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The present invention relates to control appa 
ratus, more particularly to radio and wired sys 
tems for controlling the movement of a device 
positioned at a considerable distance from the 
controlling or transmitting position. 

In the electrical control art there is a definite 
need for an electrical system or apparatus which 
can positively control other apparatus through a 
Wired or radio link. For example, in automatic 
sub-Stations which are usually run without an at 
tendant it may be necessary to operate certain 
SWitches to start and stop electrical apparatus 
and controlled from a master station many miles 
away. Power rheostats may also be advanta 
geously operated by an attendant at a remote 
position and in the art of robot airplanes, the 
rudder, elevator, ailerons and the motive power 
may be controlled from a transmitter located on 
the ground. It is Sometimes desirable to Simul 
taneously operate from a single control station a 
large number of electrical devices or appliances 
which are not only located a considerable dis 
tance from the master station but also long dis 
tances from one another. A radio system load 
provides many opportunities for remote control, 
as for example, when it is desired to adjust vari 
able condensers contained in a remotely posi 
tioned radio transmitter or receiver. 
The primary object of the invention is to pro 

vide an improved system for controlling in a pos 
itive and direct manner one or more remotely 
positioned electrical devices or loads. Another 
object is to provide a control and a controlled 
system by which an angular movement initiated 
at the controlling station is reproduced at the 
controlled station which may be positioned many 
milles aWay. Still another object is to provide apparatus 
which produces a simultaneous movement at a 
distant station corresponding to a certain move 
ment of apparatus at the master or control Sta 
tion. Another object is to provide apparatus by 
which to initiate and stop an electrical motor 
from a remote position spanned by a radio or wire 
link. Still another object is to provide apparatus 
for controlling a remotely positioned rotary de 
vice through either a radio or Wire link and in 
which the rotary device can be stopped or re 
quired to take a predetermined position strictly 
in accordance With the final position of the con 
trolling device at the transmitter station. The 
final object is to provide apparatus at a receiving 
station which will respond to impulses propa 
gated through a wire or a radio link for operating 
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parts of a radio device or other power-operated 
unit in forward and reverse directions without 
any appreciable over-run in either direction. 
The invention will be better understood when 

reference is made to the following description and 
the accompanying diraWing which ShoWs dia 
grammatically an improved receiving station in 
Which the device to be controlled responds to ra 
dio inpulses initiated at a distant transmitter 
Station, In general, the improved System comprises four 
units, electrically or electromagnetically connect 
ed together, the first unit being a radio receiver 
generally designated feeding into a so-called 
discriminator circuit generally indicated at 2. 
The output of the latter circuit is received by di 
rect current amplifier, generally designated 3 and 
having an output circuit in which there is a pair 
of electromagnetic actuators which constitute the 
third unit of the system. These actuators cause 
the operation of switches for initiating the ro 
tary movement of electric motors or other source 
of power Which is to be controlled from the trans 
mitter or sending station. The motor unit is 
indicated by reference character 4. 

Referring to these various units in order, the 
radio receiver may comprise an impulse receiv 
ing conductor exemplified as an antenna, S. The 
received impulses paSS through an input radio 
frequency transformer the secondary of which 
can be tuned by a variable condenser T. The re 
ceiver may comprise any number of amplifier 
stages of the tuned radio frequency type. The 
output of the receiver as represented by the 
transformer 8 comprises radio frequency impulses 
derived from the carrier and these impulses are 
passed into the discriminator circuit 2. The lat 
ter consists of one or more tuned circuits as in 
dicated by the variable condenser 9 which is 
adapted to produce resonance with the trans 
former secondary 8, and two or more rectifiers 

, connected in parallel across the terminals 
of the transformer secondary. The rectifiers (, 
! | are preferably constituted of high vacuum di 
odes with the plates connected to the transformer 
8 and the cathodes, which may be directly or in 
directly heated, connected to an output resistance 
network indicated at 2. The extreme ends of 
the resistors 2 are grounded as indicated at 3 
and there is a conductor 4 passing from the 
resistors through a fixed condenser 5 to the pri 
mary of the transformer. The mid-tap of the 
secondary of the transformer is electrically con 
nected through a conductor í 6 to the conductor 
4. A by-pass Condenser 7 is shunted across the 
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two cathodes. Conductor 8 is taken from a tap 
positioned between the upper resistor 12 and the 
cathode 8 to an outgoing line 9, grounded at 20 
through a fixed condenser 2. 
The line 9 feeds the grids or control elements 

