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[57] ABSTRACT

A condition responsive circuit for generating an out-
put signal upon the opening of a switch. An FET
draws nominal current when the switch is closed.
When the switch is opened the FET conducts to gen-
erate an output. The output may include an audio
alarm, an oscillator and a transmitter to generate an
alarm at a distant location, or a visual indicator.

10 Claims, 4 Drawing Figures
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BED EGRESS ALARM CIRCUIT

Matter enclosed in heavy brackets L 1 appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

This invention relates generally to condition respon-
sive circuits and, more particularly, to a condition re-
sponsive circuit which may be utilized in environments
such as hospitals and the like for signalling the depar-
ture of a patient from a hospital bed.

One of the common hospital accidents occurs when a
patient climbs off a hospital bed and injures himself
such as by falling or stumbling. This will frequently
occur when a patient who is too weak to walk unaided
deliberately attempts to climb off the bed. It may also
occur when the patient is not totally aware of his physi-
cal acts for one reason or another.

The departure of a patient from a hospital bed results
in the removal of pressure (weight) from the bed.
Therefore, the present invention is responsive to a
change in conditions, namely, changes in pressure.

While various systems have been developed for de-
tecting the presence or absence of pressure, it must be
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DETAILED DESCRIPTION OF THE INVENTION

Referring first to FIG. 1, there is shown a field eftect
transistor or FET 10 having source, drain and gate
electrodes. A normally closed switch 12 having a
plunger 14 is connected to the gate electrode of the
FET 10. The junction of the switch 12 and the gate
electrode are coupled through a resistance 16 to
ground and the source electrode is coupled through a
resistance 18 to ground.

A transistor 20 has its base electrode connected
through a resistor 22 to the source electrode of the FET
10. The emitter of the transistor 20 is coupled through
a resistor 24 to ground. Signal means 25 is coupled
between the collector of transistor 20 and the drain

electrode of the FET 140.
A source of voltage, such as —9 volts available from

a small dry cell, is connected to one side of a normally
closed switch 28. The other side of switch 28 is coupled
to one pole of a double pole single throw switch 30
which serves as an on/off switch. The other side of the
on/off switch 1s connected to switch 12.

The other pole of switch 30 connects a source of +9
volts, also from a dry cell, to the drain electrode of FET
10. Two separate dry cells are preferred for reasons to

be explained.

OPERATION -*

In the use of the circuit of FIG. 1 in the environment

appreciated that in a hospital environment it is undesir- 3 of a hospital bed, it is important that only a nominal

able to have a hospital bed connected to a source of
electric power. Not only is there a psychological prob-
lem when the bed itself is connected to a source of
power, but there is always a danger of shock if hquids
are spilled on the bed.

Therefore, if any current is to be supplied to the bed
it must be nominal. However, if a self-contained battery
system is utilized, the useful life of this system is quite
short if the battery is always in an on condition.

It is therefore a principal object of the present inven-
tion to provide a condition responsive circuit which
normally draws only a nominal current.

It is a further object of the present invention to pro-
vide a hospital bed alarm system which signals the

departure of a patient from a bed.
It is yet another object of the present invention to

provide a self-contained signal circuit responsive to a
change in a physical condition, such as the presence or
absence of pressure.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing objects of the present invention to-
gether with other objects and advantages which may be
attained by its use, will become more apparent upon
reading the following detailed description, taken in
conjunction with the drawings.

In the drawings, where like numeral identify corre-
sponding parts:

FIG. 1 is a schematic circuit diagram of one embodi-
ment of a condition responsive circuit;

FIG. 2 is a partial schematic illustration of a second
embodiment of the present invention,;

FIG. 3 is a schematic illustration of an alarm signal-
ling circuit which may be utilized with the condition
responsive circuit of the present invention; and

FIG. 4 is a schematic diagram of a circuit for remote
transmission of an alarm signal.
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current be present to avoid a drain on the two batteries.
Since it is desired to determined when a patient departs
from the bed, the switch 12 having a plunger 14 may be
a switch such as that manufactured by Packard Electric
of Ohio, bearing Part No. 82A5A-1216876 whichis a
pressure sensitive switch. Thus, the pressure or weight
on the switch is equivalent functionally to pressing and
releasing on the plunger 14 shown schematically in
FIG. 1.

