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United States Patent Office race 

2,942,247 
ALARM WARNING SYSTEM FOR 

SWIMMENG EPOOLS 

Carl C. Lienau, 850 7th Ave., New York, N.Y., and 
Joseph C. Patterson, Jr., Falls Church, Wa. (304 Aiee 
Bldg., Washington 5, D.C.) 

Filed Nov. 6, 1956, Ser. No. 620,770 
Claim. (C. 340-258) 

This invention relates to apparatus for giving Warning 
of an intruder such as a child entering an area surround 
ing a pool or falling into it, and a method of determin 
ing the specifications of the various units comprising the 
apparatus, to carry out this purpose. It is a continua 
tion-in-part of our copending application Serial No. 
381,324, filed September 21, 1953 now Patent No. 
2,783,459, granted February 26, 1957. 

Residential swimming pools and to a lesser extent 
public pools are unsupervised or unattended, in the sense 
of direct observation by a competent person, during 
most of the day and night. During much of a twenty 
four hour period a child may intrude upon the area im 
mediately surrounding a pool or fall into the pool with 
out being observed. This is evidenced in a tragic man 
ner by the fact that during 1954, in the city of Los 
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Angeles alone there were over 20 drownings of children 
in pools comprised within the 18,000 pools then in exist 
ence there. Over one-half of these took place behind 
conventional fences. 
The number of swimming pools both public and pri 

vate is rapidly multiplying all over the United States and 
some automatic alert means of giving warning of a child 
or other person falling into a pool or intruding within 
the area surrounding a pool is and has long been urgent 
ly needed. 

For convenience we use the term pool deck broadly 
to include not only the surface but the material under 
the surface of the area surrounding the pool, of a depth 
extending to at least below the level of the water in the 
pool. 
The provision of an unseen signalling or “alert" fence 

as opposed to a passive barrier is the subject of this in 
vention. The invention comprises the conception of se 
lecting only impulses within a selected band of wave fre 
quencies and of a predetermined minimum energy, 
which occur only once, such as the impulse occasioned 
by a child falling into the water within a pool, and also 
a series of impulses within said band adding up to said 
minimum energy within a selected period of time, such 
as a period of time sufficient for a child to take three 
steps upon the surface of the area directly surrounding 
a pool, and excluding other energy impulses or tending 
to exclude all energy impulses such as would not by 
definition be called intruder signals. The invention also 
comprises apparatus including a vibration-sensitive re 
ceiver selectively responsive to pressure waves of dif 
ferent frequency to receive and translate into electrical 
energy impulses transmitted, through direct impact upon 
water in a pool, as in the case of a child falling into the 
pool, or through the material surrounding the pool, in 
cluding cement, turf, earth, rock, gravel, etc., as is oc 
casioned by the steps of a child upon the surface of the 
area directly surrounding the pool, and an electrical cir 
cuit system for exercising further selection and control 
to determine when the received energy will energize a 
warning signal. This system includes means for ampli 
fying the resulting electrical energy, means for filtering 
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and attenuating the said energy to further restrict it to 
within the selected frequency band, means for aggregat 
ing or integrating energy impulses within the selected . 
wave band received within a predetermined period, 
means for rectifying the energy from A.C. to D.C., and 
means for creating a threshold (conditional transmission 
element) over which energy within said band and ac 
cumulated within said period is passed to a warning sig 
nal device. Such a threshold may be provided for ex 
ample by a gas tube, such as the triode commercially 
available under the name Thyratron, which fires only 
above a characteristic threshold, or by a magnetic relay 
switch which in turn closes a circuit through a separate 
Source of power to a signalling device which is actuated 
by said separate source of power upon closing of said 
circuit. 