2 Ga, 2 b of a pair of thermionic amplifiers 22, 23 
through conductors 24, 25 respectively. The 
cathodes 26, 27 which may be directly or indi 
rectly heated, are connected through adjustable 
taps 23, 29 to a pair of fixed resistors 3), 3. The 
latter are grounded at 32. The ungrounded ends 
of the resistors 39, 3 join together through a COn 
ductor 33 to which a resistor 34 is connected. 
This resistor leads to a pair of cathodes 35, 36, 
which may be directly or indirectly heated, and 
contained within amplifier tubes 37, 38. The 
plate 39 of the tube 22 is connected through a 
conductor & S) to a grid or control element 4f of 
the tube 3. The anode 42 of the said tube is 
connected through a current indicating device 
33 to an electromagnetic actuator 44. 
The anode 5 of the tube 23 is connected 

through a conductor 46 to the grid or control ele 
ment 4 of the tube 38. The anode 49 of the 
last mentioned tube is taken through current 
indicating device 50 to an electromagnetic actu 
tor 5. The inner terminals of the coils 54, 5t 
are connected together through a conductor 52, 
and a resistor 53 is connected between the con 
ductor 32 and the cathode conductor 54. Grid 
i.eak resistors 55 may be connected between the 
grids 4, 47 and their respective cathodes. 
The actuators 44, 5 have slidable armatures 

or cores 56, 57 respectively which are mechan 
ically connected to the respective SWitch elements 
8, 59 as indicated by the dot-dash lines 60, 6i. 
These switches constitute part of the work or 
load circuit indicated at A which includes a 
D. C. motor indicated by the showing of its con 
mutator-arnature 69. 
The Switches 58, 59 may comprise any form of 

reversing SWitch mechanism so designed that 
When the armature or core 56 is pulled up into 
itS Solenoid, the motor 60 is rotated in one direc 
tion and when the armature core 57 is allowed 
to drop due to de-energization of its solenoid 
the motor is caused to rotate in the opposite 
direction. As shown, the switch 58 is provided 
With a pair of contact plates 62, 63 which are 
adapted to bridge the two pairs of terminals 64, 5 respectively. 
The SWitch 59 is also provided with two pairs 

of plates 66, 67 which are adapted to bridge two 
pairs of terminals 68, 69 respectively. The left 
hand terminal 64 is connected through a con 
ductor 7 to the left-hand terminal 68 and the 
left-hand terminal 65 is electrically connected 
through a conductor fi i to the right-hand ter 
rhinal 68. Conductor 2 connects the right 
hand terminal 65 with the left-hand terminal 
39. The power for the motor 6) is brought in 
through mains 73, 74 the latter being connected 
to the conductor and therefore to the left 
hand terminal 64, 63. The Wire i3 is taken 
through a filter exemplified by a choke coil 75 to 
the conductor 2, thus being connected to the 
right-hand terminal 65 and the left-hand ter 
minal 69. The right-hand terminal 69 is con 
nected through a conductor 6 to one Side of 
the motor 69 and this conductor extends through 
a conductor 7 to the right-hand terminal 64. 
The remaining side of the motor 60 is electrically 
connected through wire 78 to conductor 7 and is 
therefore connected to the left-hand terriniinal 
65 and the right-hand terminal 68. 
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4. 
The motor 60 may be of the shunt field type. 

The armature is preferably geared through a 
train of gears indicated at 79 to the rotor of the 
condensers 7, 9 of the radio receiver and dis 
criminator circuit 2 respectively. Devices othel' 
than the variable condensers 7, 9 can be mechan 
ically controlled by the motor 60 So that a de 
vice 80 having a rotary element 8 has been 
generically indicated to represent any and all of 
such devices. The rotary element 81 and the 
rotor of the condensers 7, 9 have been indicated 
as being mechanically connected to the motor 68, 
with or without the gear train 79, by means of 
dot-dash lines 82. 

