United States Patent (111 3,588,889

{72] Inventor Joseph Schulein [50] Fieldof Search.........................ooviiiiuenn. 340/213,
Yancouver, Wash, 248 (B,C), 324,172,409
[21} Appl.No. 740,149 .
{22] Filed June 26, 1968 {56] References Cited
[45] Patented June 28,1971 UNITED STATES PATENTS
[73] Assignees :! D:'s“"ﬂ Hayward, Trustee of the Hilda 2,817,815 12/1957 Evans........oo..... 340/324
rus
Tacoma, ; Primary Examiner—Stanley M. Urynowicz, Jr.
Joseph Schulein and Margaret A. Schulein Attorney—Kolisch and Hartwell
Vancouver, Wash. , fractional part interest
toeach

ABSTRACT: An electrical signaling system including a non-
voltage-generating changeable value impedance device which
is actuatable to produce at a pair of output terminals different
select impedance values, and an analyzing circuit remote from
and connected to the device which produces different output
signals in response to different impedance values produced at

{54] ELECTRICAL SIGNALING SYSTEM INCLUDING
SELECTIVELY VARIABLE IMPEDANCE DEVICE

10 Claims, 3 Drawing Figs. the output terminals of the device. A single DC voltage source
[52] US.Clu.ciiiiiiicnneeeee 340/149 located adjacent the analyzing circuit supplies all electrical
(511 Int.CL.. GO8b 29/00 power required in the system.

p =z

/0
24 / MONITORING STATION
VARIABLE
IMPEDANCE == P | //0
DEVICE _96 | A
o | l 1+ %
I D. ¢
ANALY ZING ~
s B | % |\voL7ace
| e 7 o |Wrace
|
N anavams|
— crecur /8
|
|
A

I
VARIABLE _4’25‘5_ ZZ-
/Ag/Z_EDé/E{’E T
24 f
2



PATENTED Ju28 167 3,586,889
. SHEET 1 OF 2

/0
24 / MOMTORING STATION
VARIABLE
IMPEDANCE =5 | ; //0
Device | L , .
. ‘% D)
o | l 1+ %
| | D. C.
ANALYZING
| 5 |6 \voLTacE
| Y4/ 24708 st SOURCE
: -—_’-:\‘4[‘1______ NPy
|
ANALY:ZING
— crecur /8
|
=
f y L,_ é £
VARIABLLE _426’54 % W/'
//ZPEDA/ZC{E =
evieE [T
£ 7
INVENTOR

5;/’0.5’60// SCHULEIN
[obbrcd v Man Levece

AT TORKEVS



3,588,889

PATENTED Jun28 91

SHEET 2 OF 2

INVENTOR
VOSERY SOHUMEN

.74
/

:m‘z’ v /»/Mm oz

AT TORNEFS



3,588,889

1

ELECTRICAL SIGNALING SYSTEM INCLUDING

. SELECTIVELY VARIABLE IMPEDANCE DEVICE

This invention pertains to an electrical signaling system.
More particularly, it pertains to such a system wherein signal-
ing takes place through the action of a selectively variable im-
pedance device whose selected impedance values result in dif-
ferent output signals being produced by a remote analyzing
circuit connected to the device. For purposes of illustration,
and not with any intent to limit other uses of the invention, the
same is described in conjunction with the transmission of
emergency signals, for example, to mdlcate the occurrence of
a fire or burglary at some location.

In an electrical signaling system, rehablhty and simplicity
are particularly important features. These features are espe-
cially critical in a system wherein information is transmitted
from a relatively large number of remote locations to a central
station for observation. Reliability is important if the system is
to be capable of transmitting information accurately, and if it
is to require little maintenance and to remain as trouble-free
as possible. Simplicity is important since it usually contributes
to reliability, and makes for economical construcuon and in-
stallation.

A general object of the present invention, therefore, is to
provide a novel electrical signaling system which takes these
factors into account in a practical and satisfactory manner.