In carrying out our invention we employ a vibration 
and/or pressure sensitive receiver for example a trans 
ducer positioned within the pool itself and preferably 
with its back against the side wall of the pool so that 
displacements of the sidewall inwardly of the pool such 
as are occasioned by the impact of the steps of a child 
upon the surface of the pool deck causes the transducer 
itself to be pushed against the water in the pool thus 
causing a series of impacts upon the diaphragm of the 
transducer which are then translated in a well-known 
Way into electrical impulses. We cause these impulses 
to be transmitted successively to an amplifier, an electric 
Wave filter and attenuator, a second amplifier, a condi 
tional transmission element for adding impulses received 
within a given period of time, which we also refer to 
herein as an "impulse adding rectifier,' and an alarm 
device which once tripped continues to signal until it is 
manually reset by a competent person thus called to the 
SC . W 

Walking or other actions of a child or other person 
on the pool deck or falling into the water, tend to pro 
duce characteristic frequencies of motion and pressure 
in the solid, semi-solid and liquid materials involved. 
These frequencies are selectively picked up by the trans 
ducer according to the range of frequencies of vibration 
for which it is constructed to respond, they are trans 
mitted by the system in a way that may be expressed as 
an attenuation function of distance, frequency, and the 
nature of the medium through which the energy impulse 
is transmitted, i.e. the water and the pool deck. 
To exclude non-recurring impacts on the pool deck, 

such for example as might be occasioned by a chair 
blowing over we establish a minimum energy level such 
that the system will respond when a person takes a series 
of steps, say, for example, three steps, within a given 
period, say three seconds. The minimum energy level 
to which the system will respond is therefore set at a 
level which will be exceeded by the sum of the impacts 
of three steps of a child on the pool deck. We have 
found that this energy level is below the energy impact 
received by the transducer from even a very small child 
falling into the water in the pool, and so the minimum 
energy level for which the system is adjusted is such 
that the system will respond and a warning sounded as 
a result either of the single unit energy impact of a child 
falling into the pool or the multiple energy impact of a 
child taking three steps upon the pool deck. 
The invention will best be understood if read in con 

nection with the drawings in which: 
Fig. 1 is a schematic view. 
Fig. 2 is a diagrammatic view of the electrical circuit 
caS. 

Fig. 3 is a detail view of the transducer means, in side 
elevation. . . 

Fig. 4 is a graph showing frequency plotted against 
energy per unit time. . . . . . . . . . . . . . . . . . . . .-- 
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3. 
Fig. 5 is a graph showing time plotted in relation to 

: energy received at transducer from impact of child falling 
into a pool, and 

Fig. 6 is a graph showing energy accumulated in the 
system from three footfalls plotted against a time interval. 

It is desirable to make the system responsive to a nar 
row frequency band and only to impacts on the transdu 

4 
tin respect to which the voltage regulator 44 maintains the 
point 46 at a constant potential, for example, 150 volts. 

cer of more than a predetermined minimum hydro 
dynamic pressure intensity to exclude as completely as is 
practical all frequencies which may be transmitted to the 
transducer from sources other than a person such as a 

() 

child falling into the pool or the accumulative impact 
within a given time interval of a predetermined number 
of steps of an intruder on the pool deck. We have found 
that very satisfactory results are obtained using a frequen 

The embodiment of our warning apparatus disclosed 
above operates very efficiently and successfully with input 
electrical voltage to the amplifier 1 of upwards of a 
noise level of 5 microvolts; with the relay tripping input 
voltage at approximately 100 microvolts, and with the 
voltage regulator 44 controlling the power supplied to 
point 46 from source 12, at a level of approximately 150 
volts with respect to the reference level (transducer hous 
ing, retal sheath 38, lead 40 and common lead or bus 
42). Under these conditions the relay coil is normally 
at a voltage of approximately 60 volts and is held closed 
until the voltage falls to 6 volts when the relay circuit 

5. 

cy band of about Ao of one cycle per second to about 
fifty cycles per second, and a minimum hydrodynamic 
pressure intensity on transducer diaphragm within a 
range of about 0.1 dyne to about 1 dyne per square : 
centimeter. This arrangement precludes activating of 
the warning system by the impact on the transducer of 

: energy transmitted to it from high frequency sounds such 
as whistles or the screaming of children and also the 
lower frequencies such for example as the rumble of a 
truck. . . . . . 