Operation 
Let us assume that high frequency impulses 

are being received by the antenna. 5 and after 
being amplified finally pass through the trans 
former 8. The discriminator circuit 2 will de 
velop a positive voltage at the cathode of tube fo 
(point P) when the incoming signal is off res 
onance to the tuned circuits 6, 7 and 8, 9 in One 
direction and a negative voltage at point P 
when the incoming signal is off resonance in the 
opposite direction. Any voltage which appears 
at the point P is fed through the filter circuit 83, 
2 to the grids 2 Oct, 2 b which are the first stage 
amplifier tubes in the two stage D. C. amplifier 
circuit. 
The cathode voltage of tube 22 is adjusted by 

means of the potentiometer 30 So that the tube 
draws sufficient current through resistor 55 to 
produce a grid-bias voltage on tube 3. Which Will 
effectively block current in the plate circuit of 
tube 37. The relay 44 will normally rest. With 
its contacts open and there is no current in its 
winding which is in Series with the plate of tube 
37. The cathode voltage of tube 23 is adjusted 
at the potentiometer 3 in such a manner that 
no plate current flows in the tube and there is no 
grid-bias developed in resistor 55 for the grid 47 
of the tube 38. A current of Several milliamperes 
will therefore flow in the plate circuit of tube 38 
and relay 5 which is in series With the circuit 
and the relay Will normally be pulled up. Since 
the contacts of relay 59 are break contacts, the 
circuit through them will be open under this 
normal condition as shown in the drawingS. 
When a positive voltage appears at the point 

P, it will increase the plate current in tube 22 
which will in turn increase the grid-bias in tube 
3. Since there is no plate current flowing in 
tube S7, relay 44 will not be affected. The posi 
tive voltage applied to the grid of tube 23 Will 
counteract the cathode Voltage developed in re 
sistor 3 and permit plate current to flow through 
the lower resistor 55. This current Will produce 
a voltage drop which is applied to the grid of 
tube 33 to reduce or eliminate the plate current 
flowing through relay 5. This reduction or ab 
sence of plate current will allow relay 5 to drop, 
closing the motor circuit. The motor, through 
its geared train 79 will revolve the tuning con 
trols at , 9 of the radio receiver and the dis 
criminator circuit until the positive voltage at 
point P disappears because the circuits 6, 7 and 
8, 9 have been made resonant to the incoming carrier. 
If the carrier is off resonance in the opposite 

direction, a negative voltage will appear at point 
P. This negative voltage applied to the grid of 
tube 22 will reduce the current flowing through 
the upper resistor 55 and the bias applied to the 
grid 4. Reduced bias on tube 37 will result in 
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current flowing through relay 44. The negative 
voltage applied to the grid of tube 23 will serve 
to decrease the possibility of current flow in the 
lower resistor 55 so that no bias Will appear Om 
tube 38 and relay 5 will remain in its normal 
position. With relay 44 operated, its contacts 64, 
65 Will close the motor circuit so that it Will run 
in the opposite direction to that originally de 
Scribed. 
A circuit for energizing the motor 60 in One 

direction can be traced from the conductor 73, 
choke coil 75, conductor 72, contacts 65, con 
ductor 78, through the motor armature, con 
ductor TT, contacts 64, conductor TO back to the 
other side of the line 74. When the relay 44 is 
thus energized, voltage is applied to the motor 
60 to cause the latter to run in One direction. 
When the relay 5 is de-energized, allowing the 
core 57 to drop, a circuit for the motor is estab 
lished through main T4, terminals 68, conductor 
8, through the motor (in the opposite direction 
from that traced immediately above), conductor 
76, terminals 69, choke 75, back to the other side 
of the line 73. 
As the motor 60 is moved in One or the other 

direction depending on the condition of the re 
lays 44, 5, and its motion is transmitted through 
the mechanical links 79, 82 to the condensers 
, 9 or the rotary element 8, the result is that 
the motor 60 continues to operate in one direc 
tion or the other as long as positive or negative 
impulses appear at the point P. These impulses 
will disappear at the point P when the two cir 
cuits 6, 7 and 8, 9 are made resonant to the re 
ceived carried and/or its detected frequency. 
The motor will therefore run continuously in 
a given direction in an attempt to bring these 
two circuits into resonance with the transmitter 
frequency. The motor can be reversed by shift 
ing the transmitter frequency in the opposite 
direction and the only limit to the amount of 
movement at the motor is the tuning range of 
the radio receiver. 

