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(57) Claim

1. A device adapted to determine the concentration of water in the 

earth, comprising:

first and second thin conductive layers having a planar configuration 

and disposed in adjacent relationship to define first plates of first and 

second capacitances,

a dielectric material covering the first and second thin conductive 

layers and defining the dielectric in the first and second capacitances,

the moisture in the earth defining the second plates of the first and 

second capacitances and defining the connections between the second plates 

in the first capacitances and the second plates in the second capacitances, 

and

means for introducing an energizing potential between the first and 

second thin conductive layers.
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SOIL MOISTURE MONITOR 
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This application is a Continuaiion-Tn-Part of my 
Application Serial No.^^83iLr23r7^iiied February 28, 1986,

5 which wasaJk>»fenruation-In-Part of Application Serial No. 
j; gAyg~«ty^fi Ί Ρή January—2, 1985.---------------------------------------------------------
FIELD OF Ί33Ε INVENTION

This invention relates to electronic fluid and moisture 
level monitors, or sensors for detecting the moisture level

10 in a given medium such as soil. Such sensors are typically 
used in control of irrigation or watering equipment. 
BACKGROUND OF THE INVENTION

Apparatuses for detecting and measuring the presence 
and level of fluid in a given medium are commonly used for 

15 monitoring and controlling fluid levels, flow, relative 
moisture contents, liquid spills, contamination and the 
like.

Contemporary sensor technology depends on changes in 
the dielectric property of the medium caused by variances in 

20 fluid level or fluid concentration within the medium. 
Sensors of contemporary design typically utilize a parallel 
plate capacitor immersed or embedded in the medium so that a 
portion of the medium may function as a dielectric between 

The capacitor is part of the RC circuit of an 
whose frequency varies with changes in the 
property of that portion of the medium between 

This technique is generally satisfactory when
the dielectric-forming medium is a fluid; the gap between 
the plates can be narrow enough to yield a relatively high 

30 capacitance. However, when dealing with granular or

[XEROACIP. L18]
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pulverous media, a wider plate gap is necessary; and
inaccuracies can be introduced by changes in the enclosed
medium. Furthermore, as the fluid absorbing medium becomes
increasingly saturated, the relationship between the

5 dielectric value and fluid concentration becomes less 
linear. As a consequence, accuracy of fluid concentration 
measurement suffers.

Another problem of relying on changes in the dielectric 
properties of a surrounding medium is that impurities

10 contained in the water produce significant changes in the 
dielectric constant which are not easily determined. Thus, 
the presence of salts will produce the same effective 
capacitance as a larger volume of water.

By accurately monitoring moisture levels in cultivated
15 land in order to provide optimum irrigation, significant 

gains can be achieved in water and energy conservation. Ths 
control of sprinklers, pumps and other irrigation equipmen · 
from moisture monitors embedded at plant root-level has 
almost become a necessity in the water-poor sun-belt western

20 states.
Conventional moisture sensors of the type described 

above are not only inaccurate under certain conditions, but 
are difficult to embed in the ground due to their fragile 
plate configuration and internal electronic components.

25 There is a need for a more sensitive type of soil moisture 
monitor packaged in an easily embedded, durable, compact 
enclosure.
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SUMMARY OF THE INVENTION

It is the object of the present invention to overcome or 

substantially ameliorate the above disadvantages.

There is disclosed herein a device adapted to determine the 

5 concentration of water in the earth, comprising:

first and second thin conductive layers having a planar configuration 

and disposed in adjacent relationship to define first plates of first and 

second capacitances,

a dielectric material covering the first and second thin conductive 

10 layers and defining the dielectric in the first and second capacitances,

the moisture in the earth defining the second plates of the first and
I
,° second capacitances and defining the connections between the second plates 

'» in the first capacitances and the second plates in the second capacitances,

and

,15 means for introducing an energizing potential between the first andβ
second thin conductive layers.

