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(57) ABSTRACT 

The present invention relates to plumbing for toilet tanks, 
and more speci?cally provides an alarm system for indicat 
ing a failure mode in a toilet tank’s operation. One preferred 
embodiment of the present invention utiliZes a ?oating 
magnet and sensors positioned near the top and bottom of 
the tank Which activate an alarm When the magnet becomes 
suf?ciently close to either sensor. The alarm can be audible 

or visual. In other preferred embodiments, the alarm closes 
the tank inlet valve or the tank eXit valve to control normal 
operations, or to correct malfunctions. 
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TOILET TANK WATER LEVEL ALARM 

[0001] This application claims priority to and incorporates 
by reference US. Provisional Application Serial No. 60/358, 
108 ?led Feb. 21, 2002. 

FIELD OF THE INVENTION 

[0002] The present invention relates to plumbing for toilet 
tanks, and more speci?cally provides an alarm system that 
detects and indicates a failure mode in a toilet’s operation 
While minimizing the alarm’s exposure to Water and asso 
ciated corrosion. 

BACKGROUND OF THE INVENTION 

[0003] In many standard toilet systems, a Water reservoir, 
or tank, is mounted adjacent to and above the boWl. When 
the toilet is ?ushed, an exit valve at the bottom of the tank 
is opened, alloWing Water from the reservoir to ?oW into the 
boWl. While the Water level decreases, an inlet valve is 
opened and replacement Water is alloWed to ?oW into the 
holding tank at a rate typically sloWer than the rate at Which 
Water is exiting the tank. The Water leaving the tank enters 
the boWl, causing the Water level in the boWl to increase, 
Which, in turn, causes the Water in the boWl to ?oW over a 
inverted-U in the boWl exit pipe and drain to the seWer. After 
the correct amount of Water has exited the toilet tank, the exit 
valve closes stopping the Water out?oW and the replacement 
Water ?lls the reservoir. Once the Water level in the reservoir 
has reached a suf?cient height, the Water inlet valve is closed 
stopping the in?oW of Water into the reservoir. 

[0004] During normal operation, the valves operate and 
the Water ?oW begins and ends automatically. HoWever, a 
failure condition can occur When either the tank exit or inlet 
valves fail to close properly. If the tank exit valve fails to 
close correctly, Water can continue to ?oW out of the tank 
inde?nitely until it is noticed and ?xed. This can lead to a 
signi?cant Waste of Water if not noticed quickly. If this 
failure occurs When the boWl exit pipe is blocked, the Water 
continuously entering the boWl Will cause the boWl to 
over?oW. Another failure occurs if the tank inlet valve fails 
to close While the tank exit valve closes properly. In this 
situation, the Water level in the tank Will cause the tank to 
over?oW, ?ooding the surrounding area. This can cause 
signi?cant damage and also Waste Water if not noticed. 

[0005] Some prior art designs have attempted to address 
these problems, but have required complex mechanical 
assemblies and/or electrical systems. Prior electrical sys 
tems, such as disclosed in Kirby, US. Pat. No. 3,984,877, 
have including electrical components Within the tank, sub 
jecting the pieces to Water damage and the risk of rust or a 
short-circuit. Other systems have placed Water sensors on 
the outside of the tank and boWl, but these systems react only 
after ?ooding has occurred and, furthermore, do not detect 
conditions Where there is no obstruction in the exit pipe from 
the boWl. Examples of these systems are Quintana, US. Pat. 
Nos. 6,367,096, 6,178,569, and 6,058,519, and Mankin, 
US. Pat. Nos. 6,052,841 and 5,940,899. Yet other systems 
disclose annunciators designed to train people in toilet 
etiquette, such as Maehre, US. Pat. No. 6,028,520, but do 
not provide any Warnings for toilet malfunctions. 

[0006] Accordingly, there is a need for a reliable and 
easily installed system to provide a Warning of a toilet 
failure. The present invention addresses these concerns and 
others. 
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SUMMARY OF THE INVENTION 

[0007] Preferred embodiments of the present invention 
provide a system that is mounted to a toilet tank reservoir 
that triggers an alarm if a malfunction occurs in either the 
toilet tank exit or inlet valves. Alternate preferred embodi 
ments and features provide for an alarm that actuates valves 
to correct a toilet malfunction, While still other preferred 
embodiments provide for a system that can control the 
normal operations of the toilet. 