With the on/off switch or double pole single throw
switch 30 closed, there is a path from the —9 volt bat-
tery through the switch 12 to the gate of the FET 10
and through the resistor 16 to ground. Switch 12 1s the
type which is normally closed, that is, the plunger 14 1s
normally in. If the pressure sensitive switch s utilized,
this represents the presence of a patient in a hospital
bed. Under this condition, virtually no current flows
through that portion of the circuit including the switch
12. The high voltage drop across resistor 16 which
appears at the gate of the FET 10, biases the source 1o
drain junction of the FET in an off condition.

Upon the departure of the patient from the bed,
equivalent to the plunger 14 of the switch 12 being
released, the circuit therethrough is opened removing
the voltage source from the gate electrode of the FET
10. At this time, current will flow from the +9 volt
source through one pole of the switch 30 and from the

drain to the source electrode of the FET 10. This cur-
rent flow turns on the transistor 20 permitting current
to flow from the nine volt source through the signal

means 26 to generate an output signal.
When the patient gets back into bed and his weight

depresses the plunger 14 of the pressure sensitive
switch, the signalling portion of the circuit is turned off.
An optional capacitor 32 coupled across resistor 16

provides a time delay. Thus, once the patient departs
from the bed, the voltage at the gate of the FET 10
drops as the capacitor discharges. Once the capacitor
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has discharged, then the FET conducts to permit the
alarm or signal to be given. The purpose of this optional
apacitor 32, shown connected with dotted leads, is to
revent an immediate signalling if the patient momen-
arily moves clear of the switch while rolling over in
red.

The test or push button switch 28 is a normally closed
iwitch which may be deliberately opened to test the
yperation of the system. Thus, opening the switch 28 is
:quivalent to opening the switch 12.

It must be appreciated that the portion of the circuit
rom the +9 volt battery across the FET and oscillator
o ground normally draws no current. That is, no cur-
ent flows to that portion of the circuit because the
~ET 1s biased off.

The current which flows through the portion of the
‘ircult from the —9 volt battery and through the switch
|2 is nominal because of the high resistance of resistor
|6. However, since there i1s some nominal current,
here is always the possibility that the —9 volt battery
vill lose power. However, the particular circuit of this
nvention has the additional feature that upon the loss
f power of the —9 volt battery, the effect is the same as
he opening of the switch 12. That is, the voltage at the
rate of the FET 10 i1s removed and a signal is sounded.

As an alternate embodiment for the present inven-
1on, reference 1s made to FIG. 2 wherein there is tllus-
rated a silicon controlled rectifier or SCR 34 having its
rathode grounded and its anode connected to one side
f a normally closed pushbutton switch 36. The em-
yodiment of FIG. 2 replaces the portion of FIG. 1
hown in a dotted block 37 including the transistor 10
ind the resistor 24. Thus, the gate of the SCR is con-
1ected to the resistor 22 and the side of the switch 36
10t connected to the SCR is, of course, connected to

he signal means 26.

The purpose of this embodiment is based upon the
yroperty of an SCR that once it fires or conducts it is
1ecessary to actually remove the current from the
inode to the cathode rather than taking away the signal
tom the gate. This provides the increased benefit of
equiring a deliberate turn-off of the alarm by resetting
witch 36.

With reference to FIG. 3, the first embodiment of an
ilarm is illustrated. This circuit may be utilized as the
ignal means 26 to generate an alarm at the hospital
ed.