’’ There is further disclosed herein a device adapted to determine the

concentration of water in the earth, comprising:

a thin conductive layer defining the first plate of a first set of

,20 capacitors, said first set of capacitors comprising one or more capacitors,0
a thin dielectric layer covering the thin conductive layer and 

defining the dielectric in the first set of capacitors, said thin 

dielectric layer being uniformly disposed on the thin conductive layer,

conductive terminal means disposed relative to the thin conductive 

layer to inhibit any capacitive relationship with the thin conductive layer 

and to provide a terminal to connect to moisture in the earth which defines 

the second plates of the said first set of capacitances, the capacitance of 

said first set of capacitances being dependent upon the amount of moisture 

in the earth,

30 potential means for applying a potential between the thin conductive

layer and the terminal means,

a second conductive layer disposed in relatively close relationship 

to the first conductive layer,

a second dielectric layer disposed on the second conductive layer,

35 said first and second conductive layers being co-planar and the first and

second dielectric layers being substantially uniform,
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the moisture in the earth defining second plates in a second set of

s capacitors with the second conductive layer defining the first plate in the
I

second set of capacitors, the capacitance of said second set of capacitors 

being dependent on the amount of moisture in the earth, said second set of

5 capacitors comprising one or more capacitors,

the potential means also applying potential between the first and

second conductive layers.

In the preferred arrangement, the detector circuit is an oscillator 

; circuit designed to have an operating frequency no greater than 20 KHz.

10 The reactance is determined by the equation:

• ·« 2πΤυ
t

9 0 » t T < o t

.. .« where is the reactance of the circuit, f is the frequency and c is the 
L 0° capacitance. Thus, the lower the frequency is,
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the higher the reactance will be. For higher frequencies, 
the circuits reactance will be lower and thus the effect of 
the reactance of the surrounding medium on the circuit 
operation will be greater.

5 The oscillating frequency of the circuit will be
determined in part by the impedance between the two
electrodes. This impedance will be determined by the
unchanging dielectric constant of the material covering at 
least one of the electrodes, and the total surface area of

10 the water droplets in contact with the surface of the 
material between the two electrodes. The electrodes are 
preferably situated relatively close together to reduce the

" resistance of the water droplet paths, the number of whichOOO o
. e. will be proportional to the moisture level of the
“ °\ 15 surrounding material.

' Thus the apparatus can be designed for embedding in a
G 9 0 o

’ ' / granular material such as soil to measure its moisture
content in a manner substantially independent from the 
dielectric constant of the material.

20 Traces or paths of water will form between the first
·· s electrode and the hydrophobic dielectric coating or layer of
0 » t

*»*««* the second electrode. The impedance between the electrodes
will therefore vary according to the moisture level of the

···* soil, since the number of water paths or traces will
25 increase as the moisture level increases. This

Si(I substantially eliminates or minimizes the effects of changes
β « e

·· ‘ in the dielectric constant of the surrounding medium, since€
the traces of water contacting the dielectric coating of the 
second electrode act as one slate of a point capacitor, with

30 the insulator acting as the dielectric and having the second

[XEROACIP. L18]
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electrode as their common plate. The capacitance will 
therefore be a function of the number of water traces 
between the first electrode and the dielectric layer and the 
thickness and dielectric constant of the dielectric layer.

5 The capacitance will rise with increasing moisture content 
to a maximum value determined by the area of the insulated 
electrode.

The geometry and relative positioning of the two 
electrodes is chosen so that the sensor can be easily

10 embedded in the material such as soil and so that the effect 
of the dielectric constant of the surrounding material is 
minimized - i.e. no significant capacitative effects occur 
directly between the two electrodes through the soil or 
other surrounding material. This can be done, for example,

15 by arranging the electrodes at a sufficient spacing to 
minimize such effects or by placing the first electrode on 
the exposed surface of the dielectric coating layer of the 
second electrode, so that the capacitance between the plates 
is only through the dielectric layer which has a fixed

20 dielectric constant.
In another arrangement, the two electrodes may be 

arranged side by side within an insulating coating covering 
both electrodes so that conductive paths of water droplets 
can be formed between positions on the coating covering the

25 two electrodes. These will form series capacitors through 
the dielectric coating to the respective underlying 
electrode.