It is apparent that by using different gear 
ratios at 79 or different types of mechanical link 
age, any conceivable type of mechanical control 
could be achieved in this manner. The motor 
60 may be caused to operate power rheostats, 
variable condensers in remotely controlled radio 
transmitters or receivers, rotating or mechanical 
switches and circuit selecting devices. In the air 
plane field, the directional motion of a plane Or 
an aero-bomb can be readily controlled by Oper 
atting on the rudder, elevator or ailerons. 

It is apparent that instead of coupling the 
notor 60 to a pair of variable condensers 7, 9 
which serve to produce a state of resonance in 
the circuit and to cause the motor to stop, I 
may disconnect the motor from these condensers 
and employ fixed condensers. The Operator at 
the transmitting station, knowing the resonance 
frequency of the circuits 6, 7 and 8, 9 would trans 
mit a frequency out of resonance with these cir 
cuits, either above or below, causing the motor 
60 to continuously rotate in one direction. Or the 
other. Thus work would be performed at the 
distant station, controlled by the operator at the 
transmitter. Even with a mechanical link be 
tween the motor 60 and the condensers 7, 9 a. 
continuous operation of the motor could be ob 
tained by continuously varying the frequency at 
the transmitter station. So that the motor and 
its condensers can never catch up with the chang 
ing frequencies. Such a scheme has the advan 
tage of not only initiating the operation of the 
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motor 60 but also of determining the direction 
in which the motor shall run and when it shall 
stop. 
There is little or no overrun to the motor 60 in 

either direction of movement because as the fre 
quency resonance of the turns 6, 7 and 8, 9 ap 
proaches closer and closer the frequency of the 
received radio signals, the potential of the posi 
tive and negative impulses at point P become 
less and less. This in turn determines the dura 
tion of time over which the relays 44, 5 are en 
ergized and therefore determines precisely the 
time over which the motor 60 shall run and the 
precise moment that it shall stop. Thus, con 
siderable accuracy can be obtained in the start 
ing and stopping of a movement and the period 
of time over which Such movement extends 
which factors may be very important in certain 
applications of the improved remote control 
System. 
While I have illustrated my improved control 

system in connection with a radio station, this 
system could be operated equally Well Over a 
wired link in Which the carrier frequencies are 
transmitted or guided by Wire cables. However, 
the system lends itself particularly to the trans 
mission of radio or ultra high frequencies, the 
upper range of which is determined solely by the 
electrical characteristics of the tubes 9, if and 
their ability to provide plus and minus polarity 
impulses at the point P when their input circuits 
are out of resonance With the incoming impulses. 

It will be understood that I desire to comple 
hend within my invention such modifications as 
come Within the Scope of the claims and the in 
Vention. Having thus fully described my invention, What 
I claim as new and desire to secure by Letters 
Patent, is: 1. An electrical control System comprising a 
radio receiver, a frequency discriminating circuit 
connected thereto, a relay system including a pair 
of thermionic tubes A, B having input and output 
circuits, the respective output circuits containing 
individually operable electro-magnetic actuators, 
switching mechanism controlled by said actuators 
and a reversible load device operated in pre-de 
termined directions by said mechanism, a pair of 
thermionic tubes C, D having grid and plate cir 
cuits, said grid circuits being connected in paral 
el to said discriminating circuit and said plate 
circuits being connected respectively to the input 
circuits of tubes A, B through biasing resistol's 
whereby when potentials of different amounts 
appear across the grid circuits of tubes C, D, one 
of the tubes A, B will be rendered inoperative and 
the other operative to selectively cause the oper 
ation of the respective actuators and thereby con 
trol the operation of said load device. 

2. An electrical control System comprising a 
radio receiver, a frequency discriminating circuit 
connected thereto, a variable condenser in said 
radio receiver, a relay system including a pair of 
thermionic tubes A, B haWing input and output 
circuits, the respective output circuits containing 
individually operable electro-magnetic actuators, 
switching mechanism controlled by said actua 
tors, and a reversible load device operated at pre 
determined directions by said mechanism, said 
load device being mechanically connected to said 
condenser to tune the receiving circuit to the in 
coming frequency, a pair of thermionic tubes C, D 
having grid and plate circuits, said grid circuits 
being connected in parallel to Said discriminating 
circuit and said plate circuits being connected 
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respectively to the input circuits of tubes A, B 
through biasing resistors, whereby when poten 
tials of different polarities appear across the grid 
circuits of tubes C, D one of the tubes A, B will 
be rendered inoperative and the other operative 
to selectively cause the operation of the respec 
tive actuators and thereby control the direction 
of operation of Said load device. 

