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(57) An alarm system remotely detects a sensor being attached to or detached from a product. The sensor has a secured
state and an unsecured state. The sensor 1s 1n the secured state when attached to the product and 1n the unsecured state
when detached from the product. The sensor includes an indicator for indicating the state of the sensor. A detector
electrically connected to the sensor determines the state of the sensor. The detector provides a control signal 1n
response to the state of the sensor. The control signal controls the indicator. An alarm 1s electrically connected to the
detector and 1s responsive to the control signal for indicating the state of the sensor.
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MOUNTABLE PRODUCT SENSOR AND DISPLAY STAND

An alarm system remotely detects a sgnaer being

attached to or detached from a product. The ssnsor has &
gacured gtate and an unsacuraed state. The senadgy 18 in the

secured state when attached to the product and in tha
unsecurad state when detached from the product. The senser
includas an indicator for indicating the state of fthe
sensor. A detecter electrically connectasd to tha sensor
datermines tha state of the sensor. The datector providas

‘a eontrol aignal in response to the state of the sensor.

The control signal ocontrols the indicator. 2n alarm ia
alactrically connected to the detactor and iz responsive to
the control signal for indlcating the statse of the sensor.
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MOUNTABLE PRODUCT SENSOR. AND DISPIAY ST2

The prasant invantion ralates to gecurity alarm
and anti=-theft devices and, particularly, to an improved
alarm systemn sensing and triggering apparatus including an
indicator displaying the state of a sensor which is ate
tachad dirasctly to an artiels.

~1n recent years, raetall and wholesale merchandis-
@rs have directed substantial attention to the naggling and

COostly pr?oblem assoclatad with tha theft and/or damage of
costly display products on their premises. With the advent

of smaller and mora portable electronic apparatus, the eage
with which pilferaers and sh@pliftars can quickly and eaaily-
remeve such goods from display cases and display mcks has
intensified. At the same time, the availability of new
preducts, such as video cassatte racordars, small portable
radics and televisions, calculaters and the like has
gskyrocketed, rasulting in more and mora valuabla prcducts
baing taken or tampamd with. Ag locks and other saourity
davicas have becoms more aophmticated, g0 .too hava the
individuals and methods for circunvanting the operation of
conventional mcurity devices and, particularly, alarm
sensing devices. For example, conventional sensor devices
can ba circumventad by artful replacemant of an expcsed or
otharwise slidable conducting means utilized in such
devic_es by an alternative conducting means, such ag a small
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electrical conducting plate, resulting in the theft of the
"protected" article. Mass merchandisers often end up returning to
a display case or rack only to find the otherwise reliable alarm
sensor waylaid by a short-circuiting plate, which was effectively
shifted into position to replace the closed circuit conductor
previously attached (or which may still be attached) to the
article stolen just minutes earlier.

One solution to the above-mentioned problem is shown in
commonly-assigned U.S. Patent No. 4,455,464, dated June 19, 1984,

which discloses an alarm system having an electrical conductor

connected at one end to the alarm sensor. A plurality of sensors
are connected 1in series to the electrical conductor. An
electrical conductor connects the last sensor back to the alarm

system. The sensors complete an electrical c¢ircuit which is

monitored. The alarm system continually checks the sensors to

determine i1f they have been removed from the product or tampered

with. However, when one of the sensors has been removed or

tampered with, it is difficult to determine which sensor.
Furthermore, upon connecting each of the sensors to the products
and back to the alarm circuit, it is difficult to determine if a
sensor has boon improperly connected to a product. Thus, when the
alarm is enabled, the alarm will sound if the sensors are
incorrectly applied.

The present invention provides an alarm system having
sensors 1including an indicating means, for example, a light-
emitting diode, which indicates the state of each sensor.
Summary of the Invention

Accordingly the invention seeks to provide an alarm
system including a sensor having an 1indicating means for
displaying the state of the sensor.

The invention in one broad aspect provides an alarm
sensor for securing an object, the alarm sensor having a secured
and an unsecured state, the sensor comprising a sensor housing
having a planar surface with a peg projecting from the surface, a
connection means spaced from the peg for attaching the sensor
housing to the object to be secured with the peg inserted into a

recess 1in the object such that the object is prevented from
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rotating with respect to the sensor housing. An elongate cord

houses a first and second conductor and extends from the sensor

housing for electrical communication with an alarm system. A

connecting means connects an end of the elongate cord to a

5 remotely located detector means for detecting the state of the

sensor, the detecting means being part of the alarm system. A

limit switch is connected to the first and second conductors and

is mounted to the sensor housing with a switch actuator projecting

from the planar surface, the sensor being in the secured state

10 when the limit switch actuator is depressed against the object.

A means on the sensor housing visually indicates the state of the
sensor.

In the exemplary embodiment of the invention,

generally, an alarm system is provided for the remote
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dstectlion of a sensor belng attached to or detachsd Irom a
product. A ssnsor has a sscurad gtate and an unzecuraed
state. The sgensor 13 Iin tha secured state when 1t 1s
attached to the product and in an unsecured state when
detached from tha product. Ths senszor includes an indicate
ing meang for indicating ¢the atate of the sensor. A
datactor means is slectrically connected to the sansor and
detarminas the state of ¢ths sensor. The detsctor maans
provides a contrel aignal in response to the statas of tha
sensor. The control signal contrels the lndicating means,

“An alarm means is slsectrically connected to the detactor

means and ls raesponsive to ths control signal for indicat~
ing the state of the sgnsor.

