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This inventicn relates generally to burglar
alarm sysioms ard apparatus and more particu-
larly to receiving apparatus employing infrared
radiant energy. A sensitive detector of radiant
ehergy permits detection of burglars over long
distances. Such systems are -particularly use-
ful since a compact apparatus can be tsed for
protecting offices, sicres and the like where it is
necessary that the detection apparatus be easiiv
concealed and occupy a minimum amount of
space, and where it has Dpreviously been neces-
sary to provide extensive wiring angd multiple de-
tectors, Furthermore, the radiang energy sys-
tem is inherently secret and not easily defeated
for that reassn. Such systems are further ad-
vantareous ih that they create invisible barriers
throuph which an intruder may penetrate with-
cut realizing the existence of any sort of detec-
tion system. The radiant energy system also
presents the advantage that is capable of view-
ing and thus protecting large areas with the use
of ‘a single transmiiter and n ceiver whereby
very little apparatus and very little wiring is
necessary.

This applicaticn is g division of the applica-
tion of Maxwell H. A, Lindsay and Howard J.
Pearson, Serial No. 266,728, filed April 8, 1939.

Radiant energy getection systems are particu-
lnrly wseful in outdoor applications such as
water[ronts, prison walls and the like where pe-
culiar problems arise in that weather condi-
tions defeat ordinary apparatus such as that of
the photcelectric type. However, the system or
abparatus disclosed herein utilizes radiant en-
°rzy within that portion of the infrared bLand
which is capable of penetrating heavy fogs and
even heavy snow storms thus providing protec-
tion during all ‘conditions of weather. Hereto-
fore it has been necessary to employ physical
sarriers invelving the tse of extended circuits in

protesting large cusdoor areas but by means of -

the infrared beam it is possible to operate a
single l.eam of invisible radiant energy, which,
must be penetrated or interrupted by intruders,
and thereby create an intangible barrier of great
lencth with a minimum amount of apparatus, -
The principa! objeet of _this invention is to

. brovide a burglar alarm system that is capable of

viewing and thus sensing or detecting the pres-.
ence of a burglir independently of aily act of.
commission or omission on his part other than
his entrance into and natural movements ahout’
a forbidden area or locality. o

It Is also an object of this invention to provide-
a burglar alarm system for viewing an area and
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thus detecting the presence of a burgl.r by de-
lecting the heat energy given cf or absorbed
Ly his cwn body, or absorbed or reflected by ob-
jects carried by the intruder as distinguished
from so-called beam protection sysiems involv-
ing the use of a light source or other source of
radiant energy. .

Still another object of this invention is to
provide a radiant eriergy detector capable of de-
tecling minute changes in radiant energy over,
long distances and which is practicabie in com-
mercial use, cheaply manufactured and positive
in operation.

A still further object of this invention is to
provide an infrared energy receiver for outdcor
use and sensitive enough to respond to alarm
cenditions during fog or any other stale of the
weather. : :

It is also an object of this inventicn to pro-
vide a sensitive material capahie of respending
to minute quantities of radiant energy and con-
troliing a signal generating apparatus t{o obtain
useful signals. i ' .

Another object of this invention is to provide
an infrared energy receiver of a rugged construc-
tion which is extremely sensitive to heat energy
2nd nen-responsive to interfering mechanical
vibrations. - )

Other objects and advantages of this inven-
tion will appear from consideration of the fol-
lowing description taken in connection with the
accompanying drawing wherein: .

Fig. 1 is a diagram showing an alarm ecircuit
together with a crcss section of a radiant energy
detecting unit constructed in accordance with
this invention; .

Fig. 2 is a top plan section of the detector of
Fig. 1 on line 2—2 of Fig. 1; .

Fig. 3 Is a plan view in section of a modifica-
tion' of the unit shown in Fig. 1;

Fig. 4 is a top plan view of Fig. 3 taken on
the section at line 4—4 of Fig. 3;

Fig. 5 is a cross section of another modifica-
tion of the detecting unit shown in Fig, i

Fig. 6 is an end view of Fig. 5 taken in section
on line 6—86; .