3. An electrical control system comprising a 
radio receiver, a tuning device therefor, a fre 
quency discriminating circuit connected to said 
receiver and containing a tuning device, a relay 
system including a pair of thermionic tubes A, B 
having input and output circuits, the respective 
output circuits containing individually operable 
electro-magnetic actuators, switching mechanism 
controlled by said actuators, and a reversible load 
device operated in predetermined directions by 
said mechanism, a pair of thermionic tubes C, D 
having grid and plate circuits, said grid circuits 
being connected in parallel to said discriminat 
ing circuit and said plate circuit being connected 
respectively to the input circuits of tubes A, B 
through biasing resistors, whereby when poten 
tials of different polarities appear across the grid 
circuits of tubes C, D, one of the tubes A, B will 
be rendered inoperative and the other Operative 
to selectively cause the operation of the respec 
tive actuators and thereby control the direction 
of operation of said load device, and a mechanical 
connection between the last mentioned device and 
each of said tuning devices, whereby the radio re 
ceiver and the discriminating circuit are simul 
taneously tuned in resonance With the received 
frequency and the different polarities across the 
grid circuits of tubes C, D no longer appear So 
that the load device comes to rest. 

4. An electrical control System comprising a 
radio receiver feeding into a frequency discrim 
inating circuit, a relay circuit controlled by said 
discriminating circuit and a motor connected to 
said relay circuit, a tuning condenser in each of 
the radio receiver and frequency discriminating 
circuit and a mechanical connection between said 
motor and said tuning Condensers for adjusting 
the condensers in accordance with the movements 
of Said motor, and an electrical network inter 
posed between the frequency discriminating cir 
cuit and the relay circuit, which network is selec 
tively responsive to differences of potential that 
appear in the discriminating circuit in order to 
control the operation of the relay circuit and the 
direction of movement of the motor which, in 
turn, controls the direction of movement of the tuning condensers. 

5. An electrical control Sysetem comprising a 
radio receiver feeding into a frequency discrim 
inating circuit, a relay circuit controlled by said 
discriminating circuit and a motor connected to 
Said relay circuit, a tuning condenser in each of 
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8 
the radio receiver and frequency discriminating 
circuit and a mechanical connection between said 
motor and Said turning condensers for adjusting 
the condensers in accordance with the move 
ments of said motor, and an electrical network interposed between the frequency discriminating 
circuit and the relay circuit, which network is 
Selectively responsive to differences of potential 
that appear in the discriminating circuit in order 
to control the operation of the relay circuit and 
the direction of movement of the motor which, in 
turn, controls the direction of movement of the 
tuning condensers, Said electrical network includ 
ing a pair of multi-electrode thermionic devices 
haVing grid and plate circuits connected in par 
allel to the frequency discriminating circuit and 
the plate circuits being connected in an opposed 
relation to the relay circuit. 

6. An electrical control system comprising a 
radio receiver feeding into a frequency discrimi 
nating circuit, a relay circuit controlled by said 
discriminating circuit and a motor connected to 
Said relay circuit, a tuning condenser in each of 
the radio receiver and frequency discriminating 
circuit and a mechanical connection between said 
motor and Said tuning condensers for adjusting 
the condensel's in accordance with the movements 
of Said motor, and an electrical network inter 
posed between the frequency discriminating cir 
cuit and the relay circuit, which network is selec 
tively responsive to differences of potential that 
appear in the discriminating circuit in order to 
control the Operation of the relay circuit, and the 
direction of movement of the motor which, in 
turn, controls the direction of movement of the 
tuning condensers, said electrical networkinclud 
ing a pair of multi-electrode thermionic devices 
haVing grid and plate circuits connected in par 
allel to the frequency discriminating circuit and 
the plate circuits being connected in an opposed 
relation to the relay circuit, said relay circuit in 
cluding a pair of multi-electrode thermionic de 
vices and a plurality of biasing resistors inter 
posed between the two pair sets of multi-electrode devices. 
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