The Ilnvention alse contemplates providing a
light-emitting diede with a first, second, and third
display color. Tha alarm means also includes, 2 seunding
means foxr providing an alert mode. The indicating means
illuminates in the first diaplay color responsive to the
secured signal and illuminates in the second display color
ragsponalva to ths unsacured signal,

another feature of the invention is the provision
of a sounding means including a chirp mode. The sounding
means being in the chirp mode when power supplied to tha
alarm means and the key means is in the off position.

A further feature of the invention is tha provi-
slon of a plurality of detactor means mounted 1n a firse
splitter box, A first connecting means on the Ifirst
splittar box elasctrically connacts the alarm means in the
housing to the plurality of datactor means in the first
splitter box. A plurality of sansors are provided and
asseciatad with esach destactor means. This first splittar
box can algo include a secend connscting means for connsct-
ing a second splitter box. |

5til]l another novel feature of the invention is
the provision of a sensor means having a housing with =a
plunger located on an external side thereof. The sgengor
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means is attached to tha product with an adhasiva such that
the plunger is in a depressed position whan attachsed €o the
»roduct. The depresssd position corrasponds to the sesurad
state., The plunger iz in an saxXposad poaltlion when the
sensor is not applied to ths product. |

Other cbjects, feasturas and advantages of the
{nventien will bs apparent from the followlng detailed
desoription taken in connsctlion with the ACCOmpanying

drawings,

Briaf Description of the DRIawings

Tha features of this inventlon which are believed
ro be navel are set forth with particularity in tha append-
ed clalms. The invention, together with its objecta and
the advantages tharaof may be best understood by rafarance
to the following description, taken in conjunction with ths
accompany drawings, in which like reference numeralis
identify like elements in the Figures and in whioh:

Figura 1 1s a psrepective view of <the alarm
housing, phone coxrd, AC adafpt:ar and splititer box:

_ Pigure 2 is a fragmented section of one slds of
the alarm housing showing the battery chack button and AC
adapter input jack;

Figure '3 is a top view of an adhesive sheet
ukilized in fastening a sensor to a product:

Pigure ¢ is a cross-sectional view of the adhe-
sive sheet of Filgure 3 taken along tha lina 4«4 of Figure
3; , .
Figure 5 is a top view of an annular adhesive
sheat;

"Pilgure 6 is a top view of a circular adhesiva
gheat used in conjunctien with the annular adhesive sheet

ghown in flg. 5;

Flgure 7 18 a perspactive view of a sansor
showing lts alongate cord and connactor;
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Figure 8 iz a viaw, similar to Figure 7, axcepl
that the eslongate cord 1s a rstractable cord:;

rlgure 9 iz a perapective view of an altarnate
ssnsor dasigny

Pigure 10 ig a perspective viw of tha gensgor of
Fig. 9 having & retractable cord;

Figure 1l is a view of a shunt plug:?
Figurs 12 is a parspective view of a ssnsor head

shcwing an elongate ¢ord and connagtor;

Pigure 13 is a perspective view of the sansor of
Figure 12 showing a retractable cord and connactor; |

Filgures 14=18 are & perspactive wview of ths
sensor of Fig. 9 baeing attached to a product via the
adhesive strips of Figas. S and 6;

Figure 17 is a perspective visw of the sansor of
Filgs. 14-18 being removed from the product;

Figures 18 and 12 are a perspactive view of the
gsensor of ?'ig, 7 baing attachad to the product via the
adhesive gheet of Fig. 37

Figure 20 is a cross-sectional view taken along
tha ling 20-20 of Pig. 19 of the sensor adhered to a
product; |

Figure 21 i3 a perspaective view of the sensor of
Flgs. 18 and 19 being removed from a product and the LED
illuminated;

"~ Flgure 22 18 3 oross—sacticnal view taksn along
the line 22«22 in Fig. 21 of tha sansor removed from &
product; '

Figure 23 1z a persgpective view of the ganaor of
Fig. 12 being attachad to a product;

Pigure 24 iz a schematlec 1llustration of an
g¢laotrical cilrcult of ths splitter box and detasctor cire
cults

Figure 25 is a block diagran of an electrical
circult of the alarm box, splitter box and sensors;
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Flgure 26 18 a schenmatic 1illuastrastion of an
electrical circult of the mensor shown in Flgurs 7;
Figure 27 iz a schamatlic 1llustration of an

electrical cirocult of the sensor shown in Figure 9;
Figura 28 i1is8 a schamatic 1llustratien of an

alectrical cireuit of the senser shown in Figure 127
Figure 29 1s a flow chart of the operation of tha
alarm cireuit, datector clrcult and sansgors;
Figura 30 1ls an elactrical schamatlc of the alarm
circuit and powsr supply;

Figure 314 i3 a tep viaw of an mltarnats sensor
showing 1ts elengate cord and connsctor;

?igura 31B iz & gide view o©f a housing blogk of
the sensor shevm in Figura 3147

Figure 31C i8 a side viaew of the sansor of Figure
J1A7;

Figure 32 1ls a perspective viaw of the sensor of
Flgure 31 being attachsd to a product by a fastaner:

Filgure 33 is a perspective view of thes sensor of
Figura 31 including a stud for shgaging a stand to support
a product; and

Figure 34 is a perspactiva view of the sensor of
Flgure 31 ¢fastened to a product and including & loeking
stud for engaging a locking mechanism on a stand. '

Retailed Deseription of the Preferrved Embodiment

Tha concapts of this invention are axemplified in
an alarm assembly 10, shown in Figure 1, and a sensor
agsembly 12, shovn in Figure 7. The alaym assenbly 10
includes an alarm housing 14 enclosing an alarm circult 16
having a horn 17. A lock 18 enables and disables the alarnm
circuit 16 via a Xey (not shown). 2an AC adapter 20 pro-
videa a 9 volt DC voltage from a 110 VAC sourcs. An
alectrical cord 22 conneots tha alarm oircult 18 %o a
splitter box 24. Alarm housing 14 also includes an LED 235

in addition to the horn 17 to indicate the atate of ¢ths
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alarm clrcult 16, Ths electrical cord 22 may conslst of a
phona coxd and include a connector 26 to connect two male
phone connactors 27 (one shown), ona from the zplitiar box
24 and the other from alarm clyxeuit 16.

| The splitter box 24 includesz a plurallity of
female phone Jjacks 28. " Each female phone 4Jack 28 lIis
connacted to an associated detaestor glroult 30 and an LED
32 housad in the splitter box 24. The LED 32 displays the
state of the detector circult 30 and will be deseribed in
detall below. The aplitter box 24 has six female phona
jacks 28, detector circuits 30 and LED's 32 for connaction
to 8ix sensor assemblies 12. An additional female phone
jack 34 can be connected to additional splltter boxes 24 to
increase the number of sansors 12 associatad with one alarn
cireuit 16, as best seen in Pigure 25. A shunt plug 35 i=
placed in the female phone jack 34 on the last splltitaer box
usad. The shunt plug 35 ia best seen in Figure 1 and 11.

The sansoy assenbly 12 includes a male phona jack
36, an alongate cord 238, ahd 4 sansor housing 40, The
elongata cord 38 is typically a four-wire phons cord. Tha
sensor housing 40 ineludes a bi-color LED (light-smitting
dlode) 42 for displaying the state of the sansor. Tha LED
42 inecludes <two dicdes 43, 44 which ara connected
antiparallel, as best sean in Flg. 28. The sensor housing
40 also includes a button 45 whiech i3 depressaed when
attached to a product 46 and released when unattachaed to a
product. Alternatively, elongate cord 38 may be a ratract-
able cord, as best seen in Figura 8.

Figures 3, 4 and 18-21 illustrates the attachment
©f the sensor housing 40 to the product 46. An adhesive
sheet 48 includes an adhesiva layer 50,52 on the top and
bottom sides of the adhasive shaet 48, ﬁeaéactivaly. A
release liner 54,36 ls placed over the adhsesive layer
50,32, respactivaly. A hole 58 iz formed in ths adhasive
sheet 48. To attach the adhsslve shaet 48 to tha produoct
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46, the relsass liner 56 is removed and the adhesive sheat
48 18 attached te the product 45 via adhasive 52. 7The
releasae liner 54 is then removed, oaxposing adhagive 50.
The button 48 of the sansor housing 40 1s then aligned with
the heole 58 in the adhesive shest 48 and ths sengor housing
40 ia presased against the adhesive layesr 50, as bast seen
in Pigure 19. When the sensor housing 40 is properly at~-
tached to a product 46, tha LED 42 ls illuminated Iin a
first color, for example red. When the senscr housing 40
is removed from or improperly attached to the product 486,
the LED 42 is illuminated in a sescond color, for axample
graen. Thus, tha LED 42 on the sensor housing 40 attached
€0 the product 46 indicates the state of the gansor.

Figqure 20 shows a cross-sactional view of the
sensoxr housing 40. wWith the senscy housing 40 adhered £
tha product 46 via adhesive sheet 48, the butteon 48 is

depressed. The depression of button 45 causes a first
conductor 60 to ocome into contact with a sacond csonductor
82 To complate an elsctrical elrcult. Due te tha cempla-
tion of the elsctrical circuit, the detsctor glrculit 30 can
determina that tha senzor housing 40 is attached to the
product 46. As a yesult, LED 42 is illuminatad to indicate
the securad stats of the senscr, as best seen in Flgs.
19,20,26., Alternatively, when the sensor housing 40 is
ramovad from the product 46, tha button 45 is released and
the <first conductor 60 breaks contact wiﬁh the sacond
conductor 62 to break an electrical cireuit. The detector
circuit 30 illuminates LED 42 to indicate the unsecured
state of tha sensor housing 40, as best seen 1in Figs.
2),22.