4 · β £ < (( (
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Due to the lower dielectric constant of the insulating
or dielectric coating, as well as the controlled thickness
of the coating, the point capacitances formed by the water
droplets through the dielectric coating show a significantly

5 higher impedance than any undesirable capacitance 
established through the surrounding medium. As a result, 
the effect of these stray capacitances is minimized, as well 
as the effects of impurities in the solution.

In the preferred embodiment of the invention the sensor 
10 forms the reactive component for controlling the frequency 

of an astable multivibrator or other oscillator whose output 
frequency varies according to the impedance of the sensor, 
and thus according to the moisture level of the surrounding 
material. As the moisture level goes up, the number of

15 conductive paths increases, and the sensor capacitance 
increases so that the resultant oscillator output frequency 
drops.

A suitable frequency detection circuit may be provided 
to detect the output frequency and produce a control signal

20 if it rises above a predetermined level corresponding to a 
predetermined moisture level at which sprinklers are to be 
operated. The control signal can be used to turn on 
sprinkling or irrigation equipment, for example, and a timer 
or further control signal produced when the frequency falls

25 below a further predetermined threshold maybe used to turn 
off the equipment. ' .

S ί ί 4 1 ι< (
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The sensor in the preferred embodiment is a flat, strip 
like device which can be easily embedded in the soil, and is 
preferably connected to a remote detector circuit to allow 
the moisture level to be monitored easily.

The aforementioned technique provides a highly accurate 
sensor due to the high value of capacitance which results 
from the summing of the various point capacitances, and the 
minimizing of the changes in the surrounding medium.
BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be better understood from 
the following detailed description of some preferred 
embodiments of the invention, taken in conjunction with the 
accompanying drawings in which like reference numerals refer 
to like parts, and in which:

Figure 1 is a front elevational view of a soil moisture 
sensor according to one embodiment of the invention with a 
section of the wall cut away to show the internal 
configuration ;

Figure 2 is a top plan view of the sensor;
Figure 3 is a diagrammatical interpretation of the 

point of contact between a water droplet and the dielectric- 
coated electrode;

Figure 4 is a cross-sectional view of a sensor in an 
alternative embodiment;

Figure 5 is an electrical diagram of the sensor 
circuitry;

Figure 6 is a perspective view of a sensor according to 
another embodiment of the invention; and

Figure 7 is a cross-section on the lines 7-7 of Figure
6.

[XEROACIP. L18]
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DESCRIPTION OF THE PREFERRED EMBODIMENTS OF THE INVENTION
A first embodiment of the invention is illustrated in

Figures 1, 2, 3 and 5 of the drawings.
Referring now to Figure 1, a soil moisture sensor 1,

5 packaged in a generally cylindrical enclosure 2, is embedded 
in a porous plant-growing medium 3 preferably at root level. 
A first, exposed electrode 4, comprises the bottom of 
enclosure 2. A second, insulated electrode 6 comprises the 
cylindrical wall of enclosure 2 and is coated on its exposed

10 cylindrical surface by a thin layer of hydrophobic, 
dielectric material 5 such as glass, porcelain or other 
vitreous compound, a synthetic resin polymer (e.g.- 
polytetrafluoroethylene) or a thermosetting resin (e.g. one 
of the polymerized epoxides).

15 Insulated wires 7 and 8 respectively connect exposed
electrode 4 and insulated electrode 6 to a printed circuit 
board 9 carrying control circuitry of the sensor which is 
described in more detail below in connection with Figure 5.

The two electrodes 4 and 6 together make up a complex
20 impedance dependent on the moisture level of the surrounding 

medium 3. Traces or droplets of water containing dissolved 
impurities will be present in the medium 3 to an extent 
dependent on the moisture level, and these traces will 
contact one another to form conducting paths between

25 electrode (4) and the dielectric coating as generally 
illustrated at 12, 13, 14 3,nd 15 in Figure 1 between the 
exposed electrode 4 and the insulated electrode 6. These 
paths are only partially shown in Figure 1 for reasons of 
clarity but each droplet path will in practice form a