[0008] In one preferred embodiment, a buoyant magnetic 
device ?oats near the top of the Water level in the toilet tank 
and sensors mounted externally to the tank detect various 
positions of the buoyant device as the Water level increases 
and decreases. A guide member is used to hold the buoyant 
device near the side of the tank Where the sensors are 
mounted. The sensors are typically mounted above the 
normal high Water level and beloW the normal loW Water 
level such that they Will not be activated by the proximity of 
the buoyant device unless a malfunction has occurred. Once 
an unusual Water level has been detected by the sensors, an 
alarm is activated alerting people to the malfunction. 

[0009] In an alternate preferred embodiment, When the 
sensors detect an abnormal Water level in the tank, valves are 
automatically operated to correct the malfunction. In still 
other preferred embodiments, normal operation of the toilet 
tank inlet and exit valves are controlled by the sensors and 
the buoyant magnetic device. 

[0010] It is one preferred object of the present invention to 
provide an easily installed system that activates an alarm 
after a toilet malfunction is detected. It is an alternate 
preferred object of the present invention to provide a system 
that can correct a toilet malfunction or control the normal 
operations of a toilet. 

[0011] Other objects and advantages of preferred embodi 
ments of the present invention shall be apparent from the 
accompanying draWings and description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 is a perspective cut-aWay vieW of a toilet 
reservoir tank With a preferred embodiment of the present 
invention installed. 

[0013] FIG. 2 is a cut-aWay vieW of a preferred embodi 
ment of the present invention. 

[0014] FIG. 3 is a perspective cut-aWay vieW of a toilet 
reservoir tank With an alternate preferred embodiment of the 
present invention installed. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0015] For the purposes of promoting an understanding of 
the principles of the invention, reference Will noW be made 
to the embodiments illustrated and speci?c language Will be 
used to describe the same. It Will nevertheless be understood 
that no limitation of the scope of the invention is thereby 
intended, such alterations, modi?cations, and further appli 
cations of the principles of the invention being contemplated 
as Would normally occur to one skilled in the art to Which the 
invention relates. 

[0016] A common toilet design is one that utiliZes a Water 
tank to accumulate Water before ?ushing. When a ?ush cycle 
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is initiated, the tank exit valve is opened, allowing Water to 
How from the tank to the toilet boWl and across an 
inverted-U in the exit pipe from the boWl. When the Water 
level in the tank depletes to a predetermined level, a tank 
inlet valve is opened to alloW replacement Water to ?ll the 
tank. When the Water level in the tank depletes to a second 
preset level, the tank exit valve closes, alloWing replacement 
Water ?owing through the open tank inlet valve to ?ll the 
Water tank. When the Water level in the tank increases to 
another preset level, the tank inlet valve is closed, stopping 
the How of replacement Water into the tank. 

[0017] In preferred embodiments of the present invention, 
an alarm is provided that actuates When a malfunction has 
occurred in the normal ?ushing cycle of a toilet. The 
de?nition of alarm is intended to include a variety of 
actuation devices, such as audible signals, visual signals, 
and automatically actuated valves. In one preferred embodi 
ment, actuation of the alarm results in the transmission of 
visual and/or audible signals to alert people of the malfunc 
tion. In another preferred embodiment, actuation of the 
alarm results in the actuation of tank inlet and/or exit valves 
to automatically stop the intake of Water into the tank, or the 
exit of Water from the tank, When a malfunction is detected. 
In a preferred feature, the present invention indicates a 
malfunction With a magnetically triggered sWitch Which 
actuates the alarm. Still other preferred embodiments incor 
porate a timer Whereby the alarm, or automatic shutoff, 
occurs a speci?ed time after the invention detects a particu 
lar toilet condition, such as When the Water is mostly 
emptied from the tank. 

[0018] Illustrated in FIGS. 1 and 2 is a preferred embodi 
ment of the present invention Within a toilet tank. The 
apparatus includes a guide cylinder 11 having a length 
designed to be vertically oriented Within the tank. Guide 
cylinder 11 is designed to be set With one end a short 
distance above tank bottom 12 and extends vertically to 
above the top of ?ll line 13, near the top of the tank. In a 
preferred embodiment, guide cylinder 11 is approximately 1/2 
inch above tank bottom 12 and extends to approximately 1 
inch above ?ll line 13, although other cylinder dimensions 
and placements may also be desirable. Fill line 13 is 
typically marked on either the inside of the tank or on exit 
valve support structure 14 and corresponds to the desired 
Water level in the tank. Exit valve support structure 14 is 
attached to tank exit valve 15 Which is designed to seal tank 
drain port 30 in tank bottom 12. 