More specifically, an object of the invention is to provide
such a system which offers good reliability and which is rela-
tively simple in construction.

In many prior art signaling systems, signaling takes place
through the transmission of electrical enefgy from one loca-
tion to another. Such transmission requires considerable elec-
trical power, and usually requires the provision of a separate
power source for each transmitting device in the system.
Where a large number of transmitting devices are utilized,
with each having a separate power source, the likelihood of a
power source failure in different parts of the system is relative-
ly high, and thus, reliability may be quite poor.

Accordingly, another object of the invention is to provide a
system of the type so far mentioned which enables signaling to
occur from mulitiple remote locations, but which requires only
a single power source which may be centrally located and
readily accessible.

According to a preferred embodiment of the invention,
signaling takes place through a novel variable or changeable
valve impedance device which produces at a pair of output
terminals different selected impedances reflecting different
conditions. As an illustration, the invention may take the form
of a building alarm system adapted to monitor certain condi-
tions in the building, and to relay information concerning such
conditions to some remote location for observation. For ex-
ample, the system may be employed to indicate such things as
the existence of a fire, the occurrence of a break-in or a bur-
glary, or some other condition in a building. The system is also
capable of indicating certain types of internal malfunctions
which might occur and which might prevent the system from
properly relaying information.

For each event which is to be monitored by the system, the
novel proposed impedance device includes a switch which is
actuated upon occurrence of the particular event. Actuation
of a particular switch always causes a particular specific im-
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pedance value to be presented to the output terminals of the .

impedance device. To distinguish between different events
which are monitored, different specific impedance values are
associated with the different switches employed.

A novel analyzing circuit, which may be located remote
from the device and is connected to the device's output ter-
minals, produces different responses for different impedances.
In the illustration just given, such a circuit might be located in
a fire or police station, or some other suitable place. Different
numbers of associated impedance devices and analyzing cir-
cuits may be used in the system, with each impedance device
positioned at a different remote location, and all of the analyz-
ing circuits located closely adjacent one another at a single lo-
cation. Electrical power may be supplied the various com-
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ponents in the system from a single DC source which is
located closely adjacent and connected to the analyzing cir-
cuits employed.

With such a system, a2 number of important advantages are
obtained. One of the chief advantages is that multiple power
sources, which tend to increase maintenance problems and to
decrease reliability, are not required. This is possible because
of the construction of the variable impedance devices. More
specifically, these impedance devices relay information, not
through transmitting electrical energy, but rather through
changing their respective impedance values (in response to
particular events or occurrences) to effect a change in the
operating conditions of their respective associated analyzing
circuits. As a consequence, a separate power source for each
impedance device is not needed.

Another advantage is that the proposed impedance devices
may be relatively simple in construction whereby little main-
tenance or periodic on-the-spot inspection is required. This
contributes to economical operation, since maintenance and
inspection can become quite costly, particularly in a system
equipped to relay information from a large number of remote
and widely separated locations.

Other objects and advantages are attained by the invention,
and such will become more fully apparent as the description
which follows is read in conjunction with the accompanying
drawings, wherein:

FIG. 1 is a simplified block diagram illustrating a system
constructed according to the present invention;

FIG. 2 is a schematic diagram of a variable impedance
device employed in the system of FIG. 1; and

FIG. 3 is a schematic diagram of an analyzing circuit em-
ployed in the system of FIG. 1.

Turning now to the drawings, and referring first to FIG. 1,
indicated generally at 10 is an electrical signaling system con-
structed according to the invention. The system shown in-
cludes variable, or changeable value, impedance devices 12,
14, and analyzing circuits 16, 18 which are remote from, but
associated with impedance devices 12, 14, respectively.
Devices 12, 14, which are nonvoltage-generating in nature,
are remote from each other. Circuits 16, 18, on the other
hand, are placed closely adjacent one another in a monitoring
station 20 located to the right of dashed line 22. While two
variable impedance devices and two analyzing circuits only
are shown, it should be understood that more or fewer may be
employed.