30 continuous trace from one electrode to the other. Point

■4

[XEROACIP. L18]
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capacitances are formed at the point 17, 18, 19, 20 and 21 
at which each droplet path touches the dielectric layer 5 
between those points and the opposing portions of the 
insulated electrode 6 as the opposite plate. The number of 
capacitors formed by such droplets will increase as the 
moisture level increases,thus increasing the overall 
capacitance of the sensor, effectively swamping any effects 
of the dielectric constant of the surrounding medium. The 
complex impedance formed between the water droplets 
electrode thus functions as an RC circuit, as indicated in 
Figure 5, with the capacitance related to the sum of all 
droplet point capacitances and the small resistance related 
to the resistive factor introduced by the conductive paths 
created by the water droplets laden with dissolved 
impurities. As previously stated, the effect of the 
resistive factor is minimized through choice of geometry 
and frequency. This impedance will be directly related to 
the moisture level in the surrounding medium, and can be 
used in a suitable detector circuit to produce an output 
proportional to the moisture level. ".............. ...........................

The sensor is arranged to eliminate or minimize the 
effects of changes in the dielectric constant of the 
surrounding medium with changing moisture level. This is 
done be designing the electrodes to avoid or minimize any 
capacitative effects between the electrodes through the 
surrounding medium, and by arranging the operating voltage 
and frequency of the detector circuitry to minimize any 
build up of a field into the surrounding medium. This 
maximizes the effect of the impedance formed between the 
droplet points on the outer surface of the dielectric layer

[XEROACIP. L18]
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and through the dielectric layer to the insulated electrode. 
Thus, there is substantially no capacitative effect taking 
place between the electrodes through the surrounding medium 
itself, and the major impedance between the electrodes is

5 only through the dielectric layer which has a fixed 
dielectric constant. Thus the effect of increasing moisture 
level in the material surrounding the sensor is found to be 
substantially linear, and becomes more linear as the 

o »”°o saturation level approaches 100 percent. This is unlike
o®e®»o io previous sensor arrangements where both electrodes areO 0 0

o exposed to the surrounding medium, so that the sensor isooen ea
liable to become less linear as the moisture level reachesoooo

° 0 saturation.0 0 60
° 0 .° In the embodiment of Figure 1, capacitative effects

15 between the electrodes are minimized by the non facing 
arrangement of the electrodes. The detector circuit
operating characteristics will now be explained.

°eo” * The complex impedance of the sensor determines theο ο β
vibration frequency of an astable multivibrator 22. As the 

20 moisture level of the soil increases, the resulting increase 
in the number of point capacitances forming on the coated 
electrode 6 causes a drop in the oscillation frequency of

,, , astable multivibrator 22. A potentiometer 23 can beC < (
c “ adjusted to set the multivibrator frequency level at which ac t f

25 solenoid driver circuit is activated and deactivated, as 
described below.

[XEROACIP. LI8]
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The sensor is designed specifically so that changes in 
dielectric constant of the surrounding medium have a minimal 
effect. By making the multivibrator frequency relatively 
low, suitably in the 20 KHz range or lower, and the 
thickness of the dielectric relatively high, preferably in 
the 5-10 mm range, so that ehs sensor reactance is also 
relatively high compared to that of the medium, the effect 
of changes in reactance of the surrounding medium is 
effectively swamped or minimized and the reactance of the 
sensor will dominate. The operating voltage of the
circuit of Figure 5 is preferably below 12 volts, and is of 
the order of 8 volts in the preferred embodiment. The 
frequency and dielectric thickness may be modified in 
alternative embodiments while maintaining the desired 
relative relationship between the sensor and surrounding 
medium reactance.

As shown in Figure 5, the electrodes 4 and 6 forming 
the sensor impedance 25 which functions as an RC circuit are 
connected to astable multivibrator 22 so as to determine the
oscillation frequency of the. .Bttl.ti!ihxatoi,___The
multivibrator is provided on chip 10 which is mounted on the 
printed circuit board 9 as shown in Figure 1.

