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ABSTRACT OF THE DISCLOSURE

Means for protecting against dangerous electrical
shocks due to current leaking from a power line through
a conducting medium by detecting and responding to
such leakage by disconnecting power from the power
line rapidly enough to prevent injury to human life,
said means in one embodiment being capable of testing
the ability of component parts to respond to dangerous
conditions such that the failure of these components to
pass the test causes power to be disconnected from the
power line.

— T T TR e

The present invention relates to means for protecting
against dangerous electrical shocks due to current leak-
ing from a power line through a conducting medium.

In the illustrative embodiment of the invention, the
conducting medium is water in a swimming pool, and
the power line is associated with the underwater lighting
system for the pool. It is possible for the underwater
power system to have a defect not visuaily apparent to
an observer such that a dangerous amount of current
leaks into the water. In such case, a person entering the
water unaware of this situation is likely to become im-
mobilized on contact with the water due to the paralyzing
effect the leakage current has on human muscles, and
is subject to serious injury and possible death if power
is not disconnected from the lighting system in a very
short time. It is possible, of course, to provide a sensi-
tive circuit breaker arrangement in the lighting system
power supply such that the occurrence of dangerous
values of leakage currents would automatically disconnect
power to the lights, and this expedient may suffice to
protect would-be bathers before they enter the pool.
Not so fortunate, however, is a person already in the
water at the instant a defect in the lighting system oc-
curs, because serious injury will generally result before
the circuit breaker can respond and disconnect power
to the lighting system. So far as is known, no circuit
breaker has a sensitivity and response time capable of
reliably protecting a bather against lethal leakage cur-
rents that flow upon the occurrence of a defect in an
underwater power system associated with a swimming
pool,

It is therefore the primary object of the present inven-
tion, to provide means by which the initiation of the flow
of leakage current from a power line through a conduct-
ing medium in an amount likely to be dangerous to
human safety is detected and responded to by disconnect-
ing power from the power line rapidly enough to prevent
injury to human life. It is a further object to provide
a device that operates in the manner described, and is
capable of testing the ability of component parts to re-
spond to dangerous conditions such that the failure of
these components to pass the test causes power to be
disconnected from the power line.

The invention is based on a recognition that a grounded
conducting medium establishes a reference potential (e.g.,
ground) to which the potential of a power line can be
referred if the latter is isolated from ground. More
specifically, the presence of leakage current from an iso-
lated power line through a grounded conducting medium
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means that a current path exists between the isolated
power line and ground. Associatable with this current
path is an impedance with a value related to the amount
of leakage current. The invention, therefore, provides
for monitoring this impedance with a circuit capable
of rapidly disconnecting power from the isolated power
line when the impedance decreases below a preselected
level. The impedance between the isolated power line
and ground, when of a value less than a preselected
value, is sometimes referred to hereinafter as a “fault,”
so that the occurrence of a fault means that the im-
pedance has decreased below a preselected value and a
dangerous amount of current leakage exists. The term
“rapidly,” as applied to the speed with which power is
disconnected from ‘the isolated power line, means fast
enough to prevent injury to human life.

The monitoring aspect of the invention involves, gen-
erally, providing a power supply or reference voltage
source that is connected between ground and the isolated
power line, such that the impedance between the latter
and ground furnishes a current path that establishes a
bias on an active element. When such impedance reaches
the preselected value that constitutes a fault to be pro~
tected against, the bias on the active element reaches a
level at which conduction of the active element changes
rapidly. This change in conduction-is sensed, amplified,
and used to rapidly disconnect power from the isolated
power line. In one form of the invention, the active ele-
ment is one side of a balanced differential amplifier, The
bias control of this side of the amplifier is connected to
the isolated power line, so that when a fault occurs, the
amplifier becomes sufficiently unbalanced to produce a
control signal that can be used to rapidly disconnect
power from the isolated power line. In another form of
the invention, the active element is a transistor to which
bias is furnished when a breakdown diode conducts. Here,
the existence of a fault completes a circuit between a
power supply and the breakdown diode such that the
latter conducts furnishing bias to the transistor whose
conduction is caused to change rapidly producing the
desired control signal.

The more important features of this invention have
thus been outlined rather broadly in order that the de-
tailed description thereof that follows may be better
understood, and in order that the contribution to the art
may be better appreciated. There are, of course, addi-
tional features of the invention that will be described
hereinafter and which will also form the subject of the
claims appended hereto. Those skilled in the art will
appreciate that the conception upon which this disclosure
is based may readily be utilized as a basis for designing
other structures for carrying out the several purposes of
this invention. It is important, therefore, that the claims
to be granted herein shall be of sufficient breadth to
prevent the appropriation of this invention by those
skilled in the art.