Fig. 7 shows the appearance of the heat sensi-
tive material when seen uvnder high magnifica~
tion,

In accordance with the objects of this inven-
-tion, we provide a radiant energy receiving de-
vice of great seasitivity +y using a gas-cccluding
substance in a chamber containing a gas for
causing pressure variations therein in response
to changes in total energy and by arranging a



tive relatien to said chamber. , » :
It is well known' from thermcdynamic laws

- -that the relation between the pressure and tem-
rerature of a gas is expressed by the equation: .

PV=RT

" where P is the pressure, V the volume, T the &b-

solute temperature, and R the universs). an

constant. Now il V is kept constant, P will ke
vroportional to 7. Any scaled cavity then, con-
taining a gas, and having a window f{or the ad-
missicn of radiant energy and means for indicat-

ing the resulting pressure change, would con- 1:

stitute a radiometer, Unfortunately this com-
binaticn does not have Sufficient sensitivity fcr
practical purposes where small quantities of
radiation, such as are emitted by a remote humsan
body, are concerned. If, however, a substance

is infroduced into the cavity which has, first,

the properly of occluding relatively large quan-
tities of the gas and, second, the ability of dis-
charging the gas and thus raising the pres-
sure a preportionate amount when heat is ap-
plied to the substance, a major improvement re-
sults. It 2lso follows that a material which ex-
pands appreciably when heated wiil result in still

further improvement. Such substanzes are’

herein to be disclosed.

The property of occluding gas is termedq ad-
sorpticn and in order that a material have con-
siderable adsorptive capabilities, it is helieved
necessaly beih that the extent of its surface be
great and that the degree of unsaturation of the
surface atomas ba high. The first condition is
favored Ly a decrzase in particle size or increase
in the velume of capillaries for a Ziven weight
©f material, and the second, in addition, by the
presence of crystal fragments and by a decrease

in crystal size, so that the atoms which are less.
saturated by their neighbors, such as the corner -

asoms, form a greater percentage of the total
These requirements are met by employing hy-
drocarbons or soot obtained from the fame of
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" voltage generating element for converting pres-. g microscoge. Only a few separated 'ﬁbérs are -
sure changes into variations in vaitage in opera- - shown, the wool being’employed in the detecting S

unit in a relatively compact form. The sooted

material is then placed within the gas chamber .~

of the heat detecting device where variation in
the quantity of infrared energy .impinging on
the material mnay cause absorption or adsorption

. @nd evolution of the enveloping gas, -
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- pense of installation of alarm systems is reduced
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burning camphor or of an acetylene lamp. This -

carbon is very finely divided and therefore has
exceptional capability of occcluding gas and then
evolving the gas again when subjected to radiant
energy. In order to support the finely divided
carbon in the most effective manner, it is depos-
ited on very small fibers such as quartz wool,
steel wool, glass wool or fine mesh wire Zauze.
It has been found that the efficiency of the soot
in converting radiant energy into pressure en-
ergy incregses as the diameter of the supporting
fbers is decreased, and that the extremely fine
fibers of quartz wool offer the best means of
support for the soot. In addition, these support-
ing materials, particulerly quartz wool, are be-
lieved to enhance the response of a radiant en-
ergy receiving device of the type referred to above
by expanding appreciably under the influence of
received heat energy and causing more pro-
nounced pressure changes within the gas cham-
ber of the receiving device. . :

The process of ‘seoting the various forms of
wocl and the wire gauze merely involves holding g
small tuft of wool or a small piece of gauze in
the flame ¢f a camphor or of an acetylene lamp

in such a manner that small particles of carbon -

are deposited in an amount suficient to cover the
fivers. Fig. 7 of the drawing shows the fila-

_‘mentary quartz wool 23 having particles of soot

or carbon 238 deposited thereon, as seen through
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In order for material to readily discharge the

“adsorbed gas when heat is applied, the material

or its surface must be capable of absorbing a
large proportion of the incident radiation, the
hermal capacities must be negligible and the

specific density must be low. It is readily seen.