The multivibrator 22 has its output connected to a 
first monostable multivibrator 26 which functions as a 
frequency discriminator with a threshold determined by the 
setting of potentiometer 23. The output of multivibrator 26 
is connected to the input of a second monostable 
multivibrator 28 which functions as a filter. The inverted 
or Q output of the second monostable 28 is connected to one 
input of AND gate 30. Gate 30 has its output connected to

[XEROACIP. LI8]
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solenoid driver circuit 31 which is connected to a light
switching diode 11. Diode 11 is mounted on the printed
circuit board 9 so as to be visible through a window in
enclosure 2 and will light up when circuit 31 is activated.

5 The output of astable multivibrator 22 in the
illustrated embodiment is also connected through a timing 
circuit consisting of monostable multivibrator 27 with its 
threshold determined by the setting of potentiometer 24, and 
a further monostable multivibrator 29 connected to the

10 output of the first monostable 27 and having its inverted or 
Q output connected to AND gate 30.

Multivibrators 27 and 29 are connected in the non- 
retriggerable mode and are set to time out at a 
predetermined interval, as described in more detail below.

15 The multivibrators 27 and 29 and AND gate 30 are not 
essential to the operation of the circuit and are inserted 
to provide an arbitrarily long overriding shut off interval, 
as described below. Thus in an alternative, simplified 
embodiment the Q terminal of multivibrator 28 is connected

20 directly to solenoid driver 31, as Indicated by dotted lines 
in Figure 5, and multivibrators 27 and 29, together with AND 
gate 3 0 may be eliminated from the circuit.

The operation of the basic circuit without 
multivibrators 27 and 29 and AND gate 30 will first be

25 described.

—faf’'
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The timing cycle of monostable multivibrator 26, which
is connected in the retriggerable mode, is adjustable by
means of potentiometer 23. Thus potentiometer 23 can be set
for triggering the circuit when the moisture level falls

5 below a minimum threshold (DRY mode).
WET mode operation of the circuit will first be 

described. If the moisture level is above the minimum 
threshold, the pulse output of astable multivibrator 22 will 
have a period exceeding that of monostable multivibrator 26

10 (set by potentiometer 23). Thus monostable 26 will be 
allowed to time out during each cycle, and is then
retriggered to produce a pulsed output to monostable
multivibrator 28 which triggers it into the HIGH condition. 
This produces a low output at the Q terminal which holds the

15 power triac 31 in an OFF mode.
As the moisture level drops below the minimum threshold

set by potentiometer 23, the period of the pulsed output 
from astable multivibrator 22 decreases until it is less 
than that of monostable 26. At this point the circuit 26 is

20 not allowed to time out and a steady state high output is 
produced. Therefore, no triggering pulse is applied to 
monostable 28 and it will be held in the low, reset mode. 
Thus, its Q, inverted output will be high. At this point 
the power triac or driver 31 will be turned to the ON state.

I
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Driver 31 is designed to control solenoid-controlled 
valves of the type commonly used with watering or irrigation 
equipment. Thus as soon as the moisture level falls below 
the predetermined minimum threshold, the watering equipment

5 is turned on.
The watering cycle may be controlled to be switched off 

after a fixed interval of watering time each time the 
monostable 28 produces a high output at its Q terminal. 
Alternatively, the monostables 26 and 28 could be arranged

10 such that the watering equipment is started at fixed 
intervals and shut-off only when a maximum desirable water 
level is reached. In this case potentiometer 23 would be 
set such that monostable 26 is allowed to time out to 
trigger monostable 28 into a high condition only when the

15 output period of astable multivibrator 22 exceeds a value 
corresponding to the maximum desired water level. The 
resultant low output at the Q terminal of monostable 28 
could then be used to turn the watering equipment off. Thus 
the frequency discriminating upper part of the circuit shown

20 in Figure 5--can-be arranged to turn watering equipment on 
when the minimum tolerable moisture level is reached or to 
turn the equipment off when a maximum desirable water 
saturation is reached. When used in either mode, a 
considerable conservation of water may be achieved while

25 maintaining ground moisture within an optimum range.
The light emitting diode 11 is provided to aid in

adjustment of potentiometers 23 and 24. Both the 
potentiometers and the diode are accessible through sealable 
holes in the top of enclosure 2. Thus, for example, the

30 sensor can be calibrated for a desired moisture level by

[XEROACIP. L18]
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adding controlled quantities of moisture to the surrounding 
medium and adjusting potentiometer 23 so that the light goes 
off when the desired moisture level is reached. The 
moisture threshold, whether set up for a minimum or maximum

5 moisture level, can be adjusted both in the field and during 
manufacture, as desired.