[0019] Within guide cylinder 11 is buoyant element 16 
With a diameter siZed to effectively slide freely Within guide 
cylinder 11. Within buoyant element 16 is magnet 17. Some 
preferred embodiments include more than one magnet 17, 
While other preferred embodiments include more than one 
buoyant element 16. Buoyant element 16 is preferably 
buoyant With regard to the Water level Within guide cylinder 
11, and in one preferred embodiment is encapsulated at both 
ends. As the level Water Within the tank rises, buoyant 
element 16 Will rise Within guide cylinder 11. Conversely, as 
the Water level Within the tank drops, buoyant element 16 
Will be loWered. Guide cylinder 11 is preferably held in 
place by bracket 18, Which is designed to hold guide 
cylinder 11 in a vertical orientation. Bracket 18 is attached 
to U-shaped bracket 25 Which is mountable over an external 
Wall of the tank. 
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[0020] A sensor mounting member is mounted externally 
to the tank substantially parallel to guide cylinder 11 and 
held in place by attachment to the opposing end of U-shaped 
bracket 25. An example sensor mounting member is 
depicted in sensor mounting rail 24. Mounted on sensor 
mounting rail 24 are loWer sensing device 20 and upper 
sensing device 21. Upper sensor 21 is mounted Within upper 
sled 23 on rail 24, and loWer sensor 20 is mounted Within 
loWer sled 22 on rail 24. Preferably, loWer and upper sleds 
22 and 23 are adjustable along sensor mounting rail 24. In 
one preferred setup, upper sled 23 is positioned at a point 
approximately 1/2 inch above Water ?ll line 13 and loWer sled 
22 is positioned adjacent a point approximately 1 inch from 
tank bottom 12. Upper sled 23 should be positioned at a 
maximum height equal to the top of support structure 14 if 
support structure 14 includes a spill-over drain. In alternate 
preferred embodiments, sensors 20 and 21 are independently 
mountable to the toilet tank by various means, such as, but 
not limited to, separate rails, friction, glue, suction cups, and 
hook and loop fasteners. 

[0021] Sensors 20 and 21 are electrically connected to an 
energy source 26, such as a battery, and audible/visual alarm 
27. In one preferred embodiment, energy source 26 and 
alarm 27 are mounted Within housing 28. The alarm may be 
a buZZer, bell, beeper, solid or ?ashing light, or other 
standard signaling method. In other embodiments, alarm 27 
includes automatically actuated valves. An example of auto 
matically actuated valves is depicted in FIG. 3 Wherein tank 
exit valve actuator 33 (for example a solenoid Which opens 
or closes tank exit valve 15) and tank inlet valve 43 are 
automatically actuated after sensors 20 and 21 detect an 
appropriate condition for their actuation. 

[0022] In operation, buoyant element 16 moves upWard 
and doWnWard With the changing Water level in the tank. 
When magnet 17 is in an appropriate Zone or location 
relative to sensor 20 or 21, such as adjacent to sensor 20 or 
21, sensor 20 or 21 detects the change in the local magnetic 
?eld caused by magnet 17 and activates a circuit Which 
actuates alarm 27. The plumbing system can then be ?xed 
and/or reset as desired. Alternate preferred embodiments 
may include other means for detecting the proximity of the 
buoyant element 16 to sensors 20 and 21, such as optic, 
radio, audio, infrared, or motion detection means. 

