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This invention relates to control systems, and 
more particularly, to electrical systems in which 
the direction and the extent of the movement 
of the apparatus to be controlled may be auto 
matically obtained in accordance with the direc 
tion and the extent of movement of a control 
instrument located nearby or at a distance from 
the controlled apparatus. 
Systems of this type find extensive applica 

tion for various purposes, such as the control of 
the movement of guns on a battleship, from a 
central location or the simultaneous indication 
of an instrument at a distance point. 
The invention is particularly adaptable to the 

remote tuning of radio receivers in that it pro 
vides continuous progressive movement of the 
tuning dial by the simple manual adjustment of 
a similar dial at a remote point. This applica 
tion of the invention was chosen for the purpose 
of illustration in order to simplify the under 
standing thereof, although no limitation is in 
tended thereby for it will be readily seen that 
the nature of the controlled apparatus has no 
bearing on the invention herein described and 
may be anything from a large elevator to a small indicating instrument. 
The principle of operation of the invention is 

based upon the particular characteristics of 
gaseous electric discharge devices of the posi 
tive control type. By positive control is meant 
the type which becomes conductively energized 
when the control grid is positive with respect 
to the cathode. These devices may have cold 
or thermionic cathodes. As an example, the 
discharge device known as the "grid-glow tube' 
and described in United States Patent No. 2,062,- 
268 is particularly suitable in connection with 
the present invention. A cold cathode type of 
the above tube is shown in the embodiment of 
the invention herein described and a device of 
the above described general type is to be under 
stood by the terms "tube' or "discharge tube' 
wherever it is applied. The great sensitivity of 
this tube to small variations of a leakage path 
between its anode and control electrode for pro 
ducing gaseous discharge and conduction be 
tween anode and cathode thereof is one of the 
desirable factors to which may be added the 
ease of control to produce a nonconductive state 
by means of another high resistance leakage path 
between its control electrode and cathode which 
will counter-balance the effect produced by the 
first-mentioned leakage path. This state may 
be designated as an electrical equilibrium main 
taining the tube nonconductive as long as a bal 
ance exists between the two opposing leakage 
paths. The function of the grid-glow tube will 
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be further explained in connection with the de 
scription of the operation of the control system. 
A particular feature of this invention is that 

when the control system is applied to remote 
tuning of any apparatus, for instance, a radio 
receiver, the tuning operation at the remote 
point involves merely the turning of a dial which 
may be graduated in kilocycles or meters in the 
same manner as the original tuning dial of the 
receiver, and that the Setting thereof in any 
direction and to any small increment of the scale 
will effect the energization of the conventional 
tuning motor to drive the receiver tuning con 
deriser in the same direction and to the same 
or any desired increment of the dial scale. 
Another feature of the invention is that the 

control System when in standby condition, con 
Sumes no power from the Supply and that the 
control circuit associated therewith operates 
merely upon capacitive change and potential 
charges; hence, carries no current. 
An advantage of the control system in accord 

ance with this invention resides in that only two 
conductors are necessary between the remotely 
located tuning element and the radio receiver to be controlled. 
Other features and advantages will be appar 

ent from the following description of the inven 
tion, pointed out in particularity by the ap 
pended claims, and taken in connection with 
the accompanying drawing, in which the single 
figure illustrates a Schematic arrangement of the 
remote actuation of a tuning condenser assem bly. 
Referring to the figure, the apparatus to be 

controlled is shown here in perspective as a 
gang condenser , the shaft 2 of which carries 
a dial 3 at one end and at the other end is con 
nected through suitable reduction gearing to the 
shaft 4 of an electric motor 5. The gang con 
denser is intended to represent symbolically 
the tuning element of a radio receiver. All con 
nections of this condenser with the receiver and 
other components of the receiver have been 
omitted inasmuch as the invention does not con 
cern itself with the particular type of radio re 
ceiver intended to be controlled. Any receiver 
may be provided with a suitable tuning motor 
for automatic actuation and such receivers are 
Well known in the art. Moreover, it is not essen 
tial that the dial 3 be that of a radio receiver. 
It is sufficient to state that it is desired to set 
the dial 3 to any predetermined position with 
respect to the indicator 6 in order to automati 
cally actuate a similar dial located at the re note point.   
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The motor 5 herein shown is of the dual-field 