The operation of the full circuit including the timing 
circuit and AND gate 30 shown in Figure 5 will now be 
described. As mentioned above, these circuit components are

10 not essential to operation of the device but are provided 
only as an optional modification for reducing water run off 
losses.

~ In the circuit shown in Figure 5 the output of AND gate
• 30 will be high only if both inputs are high. Thus, if the

15 moisture level falls below the threshold set by 
potentiometer 23 and the Q terminal of multivibrator 28 goes

. high, the watering equipment will be switched on only if the 
input from multivibrator 29 is also hight

Monostable multivibrators 27 and 29 are set by
20 potentiometer 24 into a nonretriggerable mode .. where 

multivibrator 27 has predetermined pulsed output which goes 
high at predetermined fixed intervals, setting the next 
multivibrator high for a fixed interval so that its Q output 
goes low for that period. This will hold the solenoid driver

25 off for a fixed interval even if the output of multivibrator 
28 is high. The next time the Q output of multivibrator 29 
goes high, the watering equipment will be turned on for a

[XEROACIP. L18]
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25

fixed interval, then off again, then on again, and so on until 
the moisture level again rises above the threshold level so that 
the Q output of multivibrator 28 is low.

The periodic time outs of the watering cycle 
introduced by the multivibrators 27 and 29 will allow time for 
water to percolate into the soil, thus reducing run off losses 
significantly. The time interval can be set according to the 
time estimated to be necessary to allow full water percolation. 
For example, time outs of the order of 2 minutes may be set in a 
typical application. Thus, with the full circuit operating as 
shown in Figure 5, each time the solenoid diver is triggered ON 
by simultaneous high inputs to AND gate 30, it will be 
periodically triggered OFF again for repeated predetermined 
intervals by the timing out of multivibrator 29 to allow time 
for water percolation, until the point at which the moisture 
level again rises above the minimum level so that the other 
input to AND gate 30 goes low to hold the driver OFF.

The optional connection of the Q output of 
multivibrator 28 directly to the solenoid driver 30, eliminating 
the periodic time outs, is illustrated in dotted lines at 60 in 
Figure 5. In this arrangement, the AND gate 30 and the 
multivibrators 27 and 29 do not have to be included. Clearly 
alternative timing means may be provided if desired to provide 
time outs in the watering cycle. If required, provision may be 
made for the insertion of some hysteresis in the frequency 
discriminator part of the circuit, for the reduction or 
prevention of solenoid chatter at the set point or threshold. 7
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The relative configuration and geometry of the two
electrodes of sensor 1 need not be as shown in Figure 1, but
is chosen so as to minimize the effects of changes in the
dielectric constant of the surrounding medium while

5 producing a sensor of sufficient rigidity for easy embedding 
in the medium. Ease of manufacture is also a factor in 
choice of electrode configuration.

The electrode arrangement is preferably such that the 
impedance factor introduced by the resistance of the

10 conductive paths through the medium 3 between the exposed 
electrode and the insulated electrode is considerably less 
than the impedance produced by the point capacitors formed 
on the insulated electrode at the end of the conductive 
paths. This means that the electrodes should not be too far

15 apart, so that the resistive factor can be arranged to be 
insignificant as compared to the capacitative factor and the 
total effective impedance varies substantially linearly with 
the moisture level of the soil, with the linearity 
increasing with increasing moisture content. This can be

20 done both by minimizing the conductive path length from the 
exposed electrode to the insulated electrode, and by 
providing a relatively large exposed area of the insulated 
covering of the insulated electrode for formation of point 
capacitances. Direct capacitance between the electrodes

25 through the dielectric or insulating layer is also minimized 
in the preferred embodiments, and is swamped by the effects 
of the point capacitances formed by the water droplet paths.
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Figures 4, 6 and 7 show a possible alternative
electrode configurations for the sensor. In each of these 
embodiments the electrodes will be connected in the circuit 
of Figure 5 and will function in the manner described above.