20 

closes and the alarm is sounded. - - - 
Urider these conditions the minimum operating level of . 

the transducer 10 is approximately upwards of .02 of a 
dyne per square centimeter hydrodynamic pressure ex 
erted on the diaphragm of the transducer. 
As stated above we have had good results, based on 

success in excluding actuation of the warning signal means 
by energy sources other than a person falling into a pool 

25 

While the many factors involved are very complex, we 
obtain very good results using the system which we will 
now describe. ; : - 

In the embodiment of the invention illustrated in Fig 
ure 2 the transducer 10 is positioned within a pool and 
below the normal water level within the pool, and con 
nected to an alarm device through an electric circuit 
which includes amplifier means, filter attenuator means, 
an impulse adding means, and a relay. The transducer 
as shown in Figure 3, comprises a housing 2, the back 
and sides of which may be made of bronze, or similar 
metal, closed in front by a diaphragm 3 of stainless steel 
or similar anti-corrosive material .01 thick. Within this 
housing and attached to the diaphragm by suitable means 
such as adhesive is a piezo crystal or ceramic plate 5, 
1’ x 34' x .02', the opposite faces of which are plated 
with silver forming silver electrodes 6 and 7 from each 
of which lead wires 8 and 9 extend through the lead 
sheath 38 to the triode 11 of the system shown diagram 
matically in Figure 1 and in detail in Figure 2. 

Amplifier triode 11 comprises part of the amplifier 
filter attenuator means AoFoo. Anode i3 of triode 11 is 
connected to a source of voltage regulated power 12 
through a decoupling filter circuit 14. Filter attenuator 
circuit Foo connects triode 11 to triode 16, which is con 
nected through filter-rectifier-integrating means FRI to 
the rectifier amplifier triode 20, the anode load circuit of 
which contains a relay coil 22, the contact 23 of which is 
normally closed and the contact 24 of which is normally 
open when the tube 20 is conducting. Contact. 24 is 
connected to an alarm device 26 having its own source of 
energy 28. Switch 29 is an alarm inhibiting master switch 
provided to open the warning circuit as for example, 
manually when the pool is in intentional use by the 
owners- or - authorized operators, or automatically, by 
known means, under other predictable conditions. 

Contact 23 is part of a circuit comprising the grid 
biasing resistance 25 connected between the grid and the 
cathode of tube. 20. - The reset switch 30 is provided for resetting the circuit 
after the relay has been tripped and an alarm sounded. 
The system may include known means for giving warn 

ing if it is tampered with in any way, as for example, by 
cutting any of the electric leads or removing a fuse from 
the circuit, or by turning off the power source. 
A metal sheath 38 surrounds the leads 8 and 9 from 

transducer 10 to triode 11, and the sheath is grounded by 
a lead 40. Lead 42 which extends between the ground 
lead 40 and the alarm device 26 is the electro mechanical 
reference level which is at zero voltage by definition and 
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or walking on the pool deck, using a frequency range of 
from about 40 of 1 cycle per second to about 50 cycles 
per second. However the totality of sonic and sub-sonic 
impulses made by a person walking on a pool, deck or 
falling into a pool is not a single frequency, but a whole 
spectrum of frequencies. With properly proportioned 
filtering other portions of the spectrum may be employed. 

Under certain environmental noise such as a pool near 
a heavily travelled highway, the signal to noise ratio, and 
hence the discrimination of a system against road noises 

35 
transducers. 

employed and included in the system. 

may be increased by using a distributed system of filtered 
While in the drawings only one transducer 

is illustrated it will be understood that several may be 

The operating power level of the system. is a matter 
apart from the particular frequency range to which the 
warning system is made selective. It is determined by 
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economic considerations, i.e. the current consumption 
and cost of the elements of the system. Different fre 
quency ranges can be employed using the same operating 
level. For using different frequency ranges at a given 
operating level adjustment is made in the design of the 
transducer and in the filtering means. 