type having a field winding 8 and 9, each being 
adapted to be energized from a source shown 
here by the battery O. The field 8 is connected 
in series with the armature to the battery 0 
through conductor it, switch contacts 2 and 
27 and conductors 3 and 4, whereas the field 
9 is connected to the battery to in series with 
the armature 7 through conductor , Switch 
contacts 5 and 5' and conductors 3 and 4. 
In this manner, when the switch contacts 2 
and 2' are bridged, the motor is energized to 
rotate in one direction and when the Switch con 
tacts 5 and 5' are bridged, in the opposite di 
rection. The bridging of the contacts 2 and 
2' is effected by the relay 8 and the bridging 

of the contacts 5 and 5' by the relay 9. 
The source of energization for the winding 20 

of the relay 8 is the secondary winding 2 of a 
transformer 22. The winding 2 is connected to 
one terminal of the winding 20 through a resist 
ance 24. The other terminal of the winding 2 
connects to the cathode 25 of the grid-glow tube 
26. The anode 27 thereof connects through Con 
ductor 28 to the other terminal of the winding 
20. The latter is suitably bypassed by a con 
denser 29. The energizing circuit of the relay 
f8 between the winding 20 and the energizing 
source comprising the secondary winding 2 in 
cludes in series, the resistance 24 and the cath 
ode-anode path of the grid-glow tube 26. 
The relay 9 is similarly connected in that one 

terminal of its winding 30 connects to one ter 
minal of another secondary winding 3 of the 
transformer 22 in series with resistance 34, and 
the other terminal through conductor 35 to the 
anode 36 of a second grid-glow tube 37. The 
cathode 38 thereof connects through conductor 
39 to the other terminal of the winding 3. Con 
denser 40 is connected directly across the termi 
nals of the winding 30. 
From the above description, it is seen that the 

two tubes 26 and 37, respectively, are intercon 
nected with respect to their electrodes in such 
manner that the control electrodes 46 and 49 
are directly connected with each other, whereas 
the anode of one tube connects to the cathode of 
the other and vice versa. Such connection of 
tubes is generally referred to as "back-to-back 
connection.' The conductive energization of the 
tube 26 will permit current to flow from the Wind 
ing 2 to the relay winding 20 and, similarly, Con 
ductive energization of the tube 37 will permit 
current flow from the winding 3 to the relay 
winding 30. The circuit for energizing the grid 
glow tubes is shown to be alternating current ob 
tained directly from a suitable power Supply line 
to which the primary Winding 23 of the trans 
former 22 may be connected. The current 
through the windings 20 and 30 will be pulsating 
direct current by virtue of the rectifying action 
of each glow tube. The condensers 29 and 40, 
in connection with their respective windings to 
which they are connected, act as filters or energy 
storing means to maintain operation of the relays 
8 and 9, respectively, during the non-conduct 
ing half-cycles. 
In order to control the energization of the tubes 

and thereby the operation of the relays 8 and 
9, a capacitive control circuit is provided between 