5 In Figure 4 insulated electrode 34 is covered by an
insulating or dielectric coating 33 with exposed electrode 
32 provided as a thin metal strip applied to the outer 
surface of coating 33 so as to leave the major area of the 
coating exposed to the surrounding material. The sensor

10 assembly may itself be in the form of a thin strip which 
projects at one end into a housing containing the frequency 
discriminating circuitry (not shown). Alternatively, wiring 
may be provided for connecting the electrode to remote 
detector circuitry. The sensor of Figure 4 operates in the

15 same manner as described above to respond to conductive 
water droplet paths formed between the exposed faces of 
electrode 32 and layer 33.

In another alternative arrangement, the insulated 
electrode may be split in two with the exposed electrode

20 coplanar with and sandwiched between the resultant two 
insulated electrode halves.

Another alternative electrode configuration for the 
sensor is shown in Figures 6 and 7. As shown in Figures 6 
and 7, electrode assembly 40 comprises a pair of flat,

25 striplike electrodes 42, 44 extending side by side with a
small gap 46 between them. The electrodes are embedded in 
an envelope 45 of a suitable dielectric material, such as 
polyethylene or the like. The entire envelope strip is very 
thin, suitably of the order of credit card thickness, so

30 that it can easily be embedded in a material, such as soil,

[XEROACIP. L18]
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to measure the moisture content. The electrodes may 
comprise thin strips of copper or equivalent materials.

The two electrodes are connected via leads 46, 48 in a
remote detector circuit as shown in Figure 5. Thus the 

5 entire detector circuit does not have to be embedded in the 
ground with the electrode assembly.

By arranging the electrodes with a large, dielectric 
covered area facing the surrounding medium and only a 
relatively small area of the electrodes facing one another 

10 across the small gap 46, as well as having the oscillator 
operating frequency very low, as described above the effect 
of the changes in the dielectric constant of the surrounding 
medium will be swamped or minimized as will any direct 
capacitance between the two electrodes. Water droplet paths 

15 50 will form from points on the envelope above one electrode
to points directly above the other electrode, as indicated 
in Figure 7. The number of paths 50 will depend oi the 
moisture content of the surrounding material. Point 
capacitances are formed at the points each droplet path

20 touches the—di-electr-ic-envelope, - between...-the - respective
points and the opposing portions of the respective 
underlying electrode. Thus each droplet will have the 

two capacitors connected in series with a 
dependent on the water droplet conductive path.

25 As in the previous embodiments, the resultant complex 
impedance connected in the oscillator circuit of Figure 5 
will determine the vibration frequency of astable 
multivibrator 22. As the moisture level goes up, the number 
of series connected point capacitors increases and the 

30 output frequency of the astable multivibrator goes down.

κ
4 4€ C

effect of 
resistance
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The moisture monitor with an electrode configuration as 
shown in Figures 6 and 7 will therefore operate in the same 
way as described above connection with Figure 5, to give an 
output indicative of the moisture concent of the surrounding

5 material. Because of its thin, striplike form, it can 
easily be embedded in soil, for example, without having to 
dig out a hole first, and can be moved from one place to 
another to test for uniform watering.

Thus, the soil moisture monitors with electrode 
10 configurations as explained above are all designed to 

minimize the effects of changes in the dielectric constant 
of the surrounding medium by substantially reducing or 
avoiding any capacitance between the electrodes through the 
surrounding medium. At the same time, the effects of point

15 capacitances formed via water droplet paths between the 
electrodes are maximized to swamp any effects of the 
dielectric constant of the surrounding medium. At least one 
electrode is enclosed or insulated from the surrounding 
medium, while the electrodes are preferably physically close

20 together either-in a non-facing relationship or with only a 
dielectric layer of fixed dielectric constant between them. 
The electrodes are connected in a.i oscillator circuit for 
controlling the output frequency according to moisture 
level, and the oscillator operating frequency is 20 KHz or

25 less to minimize the build up of any field into the 
surrounding medium. '
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ϊ preferred embodiment of the invention has
1, other embodiments may be devised and
made within the spirit of the invention and

within the scope of the appended claims.