~An alternate embodiment of the sensor houasing 40
i1s shown in Figure 9 and designated 64. A ashort cylinder
66 has a conductive surface 63 on one sida thereof, as bast
saen in Filg. 18. The conductive surface &8 is preferably
made of a conductive black foam. The sensor housing 64
includes a cylindrical recess 69 corrasponding in:ghape to
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short oylinder 66, as best mean in Figs. 13,17,27. 7The
sansor housing €64 12 adhered to the product 46 wvla an
annular adhesive sheet 70, as bsst sean In Fiqurs 5. Tha
annular adhasive sheet 70 1z adhered to the product 48
2inllar to that described with respact te the adhesivae
shaet 48. An additional ecireular adhesive shest 71, shown
in Plgure 6, is adhered to tha zlde of sghort cvlinder 66
opposite to the side with the conductive gurface 68. The
annular adhesive shest 70 and the elreular shest 71 ars
milti-layer sheets, similar to the adhesive shest 48,
shown 1n Fige. 3 and §¢. Short cylinder 66 l1ls then adherszd
in a hele 72 in the annular aghesive shast 70.

The conducting surface 68 of short cylinder 66
connacts a first and a second conductor 74 and 76, respec-
tively, when the sensor housing 64 is fully seated upon the
short cylinder 66. As a result of the connection betwasn
first and second conductors 74 and 76, tha datector circuit
30 illuninates LED 78 to a first color, for exanple red, to
indicata that the sensor is secured., When the sansor
housing 64 is removed or tamﬁarad with, cenducting surface
88 breaks the ccnnaétiqn between {lrst and sacond conductsy
74 and 76 and tha dstector circuit 30 illuminates LED 78 to
& second color, for example graen, teo indicate that tha
8anser is unsecursd.

In a furthay smbodimant of the sensor housing 40,
shown in Figs. 12 and 13, a sensor heusing 82 includes an
elongate strip 84. Sensor housing 82 includes a famala
phone jack 86, Elongate strip 84 includes a mpale phona
Jack 88 which is threaded through a portion of product 48,
88 best =seen in Filgure 23, and than fastened inte the
female phone jack 86. The connectien of the male phone
Jack 88 to the sansor housing 82 connects a first and
second conductor 90,92, respectively, to complete a air-
cult. Alternatively, the connection of male phone jack 88
to the housing 82 could break a clircuilt and obtain similar
results with a modifled datector circuit. Tha detector
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cilrcult then illuminates LED 94 to a first color, for
example red. When the male phone jack 88 lz removed from
the female phene -Jack 86, or ¢the elengate strip 84 is
tampared with, the cilrcuit is broken. The detector cilrcult
then illuminatas the LED 94 to a sacond color, for sxampls
graen.

The detactor clreuit 30 is illustrated in graater
dstall in FPigure 24. The detector clrcult 30 1z described
in ocenjunction with sensor assembly 12, see Flg. 26, dbut iz
readily usable with sensors 64 and 82 or any combination e?f
the three sensors. The detector circults 30-2 through 30-6
have the same olrouit ocomponents as shown in 30=1 (de-
scribed below). Detecteor circult 30-1 has four terminals,
labelled 100, 102, 104, and 108, which represent the female
rhona jack 28 connected to the sensor's mals phene Jack 3§
in use. The bil-color light-emitting diode 42 from the
terminal sensor housing 40, see Flg. 26, iz connected
across the leade which, through the 4jacks 36 and 28, is
connacted to ths terminals 102 and 104. The terminals 100
and 106 are connected via the jacks 36 and 28 to the flrat
and second conductors 60,62 which are connascted and discon-

nected by button 45,
The detactor circult 30 includes a +V voltage
source 107 connected to a 330 kohm resistor 108. Tha

resistor 108 is connacted to terminal 100 and a 1.3 Mohnm
rasistor 1ll10. The resistor 110 is eonnected to the input
of an inverter 1ll2. A cathode of a diede 119 and the
cutput of inverter 112 are both connected to an input of an

inverter 124. The output of the invarter 124 is connected
to an input of an invarter 126, a 2.7 Xohm resistor 128,
and a 2.7 Xohn resistor 130. The resigtor 130 is cennectad
at its other énd to the anode of the LED 32. A cathoda of
the 18D 32 is connacted to terminal 104 and the output of
inverter 1l26. The other end of reaistor 128 is sonnecteq
to terminal 102. The input of invertar 112 ig also con-
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nested to an 8.2 Mohm rasistor 136 and a .047 microfarad
capacitor 138. Terminal 108 is connected to ground.

An anode of the diode 119 of each deteator
clreuit 30«1 ¢through 30-6 1ig connected to a common node
1l3. A Becond +V voltage source 114 1z connected through
a 33 Kohm rasistor 116. The resistor 118 is then conngcted

to a 1 Kohm current limiting resistor 118, an anode of the
diode 119, and to additional detector circults 30 in the

splitter box 24. The current limiting resistor 118 1s also
connactad to a base of a pnp traneistor 120. The ¢ransige
toxr 120 includes an emitter 122 and a collacter 123 whieh
la connsoted to ground. Note that each splitter box 24
includass six detector cilrouilts (30-1 threugh 30~6), but
only one transistor 120 and its associated reslstors
116,118, |

The combinatlon of the resistor 110, the rasisg-
Tor 136, and the capacitor 138 forms a filtsr nstwork for

atatic dispersal from the sanszor. The filter network also
protects the input of the inverter 112.

