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This invention relates to capacity sensitive relays and
more particularly to such relays having an oscillator
forming part of the detecting system.

It is a principal object of this invention to control a
relay in respomse to slight variations in a controlling
capacity.

Another object of this invention is to vary the ampli-
tude of the alternating current generated by an oscillator
between maximum and minimum values substantially in-
stantaneously upon slight variations of a controlling
capacity.

Another object of this invention is to prevent power
supply variations from affecting the sensitivity of a ca-
pacity sensitive relay.

With these and other objects in view, the invention may
take the form of an oscillator circuit including an oscil-
latory tank circuit coupled to an electron discharge tube
with a source of alternating voltage for the anode of the
oscillator tube. A work circuit may be connected in the
anode circuit of the electron tube and an additional cir-
cuit arranged to apply a positive bias to the grid of the
electron tube during the positive half cycles of the power
supply to the anode. With this arrangement, the ampli-
tude of the alternating current generated by the oscillator
will increase from a minimum to a maximum value sub-
stantially instantaneously with the initiation of oscilla-
tion.

Other objects and advantages will become apparent
from the following specification taken in connection with
the accompanying drawing in which the single figure is
a diagrammatic showing of the essential elements of a
capacity semsitive relay embodying this invention.

Referring more particularly to the drawing, the system
embodying this invention is shown as comprising an os-
cillator A controlling the operation of a relay B.

The oscillator A comprises an electron discharge tube
19 having an anode 12, cathode 14, grid 16 and cathode
heater 8. Coupled to the electron discharge tube 16
is an oscillatory tank circuit consisting of a coil 29 con-
nected in parallel with a capacitance 22, one end of the
parallel circuit being grounded at 26. The cathode 14
of the tube 19 is connected to a center tap in the coil
20. The anode 12 of the tube 19 is coupled to the one
end of the oscillatory tank circuit through a blocking
condenser 24 and the ground connection 26. The cath-
ode is thus maintained at an alternating current poten-
tial above ground. A grid leak is provided and takes
the form of a resistor 28 connected between the grid
16 and the cathode 14.

Power is supplied to the system by a transformer 30
the primary winding of which is connected across a
source of alternating current supply. A secondary wind-
ing 32 of the transformer 30 has one terminal thereof
connected to ground and the other terminal thereof con-
nected to the anode 12 through a coil 34 of the relay B.
A suitable condenser 36 may be connected in parallel
with the coil 34.

Means is provided for controlling oscillations and takes
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the form of a capacitative potentiometer comprising a
condenser 38 connected in series with a variable con-
denser 40. This series circuit is comnected in parallel
with the oscillatory tank circuit, the variable condenser
40 being connected to the one end of the tank circuit at
ground 26 and the condenser 38 being connected to the
other end of the tank circuit. The grid 16 of the tube 19
is connected to the junction between the condensers 38,
40. In this arrangement, the input circuit of the electron
discharge tube 10 is connected as the detector branch of
an electrical bridge of which the condensers 38, 49 and
coils 20 form the legs and the balanced diagonal is con-
nected at one end to the grid 16 and at the other end to
the cathode 14.

With the oscillator thus far described, oscillations will
be sustained when the grid 16 is energized by a com-
ponent of alternating voltage opposite in phase to the
alternating voltage appearing at the anode 12. If the
impedance ratio between the two halves of the coil 26
is greater than the impedance ratio between the con-
densers 38, 40, the grid 16 will be supplied with alternat-
ing potential of the proper phase to initiate and sustain
oscillations. However, if the capacity of the condenser
490 is increased or its impedance decreased, the amplitude
of the alternating potential applied to the grid 16 will be
decreased and the amplitude of the oscillations will be
decreased.

A gradual change of the capacitance of the condenser
40 will change the amplitude of oscillation from zero
to some maximum value which depends upon the char-
acteristics of the tube 1. Such change of capacitance
in the condenser 49 will drive the grid 16 positive with
respect to the cathode 14 resulting in a grid current flow
and establishing a direct current bias across the grid leak
28. This bias will reach a level which will limit the
amplification of the tube 1§ so that a stable operating
point will be reached.

Under conditions of zero oscillation, no bias is devel-
oped and the tube 19 will pass maximum plate current.
However, under conditions of maximum oscillation,
maximum bias is developed and the tube 10 passes
minimum plate current. It will thus be apparent that
in gradually increasing the feedback from zero to a
maximum, the plate current is progressively reduced
from a maximum value to a2 minimum value.

In operation of the device thus far described, assum-
ing that the transformer 30 is connected across a 60
cycle A. C. power supply, the capacitance of condenser
40 is substantially smaller than that of condenser 38,
and the tube 10 will oscillate during positive half cycles
reaching maximum amplitude at the peak positive half-
wave of the source. This amplitude of oscillation being
controlled by the gain of the tube and the self bias gen-
erated by the self rectification of the grid and developed
across the grid leak 28 is reduced when the capacitance
of condenser 40 is increased since the amount of feed-
back is reduced due to the decrease in the impedance
ratio between the condensers 38, 46. As the capacitance
in condenser 49 is reduced further, the feedback is fur-
ther reduced until there is insufficient feedback of the
proper phase to sustain oscillation. An appreciable
change in the value of condenser 49 is required to change
from zero to maximum amplitude of oscillation and this
change is progressive. In addition to a progressive
change in the amplitude of oscillation, the plate current
changes from minimum to maximum, and at the point
of maximum or near maximum current, the relay B is
able to operate.