In the drawings:

FIG. 1 is a schematic wiring diagram of a conventional
grounded power supply;

FIG. 2 is a schematic wiring diagram of a floating or
isolated power supply;

FIG. 3 is a schematic wiring diagram showing one
embodiment of a device for monitoring the impedance to
ground of a floating power line;

FIG. 4 is a schematic wiring diagram showing another
embodiment of a device for monitoring the impedance to
ground of a floating power line;

FIG. 5 is a block diagram showing an isolated under-
water lighting system monitered by a device for detecting
and indicating when a fault occurs;

FIG. 6 is 2 detailed schematic diagram of a detector
similar to that shown in FIG. 3;
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FIG. 7 is a diagram showing the wiring configuration
of a plug that can be mated with the connector shown in
FIG. 6;

FIG. 8 is a detailed schematic diagram of a detector

" similar to that shown in FIG. 4; and

FIG. 9 is a diagram showing the wiring configuration of
z plug that can be mated with the connecter shown in
FIG. 8.

In order to provide a background for understanding
and appreciating details of this invention, a brief refer-
ence is made to two highly idealized models for the pur-
pose of illustrating the origin of the parameter that is
monitored to detect the existence of dangerous leakage
currents in a conducting medium; and two devices used in
the invention to monitor such parameter are discussed
briefly. Referring now tc FIG. 1, reference numeral 18
designates a model . representative of a conventional
grounded A.C. power line 11 supplying power to a load
associated with a conducting medium greunded at G.
Specifically, the load is composed of elements 12 and 13;
and resistor 14 represents the impedance seen by leakage
current due to defect 15 in the power line. Note that the
leakage current i flows through the conductive medium
(represented by resistor 14) to ground G. It is this leak-
age current that has a lethal effect upon a human in con-
tact with the conducting medium.

In FIG. 2, reference numeral 28 designates a model
representative of an isolated or floating A.C. pewer line
21 supplying power to a load associated with a conducting
medium grounded at G. Again, the load is designated at
12 and 13, and resistor 22 represents the impedance seen
by leakage current due to defect 23 in power line 21. Note
that the leakage current i flows through the conductive
medinm as before. However, because the medium is con-
ductive and grounded at G, the medium provides a cur-
rent path between the isclated power line and ground. The
impedance of this path is represented by fault resistor 24,
In other words, in the absence of defzct 23, the impedance
to ground is infinite; but once a defect occurs, the con-
ducting medium establishes some finite impedance to
ground. It is the monitoring of this impedance that consti-
tutes the end toward which the method and means of the
invention are directed, since the existence of an imped-
ance below a preselected wvalue (e.g., the existence of a
fault) is indicative of a defect in the power supply that re-
sults in a dangerous current leakage into the conducting
medium. Note that monitoring the magnitade of imped-
ance 14 will not provide any indication that a person’s
body accidentally bridges power line 23 (like load element
12) unless the person is also a part of the same ground
as the pool water. However, the probability that a fault
will occur is far greater than the prebability that a per-
son will accidentally come into direct contact with the
power line; and the purpose of the invention is to detect
faults as they occur and remove power from the power
line rapidly enough to prevent injury.

Before describing now the two embodiments of circuits
by which the impedance between the power line and the
system ground is monitored, consideration must be given
to the A.C. characteristics of the monitored power line.
Particularly where a bridge circuit is used to monitor the
impedance, it is desirable to reduce the residual A.C. volt-
age that appears at the peint at which connection to the
power line is made. To this end, a resistive balancing net-
‘work may be used. As shown in FIGS. 3 and 4, such net-
work is composed of a pair of resistors connected across
the isolated power line, with the result that the induced
voltage at the junction between the resistors is substan-
tially independent of the A.C. input to the power line.
The junction floats at some potential dependent on the
capacitance of the isolated line to ground, etc., and the
effect of a fault, when one occurs, can be visualized as a
grounding of the junction through a “fauit resistor” desiz-
nated R; for convenience.

Referring now to FIG. 3, the A C. power line to be
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monitored is designated at 21 and supplies power to load
13, 13, and to balancing network 25 composed of resistors
26 and 27 whose junction is designated at 28. Visualizing
the occurrence of a fault as the connection of a resistor R,
between the junction 28 and ground, R; constitutes an
impedance of less than the preselected value whose exist-
ence is to be detected by detector bridge circuit 29. The
latter may comprise a differential amplifier 30 comprising
a pair of similar vacunm tubes 3%, 3% connected in the
configuration shown. In the absence of a fault (R, is infi-
nite), both tubes conduct equally and the voltage at plate
33 of tube 31 is the same as the voltage at plate 34 of
tube 32. The voliage at the junction 35 between the cath-
ode resistors 36 and 37 due to conduction of the tubes is
the reference voltage referred to previously and is coupled,
via grid resistors 38, 39, to the respective control grids
of the two tubes. In such condition, the differential ampli-
fler is balanced since the input to each tube is identical.
However, when a fault occurs, which can be visualized as
connecting Ry to junction 28, a fraction of the reference
voltage (e.g., ry/Rs+ry) is suddenly connected to the grid
of tube 31. This reduction in the input to this tube as com-
pared to the voltage at the input to tube 32 causes the
differential amplifier to have an cutput. In other words,
the plate voltage of tube 31 increases by an amount pro-
portional to the decrease in volitage at the grid of the
tube, and the voltage at junction 35 in the common cath-
ode circuit, and the voltage at the plate of tube 32 de-
creases. As a consequence, the voltage at the plate of
tube 31 is higher than the voltage at the piate of tube 32
and current flows through the output circuit designated
by relay coil 4. The resultant change in state of the
switching network (not shown) associated with relay 40
may be used to cause power to be removed from isolated
power line 21. ‘As will be appreciated by those skilled in
the art, the selection of component resistor values in the
cathode and grid circuits of the differential amplifier plus
the value of current required for activation of the switch-
ing network associated with relay coil 40, will determine
the maximum value of R; that will be sensed. Proper se-
lection of component values will permit differential ampli-
fier 29 to monitor the impedance between the isolated
power line and ground G, and detect when such im-
pedance decreases below a preselected level that consti-
tutes a fauit.