that the above mentioned material possesses, in

addition to its high adsorptive properties, char-

acteristics which meet these three conditions,
The successful radiant energy receiving device

of the tyre cescribed above must not gissipate

the received heat energy thereby depriving the
gas occluding substance of any sappreciable

amecunt of the received heat energy. Further- -

moere, the energy converting clement must be
oi rigid construction and have g minimum amount
cf electrical leakage since the currents gener-
ated are necessarily very small in magnitude and
it is further necessary to reduce current losses in
order to reduce the possibility of false signals or
loss of signals. It ig also advantageous to utilize
a minimum amount of Wiring whereby the ex-

to 2 minimum,

It is possible to use several different converting

elaments such as the carben microphone, the

electromaguetic cr dynamic type of microphone,
the condenser micrephone or the piezoelectric .
microphone,  The first two tybes of microphonic:

elements lack a sufficient degree of sensitivity to
respond effectively to the minute pressures gen-
erated by a gas occluding substance. The con-
Censer microphone, while it is suficiently sensi-
tive, involved the use of polarizing potentials, is
liable to leakages for various reasons and re-
quires the running of heavy multi-wire cables.
The piezoelectric crystal microphone is g self-
contained, preSsure-responsive, veltage generat-
ing element which overcomes the above men-
tioned disadvantages and meets the requirements
cutlined ahove, :

Fig. 1 of the drawing illustrates the applica-
tian of gas occluding materials and piezoelectrie
converting elemsnts to detection of radiant energy
within the frequency rafige which includes visi-
ble and invisible heat rays. The converting unit

5 cr radiant energy detecting Cdevice includes a

heavy metal casing | which serves as a mechan-
ical protection and also attenuates external pres-
fure waves such as sound which might interfere
with reception of the useful radiant energy. The
casing | is covered by a cover 3 which includes

‘therein a window 6, the purpose of which is to

&dmit radiant energy waves of the desired fre-
quency.

A window of rock salt is suitable where radi-
ani energy in the infrared range of wave lengths
between 0.78 micron and 39 microns is transmit-
ted for signaling purposes,  Radiant energy in
this range is desirable for prenetrating atmos-
phere containing fog, rain or snow.

Between casing I and cover 3 is located a non-
metallic and heat insulating memher 2 bhaving a
conical chamber 4 therein which containg a gas
eccluding substance § of the types described
above. It is preferred that a small tuft of quartz
wool, sooted as described ahove, be used as the



maintaining g constant pressure on the exterior

parts of the crystal. The crystal element 7 s

composed of two pairs of crystal plates 12 and

13 which are separateq by insulating members

18 to form chamber (1. The crystal elements are

- supported by thin paper members {5 from the

insulating frame 8 which has a passage 9 for con-
necting the conical chamber 4 with the chamber

ny: suitable manner and for -
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. substance 5; The casing | has a chamber there-
- In for supporting and protecting the piezoelectric
-erystal element 1 in g

rectly to the small chambér {1 within casing 4
and cause the crystal elements 12 and 13 to be-
deformed inwardly as in Figs. 3 and 4. Other-
wise the operation of this modification and its
construction are the same as described above in
connection with Fig. 1. - ~
One of the most useful applications of this

. invention is in the detection of buglaries and it

10

It between the crysta] elements 12 and {3, The

space beiween the paper members {5, the frame -

8 and the edges of the plates 12 and I3 is filled
with wax, the space between the plates forming
a chamber Il. The piezoelectrig converting ele-

ment may be constructed in accordance with the -

general theory and Principles as taught by the
following patents of Charles B. Sawyer: Nos.

- 1,802,730, 1,802,781, 1,802,782, 1,802.783, 1,503,273,
1,803,274 and 1,503,275, dated April 28, 1931; No.

1,995,257, dated March 19, 1935.