. Impedance device 12 is connected to analyzing circuit 16
through conductors 24, 26, and device 14 is connected to cir-
cuit 18 through conductors 28, 30. All electrical power
required in the system is supplied by a single DC voltage
source 32 located in station 20 closely adjacent circuits 16,
18. The negative voltage side of source 32 is grounded at 34,
and the positive voltage side of the source is connected to cir-
cuits 16, 18 through conductors 36, 38 as shown. Circuits 16,
18 are provided with ground connections 40, 42, respectively.

The variable impedance devices are similar in construction.
Considering device 12, which is shown in detail in FIG. 2, it in-
cludes a pair of output terminals 44, 46 connected to previ-
ously-mentioned conductors 24, 26, respectively. Terminal 46
is grounded at 47. Interconnecting terminals 44, 46 is a
capacitor 48 which serves to remove transient electrical pulses
from conductors 24, 26. Also interconnecting the output ter-
minals is a series circuit including a transistor 50, a pair of re-
sistors, or impedance units, 52, 54 and a normally closed
switch 56.

Interconnecting the base and emitter of transistor 50 is a
capacitor 60 and a conductor 62, and interconnecting the
transistor’s base and collector are resistors, or impedance
units, 64, 68. For reasons which will become apparent later,
resistor 52 is selected to have a resistance value which is con-
siderably smaller than that of resistor 68.

The parts so far described in device 12 are preferably
mounted within a protective housing indicated generally in
dashed outline at 70 to prevent tampering with such parts.
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Switch 56 is suitably connected to the housing in such a
fashion that the switch opens upon opening of the housing.

Further included in device 12, but preferably located out-
side of housing 70, are switches 72, 74. Switch 74 has one side
connected through a conductor 73 to the junction between re-
sistors 64, 68. The other side of this switch is connected to
conductor 62. Switch 72 comprises a conventional normally
open fire-sensitive (thermally actuated) switch which closes
upon sensing the presence of a fire near it. Switch 74 has one
side connected to conductor 62, and its other side connected
through a conductor 76 to the junction between resistors 52,
54. In the embodiment illustrated, switch 74 is a normally
closed switch of the type which may be placed in a position to
be opened upon an intruder breaking into a particular part of
a building. It will be noted that switch 74, when closed, short-
circuits resistor 52,

Explaining briefly the operation of impedance device 12,
with switches 56, 72, 74 in their normal positions, and with a
DC voltage applied across terminals 44, 46 in a direction mak-
ing terminal 44 positive relative to terminal 46, transistor 50
conducts and acts as a short circuit between terminal 44 and
conductor 62. With device 12 in this state, which is the normal
state of the device, the impedance value presented to ter-
minals 44, 46 is substantially the resistance value of resistor
54. Typically, this might be about 15,000 ohms.

Independent actuation of switches 56, 72, 74 results in dif-
ferent selected impedance values being presented to the out-
put terminals. More specifically, when switch 74 opens, this
removes the previously-mentioned short circuit across resistor
52, whereupon the impedance value presented to terminals
44, 46 includes the sum of the resistance values of resistors 52,
54. This sum might be about 37,000 ohms. When switch 72
closes, transistor 50 stops conducting and removes the short
circuit mentioned earlier between terminal 44 and conductor
62. As a consequence, the impedance value then presented to
the output terminals of the device includes the sum of the re-
sistance values of resistors 54, 68. This sum might be about
97,000 ohms. Finally, when switch 56 opens (as a result of
opening of housing 70), a nearly infinite impedance is
presented to terminals 44, 46.

Considering now the construction of analyzing circuit 16
(the two circuits being substantially the same), this circuit is il-
lustrated in FIG. 3. Circuit 16 includes a pair of input ter-
minals 78, 80, a resistor, or impedance, 82, an isolating circuit
indicated at 84, and four voltage sensors indicated generally at
86, 88, 90, 92. Terminal 80 is connected to ground through
previously-mentioned ground connection 40, and to a ground
conductor 94. Positive DC voltage is supplied the circuit
through conductor 36 and a conductor $6 which is connected
to conductor 36.