electrodes of the respective tubes in that a con 
denser 42 is connected through conductors 43, 44 
and 45, between grid 46, and anode 27 of tube 
26, and another condenser 4 through conduc 
tors 44, 45 and 48, between anode 36 and grid 
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49 of the tube 37. The condenser 47 is mechan 
ically interlinked with the tuning condenser and 
rotates simultaneously therewith. The cathode 
25 of tube 26 is interconnected through conduc 
tor 50 with the anode 36 of tube 37 and corre 
spondingly the anode 27 of tube 26 through con 
ductor 5 with the cathode 38 of tube 37. 
Through this interconnection, the condenser 42 
while connected between anode 27 and grid 46 
of tube 26, is also effectively connected between 
grid 49 and cathode 38 of tube 3. Similarly, the 
condenser 47 while connected to the anode 36 and 
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grid 49 of tube 37, is also effectively connected to 
the cathode 25 and grid 46 of tube 26. In par 
allel with each condenser 42 and 47 are Con 
denserS 52 and 57, respectively. 
Before describing the operation of the System, 

let it be mentioned again that the action of the 
grid-glow tube as to initiation of Space current 
conductivity depends upon the leakage between 
its grid-anode and grid-cathode path. A lower 
resistance path between grid and anode as, for 
example, an increase of capacity, will cause a 
state of conductivity whereas a similar path be 
tween its grid and cathode, will nullify the above 
effect. Moreover, an increase of the leakage be 
tween grid and cathode will bias the tube in low 
ering its sensitivity to conduction until this path 
is counter-balanced or offset by an increase in 
the leakage between grid and anode of the tube. 
A leakage path may be provided either by an 
ohmic resistance or by an impedance such as an 
inductance or a capacity. The latter was chosen 
here in illustrating a preferred embodiment of the 
invention because capacitive leakage elements 
have certain practical advantages. To mention 
a few, Variable condensers of the type generally 
used in circuits may be employed and thereby the 
calibration of the remote dial made uniform with 

40 that of the tuning dial of the receiver. The use 

50 

55 

60 

65 

70 

5 

of variable resistances or inductances introduces 
certain mechanical difficulties particularly in ob 
taining a certain uniform rate of change in the 
resistance or impedance value between two com 
ponents. However, no limitation is intended in 
showing variable condensers as the leakage ele 
ments. 

Following the circuit herein shown, it is seen 
that the condenser 42 provides a certain leakage 
path between grid and anode of the tube 26 de 
pending upon its particular capacitive adjust 
ment, and that this path may be counter-bal 
anced by the condenser 4, which provides a leak 
age path between grid 46 and cathode 25 of the 
Same tube. At a particular Setting, the two con 
densers provide equal leakage paths and thereby 
maintain a state of equilibrium in the tube, at 
which time it is non-conductive, although sensi 
tive to any capacitive change between its grid 
and anode to effect conduction. The same is true 
with respect to the tube 37 except in the reversed 
Order. Here, the capacity 47 provides the leakage 
path between anode 36 and grid 49, whereas the 
condenser 42 provides the counter-balancing leak, 
age path between cathode 38 and grid 49. Con 
densers 52 and 57 are Small with respect to the 
Operating condensers 42 and 47 serving merely 
as trimmer capacitors to compensate for capaci 
tive differences that may exist when the two oper 
atting condensers are in the same position and 
also for the capacity introduced by the con 
ductors. 

Referring to the operation of the control sys 
tem, let it be assumed that it is desired to move 
the tuning condenser in counterclockwise di 
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rection to the extent represented by three di 
visions on the dial 3. To do this, the condenser 
2 at the remote point is turned also in a coun 

terclockwise direction to the extent represented 
by three divisions on the dial 59 which is at 
tached to the shaft 60 thereof. The result will be 
an increase in the capacity of the condenser 2 
providing a leakage path of lower resistance be 
tween anode 27 and grid 46 of the tube 26. The 
latter becomes immediately conductive permitting 
current to flow to the winding 20 of the relay 8, 
This, in turn, closes the circuit between contacts 
2 and 2', energizing the motor 5 through its 