When increased radiant energy is directed
through the rock salt windew B, the material §
expands and discharges gas contained or ab-
sorbed therein causing an increase in pressure
within the chamber 4. The Dressure increase is

‘transmitied through the passage 9 in frame §,

to the hamber {1 between the crystal elements

12 and (3. If the radiant energy received by 3

material § is decreased, the material contracts
and absorbs gag whereby a pressure decrease oc-
curs. The crystal elements are bent or other-
Wwise deformed by all bressure changes whether
they be increases or decreases in pressure, the
deformation causing generation of voltages in
proportion to the amount of pressure change or
change 'in the received radiant energzy. These
voltage changes are communicated to a suitable
amplifier through the conductors 14, as shown
in Fig. 1, the resulting signal being amplified and
utilized for alarm purposes or other measure-
ment purposes.

removes the necessity of extensive wiring as well
as being readily installed or removed from the
brotected premises. The device may be esasily
concealed ano vonsequently is invisible to an
intruder who would nct know of the presence
of a burglar d:tecting system. In. Fig. 1, we
SLow a system for detecting burglars merely by
hext given off from or absorbed by the body or
any objects which the burglar may be carrying.
The system includes the detector element which
may be supported within the enclosure or
Premises to be protected in such a Dposition that

the window 6 views an entire room or any se-

lected zone of an either indoor or, outdoor area.

- The detecting unit may be provided with suit-
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Figs. 3 and 4 show another modification of a .

detecting unit wharein a plurality of piezoelec~
tric erystal elements 1 are used for converting
changes in gas pressure to changes in electrical
voltage. The constructicn of this modification
is somewhat similar to that shown in Fig, 1,
except that the external casing | includes an
elongated chamber 4 which contains the gas-
occluding material 5. A large rock salt window
6 is supported at one side of the casing for ad-
mitting waves of rediant heat energy. A plu-
rality of piesvelectric crystal elements 7 are em-
bedded in wax I8 and generate higher poten-
tials than a single unit. The gas-occluding sub-
stance 5 is supported by erid (6 which allows
the pressure ~hanges to penetrate spaces 17 and
hend the crystal elements 7 inwardly. The re-
maining steps in the cperation of this modifica-
tion of the invention are obvions from the de-
scription of the unit described in connection
with Fig. 1. :

Figs. 5 and 6 show a furtaer modification of

:the detecting unit wherein the piezoeleciric ele-

ment 7 is supported in a large chamber within
ine casing . "This modification aiso includes a
conical chamber 4 which contains the gas-oc-
chiding substance 5. This unit also includes
spacers 18 which fill the dead air space surround-
ing the crystal 7. Chamber i1 is exaggerated
for purposes of illustration but, should be very

zDble lenses or reflectors for efficiently collecting
"aclant energy from the zone to be protected.
The output of the detecting unit is connected to
suitable amplifying apparatus, the output of )
which operates any form of an alarm device
<uchl as a bell which may be located at a central
woint within the protected premises or at the.
central office, ' :

Urpon the entry of a burglar into the protected
remises, the radiant energy in the form of heat
given off or absorbed by his body or objects
carried by Lim will cause either increases or
decreases in pressure within the detecting unit
2 as described above in connection with Fig. 1.
These pressure changes are converted into elec-
trical impulses which are amplified and cperate
the alarm device as indicated in Fig, 1. ]

L will be obvicus to those skilled in the art
that the radiant energy detectors shown in Figs.
1 to 6 may also be utilized in conjunction with
2 source of heat energy for forming a protective
team whereby interruption of the beam of heat
energy wili decrease the amcunt of heat re-
ceived and thereby cause a signal impulse. Such
a beam of energy 1nay be arranged to cover or
protect any desired areg either within an en-
closure or within an outdoor premise.

Because ¢f the peculiar conditions of the heat
reflection and absorption which are éncountered
in different rooms of buildings and in outdoor

_ applications, the radiant energy detecting sys-

tem described above may not always detect an
increase in heat from an intruder’s body. The
intruder may possibly enter a room, the tem-
perature of which will cause absorpticn of heat