The above described appreoach to monitoring the im-
pedance between the isolated power line and ground uti-
lizes the broad idea of using the favlt as part of a voltage
divider network (note that the value of #, is preferably
of the same order of magnitude as the maximum value
of impedance between the isolated power line and ground
that is to constitute a fauli to provide a substantial change
in voltage in comparison to the reference voltage at junc-
ticn 35). In FIG. 4, however, the fault is shown used in
a somewhat different manner. Detector circuit 41 is es-
sentially a single transistor 42 which can conduct oanly
when the impedance between junction 28 of network 25
and ground G has less than a preselected value (specified
as R; in the drawing). Transistor 42 is connected as an
emitter follower in FIG. 4, with power supply 43 provid-
ing the proper reverse bias across the collector-base junc-
tion of the transistor. In the absence of a fault, base 44
is open circuited since breakdown diode 43 connected
across the input to the tramsistor cannot conduct. Note
that base 44 is grounded so that the impedance between
junction 28 and ground provides a current path between
base 44 of the transistor and the power supply 43. When
a fault occurs, a fraction of the power supply voltage is
connected across breakdown diode 45 (essentially
rp/Ri--rp). The value of ry is selected such that any
value of the impedance to grocund less than the pre-
selected value will cause a voltage to be impressed across
diode 45 that exceeds the breakdown voltage. Thus, when
a fault occurs, diode 45 conducts furnishing base current
to transistor 42, which amplifies this current, and fur-
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nishes emitter current to load 46 in the form of a relay
coil or the like. In this embodiment, the load current is
independent “of the value of fault impedance achieving
reliable operation over a wide range of impedances to
ground. Since this circuit is meant to be iilustrative of
how load current is supplied to a relay coil or the like,
which itself causes power to be disconnected from the
isolated power line, no showing is made of the various
expedients known to those skilled in the art for protect-
ing the transistor against transient over-voltage between
collector and emitter when the fault is removed, or pro-
viding temperature compeunsation, etc.

FIG. 5 is a block diagram showing how monitor means,
like that shown in schematic form in FIGS. 3 and 4, can
be incorporated into a detector associated with the un-
derwater lighting system for a swimming pool. The latter
is indicated schematically at 50, as an excavation 51 that
defines the system ground G. Water 52 contained in ex-
cavation 51 defines a conducting medium. Associated
with pool 58 is an underwater lighting system 53 com-
prising power line 54 and a plurality of underwater lights
55. Power line 54 is isolated from ground by the use of
an isolation transformer 56 to whose secondary the power
line is connected. Additional isolation is provided by
grounding shield 69 between the primary and secondary
of power transformer 56. The power line 54 is connected
to a power source in the form of magnetic coatactor 58,
which, in the case illustrated, connects the main power
line 57 to the primary of transformer 56 only when relay
coils (not shown) in contactor 58 are energized by a
pilot power line 59, When this occurs, the power source
is said to be enabled. When it is disabled, power is dis-
connected from line 54,

In the absence of a fault, the first switching network
61 contained in detector 62 is in a first state established
by the condition of relay coil 63 associated with monitor
means 64 to which is connected the system ground G,
and the output of balancing network 25. That is to say,
in the absence of a fault, network €1 has a state wherein
contact arms 65 and 66 are engaged in the contacts 67
and 68 respectively whereby the power source is enabled
due to the connection of the pilot power supply to the
relay coils (not shown) of magnetic contactor 58. When
a fault occurs, monitor means 64 reacts by causing a
change in the flow of current through coil 63, such change
establishing network 61 in a second state, wherein con-
tact arms 65 and 66 are engaged with contacts 69 and 79,
respectively. This state is shown in FIG. 5, and causes
pilot power line 59 to be applied directly to alarm 71.
The change in state of network 61 also disables the power
source by removing the pilot power line from magnetic
contractor 58 with the result that power is disconnected
from isolated power line 54.