¥When firast and aacénd conductors 60,62 ara not in
contact, the voltage sourcs 107, through the resistor 108,

pulls terminal 100 and the resistor 110 high to causs the
inverter 112 output to go lew. Because the invarter 112
has a low output and the source 114 Porward blases diode
119 through the resistor 116, the pnp transistor 120 ig
turned on and baging condueting. As & result of the
transistor 120 conducting, emitter llne 122 i= pullad low
through the conducting transistor 120 to ground. LED 32 on
tha splitter box 24 will be illuminated to a first color,

- for exampls graan.,

When the output of the invertsr 112 goes low, it

/ - sy I T I N A ——

-

pulla the input of an inverter 124 low, Tﬁ@ ougpﬁt--. of
inverter 124 then goes high, which causes tha output of an
inverter 126 ¢o go low. With inverter 124 output high and
inverter 126 output low, current flowsa through the resistor
130, to forward bias the LED 32 on the splitter box 24 and
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l1lluminate 1t in a first color, for example graen. Current
also f£lows from thae terminal 104 to the terminal 102
forward bilasing the diode 43, 1lluminating it in a first
color, for exampls, green. Diode 44 i reverse blased and,
therefore, doas not amit light. IED 32 on splitter box 24

and LED 42 on sansor assembly 12 are illuminated in %he
first color green. As a result, the user ig alerted to +he

fact that the sensor is either not attached, or is in-
stalled improparly.

When the flrst and second conductors 60,82 are in
contact in the sansor housing 40, resistor 108 and reasigtor
110 ars pullaed to ground by the ashort eireuit betwesn node
100 and 106. Since node 100 ig groundad, the input te ths
inverter 112 through the rssistor 110 is low. As a result,
dlode 119 is raverse bimsed and thusz not condueting. Tha
base of translstor 120 iz pulled high by the sourse 114,
resistor 116 and tha current-limiting resistor 118. Since
the base of the transiastor 120 is pulled high, transisgtor
120 bacenmas nonconducting and, as a result, anitter 122 ig
an opan sirocuit. | |

When tha output of the invarter 112 goes high,
the output of ilnverter 124 goes low. The low output of
inverter 124 causes the output of inverter 126 to go high.
With the output of inverter 124 low and the output of
inverter 126 high, current cannot flow through the resis-
tor 130 bacause LED 32 is reverses biased. Since LED 32 is
raverse bilased, it is net i1lluminated. Current flows
through the resistor 128. Current then flows from terminsl
102 to terminal 104 forward blasing diode 44 and reverse
bilasing dilode 43, Thus, LED 42 on sensor agssanmbly 12 is
1lluninated £o a sacond color, for example red. Since ths

sensor assembly is secured, the alarm will net sound.

The electrical cord 22 connscts tha alarm elrzult
16 located in the alarm housing 14 to the splitter box 24.

The electrical cord 22 containg at leagt five electrical
lines. A first lina 150 carrles a +V1 voltaga to invertar
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112 (connaction net shown) and to voltage mource 107 and |
llé4. A second lina 152 provides a secendary posltive
voltage +V2 signal which supplles ilnverters 124,126 (ocon-
nection not shown). Line 134 13 a common ground for the
systen. Line 156 i connacted to the emitter 122 of
transistor 120. Lines 136,158 provide a signal Zzedback to
the alarm cirouit 16 to cause the alarm to sound, All of
the lines 150~158 are connectsd through the splitter box 24
from the elactrical cerd 22 (whera it meets tha aplitter
box 24) to femals phone connecter 34, Female phone connec-
toxr 34 can then be connectad to additional splitter boxes
24, as best seen in Figure 25,

Figura 30 ia an electrical schematic of the alarnm
clrcuit 16 and its associated power supply 200. Auxiliary
power ig provided by two 9 volt batteries 202 which forward
blas a first dlede 204 and a second diode 206 and apply S
voltas to node 208. The +V1 voltagas line 150 (Fig. 24) is
connaected to node 208. AC adapter 20 provides 10-12 volts
when energized. The positive node of AC adapter 20 is
connacted through a nemally;-elwed gwitch 210 and through
a 100 ohm registor 212. A 9 volt zeansr diode 214 restricts
the AC adapter output to 9 volte., Neormally=-closed switoh
2l0 is operatively associated with a normally-closed switch
216 through a push-button 218, as best sesen in Figure 2.
The push-button 218 is a double pole, double throw push-
button switch which changes the state of switches 210 and
216. When button 218 is pushed, the AC adapter is discon-
nected and & horn control line is connected to nede 208.
Push~-putton swiltch 218 tests the status of tha batteries
202 and a horn 17. e

The 9 volt signal provided by tha AC adapter 20

passes through a blocking diode 224 and is comnectad +o
nede 208. The three diodes 204,206, and 224 operata as
blocking diedes. If the AC adapter 20 is not powsred, but
connectad, the batteries cannot discharge through tha AC
adapter 20. Also, 1f the AC adapter 20 is energized, it
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cannot charge tha battariag 202, thereby shortaning thelir
life or "cooking" them. 8ince tha batteries 202 ars not

utillzed while thae AC adapter 20 1s energized, thelr
battery life willl be Iincreased. Additionally, 1f the AC
adapter 20 is not connacted or not enargizaed, and one
battery has a greater potential than the other battery, the
battery with the graater potential will not try to charge
the battery with the lower potential. When tha battery
with the higher potential discharges to a potential that is
aqual €0 the battery with the initlal lewer potential, both
batteries will then feed power to the cirocuit.