[0023] In normal operation, the ?ushing cycle of a toilet is 
initiated by rotating ?ushing device 29. Movement of ?ush 
ing device 29 causes tank exit valve linkage 31 to lift tank 
exit valve 15 off of tank drain port 30, thereby alloWing 
Water to How out of the tank past tank drain port 30 and 
through a ?uid transport member that transports ?uid from 
the tank, or ?uid extraction member. Tank exit valve linkage 
31 is connected to tank exit valve 15 and is steadied by 
linkage guide 32. An example of this type of ?uid transport 
member is depicted in tank drain tube 39. Thus, the Water 
level in the tank decreases. Inlet valve ?oat 42 ?oats on the 
Water surface, and When the Water level decreases past a 
preset location, the loWering of inlet valve ?oat 42 causes 
tank inlet valve 41 to open alloWing replacement Water to 
enter the tank through a ?uid transport, or supply, member. 
An example of a ?uid transport member is depicted in 
replacement Water supply tube 40. Replacement Water enters 
the tank at a sloWer rate than the Water exits through the tank 
drain port, thus, the tank continues to drain despite inlet 
valve 41 being open. Once the Water level has drained until 
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approximately 1 to 2 inches of Water remain in the bottom 
of the tank, tank exit valve 15 (alternately a “?apper” valve) 
loWers due to gravity, resealing tank drain port 30. Water 
entering via replacement Water supply tube 40 and through 
tank inlet valve 41 ?lls the tank until inlet valve ?oat 42 
reaches a predetermined location Where it causes inlet valve 
41 to close, thereby stopping the addition of Water to the 
tank. 

[0024] In a tank exit valve failure, the toilet is ?ushed and 
the Water in the tank is drained, but for Whatever reason, tank 
exit valve 15 does not close properly With tank drain port 30. 
When this occurs, the Water level continues to decrease 
toWard tank bottom 12, thereby causing buoyant element 16 
to be loWered to the bottom of the tank adjacent to loWer 
sensor 20. After loWer sensor 20 detects the proximity of 
buoyant element 16, alarm 27 is activated. 

[0025] In a tank inlet valve failure, tank inlet valve 41 does 
not shut off When inlet valve ?oat 42 reaches the predeter 
mined position near the top of the tank, but tank exit valve 
15 closes properly. Under this condition, the replacement 
Water continues to ?ll the tank above Water ?ll line 13, 
causing buoyant element 16 to ?oat to a position adjacent 
upper sensor 21. Magnet 17 in buoyant element 16 activates 
upper sensor 21, triggering a visual or audible alarm. 

[0026] In a further alternate embodiment, depicted in FIG. 
3, alarm 27 includes a system that automatically actuates 
tank exit valve 15, tank inlet valve 19 and/or tank inlet valve 
43. The system can utiliZe various means for operating the 
valves, such as mechanical or electrical. The automatic 
actuation of valves can be separate from or in addition to a 
visual or audible alarm and can be used for normal opera 
tions, during a malfunction, or a combination of the tWo. 

[0027] When used to control normal operations, tank inlet 
valve 43 opens When buoyant element 16 either descends 
beloW upper sensor 21 or descends to the location of loWer 
sensor 20, depending on the speci?c implementation. Simi 
larly during normal operation, after tank exit valve 15 is 
opened to begin a ?ush cycle, tank exit valve 15 closes When 
buoyant element 16 descends to the location of loWer sensor 
20. 

[0028] In other preferred embodiments, automatic valve 
actuation assists to correct a malfunction. For example, 
during a tank exit valve malfunction in Which a buoyant tank 
exit valve fails to properly close, tank exit valve actuator 33 
(for example a solenoid) is actuated to provide a back-up 
means of closing tank exit valve 15 When loWer sensor 20 is 
sufficiently affected by the proximity of buoyant element 16. 
Thus, tank exit valve 15 is forcibly closed and the tank Water 
level is alloWed to increase. 

[0029] Since different toilet manufacturers Will have vary 
ing Water levels Where the tank exit valve and the tank inlet 
valve are actuated, sensors 20 and 21 are preferably adjust 
able on sensor mounting rail 24. Alternately, sensors 20 and 
21 can be adjusted to trigger alarm 27 each time the system 
is cycled to ensure that the cycle Was completed correctly or 
that the energy source, such as a battery, is still charged. 

[0030] In an alternate embodiment, a timing mechanism 
(not depicted) is incorporated into the system Whereby the 
alarm activates after buoyant element 16 has remained 
Within the appropriate Zone of activation around either 
sensor 20 or 21 for a preset time period. In other preferred 
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embodiments, different sensors are associated With different 
present time periods resulting in different delay times 
depending on Which sensor detects the buoyant element. 