1. FIRST EMBODIMENT

The first embodiment of the detector, shown in FIG. 6
and designated by reference numeral 89, has two basic
modes of operation: a monitoring mode in which the
isolated power line is monitored to detect the occurrence
of a fault, and a self-analysis or auto-testing mode in
which the various components of the detector are tested
for their operability. A timing mechanism periodically
shifts the operation of the detector from the monitoring
mode to the testing mode; and if one of the components
tested is not in a condition to respond to a fault, should
one occur in the monitoring mode, the power source is
disabled and power is removed from the isolated power
line.

The portion of the detector concerned with detecting
faults includes monitor means like that illustrated in
FIG. 3 wherein a balanced bridge or differential ampli-
fier is provided such that a reference D.C. voltage above
ground is applied to the line being monitored through
an impedance of substantially the same order of magni-
tude as the maximum value of the fault to which the cir-

13

10

6

cuit must respond. Any leakage associated with the moni-
tored line will result in a change in the voltage on the
grid of one tube of the differential amplifier resulting in
an unbalance in the plate voltage of one tube relative to
the plate of the other tube. When the leakage reaches a
degres that establishes the existence of a fault, the un-
balanced plate voltages will be such as to energize a
polarized latching relay which will disconnect the iso-
lated power line from the main power supply, and at the
same time cause an alarm to be actuated. The main com-
ponents of the detector involved in the monitoring mode
of operation are: differential amplifier 81, and relays II,
11, and IV with their associated contact networks.

The testing mode involves all of these components and
in addition, relay I and its associated contact network,
and timer B. The latter causes an impedance of the same
value as the fault to be detected to be applied period-
ically between the monitored line and ground. Each time
this impedance is applied, the contact networks sequence
through a number of states determined by the operation
of each of the main components previously identified, In
the event of failure of any of these components, a state

- is established that causes power to be disconnected from
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the isolated power line and prevents the monitor means
from being reset so that operation cannot be restored
until the failed component is replaced. The balanced
nature of the monitor means results in a device of con-
siderable sensitivity with respect to occurrence of faults,
and considerable insensitivity to ambient factors such as
line voltage fluctuations, etc. In addition, the two modes
of operation provide a detector which is virtually fail-
safe,

Amplifier 83, relays I, II, IIT and IV and timer B,
all of which make up detector 80, are contained in a
unitary waterproof housing (not shown) with all leads
brought out to terminal board TB-1. Plug TB-2 (FIG.
7) mates with board TB—1, and terminal board TB-3
connects to the external components indicated. The sym-
bols associated with the terminals on TB-3, identify the
leads connected thereto:

Terminal on TB-3: Idenﬁty of lead

Ground _ ... System ground, G.

Ly oo Orne side of main power line.

Ly e Other side of main power line.

My One side of isolated power line.

My o, Other side of isolated power line.

Cl e One side of line that enables or
disables power source.

Cg mcocee Other side of line that enables or
disables pcwer source.

Al o One side of power line to alarm.

Ay Other side of power line to alarm.

Note that for convenience in achieving balancing of
the A.C. signal produced by the isolated power line, a
balance network made up of resistors 26 and 27 is ex-
ternally located between M; and M, on TB-3 so that
junction 28 defines a connection to the monitored line.
Also, with regard to TB-3, note that terminals A, and Cy
are connected to terminal L, Thus, the alarm will be
actuated only when terminal A; is connected by the
switching'networks of detector 80 to terminal Ly; and the
magnetic contactor will be able to furnish power to the
primary of the isolation transformer (power source en-
abled) only when terminal C; is connected to L;. Since
A,y and C; on TB-3 are connected via leads shown in
FIG. 7 to terminals A;" and C;” respectively at TB-1
(when TB-2 is mated with TB-1), and since L; on TB-3
is connected via switches S; and S, to terminals L;” and
L;" on TB-i, the switching networks of detector 80
must connect terminal L;" only to terminal A,” when the
alarm should be actuated, and only to terminal C;” when
power should be applied to the primary of the isolation
transformer. These two events are mutually exclusive and
hence L, need be connected to only one at a time of
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either C," and A,’. With this in mind, the operation of
the device shown in FIG. 6 will be related to the inter-
connection of terminals on TB-1 for the most part, it be-
ing assumed that the leads associated with the terminals
on TB-3 are all connected as indicated, and S; and S,
are open.

To facilitate understanding the operation of the device
shown in FIG. 6, the description thereof is divided into
four catagories: condition prior to start-up, start-up,
monitor mode, and testing mode of operation.