- from the intruder’s body. It i: also possible

proy

small. Pressure changes resulting from recep-

tion of radiant encrgy are communicated di-

that due to the color of the walls in an enclosure
and to the color of the intruder’s clothing that
heat will be absorbed or the reflected heat will
be altered when the intruder enters or moves
aboub the enclosure. In the case of the system
<escribed and shown in Fig. 1 of the drawing,
the detector unit will always detest a change in
the amount of heat or radiant energy recsived
by it. In other words, enirance or movement of
an intruder is certain to change the amount of
keat or radiant energy aFecting the detecting
tnit. The same phenomena ‘MAy occur in sys-
tems such as those employing a protective beam -
of energy and even though the bearwr of radiang
energy is directed into the detecting unit it is
entirely possible that an intruder may increase
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the a._moun't‘or. radiant energy in the beam be- - -

cause of the color of his clothing or because of
heat reflected’ from the walls and again re-

‘flected by the intruder's body. ' In any case the
apparaius provided by this invention will de- .
teet both increases and decreases in Lhe amounts
" of radiant energy received because of the in-

nerent gas adsorbing properties and gas dis-
charging properties of the material § in the
ra@iant energy receiver unit. The plezoeleciric
crysial element follows decreases and increases
in gas pressure since any deformatior of the
crystal element will generate an electrical volt-
age. TFor the above mentioned reasons the
radiant energy receiving apparatus is capable of
detecting all changes of radiant energy within
the infrared kand which may cccur because of

inovements of a burglar or other intruder.

The above described apparatus nas a nurner
of further advantages. Because of thie inherent
characteristics of the piezo-electrie crystal ele-

ment it 1s not necessary to provide any eneigiz- -
ing "or polarizing potentials such as would he-

necessaly in orher, forms of microphone els-
ments. It foilows that since there are no high
potentials or minute discharge currents there
will be no electrical leakage present which would
necessitate the use of a preamplifier adjacent

the detecting unit or heavy multi-wire cables.

The piezoelectric crystal element also presenis
the advantage of having no low frequeacy cut-
oiT and therefore it will respend to less than one
cycle per second. : :
Another advantage of the detector element is
that it is inherently airtight and moissureproof
whereby changes in humidity and teriperature
do not affect the response characteristics there-
of. A further advantage is that the heavy cas-
ing surrounding the crystal element attenuates

all pressure or other mechanical interfering im-

pulses whereby the occurrence of false signals
i3 reduced to a minimum. o
The radiant energy burglar alarm system pre-
sents the inherent advantage that it is unaffected
by weather conditions such as.fog, or heavy snow
storms or any cther changing corditions of the
weather. On the contrary, signaling systems
sush as those employing photoelectric cells are
incapakle of operating through heavy fogs and
the like since they respond to light energy of
short wave lengths in the visible portion of the

. Spectirum which does not penetrate fogs. There~

fore the system embodying the invention is par-
ticularly useful in outdoor applications such as
waterfronts, prisun walls and the like, where ex-
rended a:eas may be protected with 2 minimum
quznbity of aspparatus 2nd wiring. It is alse
true that this system may be used for fire detec-
tion as well as burglar protection sincze it is
hizhly sensitive to all radiant energy varictions.
Supervision has also been provided so that the‘
systen mests ail commercial requirements con-
cerning frequent tests of operativensss of the
system. ) )

This form of detecting system has the added
advantage that it prevents false alarms by com-
pensating for ambient energy changes such as
those caused by local heating aepparatus, solar
r4ys, or atmosbheric temperature changes be-
cause such changes are slow and the electrical
circuits associated with the piezoelectric crystal
wiil not respond: :

Since there may be any number of variations
in adapting this system to a burglar alarm ap-
plication or to a tire 2larm system by those skilled

&
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in the art, and, as it is.applicable to any-kind’

of signaling system, it is not desired that this
invention shall be limited to the exact embodi-
ments illustrated and described herein, but only
by the extent of the prior art and the appcnded
claims, - Co R .

We claim: .