[0031] Preferably, the system of the present invention may 
be manufactured using standard materials and off-the-shelf 
components, such as extruded or molded plastic pieces, 
automatically actuated valves, magnets and electrical sen 
sors, With the internal portions being Water resistance and all 
of the electronic circuitry being external to the tank. 

[0032] While the invention has been illustrated and 
described in detail in the draWings and foregoing descrip 
tion, the same is to be considered as illustrative and not 
restrictive in character, it being understood that only the 
preferred embodiment has been shoWn and described and 
that all changes and modi?cations that come Within the spirit 
of the invention are desired to be protected. 

What is claimed is: 
1. A ?uid level monitor for a tank, comprising: 

a buoyant element Wherein said buoyant element is 
located Within the tank; 

a ?rst sensing device external to the tank Wherein said ?rst 
sensing device is operable to detect said buoyant ele 
ment When said buoyant element is in a ?rst predeter 
mined location; and 

an alarm associated With said ?rst sensing device Wherein 
said alarm is actuated after said ?rst sensing device 
detects said buoyant element. 

2. The invention of claim 1 Wherein said buoyant element 
is magnetic. 

3. The invention of claim 2 Wherein said alarm emits an 
audible signal. 

4. The invention of claim 2 Wherein said alarm emits a 
visual signal. 

5. The invention of claim 2 further comprising: 

a ?uid transport member Wherein said ?uid transport 
member is in ?uid communication With the tank, and 
actuation of said alarm arrests the How of ?uid through 
the ?uid transport member. 

6. The invention of claim 2 further comprising: 

a second sensing device external to the tank Wherein said 
second sensing device is operable to detect said buoy 
ant element When said buoyant element is in a second 
predetermined location; and, 

said alarm is actuated after said second sensing device 
detects said buoyant element. 

7. The invention of claim 6 further comprising: 

a guide member associated With said buoyant element 
de?ning a guide path Within the tank Wherein said 
buoyant element is con?ned to movement along said 
guide path. 

8. The invention of claim 7 further comprising: 

a mounting member Wherein said guide member and said 
?rst and second sensing devices are mountable to said 
mounting member, and said mounting member is dis 
posed on said toilet. 
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9. The invention of claim 7 wherein 

said ?rst predetermined location is near the top of the tank 
and said second predetermined location is near the 
bottom of the tank. 

10. The invention of claim 7 further comprising: 

an energy source coupled to said ?rst and second sensing 
devices and coupled to said alarm Wherein said energy 
source supplies poWer to said alarm. 

11. The invention of claim 7 further comprising: 

a timer associated With said alarm Wherein said timer 
causes a time delay betWeen said ?rst sensing device 
detecting said buoyant element and actuation of said 
alarm. 

12. The invention of claim 11 Wherein 

said timer causes a time delay betWeen said second 
sensing device detecting said buoyant element and 
actuation of said alarm. 

13. A method, comprising: 

?oating a detectable element Within a toilet tank reservoir; 

sensing a ?rst position of the detectable element from 
outside the tank using a ?rst sensor, Wherein said ?rst 
position is a Zone proximate to the ?rst sensor Wherein 
an undisturbed state of the ?rst sensor is altered and 
exceeds a threshold of detection When the buoyant 
element is disposed in the Zone; and 

actuating an alarm after said sensing the ?rst position of 
the detectable element. 

14. The method of claim 13 Wherein the detectable 
element is magnetic. 

15. The method of claim 14 further comprising: 

sending at least one signal from the sensor to the alarm. 
16. The method of claim 14 Wherein said actuation is 

accomplished by transmitting an audible signal from the 
alarm. 

17. The method of claim 14 Wherein said actuation is 
accomplished by transmitting a visual signal from the alarm. 

18. The method of claim 14 further comprising: 

transporting ?uid into the toilet tank reservoir; and 

arresting the How of ?uid into the toilet tank reservoir 
after actuation of the alarm. 

19. The method of claim 14 further comprising: 

transporting ?uid from the toilet tank reservoir; and 

arresting the How of ?uid from the toilet tank reservoir 
after actuation of the alarm. 

20. The method of claim 14 further comprising: 

sensing a second position of the detectable element from 
outside the tank using a second sensor, Wherein said 
second position is a Zone proximate to the second 
sensor Wherein an undisturbed state of the second 
sensor is altered and exceeds a threshold of detection 
When the buoyant element is disposed in the Zone. 