(A) Prior to start-up (S; and Sy open)

The primary of transformer T is open, and relays I,
IL, III, and IV are deenergized. The made contacts in
the networks associated with the relays are shown in the
following chart:

Relay: Made contacts
N OO 56

) OO 4-5

1 U 2-3

v — e 2-3

Note that with the networks in this state, ground G is
connected to terminal 82 of the coil of relay II¥, and out-
put terminal 83 of full wave rectifier 84 is connected via
lead 85 to terminal 86 of the coil of relay IIL

(B) Start-up (Sy and S, are closed)

Since L, and Ly at TB-3 are connected via 8; and S, to
L," and Ly’ at TB-1, power is applied to the primary of
transformer T causing rectifier 84 to produce a D.C. volt-
age at 83 thus energizing relay III and causing contacts
1-2 and 4-5 to be made, and contacts 2-3 to be broken.
Simultaneously, the filtered output of rectifier 84 is ap-
plied as B} to differential amplifier 81 as the filaments
87 of the triodes 88 and 89 begin to heat. Also, simul-
taneously with the closing of S; and S,, the alarm is
actuated because L; is connected through the lower leg
(see FIG. 7) of §,, through S, to common terminal %@,
to terminal L;”; and L;" is connected to A;” by way of
made contacts 4-5 of relay II that is still deenergized.

With contacts 4-5 now made at energized relay III,
ground G is applied to terminal 91 of relay II through
these made contacts and through made contacts 2-3 of
relay IV. Relay II is now energized because terminal 92
is connected to output terminal 83 of rectifier 84 via
made contacts 5-6 of relay I. The energization of relay
II breaks contacts 4-5 thereof, and makes contacts 1-2,
3-4 and 6-7. Since contacts 3—4 are made, L,” on TB~1
is disconnected from A;’ and is now connected to Cy’.
Thus, the alarm is deactuated and power is applied to
the holding relay (not shown) of magnetic contactor 58
causing power to be applied to the primary of the isola-
tion transformer associated with the underwater lighting
system. The device is now ready to enter its monitor
mode.

(C) Monitor mode

(1) No fault (only relays II and III energized).

Amplifier 81 is now fully operational with tubes 88
and 89 conducting equally causing current to flow in
grounded cathode resistor 93 establishing a reference
voltage above ground at the point x. This reference volt-
age is applied to the grids of each tube through identical
grid resistors. Since the amplifier is balanced, the voltage
at plate terminal 24 of tube 88 equals the voltage at plate
terminal 95 of tube 89 and no current flows through the
coil of relay IV. Note that because relay III is energized
and contacts 2-3 are broken, resistor 96 connected to the
grid of tube 8% floats; and that because relay I is not
energized, and contacts 7-8 are broken, resistor 97 con-
nected to the grid of tube 88 also floats.

(2) Fault occurs.

The occurrence of a fault, as described previously,
amounts to grounding terminal 28 on TB-3 through an
impedance of less than some preselected value, Since ter-
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minal 28 is connected via a terminal on TB-1 to the grid
of tube 88, the voltage at this grid drops to a fraction of
its former value. As previously explained, the voltage at
plate 94 increases and the voltage at plate 95 decreases;
and current flows through the coil of relay IV from plate
94 to plate 95. This energization of relay IV breaks con-
tacts 2-3 thereof, and makes contacts 1-2.

Recalling that terminal 91 of the coil of relay II was
grounded through made contacts 2-3 of relay IV, the
occurrence of a fault, and, in consequence, the energiza-
tion of relay IV, opens the ground return circuit of relay
II with the result that it is deenergized. The consequent
deenergization of relay II breaks contacts 3-4 thereof,
interrupting power to the relays of magnetic contactor
58 and causing power to be disconnected from the pri-
mary of the isolation transformer associated with the
underwater lighting system. Furthermore, contacts 4-5
of relay II are now made connecting power to the alarm,
thus causing its actuation. At this point, only relays III
and IV are energized.

Relay 1V is a polarized latching relay, which means
that its contact network has two stable states which can
change only by causing operating current to flow
through the relay coil in a direction opposite to the
direction in which it flowed to establish the state. Hence,
if S; and S, are now opened, the state of the contacts
1-2 (e.g., made) established by the occurrence of a fault
does not change and reclosing $; and S, will not permit
power to be applied to the primary of the isolation trans-
former since relay II cannot be energized with the contact
network associated with relay IV in the state established
by occurrence of a fault (contacts 2-3 broken).

(3) Resetting after fauit has occurred.

To reset the monitor means after a fault has occurred
and been corrected, it is necessary to cause operating
current to flow through the coil of relay IV from plate 95
to plate 4. This is accomplished with reset switch S;. As-
sume that the fault has been corrected and S; and S, are
then closed. When amplifier 81 reaches operating con-
dition the voltages at terminals 94 and $5 are the same,
relay IV is deenergized with contacts 2-3 broken, relay
I is energized with contacts 1-2 and 4-5 made, relay
II is deenergized (because terminal 9% is disconnected
from ground by broken contacts 2-3 of relay IV), and
relay I is deenergized. If key S;3 (see FIG. 7) is now
closed, ground is connected to terminal G’” of TB-1. Resis-
tors 98 and 99 (see lead 85), now act as a voltage divider
connected between tcrminal 83, which is the output of
rectifier 84, and ground. As a result, the voltage at ter-
minal &6 decreases to a level which will not permit oper-
ating current to flow through the coil of relay III and the
latter is essentially deenergized. This causes contacts 2-3
of relay III to be made, in effect grounding the grid of
tube 89 through impedance 96. The latter causes the
voltage at the grid of this tube to drop, and the voltage
at the plate (terminal 95) to increase. Also, the voltage
at plate 24 decreases, and as can be seen, grounded im-
pedance 96 appears as a “fault” applied to tube 89. Con-
sequently, operating current flows through relay IV and
reestablishes the original state of the contact metwork
associated therewith, namely contacts 2-3 made. Upon
reopening S;, ground is removed from terminal G, relay
IIT is energized, and contacts 2-3 of the latter relay are
broken removing ground from resistor 96. Amplifier 81
then returns to its balanced condition and is ready to oper-
ate in its mouitor mode.