field winding 8, which is so poled as to rotate 
the tuning condenser of the radio receiver 
through a suitable reduction gearing also in a 
counterclockwise direction. The motion thereof 
rotates the condenser 47 to increase its capacity 
similarly. When this capacity reaches the corre 
sponding value of the capacity 42, the leakage 
path between cathode 25 and grid 46 will be in 
creased until it equals that offered by the con 
denser 42, thereby reestablishing again the con 
dition of balance or electrical equilibrium. The 
tube 26 becomes non-conductive, releasing the re 
lay 8, which disconnects the motor winding 8. 
It may well be mentioned here that the capacity 
increase of the condenser 42 while it provided 
a leakage path of lower resistance between the 
grid and cathode of the tube 26, it also provided 
a similar path between the cathode 8 and grid 
49 of the tube 37, whereby this tube became 
biased to non-conduction and its sensitivity was 
reduced to a certain degree. Hence, when the 
condenser 4 is moved by virtue of the actuation 
of the motor, the increase of this capacity which 
provides an increase of leakage path between an 
Ode 36 and grid 49 of the tube 37 does not cause 
actuation of the tube 37 due to the bias afore 
mentioned. When equilibrium is re-established, 
the capacitive leakage paths in both tubes are 
again neutralized and the sensitivity of both 
tubes restored. 
Considering control in the opposite direction, 

the clockwise setting of the dial 59 will cause a 
Capacitive setting of the condenser 42 of lower 
capacity resulting in a higher resistance leakage 
path between grid and anode of tube 26. A 
higher resistance leakage path between anode 
and grid is equivalent, in effect, to a lower resist 
ance leakage path between cathode and grid, 
which as was stated before, provides a certain 
bias for the tube. Consequently, tube 26 will not 
be conducting; as a matter of fact, its sensitivity 
will be lowered. Furthermore, the capacitive 
change of the condenser 42 provides also a higher 
resistance leakage path between cathode 38 and 
grid 49 of tube 4. A high resistance leakage 
path between these electrodes, in effect, is equal 
to a lower resistance path between anode 36 and 
grid 49 which will trigger the tube 37 into con 
ductive action, whereby the relay 9 will be en 
ergized, closing the contacts 5 and 5' and 
switching into the circuit the field winding 9 of 
the motor 5. The rotation of the tuning con 
denser will now be energized in a clockwise di 
rection until the condenser 47 will be lowered in 
capacity to a degree which will counter-balance 
the higher resistance path between grid 49 and 
cathode 38 of tube 37. In other words, the de 
Crease of capacity of condenser 4T will decrease 
the leakage path between anode 36 and grid 49. 
When a state of equilibrium is reached, the tube 
will be non-conductive and the relay 9 discon 
nects the motor from the circuit. 
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3. 
I claim as my invention: 
1. In a control system, apparatus to be con 

trolled as to its movement, control means for said 
apparatus including a pair of discharge tubes 
connected back-to-back, the space current con 
ductivity of which initiates movement of said 
apparatus, individual energizing circuits for said 
tubes, a circuit capacitively interconnecting said 
tubes for maintaining electrical equilibrium 
thereby preventing space current conductivity of 
said tubes, capacitive means at a control point 
for disturbing said equilibrium and thereby ini 
tiating movement of said apparatus and capaci 
tive means coactively associated with said appa 
ratus for restoring said equilibrium upon prede 
termined movement thereof. 

2. In a control system, apparatus to be con 
trolled as to its movement in one direction and 
in the opposite direction, control means for said 
apparatus including a pair of discharge tubes 
connected back-to-back, the space current con 
ductivity of one of said tubes initiating movement 
of said apparatus in one direction and the Space 
current conductivity of the other of said tubes in 
the other direction, circuits for individually en 
ergizing said tubes, a second circuit capacitively 
interconnecting said tubes for maintaining elec 
trical equilibrium and thereby preventing Space 
Current conductivity of said tubes, means at a 
control point for effecting a change of capaci 
tance in said second circuit thereby disturbing 
said equilibrium, said last mentioned means be 
ing Operable upon increase of capacitance to 
cause conductive energization of one of said tubes 
and upon decrease thereof to cause conductive 
energization of the other of said tubes, and means 
coactively associated with said apparatus for ef 
fecting a capacitance change in said second cir 
cuit in such sense as to restore said equilibrium 
upon a predetermined movement of said appara 
tus. 