21. The method of claim 20 Wherein 

said ?rst position is located near the top of the toilet tank 
reservoir and the second position is located near the 
bottom of the toilet tank reservoir. 
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22. The method of claim 21, further comprising: 

constraining the movement of the detectable element 
along a predetermined path; and, 

poWering the proximity sensors and the alarm. 
23. The method of claim 20 further comprising: 

sending at least one signal from at least one of said tWo 
or more sensors to the alarm When said detectable 
element is sensed in the ?rst or second position. 

24. The method of claim 14, further comprising: 

constraining the movement of the detectable element 
along a predetermined path. 

25. The method of claim 14, further comprising: 

delaying said actuating of the alarm after sensing the 
position of the detectable element. 

26. An apparatus, comprising: 

a toilet tank reservoir; 

a buoyant member Within said toilet tank reservoir; 

an alarm outside said toilet tank reservoir; and 

a means for sensing a ?rst position of said buoyant 
member from outside the tank When said buoyant 
member is disposed Within an appropriate Zone relative 
to a ?rst sensor Wherein said sensing results in actua 
tion of said alarm. 

27. The apparatus of claim 26 Wherein said buoyant 
member is magnetic. 

28. The apparatus of claim 27, and, 

a ?uid supply member connected to and transporting ?uid 
to said toilet tank reservoir Wherein the transportation 
of ?uid to said toilet tank reservoir is selectively 
arrested by actuation of said alarm. 

29. The apparatus of claim 27, and, 

a ?uid extraction member connected to and transporting 
?uid from said toilet tank reservoir Wherein the trans 
portation of ?uid from said toilet tank reservoir is 
selectively arrested by actuation of said alarm. 

30. The apparatus of claim 28 further comprising: 

a timer associated With said alarm Wherein said timer 
causes a time delay betWeen said sensing and the 
arresting of the How of ?uid to said toilet tank. 

31. The apparatus of claim 29 further comprising: 

a timer associated With said alarm Wherein said timer 
causes a time delay betWeen said sensing and the 
arresting of the How of ?uid to said toilet tank. 

32. The apparatus of claim 27, Wherein, 

said alarm emits an audible signal after said ?rst position 
of said buoyant magnetic member is sensed. 

33. The apparatus of claim 32 further comprising: 

a timer associated With said alarm Wherein said timer 
causes a time delay betWeen said sensing of said ?rst 
position of said buoyant member and actuating said 
alarm. 

34. The apparatus of claim 32 further comprising: 

a timer associated With said alarm Wherein said timer 
causes a time delay betWeen an absence of said sensing 
of said ?rst position of said buoyant member and 
actuating said alarm. 
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35. The apparatus of claim 33 further comprising: 

a means for sensing a second position of said buoyant 
magnetic member from outside the tank Wherein said 
sensing results in actuation of said alarm. 

36. The apparatus of claim 27 Wherein, 

said actuation device emits a visual signal after said ?rst 
position of said buoyant magnetic member is sensed. 

37. The apparatus of claim 36 further comprising: 

a timer associated With said alarm Wherein said timer 
causes a time delay betWeen said sensing of said ?rst 
position of said buoyant member and actuating said 
alarm. 

38. The apparatus of claim 36 further comprising: 

a means for sensing a second position of said buoyant 
magnetic member from outside the tank Wherein said 
sensing results in actuation of said alarm. 

39. A ?uid level monitor for a toilet tank, comprising: 

a buoyant magnetic element Wherein said buoyant mag 
netic element is located Within the tank; 
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a guide member de?ning a guide path Within the tank 
Wherein said buoyant magnetic element is associated 
With said guide member and said buoyant magnetic 
element moves along said guide path as the ?uid level 
changes; 

a ?rst sensing device external to the tank Wherein said ?rst 
sensing device detects said buoyant magnetic element 
When said buoyant magnetic element is in a ?rst 
position; and 

a second sensing device eXternal to the tank Wherein said 
second sensing device detects said buoyant magnetic 
element When said buoyant magnetic element is in a 
second position; and 

an alarm Wherein said alarm is actuated after said ?rst 
sensing device detects said buoyant magnetic element 
in said ?rst position or said second sensing device 
detects said buoyant magnetic element in said second 
position. 