If the fault is not corrected and S, is closed, the grids
of both tubes 88 and 89 will be grounded through im-
pedances R; and 96, which, at worst, would be sub-
stantially equal and prevent operating current from flow-
ing through the coil of relay IV. At best, impedance 96
would be greater than the fault, and current would flow
through the coil of relay IV from terminal 24 to 25 in
a direction that tends to establish the same state of the
contact network, namely contacts -2 made and 2-3
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broken. Thus, energization of relay II cannot occur and
the alarm remains actuated as long as S; and S, are closed.

(D) Testing Mode of Operation

Assume that the device of FIG. 6 is operating in the
monitoring mode and a fault has not occurred. In such
case, only relays II and IIT are energized, and contacts
2-3 of relay IV are made. The components to be de-
scribed now are concerned with causing the operation of
the device to shift from its monitoring mede to its test-
ing mode, and back to its monitoring mode if the testing is
successful. What is required, basically, is to cycle each
important component, whose operation is required to
detect a fault, through atest procedure without interrupt-
ing the power supply to the primary of the isolation trans-
former and actuating the alarm, if the test procedure
is a success. This requires relay II to remain energized
during the testing mode of operation which should take
place periodically during the use of the detector device.

The periodic shift in the mode of operation from moni-
toring to testing, from testing back to monitoring, as well
as the duration of the testing mode, are controlled by tim-
ing switch B. The latter comprises synchronous motor
M which shunts the primary of transformer T and oper-
ates during the time the transformer is active. Attached
to the rotatable with the shaft of motor M, is disc 186
containing a notch into which spring arm 181 is seated
during a limited portion of each reveolution of the disc.
When seated in the notch, arm 191 establishes contact
with contactor arm 102. The initial contact triggers the
switch from monitoring to testing mode, the latter lasting
for a portion of the time required for the motor M

" to rotate disc 160 to a position where arm 101 rides out
of the notch and breaks contact with arm 102.

When arm 181 initially contacts arm 102, relay I is
energized by a pulse of current as follows: Voltage at
terminal 83 of rectifier 84 is applied through resistor 103,
diode 104, made contacts 101-162, resistor 165, pulse
trigger network 106 and made contacts 6-7 of relay II
to terminal 107 of the coil of relay I; and ground is ap-
plied through made contacts 1-2 of relay IiI to terminal
168 of the coil of relay I. Upon this initial energization
of relay I, contacts 1--2 thereof are made bypassing diode
164, resistor 105 and trigger network 166, and permitting
relay I to be held in as long as ground is furnished to ter-
minal 108 through made coatacts 1-2 of relay Iil. Energi-
zation of relay I interrupts the primary power path to
relay II, establishes an alternate ground path for relay
II that shunts contacts 2-3 of relay IV, and causes a
fault to be simulated. The primary power path to relay II
is through contacts 5-¢ of relay I which breaks when the
laiter is energized. However, relay II is not deenergized
because capacitor 109 begins to charge through the coil
of relay II and capacitor 116, shunting the coil, begins
to discharge thereinto. This furnishes sufficient current
to maintain relay II energized until the primary power
path is restored upon deenergization of relay 1 (provided
all components are operating properly). An alternate
ground path to node 111 (which is at ground potential) is
provided by cathode resistor 93, capacitor 112, and made
contacts 3—4 of relay 1. A fault is simulated because fault
resistor 97, connected to the grid of tube 88, is grounded
to node 111 through made contacts 7-8 and 3—4 of relay
I. Note that contacts 2-3 of relay IV are still made at
this time, connecting node 1i1 directly to ground. Just
prior to energization of relay IV, the state of the detector
is as follows: Relay I is energized, relay II remains ener-
gized due to its alternate power and ground paths, and
relay Iil is energized.