Input terminals 78, 80 are connected to output terminals
44, 46, respectively, of impedance device 12 through conduc-
tors 24, 26, respectively. Thus, the impedance value presented
by device 12 at terminals 44, 46, plus the relatively small im-
pedance values of conductors 24, 26, are presented across ter-
minals 78, 80. The input terminals, additionally, are intercon-
nected by a capacitor 98 which performs substantially the
same function as capacitor 48 in device 12. Resistor 82 con-
nects terminal 78 and conductor 36. As a consequence, re-
sistor 82 and impedance device 12 together form a voltage di-
vider that determines the portion of the DC voltage appearing
between conductor 36 and ground which is applied across
input terminals 78, 80. The greater the impedance value
presented to terminals 44, 46 in device 12, the greater the por-
tion of voltage between conductor 36 and ground which is ap-
plied to input terminals 78, 80, and vice versa. With device 12
capable of producing at terminals 44, 46 selected impedance
values such as the ones suggested above, resistor 82 might typ-
ically be selected to have a resistance value of about 47,000
ohms.

Circuits 84 includes a pair of transistors 100, 102. The base
of transistor 180 is connected to terminal 78, and the collector
of the transistor is connected to conductor 36 through re-
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sistors 104, 106. The emitter of transistor 100 is connected to
a line 108. Transistor 102 has its emitter connected to conduc-
tor 36, its base connected to the junction between resistors
104, 106, and its collector connected to line 108. Circuit 84
functions to prevent the remaining components in circuit 16
from affecting the voltage appearing at any given time across
terminals 78, 89. In addition, circuit 84 ensures that the volt-
age between line 108 and conductor 94 is at all times substan-
tially the same as the DC voltage present across the input ter-
minals.

Voltage sensor 86 includes a pair of transistors, 110, 112,
and a silicon-controlled rectifier, or signal output device, 114.
The emitter of transistor 110 is connected directly to line 108,
and the base of the transistor is connected to the line through
a diode 116. The base is biased by a pair of resistors 118, 120
which form a voltage divider between conductors 36, 94. Re-
sistors 118, 120 together constitute a reference voltage
producer for sensor 86. The collector of transistor 110 is con-
nected through resistors 122, 124 to conductor 94.

Transistor 112 has its emitter connected to conductor 94
and its base connected to the junction between resistors 122,
124, The collector of transistor 112 is connected through a re-
sistor 126 to conductor 36. In addition, the collector is con-
nected through a conductor 128 to the cathode gate of rectifi-
er 114, and through conductor 128 and a capacitor 130 to
conductor 94.

The cathode of rectifier 114 is connected to conductor 94,
and the anode is connected through a lamp 134, a conductor
136, and a normally closed switch 138 to conductor 96.

Voltage sensors 88, 90, 92 are similar in some respects to
voltage sensor 86. Thus, sensors 88, 90, 92 include transistors
140, 142, 144, respectively, which correspond to transistor
110. The emitters of transistors 140, 142, 144 are each con-
nected to line 108, and the bases of the transistors are con-
nected to the line through diodes 146, 148, 150, respectively.
The collectors of these transistors are connected to line 94
through pairs of resistors with resistors 150, 152 provided for
the collector of transistor 140, resistors 154, 156 provided for
the collector of transistor 142, and resistors 158, 160 provided
for the collector of transistor 144,

Forming a reference voltage producer for sensor 88 are re-
sistors 162, 164. Resistor 162 connects the base of the
transistor to conductor 36, and resistor 164 connects the base
to conductor 94. Resistors 166, 168 form a reference voltage
producer for sensor 90, with resistor 166 connecting the base
of transistor 142 to conductor 36 and resistor 168 connecting
the base of the transistor to conductor 94. Resistors 170, 172
form a reference voltage producer for sensor 92, with resistor
170 connecting the base of transistor 144 to conductor 36,
and resistor 172 connecting the base to conductor 94,

The various reference voltage producers are constructed
whereby, with a given voltage existing between conductors 36,
94, different voltages are applied to the different transistor
bases. In particular, the base of transistor 144 receives the
highest voltage, the base of transistor 142 the next highest, the
base of transistor 140 the next highest, and the base of
transistor 110 the lowest voltage.