The audio alarm of FIG. 3 which is coupled between
he drain electrode and the +9 volt source on one side
ind either the switch 36 of FIG. 2 or the transistor 20
f F1G. 1 on the other side includes an UJT LFET} 38
vhich is normally biased off and which has 1ts
[ source] base, electrode connected to a voltage di-
rider comprising two resistors 40 and 42. The junction
»f resistors 40 and 42 is coupled to the base of a transis-
or 44. The emitter of the transistor 44 is coupled back
0 the main circuit of FIGS. 1 or 2 and the collector of
ransistor 44 coupled to one side of a speaker 46. The
yther side of the speaker 46 is coupled back to the

[ drain] base, electrode of the UJT LFET1 38.
Also included in the alarm means of FIG. 3 is a resis-

or 48 [to provide a bias to the gate of the FET 38, a
rapacitor 50 ccupling the gate of the FET back to the
-ircuit of FIG. 1 or 2 and a:] and a capacitor 50 which
orm an RC timing network. The emitter of UJT 38 is
~onnected to the common point between resistor 48 and
~apacitor 50. A second capacitor 52 across the bias
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resistor 48 and the capacitor 50 serves as a by-pass
capacttor.

In operation, when the patient leaves the bed thereby
removing the bias from the FET 10, the conduction of
the transistor 20 (or the SCR 34) as previously ex-
plained permits current to flow through the alarm or
signal means of FIG. 3. This current flow [cuts off the
bias to the FET 38 normally provided by the voltage
drop across the resistor 48, and Y biases on the UJT 38.
The voltage across the resistor 48 and capacitor 50 is
time varying and when the UJT conducts, a current pulse
is fed to the voltage divider of resistors 40 and 42 which
turns on transistor 44 to conduct the current through
the speaker 46. The UJT 38, capacitor [s] 50 and
resistor [sJ 48 provide 2 [Lresonant]) time varying
signal circuit which provides the alarm to be driven
through the speaker 46.

Since the alarm going off at the patient’s bedside
might startle the patients or otherwise create a distur-
bance, especially in the evening, another embodiment
of the present invention contemplates the transmission
of an alarm system to a remote area such as a nursing
station. F1G. 4 discloses one such circuit which may be
utilized as the signal means 26.

FIG. 4 includes a conventional untjunction oscillator
to frequency modulate a radio frequency transmitter.
The conventional unijjunction oscillator includes an
[ FET]1 UJT 54 having its [source] base, electrode
coupled through a resistor 56 back to the circuit of
FIG. 1 or 2 and being [normally biased} in an off
condition Lby a voltage developed across a resistor 58
between the +9 volt source and the gate electrode. }
When the transistor 20 of FIG. 1 or the SCR 34 of FIG.
2 conducts, current flows [through the resistor 58 }
and turns on the [FETJ] UJT 54. This functions as a

[ Colpits oscillator} wunijunction oscillator to FM mod-
ulate a Colpits oscillator transmitter which includes a
voltage divider network of resistors 60 and 62 having
their junction coupled to the base of a transistor 64.

40 The emitter of the transistor 64 is coupled by a parallel
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combination of a resistor 66 and a capacitor 68 back to
the circuit of FIG. 1 and having the collector coupled
to a parallel LC circuit comprising inductor 70 and
variable capacitor 72. The transmitter of FI1G. 4 oper-
ates in a conventional fashion.

Thus, there has been described a circuit for generai-
ing an output signal upon a change in condition,
namely, a change in pressure. The output signal may
generate an alarm at the location of the switch or by a
radio frequency transmitter generating a signal at a
remote station. The circuit is battery operated and
draws essentially no current when the patient is in bed,
thereby providing greater useful life for the batteries.

Various modifications may be made to the present
invention. For example, the signal means may include a
light or other signalling devices as are well known in the
art. Furthermore, the pressure responsive switch 12
may be replaced by other condition responsive
switches such as those which respond to the presence
or absence of moisture. In that case, the circuit may be
utilized to detect if a patient spills liquids in his bed or
may be further utilized to detect the presence or ab-
sence of fluid flowing in a tube being utilized for intra-
venous feedings.

In the preferred embodiment of FIG. 1, FET 10 1s a
type 2N5653 and transistor 20 is a NPN-2N4400. Re-
sistor 16 is 15M ohms, resistors 18 and 22 are 10K and
4.7K ohms, respectively, and capacitor 32 would be
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0.22 uf for a two-second delay. In FIG. 2, the SCR 34

is a 2N5060.