Node 208 is connactaed tc a 10 ohm raslstor 228

and a 100 miecrofarad capacitor 228 which 1z connscted to
common clrecuit ground 154. A node 230 is locatad between
the resistor 226 and the capacitor 228. The sscondary +V2
voltage signal lline 1%2, see Filg. 24, connects To a node
229 .

Node 230 is also connected through & 22 Xohn
resistor 332 to line 156. The shunt plug 3% connects lines
156 and 158 on ths last splittaz: vox 24 used. The shunt
plug 35 complatas tha ecircult. Line 158 is flltered by .01
microfarad capacitor 236 and a 220 Kohm resistor 238 and is
then fed to the input of invertera 240,242. The output of
invertser 242 is connected to an ancde of light-amitting
diocde 235, The cathode of light-samitting dlode 28 Ais
connacted to a 510 ohm resister 246 which is connectad to
ground 1l54. Light-emnitting diede 25 is mounted on alarm

housing 14, as besat seen in Figurs 1. If tha voltaga loop
from noda 230 through rasistor 232 down line 186 through
the splitter boxes 24 and back to lins 158 through the use
of plug 35 iz either an open circuit or ground, LED 23 is

powered causing 1t to light and indlcate either an open
loop circult or that one or more of the sensors are not
applied properly.

Node 230 is also connected through a 4.7 megaohn
resistor 246 and a single pole, single throw switech 248
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which 18 connectad to ground 154 at 1ts other contact.
Switch 248 i operated by a kay (net shewn) in lock 18.
Reslstor 246 iz also connacted to the input of laverter 250
and to the resat pin 252 of a D-typa flip=-flop 254. The
output of inverter 250 is conngcted to the input of NAND
gate 256 and to the data pin 258 of £lip~flop 254,
Inverter 240 is connsctaed to tha lnput of NAND gate 256 and
the clock pin 260 of flip-flop 254. Tha output of NAND
gate 256 ls connsctad to fiour inputs of a cuad input NAND
gate 262. The output of NAND gate 262 is connected to a
diract set pin 264 on the 2lip~-flop 254, T h e
cutput of flip-~-£flopn 254 1is connacted to a dual input NAND
gate 266. The output of NAND gate 266 1ls connactsd through
a 220 Xohm resistor 268 to another input 269 of NAND gate
266, The input 269 1z oonnactad to a 4.7 microfarad
capaclitor 270. The output of NAND gate 266 ig connected ¢o
an input of quad input NAND gate 272.

A 68 Xohn raslstor 274 is connected to the input
cf an invarter 276. The output of inverter 276 is connacte
ed to two inputs of NAND gate 272.

The output of inverter 280 iz also connectad to
both inputs of a dual input NAND gate 278 and a reset pin

280 of a D-typa flip~flop 282. A data pin 284 and a clock
pin 288 of flip-flop 282 are both connescted to ground.

Tha output of NAND gate 278 ig connected through
a2 4,7 megachm rasistor 288 to a set pin 290 of flip-flop
282, A 10 Kohm resistor 292 and a dlode 284 are connected
in parallel acrossg a resistor 288. A 22 microfarad capaci-
tor 296 is connected batwaan set pin 290 and ground 154,
The ocutput of flip=£fleop 282 is connected to an input 298 of
a dual input NAND gate 300. A sacond input 301 of NAND

gate 300 is connected through a 100 nicrofarad capacitor
302 to ground. The output of NAND gate 300 is connected
through a 1 magaohm resistoxr 304 and a 2.2 XKohm rasistoy
306 back to the input 301 of NAND gate 300, A diode 308 i=m
connacted in'parallal acrosg reaistor 304.
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The output of NAND gate 2300 13 connected to an
input of NAND gate 272. The output of NAND gate 272 is
connacted through switch 216 to ths horn gontrol line 220.

Flgurs 29 1z a block dlagram i1llustrating <the

operatlion of the alarm assembly 10. As shown in tho block
dlagram of Figqure 2%, with the power off as datermined in
block 318, the bi=color senscr LED 42, the assoclated LED
32 on the splitter box 24, and the ILED 25 on the alarm
housing 14 are off as described in block 320.

With the power on as determined in blook 318 and
tha lo¢ck in the off position asm declded in klock 321, the
alarm chilirps avery 15 saconds ¢o alext the usar that tha
alarm is not e¢nablsd, as desoribed in blogk 322. I£ the
shunt plug 35 is not inserted inte tha last splittar hox 24
a8 decidad in block 324, LED 25 on the alarm houslng 14
will be green ag descoribed in bleock 325. If the ssnsor
asgsenblies ars elthar improperly attached to the product 46
or ara removed from the product 46 as determined in block
328, tha LED 42 on the sensor assembly 40, the associated
LED 32 on the gplittsr box 24, and the LED 2% on thsa alarm
housing 14 will all be gresn as described in blocks 325 and
328, If ths sansor asgemblies 40 are proyerly attached and
the shunt plug 3% is in place in the last splitter box 24
as datermined in block 326, 1LED 42 on the sensor assambly
40 Wwill be red, and the LED's 32 on the splitter box 24 and
the LED 25 on the alarm housing 14 will be off as described
in blocks 330 and 331.