Further describing sensors 88, 90, 92, silicon-controlled
rectifiers 174, 176 constitute signal output devices in sensors
88, 90, respectively, and a transistor 178 constitutes a signal
output device in sensor 92. Rectifier 174 has its cathode gate
connected through a conductor 180 to the junction of re-
sistors 150, 152, and its cathode connected to conductor 94.
The anode of rectifier 174 is connected through a lamp 184 to
conductor 136. Rectifier 176 is connected in a similar fashion
in sensor 99, with its cathode gate connected through a con-
ductor 182 to the junction between resistors 154, 156, its
cathode connected directly to conductor 94, and its anode
connected through a lamp 186 to conductor 136. Transistor
178 has its base connected to the junction between resistors
158, 160, and its emitter connected to conductor 94. The
transistor’s collector is connected through a conductor 190 to
the junction between resistors 122, 124 in sensor 86.



3,588,889

5

Interposed between sensors 88, 90 is an interlock circuit, or
interlock means, including a pair of resistors 192, 194, a
transistor 196 and a capacitor 198. Resistors 192, 194 are
connected in series between the collector of transistor 142
and conductor 94. Transistor 196, which constitutes a
switching means, has its base connected to the junction
between resistors 192, 194, and its emitter connected to con-
ductor 94. The collector of transistor 196 is connected
through a conductor 200 to conductor 180. Capacitor 198,
also referred to as delay means, is connected in parallel with
resistor 152.

A similar interlock circuit is provided between sensors 90,
92, with such circuit including a pair of resistors 202, 204 cor-
responding to resistors 192, 194, a transistor 206 correspond-
ing to transistor 196, and a capacitor 208 corresponding to
capacitor 198.

Line 108 is connected to conductor 94 through a resistor
210.

Explaining now how device 12 and circuit 16 perform
together in the system, let us assume initially that switches 56,
72, 74 occupy their normal positions. With a DC voltage
(which typically might have a value of about 22 volts) sup-
plied by source 32 between conductor 36 and ground, a suffi-
cient portion of this voltage is supplied device 12 through con-
ductors 24, 26 to cause transistor 50 to conduct. As a result,
the impedance value presented to terminals 44, 46 is the re-
sistance value of resistor 54. With such the case, a voltage is
applied across terminals 78, 80, the value of which is deter-
mined by the resistance values of resistors 54, 82 and ¢onduc-
tors 24, 26. Typically, this voltage might be somewhere in a
range of about +4.5 to +8 volts. With resistors 54, 82 having
resistance values such as those described earlier, the specific
voltage which exists across the input terminals in the range
just mentioned will depend upon the lengths of conductors 24,
26. The voltage existing across terminals 78, 80, also exists
between line 108 and conductor 94.

Suitable bias voltages are provided the bases of transistors
110, 140, 142, 144 to cause transistor 110 to conduct, and to
prevent transistors 140, 142, 144 from conducting, under the
conditions just described. Typically, such bias voltages might
be about +4.5 volts, +8 volts, +14 volts, +17 volts for the
bases of transistors 110, 140, 142, 144, respectively.

With transistor 110 conducting, transistor 112 also con-
ducts and grounds the cathode gate of rectifier 114. Rectifier
114 thus is held in a nonconducting state, and lamp 134 is un-
lit. With transistors 140, 142, 144 in nonconducting states,
rectifiers 174, 176, and transistors 178, 196, 206 are all held
in nonconducting states. Also, lamps 184, 186 are unlit.