It is a well-known characteristic of electrical relays
that a larger current is required to move the armature
to attracted position than is necessary to hold the arma-
ture in such position. Thus, if a capacity sensitive
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relay is to operate between its “pull in” and “drop out”
positions in response to small changes in the capacity
of the variable condenser 40, the variation in plate cur-
rent must be relatively large as compared with the vari-
ation in the capacitance of the capacitor 40. It is the
purpose of this invention to eliminate this progressive
effect of changes in the capacitance of condenser 40
around the operating peint so that there is a snap action
transition in tube 10 when the circuit changes from an
oscillating to a non-oscillating state and vice versa. Such
a snap action transition eliminates for all practical pur-
poses the progressive extent of the capacitance in con-
denser 40, thus making the oscillator circuit highly
sensitive around the operating point. To accomplish this,
means is provided for applying a positive bias to the
grid 16 during the positive half-cycles of the power sup-
ply to the tube 10. To this end, the secondary winding
32 of the transformer 30 is connected to the grid 16
through a resistance 42. With such an arrangement,
variation of the capacitance of the condenser 40 to pro-
duce an alternating potential of the correct phase to
initiate and sustain oscillation will result in a substan-
tially instantaneous increase in the amplitude of oscilla-
tion from a minimum to a maximum causing an instan-
taneous change in plate current of such a magnitude as
to operate the relay B. Similarly, as the capacitance
of the condenser 40 is reduced below the value wherein
the alternating potential fed to the grid 16 is of such
phase as to terminate oscillation, an instantaneous re-
duction in plate current results.

It is to be noted that this specific addition of means
for supplying a positive bias to the tube when it is not
oscillating does not overcome the negative bias generated
by the oscillations when the circuit is oscillating nor
does the current in the plate circuit increase from that
normally developed without the addition of this grid
potential.

The total effect of including an additional grid poten-
tial in phase with the plate voltage is to enable the tube
10 to become more conductive to current than would
be the case without the addition of this potential, thereby
allowing an instantaneous change of state from oscillai-
ing to non-oscillating or vice versa for small changes of
grid potential induced from the tank circuit. From this,
it can be seen that for small changes of capacitance in
condenser 40 at the critical point, the change in feed-
back is capable of snapping the tube into an oscillating
or non-oscillating condition whereby maximum or mini-
mum current in the plate circuit is attained substantially
instantaneously without the immediate stages of increas-
ing or decreasing the current to these points.

It is to be noted that the resistance 42 produces a
leakage path from the grid through the secondary 34 to
ground. Thus, the grid leak resistor 28 is not essential
for proper operation of the device.

It has also been found that by thus applying a posi-
tive bias to the grid of the oscillator tube 10 during the
positive half-cycles of the power supply, variations in
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the characteristics of the circuits resulting from variations
in the power supply are minimized. Therefore, with
the arrangement disclosed, the ratio between the capac-
itor 38 and the capacitor 40 necessary to initiate oscil-
lation will remain substantially the same despite varia-
tions in the supply voltage. The frequency of oscilla-
tion is high relative to the A. C. supply frequency. Very
good results have been obtained with a frequency of oscil-
lation in the low radio frequency range and a value of
resistance 42 in the order of 100,000 ohms to several
megohms.

It will be apparent to those skilled in the art that
meny modifications of the disclosed embodiment of this
invention may be made without departing from the scope
thereof which is to be measured by the appended claims.

T claim:

1. An impedance sensitive device having a source of
alternating voltage, comprising in combination, an oscil-
lator circuit including an electron discharge device hav-
ing an anode, a cathode and a grid, an oscillatory tank
circuit connected between said grid and one side of the
source, means for connecting the other side of the source
to said anode, means for connecting the electrical center
of said tank circuit to said cathode, means including a
variable impedance associated with said oscillatory tank
circuit for varying the amplitude of oscillation in said
device, and a resistance connected to the anode side of
the source and to said grid for applying a voltage to
said grid in phase with the anode voltage.

2. An impedance sensitive device as claimed in claim
1 wherein the anode side of the source is connected
directly to said grid through said resistance.

3. An impedance sensitive device having a source of
alternating voltage comprising in combination, an oscil-
lator tube having an anode, a cathode and a grid, an
oscillatory tank circuit, a connection between one side
of the source and said anode, a connection between said
cathode and the electrical center of said tank circuit,
means for connecting said tank circuit between the other
side of the source and said grid to impress a feedback
voltage on said grid and thereby to cause oscillation of
said tube, an impedance potentiometer associated with
said tank circuit for controlling said feedback voltage
and the amplitude of oscillation in said tube, and a con-
nection including a series resistor between the anode
side of the source and said grid for feeding a positive
potential to said grid during the positive half cycle of
said source so that the voltages to said anode and said
grid are in phase.
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