WHAT IS CLAIMED IS:
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The claims defining the invention are as follows:

1. A device adapted to determine the concentration of water in the

earth, comprising:

first and second thin conductive layers having a planar configuration 

and disposed in adjacent relationship to define first plates of first and 

second capacitances,

a dielectric material covering the first and second thin conductive 

layers and defining the dielectric in the first and second capacitances,

the moisture in the earth defining the second plates of the first and 

second capacitances and defining the connections between the second plates 

in the first capacitances and the second plates in the second capacitances, 

and
a 4 (
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means for introducing an energizing potential between the first and 

second thin conductive layers.

2. A device adapted to determine the concentration of water in the 

earth as claimed in claim 1, wherein:

the first and second conductive layers being co-planar and the 

dielectric material on the first and second conductive layers being thin 

and substantially uniform.

3. A device adapted to determine the concentration of water in the 

earth as claimed in claim 1, additionally comprising:

a frequency generation means responsive to the values of the first 

and second capacitances adapted to generate signals having a variable 

frequency in accordance with variations in such values, and

a control means responsive to variations in the frequency of said 

signals adapted to provide a controlled watering of the earth.

4. A device adapted to determine the concentration of water in the 

earth as claimed in claim 3, wherein said control means comprises:

initiation means responsive to a first frequency of a relatively high 

value in a control signal provided by said generation means adapted to 

initiate watering of the earth, and

termination means responsive to a second frequency of said control 

signal of a lower value than said first frequency adapted to discontinue 

watering of the earth.

5. A device adapted to determine the concentration of water in the 

earth as claimed in ciaim 3, wherein said control means comprises:

initiation means responsive to a first frequency in the signals of a 

relatively high value in a control signal provided by said generation means

¢1 adapted to initiate watering of the earth, and
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termination means operative upon initiation of watering of the earth

adapted to terminate watering of the earth should either a fixed time

interval be completed or should said control signal have a frequency equal

to a second frequency lower in value than the first frequency.

6. A device adapted to determine the concentration of water in the 

earth, comprising:

a thin conductive layer defining the first plate of a first set of 

capacitors, said first set of capacitors comprising one or more capacitors,

a thin dielectric layer covering the thin conductive layer and 

defining the dielectric in the first set of capacitors, said thin 

dielectric layer being uniformly disposed on the thin conductive layer,

conductive terminal means disposed relative to the thin conductive 

layer to inhibit any capacitive relationship with the thin conductive layer 

and to provide a terminal to connect to moisture in the earth which defines 

the second plates of the said first set of capacitances, the capacitance of 

said first set of capacitances being dependent upon the amount of moisture 

in the earth,

potential means for applying a potential between the thin conductive 

layer and the terminal means,

a second conductive layer disposed in relatively close relationship 

to the first conductive layer,

a second dielectric layer disposed on the second conductive layer, 

said first and second conductive layers being co-planar and the first and 

second dielectric layers being substantially uniform,

the moisture in the earth defining second plates in a second set of 

capacitors with the second conductive layer defining the first plate in the 

second set of capacitors, the capacitance of said second set of capacitors 

being dependent on the amount of moisture in the earth, said second set of 

capacitors comprising one or more capacitors,

the potential means also applying potential between the first and 

second conductive layers.

7. A device adapted to determine the concentration of water in the 

earth as claimed in claim 6, additionally comprising:

means responsive to a particular value for the first and second 

capacitances for obtaining a watering of the earth.
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8. A device adapted to determine the concentration of water in the 

earth as claimed in any one of the preceding claims, wherein:

the moisture defining the connections between the second plates in 

the first capacitances and the second plates in the second capacitances 

having a resistance considerably less than the impedances provided by the 

fist and second capacitances.

9. A device adapted to determine the concentration of water in the 

earth substantially as hereinbefore described with reference to Figs. 5 and 

6 of the accompanying illustrations.

DATED this TWENTY-SEVENTH day of SEPTEMBER 1990 

Aquametrics, Inc.
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