Should a malfunction occur such as a short circuit across
conductors 24, 26, the impedance value presented the input
terminals will have a very low value. Such a short circuit might
develop, for example, if insulation on conductors 24, 26 were
to deteriorate. This will result in the voltage across the input
terminals, and hence between line 108 and conductor 94,
dropping and causing transistors 110, 112 to stop conducting.
For the system described herein, this voltage might be
somewhere in the range of about 0 to +4.5 volts. When this
occurs, capacitor 130 begins charging through resistor 126.
After a short time interval a sufficient voltage exists across the
capacitor to switch rectifier 114 to a conducting, or signal-
producing state. When rectifier 114 conducts, lamp 134 lights.
Rectifier 114 may be returned to a nonconducting state, and
lamp 134 turned off, through momentary opening of switch
138.

If instead of a short circuit developing across conductors 24,
26, switch 74 in device 12 opens as the result of a break-in, the
impedance value presented the output terminals of device 12,
and hence the input terminals of circuit 16, increases. More
specifically, and as contemplated by the invention, the new
impedance value presented raises the voltage appearing
between line 108 and conductor 94 high enough to cause con-
duction of transistor 140, but not high enough to cause con-
duction of transistors 142, 144. Such a voltage might typically
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-be somewhere in the range of about +8 to +14 volts.

Transistors 110, 112 continue to conduct.

With transistor 140 conducting, capacitor 198 begins charg-
ing through the transistor and resistor 150. After a short time
interval, during which rectifier 174 is held in a nonconducting
state, a sufficient voltage exists across the capacitor to switch
rectifier 174 to a conducting, or signal-producing, state. With
rectifier 174 conducting, lamp 184 lights. The rectifier may be
returned to a nonconducting state, and lamp 184 turned off,
through momentary opening of switch 138.

Considering what happens when switch 72 in device 12
closes in response to a fire, it will be recalled that this causes
an even larger impedance value to be presented to output ter-
minals 44, 46 than is presented on opening of switch 74. As a
consequence, the voltage appearing between ‘line 108 and
conductor 94 becomes large enough to cause both transistors
140, 142 to conduct. Such a voltage might be in the range of
about +14 to +17 volts. Transistors 110, 112 continue to con-
duct.

Conduction of transistor 142 causes transistor 196 also to
conduct, whereupon transistor 196 grounds the cathode gate
of rectifier 174. This action prevents rectifier 174 from con-
ducting, and occurs before there is a sufficient voltage across
capacitor 198 to switch the rectifier to a conducting state.
Thus, transistor 196 and capacitor 198 prevent sensor 88 from
producing an output signal when the voltage on line 108 is
high enough to cause conduction in transistor 142.

As a further consequence of transistor 142 conducting,
capacitor 208 charges through the transistor and resistor 154,
and after a short time interval, has a sufficient voltage across it
to switch rectifier 176 to a conducting, or signal-producing,
state. On conduction of rectifier 176, lamp 186 lights. To
return rectifier 176 to a nonconducting state, and to turn off
lamp 186, switch 138 may be momentarily opened.

In the event that switch 56 in device 12 opens, or that one or
both of conductors 24, 26 become. broken, a nearly infinite
impedance is presented to input terminals 78, 80. As a con-
sequence, the voltage between such terminals, and between
line 108 and conductor 94, becomes high enough to cause
transistor 144, as well as transistors 140, 142 to conduct.
Under these circumstances, the voltage between line 108 and
conductor 94 might be somewhere in the range of about +17
to +22 volts. Transistors 110, 112 also conduct. As just ex-
plained, conduction in transistor 142 presents sensor 88 from
producing an output signal. In a similar fashion, conduction in
transistor 144 prevents sensor 90 from producing an output
signal. )

More specifically, on conduction of transistor 144,
transistor 286 conducts whereupon the gate of rectifier 176
becomes grounded. This occurs before the voltage across
capacitor 268 becomes large enough to switch rectifier 176 to
a conducting state. As a consequence, the rectifier is held in a
nonconducting state. Transistor 178 is switched to a conduct-
ing, or signal-producing, state whereupon it grounds the base
of transistor 112. When this occurs, capacitor 130 charges,
and after a short time interval supplies a sufficient voltage to
the gate of rectifier 114 to cause it to conduct. Lamp 134
thereupon lights. As was previously mentioned, switch 138
may be opened momentarily to turn off lamp 134 and to
return rectifier 114 to a nonconducting state,

