relay 258 closes a circuit
at itsarmature 275" for the relays 261 and 262.
The cnergization of these relays closes a cix-
cuit for the signalling device 259 and also a
locking cirenit for themselves. By the opera-
tion of the signalling device, the dispatcher is
apprised that he is l‘ono called by an opera-
tor from one of the substations.

When the dispatcher responds by remov-
ing the receiver 201 the relay 248 is energized

and the lo cking cir cuits of the relays 261 and
Q(‘E are oDmed , and these relays deenergize to
stop the operation of the signalling ‘device
259.  Conversation may now talke place, in a
manner before described, between the opera-
tor at the substation and the dispatcher. The
replacement of the receivers at the substation
and the dispatcher’s office causes the cessation
of the short-wave generation and the deen-

ergization of the triodes in the {ransmitting
sets at both the substation and the dlsmtoher s
Oﬂu*e

t will be noted that, in the dispatcher’s
oﬁico there is no means for sto pp1n< the oper-
ation of the signalling device from the sub-
station,  This is due to the fact that some-
one will be in attendance in the dispatcher’s
office at all times and, cons ommﬂﬂv an answer
will always be obtained. Ther n1010 there is
20 necessity for unlocking the relays 261 and
262,

It desirable, it is, of course, possible to in-
orm the dispatehber when he is attemnting
o xigmal an operator at the substation when
he signalling doevice 1159 is operating by

aerial

{
Iy

causing o code to be sent back to the dis-
pateher. This code would be ‘uan%d to
omp the ”’Td]ﬂ” out of the u‘dﬂ at the dis-
patcher’s office. The manner in \\J,l,d, these

resulis may be accomplished mH be apparent
W ""bmt forther explanation,

The m;'mi]m wherein an Oper‘ vtor at one
tntion calls nn operator at sucther sib-
now ho denmwed. It will be

e @mmﬂnm deseription that the
at all the substations are tuned
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to the same wave length, which is the wave
length of the transmitting set at the dis-

patcher’s office. - In order to enable one sub-

station to communicate with another sub-
station, 1t is therefore necessary to change the
wave length of the transmitting set at that
substation to the same wave length as that of
the dispatcher’s office. Likewise, for the
same reacons, it i3 necessary to change the
wave length of the receiving set at the sub-
station to that of the receiving set at the
transmitting station. By this arrangement,
it is possible for one substation to communi-
ate with any of the others the same as the
dispateher’s station may communicate with
the substations. The operations wherein this
change in wave length of the transmitting
and receiving sets of one substation 1s brought
about, will now be described.

In order to call another substation, the
sperator will eperate a key similar to the
key K—7 which will cauge the functioning
of the finder switch ¥—1 and the code-send-
ing switch CD—1 to generate the proper code.
The operation of this key also closes certain
contacts, which are shown at the key K—56
(Fig. 11), whereby the relay 1158 ig ener-

gized. The relay 1158, upon energizing,

operates to close, at its armature 1138, the cir-
cuit of the relay 1157.  The latter relay, upon
operating, closes a circuit for the relay 1141
at the armature 1139 from the source of
alternating current. The relay 1141 at the
armature 1135 changes the connection of the
radiating aerial 1101 to another point on the
helix, whereby the wave length of the trans-
mitting set of Fig. 11 is changed to the same
wave length as that of the dispatcher’s office.

Other results of the energization of the re-
Iny 1141 are that a locking circuit is estab-
lished for itself at the armature 1138 and, at
the armature 1184, a circuit is completed ex-

tending from the battery by way of the front-
g ¥y .

contact and the said armature, the conductor
1182, and through the winding of the relay
651 o ground. The energization of the relay
851 cleses a civcuit at its armature 670 where-
by the variable condenser 653 is placed in
parallel with the variable condenser 604
The relay 652 is energized in multiple with
the velay 651. Upon operating, relay 652
connects the variable condenser 654 in
multiple with the condenser 610. As a ve-
sult of these operations, the wave length of
the receiving antenna 601 is changed to that
of the dispatcher’s receiving set. The trans-
mitting set of Fig. 11 is thus capable of in-
terrupting the audio frequency modulations
of the radiated vibrations whereby the re-
ceiving sets at the other substations respond.
Hence, from this point, the operations are
the same as has been previously described.
My invention is not limited to the particu-
lar arrangement of the apparatus described
but may be variously modified without de-
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parting from the spirit and scope thereof, as
set forth in the appended claims.