When relay IV is energized, contacts 2-3 thereof are
broken, and contacts 1-2 are made. The result is to de-
energize relay III, deenergize relay I, and to lower the grid
voltage on tube 89 causing relay IV to be energized in the

- opposite direction again making contacts 2-3 and reestab-
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lishing the detector in the same state it had prior to the
initial closing of contacts 161-192. Relay III is deener-
gized because resistor 113 is shunted across the coil of
relay III by made contacts 1-2 of relay IV, and made
contacts 1-2 of relay II. Capacitor 114, shunting the coil
of relay III, discharges into resistor 113 causing the cur-
rent in the coil of relay III to drop below its operating
value, whereupon contacts 1-2 and 4-5 of relay IIT are
broken and contacts 2-3 are made. The breaking of con-
tacts 1-2 on relay III disconnects terminal 1€8 from
ground, and relay I deenergizes. Simultaneously with the
breaking of contacts 1-2 of relay III, contacts 2-3 are
made, thus connecting resistor 96 between the grid of
tube 89 and ground. This energizes relay IV in the oppo-
site direction breaking contacts 1-2 thereof and making
contacts 2-3. Also simultaneously with the breaking of
contacts 1-2 of relay III, contacts 4-5 of relay III are
broken connecting terminal $1 of relay II to ground
through capacitor 115, and resistor 113 is removed from
a shunting connection across the coil of relay IIL Relay
IV is still energized due to made contacts 2-3 of relay II1.

The state of the device of FIG. 6 is now as follows:
relay I is deenergized (contacts §-2 of relay III having
been broken), relay II is energized (primary power path
is restored and the ground path includes capacitor 115
which charges), relay IIT is deenergized but about to be
energized (shunt resistor 113 has been removed), and re-
lay 1V is energized but about to be deenergized, and con-
tacts 2-3 thereof are made. Since shunt resistor 113 is re-
moved from across the coil of relay I, the latter is ener-
gized making contacts 4-5 of this relay and reestablishing
the original ground path for terminal 91 of the coil of
relay II. Also, ground is removed from resistor 86 and
relay IV is deenergized. The detector has now returned
to the state associated with monitoring the isolated power
line, having passed through a cycle in which relay II was
maintained in its energized state by providing temporary
power and ground paths, while other components, namely
tubes 88 and §9, relay IV and relay HI were each se-
quenced through their operations. Note that the tempo-
rary paths for power and ground to relay II are time de-
pendent since they employ the charging or discharging of
capacitors in a D.C. circuit. Note also that the failure of
any component being sequenced to perform properly will
interrupt the sequence and fail to restore the primary
power and ground paths to relay II. In such case, relay 11
would become deenergized, thus removing power from
the magnetic contactor device, which disconnects power
from the isolated power line, and applying power to the
alarm. In this situation, the alarm indicates component
failure.

The time constants associated with the various capaci-
tors that provide temporary current paths are chosen such
that the testing cycle referred to above occurs within the
period that contacts 181-182 are made. In fact, provision
can be made for covering a fixed number of testing cycles
to occur independently of the duration that contacts 101—
102 are made. This is the function served by diode 104,
resistor 165 and trigger network 186. The capacitor of the
network 106 is initially uncharged (due to the shunting
resistance) when contacts 101-102 are initially made. The
first current surge through network 106 that energizes
relay I, and permits breaking contacts 1-2 to become ef-
fective in furnishing a primary power path to the coil of
relay I, charges the capacitor of network 1€58; and diode
164 maintains the charge cn the capacitor during the time
contacts 181-102 are made.

4t the completion of the first cycle described above, and
when relay I is deenergized, contacts 101-382 are still
made and a second current surge through diode 164 and
trigger network 1686 occurs again energizing relay I and
initiating another test cycle like the one just described.
However, the second current surge serves to further
charge the capaciior of network 106 with the result that
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less initial current passes from terminal 83 of rectifier 84,
into the coil of relay I during the second current surge
than during the first current surge that preceded the first
test cycle. In the preferred embodiment, the time constant
of network 106 and the operating current requirements of
the coil of relay I are such as to limit the number of test
cycles to three, all of which occur during the time that
contacts 101-162 are made. After the three cycles are
completed, the detector again operates in the monitor
mode despite the fact that contacts 161-102 remain made.
Eventually, motor M drives the disc until arm 161 is un-
seated from the notch in the disc and contacts 101-202
are broken. The capacitor of network 196 then discharges
through its shunt resistor, and the device is made ready to
shift out of the monitoring mode and into the testing mode
the next time arm 181 is seated in the notch in disc 169.
Note that three cycles of operation define the testing mode,
but the number mentioned is only by way of example, and
could be more or less than three.

II. SECOND EMBODIMENT

The detector means 158 shown in FIG. 8 includes moni-
tor means 151, which utilizes a single active element in-
stead of a pair of active elements as in the case with the
monitor means of FIG. 6, and switching network 152,
which is concerned with enabling and disabling the power
source by which power is connected to or disconnected
from the primary of the isolation transformer. Switching

network 152 also differs slightly from the corresponding .

network shown in FIGS. 5 and 6. Here, the relay coils
(not shown) of the magnetic contactor are assumed to be
connected directly to the main power line through a switch
(contacts 3—-4) located in the detector. Otherwise, the

basic operation of the detector with regard to enabling -

the power source in the absence of a fault (and simul-
taneously disabling an alarm), and disabling the power
source when a fault occurs (and simultaneously actuating
an alarm) is substantially the same.