3. In a control system, apparatus to be con 
trolled as to its movement in one direction and 
in the opposite direction, control means for said 
apparatus including a pair of discharge tubes 
connected back-to-back, the space current ener 
gization of one of said tubes initiating movement 
of Said apparatus in one direction and the space 
current energization of the other of said tubes 
in the other direction, circuits for individually 
energizing said tubes, a second circuit capaci 
tively interconnecting said tubes for maintaining 
electrical equilibrium and thereby preventing the 
energization of Said tubes, means at a control 
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point for effecting a change of capacitance in 
said second circuit thereby disturbing said equi 
librium, said last mentioned means being oper 
able upon increase of capacitance to cause en 
ergization of one of said tubes and upon decrease 
thereof to cause energization of the other of said 
tubes, and means coactively associated with said 
apparatus for effecting a capacitance change in 
said second circuit in such sense as to restore said 
equilibrium upon movement of said apparatus de 
termined by the extent of said capacitive change 
at said control point, - 

4. In a control system, a pair of discharge tubes 
each having an anode, a cathode and a grid elec 
trode, an energizing circuit for each of said tubes 
between the anode and cathode including in series 
means responsive to current flow between said 
electrodes, apparatus controlled by said means, a 
circuit interconnecting the anode and grid elec 
trode of one of said tubes and the grid electrode 

7s and cathode of the other of said tubes including 
  



4 
impedance elements for effectively counter-bal 
ancing their grid anode and grid Cathode paths, 
respectively, producing thereby a state of elec 
trical equilibrium at which said tubes are non 
conducting, means associated with one of said ele 
ments for changing the impedance between anode 
and grid electrode of one of said tubes disturbing 
thereby said equilibrium and initiating current 
flow in one of said tubes, and means coactively 
associated with said apparatus for changing the 
impedance between grid and cathode of the other 
of said tubes thereby restoring said equilibrium 
upon predetermined actuation of said apparatus. 

5. In a control system, a controlled apparatus 
adapted to be rotated in both directions, a pair 
of discharge tubes, each having at least an anode, 
a cathode, and a control electrode, circuit ar 
rangement for causing rotation of said apparatus 
in One direction upon conductive energization of 
one of said tubes and in the other direction upon 
conductive energization of the other of said tubes, 
means for establishing electrical equilibrium be 
tween said tubes whereby said tubes are non-con 
ducting Comprising a pair of variable capacities, 
One of said capacities being connected between 
certain electrodes of said tubes and located at a 
remote point from said apparatus and the other 
of said capacities connected between similar elec 
trodes of Said tubes and interlinked with said ap 
paratus for rotary movement of capacitive change, 
whereby a desired change of said remote capacity 
effects a disturbance in said equilibrium causing 
rotation of said apparatus and corresponding ro 
tation of said other capacity restores said equi 
librium upon said last-mentioned capacity being 
adjusted to a value sufficient for neutralizing the 
effect of said first-mentioned capacity. 

6. In a control system, a controlled apparatus 
adapted to be rotated in both directions, a pair 
of discharge tubes, each having at least an anode, 
a cathode, and a control electrode, circuit ar 
rangement for causing rotation of said apparatus 
in one direction upon conductive energization of 
One of said tubes and in the other direction upon 
conductive energization of the other of said tubes, 
means for establishing electrical equilibrium be 
tween said tubes whereby said tubes are non 
conducting comprising a pair of variable capac 
ities, one of said capacities being connected 
between control electrodes and the anode of 
one of Said tubes and between control elec 
trode and cathode of the other of said tubes 
and located at a remote point from said ap 
paratus and the other of said capacities being 
connected between control electrode and cathode 
of Said first-mentioned tube and between control 
electrode and anode of said second mentioned 
tube and interlinked with said apparatus for ro 
tary movement of capacitive change, whereby a 
desired change of said remote capacity effects a 
disturbance in said equilibrium causing rotation 
of said apparatus and corresponding rotation of 
Said other capacity restores said equilibrium upon 
said last-mentioned capacity being adjusted to a 
value corresponding to that of said first-men 
tioned capacity. 