If tha power 18 on as datermined in blook 318,
tha lock 18 is in the on position as determined in bleck

321, and tha shunt plug 33 is not placad in the female
phone jack 34 on the last splittsr box 24 as dstarminad in

BloCK 332, the horn 17 is8 on and LED 283 on the alarm

“housing 14 1s green as described in block 334. TI€ ¢he

shunt plug 35 is then inserted into female phone jack 34 as
determined in block 340, the horn 17 beeps in an on/off

pattern until the lock 18 is turned teo the off position as



10

18

20

25

30

38

Pl 58 ares

I

described in Dbloogk 336. If the shunt plug 35 i3 not
ingserted into female phona jack 34 as determined in block
340, the alarm will continua to sound until the lock 18 is
turned to the off poaitien as determined in block 342.

If tha shunt plug 38 is placed in tha femala
phone jack 34 on the last spllitter box 24 as determlned in
block 332, &and the sensor assemblies 40 are properly
positioned on the products 48 as determined in block 244,
the ssneoxr LED 42 is red, the splitter box IED's 32 and LED
25 on tha alarm housing are both off as describsd in blook
348,

If the powar is on as datermined in block 318,
the lock 18 isg in the on position as determined in d»leek
321, shunt plug 35 is placed in the female phone jack 34 on
the last splitter box 24 as determined in block 332, and
the sensors are open as dotermined in block 344, the horn
17 connacted to the alarm clroult 16 is on as demeribed in

block 348. The LED 42 en the mansor assembly 40, tha
associataed LED 32 on the aplitter bex 24, and the LED 25 on

tha alarm housing 14 are all grean as descrlbed 1in block
350, '

1f the sansor assembly 40 1s reattached te tha
product 46, or the button 43 1s depressed as datermined in
block 358, the alarm circuit 16 will causa tha horn 17 to
basp untll the lock 18 18 turned to the off positicn as

desoribed in block 356. Otherwise, horn 17 will continue
to sound until the lock 18 ias turned to the off positien.

Figures 31A~-C show an alternate sensor having
housing block 400 with a top side 402 and a bottom side

404. While.tha gansor housing bleock 400 is shown as a flat
cylinder, other shapes can be utilized with egual utility.

An elongate cord 406 houszes a first, second,
third and fourth slongate conductor 410, 412, 414 and 418,
reapactively, similar to the alongate cenduectors describad
with respect te the sansor housing 82. . A male phone
connastor 419 connects the first, sacond, third and fourth
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conductors 410, 412, 414, 416, rampectively, to the detac-
tor cilreult 230 in uss (via splitter beox 24). Tha first,
sacond, third and fourth electrical condugtors 410, 412,
414, 416, respactively, extend from the detector cireule to
a dasired position for the product.

Flgures 31A and 31B show a key-shapad first
countarbors 422 in the top slde 402 of the sensor housling
block 400 to accomnodate a limit switch 424 and first and
gecond diodes 426, 428 of an indicator 430. The third and
fourth electrical conductors 414 and 416, raspectively, are
connected ¢o ¢tha two dlodes 426, 428 connectad
antiparallel, as described in conjunctlion with Flgure 28.
A second counterbore 434 ln the top side 402 of Tthe sensor
housiing 400 accommodates a mounting peg 436, ag bDast saen
in Figure 31C. Ths mounting peg 436 prevents the sensor
housing 400 f£rom bsing rotatsed on tha product. A Thzough
bore 437 with a ocounterbora 438 on the bottom 404 of the

housing 400 is used to mount the sensor on a product, 2s
dascribad in greatar datall balow.,

The firet and second slectrical conductoxrs 410,
412, respactively, are attached toc a body 439 of ths limit
switch 424. Tha body 439 of the limit swltch 424 1is
raceived 1in the key-shaped counterbore 422, The limit
swltch 424 includes an actuator 440 extending from tha top
slda 402 of the sensor housing blocok 400 which elesctriecally
connacts the {irst and second conductors 410, 412 whsn the
sanscor housing block 400 is mounted to a product. When the
sansor housing block 400 is ramoved from the product, tha
agtuator 440 breaks contact batwasen the conductors 410,412.
Alternatively, 1f tha elongata conductors housed Iin ¢the
alongata cord 408 arse tamperad with, Zfor exampls, by

S s e Fy— . . .
- A A— A g oy - J— J— o p— - e S Rl I S S S 2R R I RN LY

cutting the elongate cord 406, the firast and second conduc-
tors 410, 413, respactively, ars disconnactad. 'Tha detasce
tor ocircuit 30 detects the presence or absence of an
elactrical connection betwean tha firet and second alactri-




10

13

20

25

30

35

20ED7 78

~ 19 =

cal conductors 410, 412, respectively, and oparatea aa
described above with respact to sensor housing 82.

Ths sensor housing 400 includes a layer 442 of
protacting material, for example vinyl, locatad on the top
s8ide 402 thareof, for proctecting a mounting surfaca on the
product., Access holes 443 are cut from the laver 442 to

provide clsarance, for esxampla, for tha actuator 440 of the
limit switch 424.