1. In a radiant energy recciver, a housing

member adapted to attenuvatle scund or cther
bressure waves, a rock salt window in scid mem-
ber for admitting radiant energy waves, a cover
plate heving a chamber therein, said chamber
being aligned with said window, a gas-occluding
substance rasponsive to changes of radiant en-
ergy within said chamber comprising sooted
quartz wocl, a pair of piczo-electric crystals sep-
arated [rera each other by insulating elements
10 form a prescure chamber and supported with-
in saxd housing member by an insulating frame
and a resiricted passige through said insulating
srame for conneécting said chamber to said pres-
sure chamber whereby gas pressure generated by
said gzs-occluding  substance will deform said
plezo-eicetric crystals to generate wn electrical
impulse. . '

2. In a radiant energy receiver, a housing.

inemmber adapted to attenuate sound or other
pressure waves, a window pervious to heat energy

‘supposicd in sald housing member, a chamber

aligned with said window and containing minersl
woul baving deposited thereon a gas-occluding
substance, a voltage generating element having
a pressule chamber therein and supported with-

in said housing member and a restricted Das- .
sage within said housing member for connecting

the voltage generating element to the chamber
containing the gas-occluding substance whereby
gas pressure generated by said gas-occluding
substance will cause generation of an electrical
impulse. o "

3. In a radiant energy receiver, a housing
member containing a gas; a rock salt window in
said member, a plurality of piezo-electric crys-
tal elements within said member, a plurality of
chambers between ‘said biezoelectric elements
and a heat responsive pressure changing sub-
stance in operative relaticn to said crystal ele-
ments whereby changes in radiant energzy are
converted into electrical energy.

4. In a radiant eneérgy receiver, a housing
member, a window ir said member which is per-
vious to radiant ENergy. a series of spaced voit-
ages generating elements within said meamber,
said elements generating cifferent voliages in
response to changes in mechanical pressure to
which said elements are subjected, and g gas-
occluding substance in operaiive relaticn to said
voltage generating elements for applying Varying
degrees of mechaniczl pressure to said generat-
ing elements whereby Ccaanges in radiant ehergy

impinging on said substances are converted into

electrical energy variaticns,
5. In a radiang energy receiver, a housing
member containing a gas, a window in said mem-

 ber for admitting radiant energy, a  chamber

within s2id member having a heat-respansive
pressure changing substance therein, an expan-
sion chamber within said member and commu-

nicating with said chamber and a piezoelectric .

. erystal element within said’ expansion chamber
for conveiting changes in DPressure to electrical
impulses., .

(£

6. In a radianc energy receiver, a housing’

member qontaining & gas, a window therein per-
vVious.-to waves of radiant ener ,» & volinge gen-



erating element within saiq member, a chamber

containing g filamentary material which has been
sooted for changing the gas pressure within said
chamber and exposed to said window whereby
changes in gas bressure act upon said voltage
generating member to convert changes in radiant
energy into electrical energy.

7. In a radiant energy receiver, a housing
member, a window pervious to radiant energy

said housing member containing a gaé-occluding

substance comprising g filamentary mate-
rial which has been sooted and a 'secong chamber

radiant energy are converted into electrical en-
ergy. )
8. A radiant €nergy signaling device compris-~

ing a housing member, a window in said housing

tary material which has been sooted and a volt- 2
" age generating element cooperating with-said gas-

occluding substance for converting pressure
changes within said member to electrical im-
bulses.

verting changes in gas pressure in the chamber

to changes in electrical energy, }
10. In 3 radiant energy receiver, a housing

member, a chamber therein containing g gas, a

-gas-occluding substance in saiq chamber com-.".

" prising sooted glass wool and means for con-

10
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verting changes in gas pressure to changes in
electrical energy. . :

"11, In g radiant eneigy receiver, a housing
member, a chamber therein contzining a gas, g
gas-occluding substance in said chamber com-
prising sooted steel wool and means for convert- .
Ing changes in gas pressure to changes in elec-
trical energy.. . : .

12. In a raciant energy receiver, a housing

stance in sajg housing member comprising sooted
filamentary materia] and means for converting
changes in gas pressure within said housing mem-
ber to changes in electrical energy,

13. In a radiant energy receiver, a2 housing

chamber containing g 8as-occluding substance
comprising a quantity of an inorganic filamentary
material which has been sooted for changing the
8as pressure within said chamber, saig £as-0C-
cluding substance being expased to waves of ra-
diant energy admitted through said window, and
means for causing changes in gas pressure in
said chamber to act upon said voltage generat.
ing element to convert changes in radiant en-
ergy into electrical ener, . )
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