It will be apparent, therefore, that the proposed system of-
fers a number of important advantages. To begin with, signal-
ing takes place through the action of a selectively variable im-
pedance device which may be placed at a location remote
from its associated analyzing circuit. With such an organiza-
tion, power for operating the system may be supplied from a
source located adjacent the analyzing circuit. In other words,
a remote power source is not required for the variable im-
pedance device. While this is an important advantage even in
the case of a system employing a single impedance device and
analyzing circuit, it is particularly important where multiple
associated impedance devices and analyzing circuits are used.
The requirement for only a single power source greatly
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enhances the reliability of the system, and substantially
reduces maintenance problems.

A further advantage obtained through the use of a variable
impedance device to produce signaling is simplicity. And it
will be appreciated that a variable impedance device may
readily be constructed to accommodate a greater or lesser
number of selected impedance values than the number iltus-
trated herein. Further, an impedance device may be con-
structed to incorporate different combinations of normally
open and normally closed switches to select the various im-
pedance values which are to be applied to the output ter-
minals.

The novel analyzing circuit offers a practical means for
responding to the different selected impedance values
produced by a variable impedance device. Through employing
an impedance, such as resistor 82, to form a voltage divider
with the circuit’s associated impedance device, voltage sen-
sors are readily employed to respond to the different voltage
values produced in response to the different selected im-
pedance values of the device. The interlock circuitry therein
ensures that only one output signal is produced at a given
time. With each voltage sensor sensitive to a voltage within a
range, resistance in conductors, such as conductors 24, 26, ex-
tending between the analyzing circuit and its associated im-
pedance device, poses no problem.

Another important advantage is that the proposed system is
constructed to operate successfully with relatively small cur-
rents required to flow in the lines interconnecting an im-
pedance device and its associated analyzing circuit. For exam-
ple, in the embodiment described herein, such currents would
not exceed about one-half milliampere. As a consequence of
such construction, relatively long distance signaling is possible
without line impedance appreciably affecting proper per-
formance. As an iflustration, a system constructed according
to the invention has been used successfully with an impedance
device connected to its associated analyzing circuit, through
as much as fifty miles of lines.

Another important feature of the system described is that
the condition of a transistor in a remote variable impedance
device, such as transistor 50 in device 12, can readily be tested
from the location of the associated analyzing circuit. Con-
sidering how this may be done, and referring to device 12 and
circuit 16, the device may be disconnected from the circuit for
a short interval (sufficiently long to allow discharge of capaci-
tor 60). The two units may then be reconnected to reapply
voltage through conductors 24, 26 to the impedance device.
Initially, due to recharging of capacitor 60, transistor 50 will
be held in a nonconducting state, and an impedance value sub-
stantially the same as that presented on closing of switch 72
will appear across terminals 44, 46. If the transistor is working
properly, it will soon begin conducting to reduce the im-
pedance value presented the output terminals. This action
may, of course, be observed through noting whether sensor 90
produces an output signal upon reconnecting the circuit and
device. If transistor 50 is functioning properly, such a signal
should cccur, and should be able to be terminated through
momentary opening of switch 138.

Thus, periodic on-the-spot checking to determine the work-
ing condition of such a transistor is avoided.

While an embodiment of the invention has been described
herein, it is appreciated that variations and modifications may
become apparent to those skilled in the art and may be made
without departing from the spirit of the invention. Ac-
cordingly, it is desired to cover all such variations and modifi-
cations which come within the scope of the appended claims.