Figure 32 shows the sensor housing 400 balng
attachad to a product 446 having mounting holams 447, 448
for recsiving the peg 436 and a fastenar 449, rsspactively.
The housing 400 is aligned with the product 446 such that
the counterbors 438 is facing away from the product 448 30
that the through bore 437 raceives a shaft of the fastener
449 and the countarbore 438 allows clearance for a haad of
the fastener 449. The peg 436 is aligned with the hole 447
and the threoughbore 437 is aligned with the hole 448. The
fastener 44% lg then ecrawed into place by a teol 450, for
axample, an allen wrench. S8Since the actuater 440 of “+ha
limit switoh 424 is loc&t&a'batwaan the sensor houslng 400
and the product 446, the actuater 440 iz in a elozed
position which causes tha first and second conductors 410,
4le €O be in contact. When ths alongate cord 406 is cut or
the sensor housing 400 is removed frem the product 446,
contact betwaasn the first and second conductors 410, 412 is
broken. The detsctor clrouit 30 detects the presence or
absence of an electrical connection betwaen the conductors

410, 412. Once the housing 400 is mounted o thae preduct
446, for exampla a ocamcorder, the housing 400 cannot ba
rotated about an axis dsfined by the fastaner 445 due to
the pay 443. A head 451 of fasteneyr 449 is fully raceived

in the counterbore 438 so that the haad 45) doeg not oxtaend
past the bottom side 404. |

Flgure 33 shows the sensor housing 400D inciuding
& stud 452 extending from a eounterbors 453 (Flg. 31B) in

the bottom sida 404 of the sonsor houging 400. The gtud
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452 i3 received in a hole 484 on a stand 458 whlch is=
mounted to a surfaca 458 by & basa 459 having fasteaners
480. The stand 456 holds the camcorder Iin a display
position. Thae stud 452 1s s8lldably recelved In the hole
454 on the stand. The sengor housing 400 oparates as
described above in conjunction with Figure 32.
Alearnatively, tha senser hoeusing 400 could
include a locking stud 464 axtanding tharefrom as best aeen

in Flg. 34. The locking stud 464 ig received in a hola 486
and sengages & locking mechanism 468 actuatad by a key 470,

The sensor housing 400 operates as describad above in
conjunction with Flgure 32.

I will be understood that the invention may ba
embodied in other spaecific forms without departing from tha
spirit or csntral characteristics thersof. The present
examples and embodiments, therafore, ara to be considered
in all respects as l{llustrative and not restrictive, and

the invention 1z net to ba limited to the dstails given
hexeln.
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The embodiments of the invention in which an exclusive property or

privilege is claimed are defined as follows:

1. An alarm sensor for securing an object, said alarm
sensor having a secured and an unsecured state, said sensor
comprising:

a sensor housing having a planar surface with a peg
projecting from said surface;

a connection means spaced from said peg for attaching
the sensor housing to the object to be secured with the peg
inserted into a recess in the object such that the object is
prevented from rotating with respect to the sensor housing;

an elongate cord housing a first and second conductor
and extending from the sensor housing for electrical communication
with an alarm system;

a connecting means for connecting an end of the elongate
cord to a remotely located detector means for detecting the state
of the sensor, said detecting means being part of said alarm
system;

a limit switch connected to said first and second
conductors and mounted to said sensor housing with a switch
actuator projecting from the planar surface, said sensor being in
the secured state when said limit switch actuator is depressed
against said object; and

a means on the sensor housing for visually indicating

the state of the sensor.

2. The alarm sensor of claim 1 wherein the connection means

is a bolt.
3. The alarm sensor of claim 1 wherein said sensor housing

has a post extending from the bottom surface of said sensor

housing for engaging a hole in a stand.

4. The alarm sensor of claim 3 further including a locking

mechanism for engaging said post in the hole in said stand.
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5. The alarm sensor of claim 1 wherein the alarm sensor is
in the secured state when the limit switch connects the first and
second conductors and in the unsecured state when the limit switch

disgsconnects the first and second conductors.

6. The alarm sensor of claim 1 wherein the alarm sensor is
in the secured state when the limit switch disconnects the first
and second conductors and in the unsecured state when the limit

switch connectes the first and second conductors.

7 . The alarm sensor of claim 1 further including a layer of
material mounted between the sensor housing and the object for

protecting a mounting surface of the object.

8. The alarm sensor for securing an object, said alarm
sensor having a secured and an unsecured state, said sensor
comprising:

a sensor housing having a top and bottom surface:

a peg projecting from the top surface of the sensor

housing;
a post projecting from the bottom surface of the sensor

housing;

a connection means spaced from said peg for attaching

salid top surface of the sensor housing to the face of the object

to be secured with said peg inserted into a recess in the object

such that the object cannot rotate with respect to said sensor

housing:;

an elongate cord housing a first and second conductor

and extending from the sensor housing for electrical communication

with an alarm system;

a connecting means for connecting an end of the elongate
cord to a remotely located detector means for detecting the state
of the sensor, said detecting means being part of said alarm
system;

a limit switch connected to said first and second
conductors and mounted to said sensor housing with a switch

actuator projecting from the top surface, said sensor being in the
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secured state when said limit switch actuator is depressed against
salid object and the unsecured state when said limit switch is not
depressed;

a stand having a hole for engaging said post, said stand
for holding said object for display; and

a means on the sensor housing for wvisually indicating

the state of the sensor.

9. The alarm sensor of claim 8 wherein the sensor housing

is a flat cylinder.

10. The alarm sensor of claim 9 wherein the connection means
of the sensor housing includes a cylindrical hole for receiving a

mounting screw.
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