Transistors can be substituted for tubes 11, 16 and 20 
and thus reduce the operating power level of the system 
and the size of the apparatus. At the present time how 
ever, I prefer to use the conventional tubes for reasons 
of economy and stability. 

That part of the attenuation of distance source signals 
which is due to merely spatial dispersion of the energy 
falls off with the distance. This fact helps to differen 
tiate between local intruders and remotely generated dis 
turbances due to transport machinery such as bumping of 
trucks on a nearby road. The dissipative attenuation of 
all disturbances traveling through the earth, concrete or 
water is distinct from and in addition to the foregoing 
spatial dispersion. Such energy dissipation as heat is 
dependent upon frequency. The dissipative transmission 
losses are a function of the frequency. It is exploited 
by us in the detection chain by proportioning the filters 
so as to distinguish between disturbances of certain fre 
quencies originating nearby from disturbances of the 
same or other frequencies originating remotely. The 
effect of the frequency dependance of the dissipation is 
to introduce distance and therefore distance discrimina 
tion implicitly into the spectrum (Ko); and transfer fac 
tor of the chain represented by that portion of the for 
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mula given below which is enclosed between brackets. 
A unit impulse disturbance analized in the frequency 
domain consists of a spectrum of energy components of 
many different frequencies. Given the character of the 
source, and the spatial dispersion and dissipative char 
acter of the medium, the selective transfer responsiveness 

  



2,942,247 
S 

of the detecting chain is so designed as to provide a max 
imum of discrimination in favor of intrusions on the pool 
deck or in the pool. 

Ordinary sounds in the air above the pool and pool 
deck are highly attenuated at the air-water interface and 
are generally above the band of frequencies which is 
optimum for the detection of intrusion as above defined. 
Sounds of Wind, casual waves, shouting and airplanes are 
therefore ignored by the system. Water trickling sounds 
or rain sounds are similarly eliminated. 

In order to help pre-establish the specifications or 
values for the units comprising the warning system which 
Will cause the relay 22 to trip thus denoting transmission 
to the relay of energy within the selected frequency band 
and exceeding the minimum energy level, we have emi 
ployed the formula: 

EK, (f) So (f) Ao (f) Fo(f)o A1(f)F(f) IRAA) 
=AL (At) volts 

Since We are concerned with an intruder such as a 
chiid or other person entering upon the pool deck or fall 
ing into the pool, we can in that formula consider that 
W is the Weight of the child, h is the height through which 
the child's Weight falls yielding up a kinetic energy Wh 
by impact upon the receiving surface, which is either the 
pool deck or the water in the pool, d is the distance of 
the impact point from the transducer; K (f) is a com 
plex coefficient determined pragmatically, i.e. by trial and 
error, and depending upon the source of the impact pro 
ducing the vibrations and the medium of transmission 
known to those skilled in the art as spectral intensity; 
f is the frequency of the vibration and a is the area of the 
transducer diaphragm. 
The symbols within the brackets represent the transfer 

chain by which the energy received from the transducer 
is modified by amplification, filtering, conversion from 
A.C. to D.C., and integrated for a predetermined time 
period before reaching the conditional transfer element, 
illustrated herein as a relay circuit. In the portion of 
the formula within the brackets the symbol S(f) stands 
for volts per dyne/cm2 of pressure on the diaphragm 
of the transducer; Ao (f) is a first step of amplification 
of the electrical voltage of selected frequency from the 
transducer and more exactly stands for voltage output per 
unit of voltage input of the first amplifier which is the 
triode is in Fig. 2; Fo(f) is a first filtering stage and 
more exactly stands for the voltage output per unit of 
voltage input of the filter portion of the amplifier-filter 
attenuator identified in Fig. 2 as AFox in which or is the 
Voltage output to voltage input ratio of the attenuator 
portion thereof; A(f) is the second step of amplification, 
i.e. the voltage output to voltage input ratio of triode 
6 comprising part of the amplifier-filter-rectifier-inte 