I claim as my invention:

1. In a signalling system, a first station,
a second station, apparatus units at said sec-

nd station, a power-transmission line con-
necting said stations, an operating code trans-
mitter at said first station, operating from
position to position for transmitting code
signals, an operating code receiver at said
second station, operated from position to po-
sition by said transmitted code, means for
superimposing a carrier current on said
power line, means including said code trans-
mitter for modulating said carrier current
in accordance with a code combination of im-
pulses, means including said code receiver
responsive to said code as said receiver moves
from position to position for conditioning
one of said apparatus units. for operation,
means operative thereafter at a predeter-
mined position of said transmitter for trans-
mitting a check impulse and means operative
in the event that the receiver is on a corve-
sponding position when the check impulse
is transmitted for completing the operation
of said conditioned apparatus unit.

2. In a supervisory-control system, a first
station, a second station, a plurality of ap-
paratus units at said second station, a power
line connecting said stations, meansfor super-
imposing a carrier current on said power line,
a rotatable code transmitter at said first sta-
tion for transmitting code signals to said sec-
ond station, a rotatable code receiver at said
second station controlled by the transmitted
code, means including said code transmitter
for modulating said carrier current in ac-
cordance with predetermined code signals,
means including said code receiver for con-
ditioning one of said apparatus units for
operation in accordance with gaid modulated
code, means at a predetermined position of
said transmitter for transmitting a check
impulse to the receiver and means controlled
by said check impulse and operative in the
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event that the receiver is on a corresponding

position when the check impulse is trans.
mitted, for completing the cperation of said
conditioned selected apparatus unit.

3. In a signalling system, a first station, a
second station, apparatus units at said sec-
ond station, a finder switch having a posi-
tion individual to each. of said apparatus
units, a code sender at said second station, a
code receiver at said first station, signalling
devices individual to said apparatus units at
sald fivst station, an oscillator including elec-

“tron discharge devices at said second station,

the filaments of said devices being normally
open-circuited, means responsive to the op-
eration of one of said apparatus units for
operating said finder switch to the pogition
individual to said operated apparatus unit,
means operative following the movement of
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said switch to said position for closing the
circuit of said fil ament%, sald oscillator; upon
closing of the circuit, generating a carrier
Lnrrent means mclndmw said finder respon-

sive to the operated unit “for modulating said

carrier in accordance with a predetmmmed
code combination of impulses and means ve-
sponsive to said code for operating the sig-
nalling device individual to said oper ded
unit. ‘

4. In a supervisory-control system, a first
station, a second station, a power line con-
necting said stations, a plurality of appara-
tus units at said second station, means for
transmitting modnlatod carrier currents,
over the power line, in aceordance with a pre-
determined code Jl(nn said. first to said sec-
ond station, means including tuned circuits
at said second station responsive to said codes
for s‘ellecting one of said apparatus units for

operation, means operative in the event that
said appamtus unit fails to operate, for re-
pmtlno the code to said second station until

said unit operates, means including circuits
‘1t said second station responsive to “the oper-
ation of sald apparatus unit for transmit-
ting code combinations of modulated: car-
rier’ currents over said power line from said
second to said first station whereby said car-
rier currents from said first and second sta-
tions are transmitted simultaneously, and
means for adjusting the circuits of scud Te-
ceiver at said second station 180° out of phase
with respect to the transmitter thereat where-
by the operation of said second station trans-
mitter does not affect the receiver thereat,

Tn testimony whereof, I have hereunto sub-
seribed my name this 2()th day of September,

1923.
ROY J. WENSLEY.
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