Iclaim:

1. An electrical signaling system comprising:

a nonvoltage-generating changeable value first impedance
device including a pair of output terminals and means
connected to said terminals actuatable to produce dif-
ferent selected impedance values at the terminals, and

an analyzing circuit remote from said first impedance
device including
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a pair of input terminals connected to the output terminals
of said first impedance device, circuit means, including a
second impedance device, connected in series with said
input terminals and adapted to be supplied 2 DC voltage,

said first and second impedance devices, with respect to a
DC voltage supplied said circuit means, forming a voltage
divider which applies a portion of such voltage across said
input terminals, with the size of such portion determined
by the relative impedance values of said first and second
impedance devices, and

multiple voltage sensors operatively connected to said input
terminals, each sensor being sensitive to a voltage within
a different range with a given DC voltage supplied said
circuit means, and each sensor being constructed to
produce an output signal on sensing a voltage within its
range,

a change in the impedance value at the output terminals of
said first impedance device to one of said selected im-
pedance values changing the voltage appearing across the
input terminals of said analyzing circuit to produce a volt-
age sensed by one of said sensors,

2. The signaling system of claim 1, wherein, for each sensor
in said analyzing circuit, there is a reference voltage producer
operatively connected to the sensor adapted to produce a
reference voltage for the sensor, and each sensor produces an
output signal on the voltage appearing across said input ter-
minals Liaving a certain relationship to the reference voltage
produced for the sensor.

3. The signaling system of claim 2, wherein each reference
voltage producer includes means operatively connecting the
producer to said circuit means whereby the value of a
reference voltage produced by the producer is related to the
value of a DC voltage supplied said circuit means.

4. The signaling system of claim 2, wherein said analyzing
circuit further comprises interlock means operatively inter-
connecting at least two of said multiple sensors operable to
prevent one of said two sensors from producing an output
signal when the other sensor is producing an output signal.

5. The signaling system of claim 4, wherein said interlock
means comprises delay means operatively connected to said
one sensor operable to delay the production of an output
signal by the sensor for a certain time interval after the ap-
pearance across said input terminals of a voltage sufficient to
effect the production of such a signal.

6. The signaling system of claim 5, wherein said one sensor
includes a signal output device having a signal-producing state
in which it is placed to generate an output signal for the sen-
sor, and said interlock means comprises switching means
operatively interconnecting said other sensor and said output
device operable to prevent said output device from being
placed in its said signal-producing state with a voltage existing
across said input terminals which is sufficient to effect the
production of an output signal by said other sensor.

7. The signaling system of claim 6, wherein said delay means
comprises a capacitor.

§. The signaling system of claim 6, wherein said switching
means comprises a transistor.

9. The signaling system of claim 1, wherein the means con-
nected to the output terminals of said first impedance device
comprises a circuit including an impedance unit interconnect-
ing said output terminals, and normally closed switching
means connected across and short circuiting said 1mpedance
unit, said switching means being responsive to an environmen-
tal condition adjacent the device, and operable to open in
response to a change in such condition.

10. An electrical signaling system comprising:

at least a pair of nonvoltage-generating changeable value
impedance devices remote from one another, each device
including a pair of output terminals and means connected
between szid terminals actuatable to produce different
selected impedance values at the terminals,

a monitoring station remote from said devices including an
analyzing circuit for cach device, and a DC voltage
source shared by the analyzing circuits,
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each analyzing circuit comprising a pair of input terminals
connected to.- the output terminals of its associated im-
pedance device, circuit means including an impedance
operatively connected to said source and in series with
said input terminals whereby the impedance in the circuit
means and the associated impedance device form a volt-
age divider applying a portion of the voltage of said
source across said input terminals, and multiple voltage
sensors operatively connected to the input terminals of
the analyzing circuit,
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each voltage sensor in an analyzing circuit being sensitive to
a voltage within a different range with a given DC voltage
supplied by said source, and each sensor. producing an
output signal on sensing a voltage within its range,

a change in the impedance value at the output terminals of
an analyzing circuit's associated changeable value im-
pedance device changing the voltage appearing across the
circuit’s input terminals to produce a voltage sensed by
one of the sensors in the circuit.
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