The component values for the signal means of FIG. 3
are: LFET] UJT 38, 2N4871; transistor 44, 2N4400;
resistors 40, 42 and 48, 470 ohms, 4700 ohms and 6.8K
ohms, respectively, and capacitors 80 and 51 0.1 uf and
100 uf.

In FIG. 4, LFET] UJT 57-MU4894, transistor 64,
2N3294, resistors 56, 88, 60, 62 and 66; 47K, 500K,

33K, IOK and 1K, respectively, capacitor 68; IOpf and 10

variable capacitor 72, 1.5-7p would pmwde suitable
operation. *

Therefore, the foregoing is a description of the pre-
ferred embodiment of circuitry only and should not be
interpreted in a restrictive sense but only as exemplify-
ing the underlying concepts of the present invention.
The invention may be further developed within the
scope of the following claims:

What is claimed is:

1. A condition responsive circuit for mgnallmg the
departure of a patient from a bed or the like by generat-
1ng an output signal upon the opening of a switch, com-
prising:

a switch being normally closed by the weight of a

patient in a bed;

an FET having source, drain and gate electrodes, said
gate electrode connected to said switch for nor-
mally drawing only a nominal current and for con-
tinuously biasing said gate electrode to render said
FET non-conductive:

a normally off output means coupled to said at least
one of said source and drain electrodes for generat-
ing an output signal when said FET is rendered
conductive;

the opening of said switch to remove the continuous
bias from said gate electrode;

delay means coupled to said switch and said gate
electrode for maintaining a bias at said gate elec-
trode to prevent said FET from being rendered
conductive for a predetermined time interval after
the opening of said switch; and

said output means including an SCR, an SCR switch,
and a signal means, all connected in series;

said SCR being rendered conductive by said FET
being rendered conductive to thereby generate an
output signal from said signal means, and said SCR
being thereafter rendered non-conductive only by
operating said SCR switch.

2. A condition responsive ctrcuit for signalling the

departure of a patient from a bed or the like by generat-
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6

ing an output signal upon the opening of a switch, com-
prising:

a switch being normally closed by the weight of a
patient in a bed;

an FET having source, drain and gate electrodes, said
gate electrode connected to said switch for nor-
mally drawing only a nominal current and for con-
tinuously biasing said gate electrode to render said
FET non-conductive;

a normally off output means coupled to at least one
of said source and drain electrodes for generating
an output signal when said FET is rendered con-
ductive;

the opening of said switch to remove the continuous
bias from said gate electrode; and

delay means coupled to said switch and said gate
electrode for maintaining a bias at said gate elec-
trode to prevent said FET from being rendered
conductive for a predetermined time interval after
the opening of said switch.

3. The circuit of claim [1] 2 and further including:

secor.d switch means connected in series with said
normally closed switch for testing the operation of
said circuit by removing said continuous bias from
the FET gate.

4. The circuit of claim [11 2 wherein said output
means includes a normally non-conductive electronic
switch rendered conductive when said FET is rendered
conductive.

5. The circuit of claim 4 wherein said output means
further includes an oscillator coupled in series to said
electronic switch, said oscillator being energized when
said FET and said electronic switch are rendered con-
ductive.

6. The circuit of claim 4 wherein said output means
further includes a normally off transmitter which 1s
turned on by said FET and said electronic switch being
rendered conductive, the frequency of the transmitter
being modulated by said oscillator.

7. The circuit of claim 4 wherein said electronic
switch is an SCR.

8. The circuit of claim 7 and including third switch

means in series with said SCR for rendering said SCR
non-conductive after said SCR is rendered conductive

by said FET being rendered conductive.

9. The circuit of claim [1] 2 wheretin said switch i1s
pressure sensitive.

10. The circuit of claim [11 2 wherein said output

means includes an audio alarm.
¥ %k ¥ sk e



	Front Page
	Drawings
	Specification
	Claims