7. In a control system, a controlled apparatus 
adapted to be rotated in both directions, a pair 
of discharge tubes each having anode, cathode 
and grid electrodes, circuit arrangement for caus 
ing rotation of said apparatus in one direction 
upon conductive energization of one of said tubes 
and in the other direction upon conductive ener 
gization of the other of said tubes, a pair of ad 
justable condensers one being located at a remote 
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point and effective to produce a capacitive leak 
age path between anode and grid electrode of One 
of said tubes, and simultaneously a similar path 
between Cathode and grid electrode of the other 
of said tubes, the other of said condensers being 
attached to said apparatus for varying its ca 
pacity upon rotation and effective to produce a 
capacitive leakage path between cathode and grid 
electrode of said first tube, and correspondingly 
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between anode and grid electrode of said second 
tube, the effective capacitive reactance of said 
condensers at a certain adjustment being comple 
mentary to balance opposing effects of said leak 
age path, thereby establishing a state of elec 
trical equilibrium between said tubes, said tubes 
being then non-conductive, manually adjusting 
means for said first condenser for creating a leak 
age path between grid and anode of one of said 
tubes greater than said path between grid and 
cathode thereof, causing conductive energization 
of One of said tubes and rotation of said con 
trolled apparatus in one direction, and upon 
movement of Said control apparatus a correspond 
ing adjustment of said second condenser for pro 
ducing a leakage path between cathode and grid 
electrode of said tube opposing the effect of said 
first leakage path upon adjustment of said con 
denser to a predetermined value whereby said 
state of equilibrium is re-established. 

8. In a control system, a motor, a source of 
energy therefor, Switching means for energizing 
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said motor for operation in one direction and 
SWitching means for energizing said motor for 
Operation in the reverse direction, a pair of grid 
glow tubes each having an anode, a cathode and a 
glid electrode, individual energizing circuits for 
Said tubes between anode and-cathode electrodes, 
One of Said circuits including said first switching 
means and the other of said circuits said second 
SWitching means, means for controlling the direc 
tion and extent of rotation of said motor compris 
ing a variable capacity effectively connected be 
tween anode and grid electrodes of one of said 
tubes and between grid and cathode electrode 
of the other of said tubes, a second variable ca 
pacity effectively connected between grid and 
cathode of said first-mentioned tube and between 
grid and anode of said second tube, a change of 
Said first capacity in one direction being effective 
for Operative energization of one of said tubes 
and in the other, direction of operative energiza 
tion of the other of said tubes causing actuation 
of said motor in corresponding directions, said 
Second capacity being mechanically interlinked 
with the movement of said motor and operable in 
cancelling the effect of said first capacity. 

9. In a control system, apparatus to be con 
trolled as to its movement, control means for 
Said apparatus including a pair of discharge tubes 
connected back-to-back, the space current con 
ductivity of which initiates movement of said ap 
paratus, individual energizing circuits for said 
tubes, a circuit including an adjustable impedance 
element interconnecting said tubes for maintain 
ing electrical equilibrium and thereby preventing 
Space current conductivity of said tubes, adjust 
able impedance means at a control point for dis 
turbing said equilibrium and thereby initiating 
movement of Said apparatus, and means coac 
tively associated with said apparatus for effecting 
adjustment of said first mentioned impedance 
means thereby restoring said equilibrium upbn 
predetermined movement of said apparatus, 

FREDERICK E. BARTHOLY. 

  