grator circuit AFRI; F(f) is a second filtering step 
and more exactly represents the voltage output to voltage 
input ratio of the filter portion of AFRI; R stands for 
the means for rectifying or demodulating the output volt 
age of AF; I stands for the storing and leaking action 
of the integrator; A2(f) is a third step of amplification 
and represents the output to input voltage ratio of triode 
29; and AL (At) is the D.C. voltage output of the system 
at the relay coil 22 after a time interval. At during which 
the impulses are being accumulated by the integrator I. 
At the end of the detection chain there results a voltage. 

change AL(At) at the relay coil 22 referred to earth po 
tential. At seconds after the instant of impact, by definition 
taken as zero potential and as zero time respectively. 
The reference potential remains above earth potential 
by a constant amount. This potential difference provides 
the necessary constant standard electrical threshold or 
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dividing line between alarm and no-alarm potentials, and 
is provided by a well-regulated supply voltage; one hun 
dred and fifty volts is convenient when using triodes. 
With other means such as transistors a much lower volt 
age threshold may be used. The hydrodynamic pressure 
change Wh/ad is measured electrically at the diaphragm 
piezo crystal or ceramic plate as a positive or negative 
departure from the long time average of the hydrostatic 
pressure. 
By providing for adding or integrating impacts of a 

series of footsteps occurring in a time interval and em 
ploying the sum of these impacts to actuate a warning 
signal, we make it possible to give an alert to the danger 
of a child falling into a pool thus providing more time 
for averting a tragedy. By this means we provide a warn 
ing system which distinguishes the intrusion of a child or 
other person from the over-turning of a chair or the falling 
on the pool deck of a branch or limb the impact of which 
at the transducer is less than the established minimum 
energy level even if within the selected frequency range, 
and also from a series of impacts each below said mini 
mum level and occurring in a sequence pattern such that 
they do not add up to the minimum energy level within 
the established integrating time interval. 

In practice a warning circuit made as disclosed herein 
for an average size pool can be used quite satisfactorily 
for both larger and smaller pools by simply adjusting the 
attenuating means. As or is increased the system responds 
to a signal of standard intensity and quality through a 
radius of increasing length from the transducer taken as 
center. The degree of sensitivity desired is a balance 
between liability of the system to produce false alarms and 
the liability of missing a warning of a situation of the 
kind for which the system is intended, 
There has thus been disclosed an apparatus in which 

the above-mentioned objects are embodied together with 
many practical advantages. 
What we claim is: 
An alarm circuit for producing an alarm in response 

to electrical waves amounting to more than a predeter 
mined energy level within a predetermined integrating 
period of time which comprises, an input terminal to 
which said electrical waves are applied, an electronic tube. 
of the vacuum type having a cathode, control grid and 
anode, a source of direct anode potential having positive 
and negative terminals, a lead from said positive terminal 
to the anode, a relay and a relay coil in said lead be 
tween said positive terminal and the anode, said relay 
comprising two contacts and a release arm movable be 
tween the two contacts, adapted to open at a predeter 
mined coil current, one of said contacts being part of a 
circuit comprising a grid biasing resistance connected be 
tween the grid and said cathode, said contact being nor 
mally closed, and the other of said contacts being part of 
an alternate circuit interconnected between the negative 
terminal of the Source of potential and said other contact 
and comprising an alarm means in series with its own 
Source of power, and a lead connected between the nega 
tive terminal of said alarm source of power and the 
cathode through the normally closed contacts of said 
relay, said cathode being isolated from the negative ter 
minal of said source of potential and said grid biasing 
resistance when the normally closed contact is open. 
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