Detector means 15¢ is contained in a unitary water-

proof housing (not shown) with all leads brought out to

terminal board TB-1’, Plug TB-2’ (FIG. 9) mates with
board TB-1’, and terminal board TB-3' connects to the
external components indicated by the terminal identifica-
tion, the latter being specified in the chart contained in the
portion of this description relating to FIG. 6. Note that
in this embodiment, C; and C, constitute a part of a cir-
cuit whose completion causes the power source to bs en-
abled, and whose breaking causes the power source to be
disabled. Note also, that the A.C. balance network 25’ is
internal to the detector means and comprises resistors
153, 154, 155 and 156. That is to say, the induced voltage
at the node between resistors 153 and 154 is substantially
the same as the induced voltage at the node between re-
sistors 155 and 156. As far as the monitor circuit 151 is
concerned, balance network 25’ is merely an impedance
in the collector circuit of tranmsistor 157 which is con-
nected in an emitter-follower configuration.

(A) State prior to start-up

Prior to start-up, plug TB-2’ is mated with board TB-1’
and no power is yet applied to terminals L; and L, of
TB-3'. All the other terminals of TB-3’ have the proper
leads connected thereto. The state of detector 150 is as
follows: primary 158 of transformer 159 has no power ap-
plied; secondary winding 16¢ on transformer 159 is not
energized; A.C. relay V is not energized with the result
that its contacts 1-2 are made and contacts 3-4 are
broken; secondary winding 161 on transformer 159 is not
energized with the result that power supply 162 is dor-
mant; split-coil relay VI is not operative, and its con-
tacts 1-2 are broken. Note that terminal A, is connected
to L; on TB-3’, and that A, is connected to Ay, the latter
being connected to L, through made contacts 1-2 of
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relay V. Since Ly" is connected to L, terminals A; and
A, are connected directly across the pilot power line when
relay V is not energized. Note also that C; is connected to
Cy, and C, to Cy'; but broken contacts 3-4 of relay V
prevent connection of C;” with Cy’. Hence, while relay V
is deenergized, the power source is disabled and the alarm
is actuated (when power is supplied to L, and L,). As is
now apparent, the energization of relay V breaks con-
tacts 1~2 and makes contacts 3—-4 with the result that the
power source is enabled and the alarm is deactuated.

(B) Operation—No fault

When power is applied to L; and Ly, power is applied
to primary 158 of transformer 159. Although power is
now applied to the alarm, the detector responds so rapidly
to the appiication of power to the primary in comparison
to the response of the alarm, that the latter will, in gen-
eral, not be actuated before the state of the detector 150
has changed. For this reason, it may be desirable to in-
sert a time delay between terminals L,’, Ly’ and the pri-
mary 158 so that upon start-up, the alarm will be actuated
for the purpose of testing it,

In any event, the voltage induced in secondary 161 is
furnished to power supply 162, which rectifies the A.C.
voltage and produces a sufficiently steady D.C. voltage
compatible with transistor operation. Power supply 162
is shunted by the parallel resistance of resistors 153-156,
resistor 163 and coil 164 of the split-coil of relay VI
Operating current thus flows through coil 164 causing
contacts 1-2 of relay VI to be made. Operating current
does not yet flow in the other coil 165 of relay VI be-
cause, as will be explained later, transistor 157 is cut off.
With contacts 1-2 of relay VI made, a complete circuit
is formed between the coil of A.C. relay V and secondary
160. Consequently, relay V is energized breaking contacts
1-2 thereof, and making contacts 3—4. Thus, terminal C,’
is connected by made contacts 3—4 of relay V to terminal
C,", and the power source is enabled. Note also, that Ly’
is disconnected from Ay’ so that the alarm is not actuated.

Returning now to the state of transistor 157, it can be
seen that the latter is shunted by the series combination
of resistor 163 and coil-half 164, and that the collector-
base junction is reverse biased. However, the base 165 is
returned to the negative side of the power supply through
a parallel combination of adjustable resistor 166 and
breakdown diode 167. For the n-p-n transistor shown in
the drawing, there is no base-emitter bias to initiate tran-
sistor action, and the only current flow through the emitter
circuit and through coil-half 165 is the leakage current
Io- This current is on the order of microamperes under
usual conditions, and even though the polarity of the wind-
ings defining coil-half 165 is opposite to the polarity of
the windings defining coil-half 164, the transistor leakage
current has little effect on the total magnetic field applied
to the armature of relay VI that is connected to the mov-
able contact arm electrically connected to terminal 1 of
the contact network.

(C) Operation—Fault occurs ’

Note that base 165 of the transistor is grounded, as is
the cathode of breakdown diode 167. Hence, the occur-
rence of a fault establishes a current path between the
parallel impedance 153-156 and base 165 of the transistor.
Visualizing this as an impedance Ry, a fraction of the
power supply voltage is coupled across breakdown diode
167, reverse biasing the latter by an amount equal to at
least its breakdown voltage. Diode 167 now operates as
as a battery with a potential equal to the breakdown volt-
age that forward biases the base-emitter junction and in-
itiates transistor action, That is to say, base current flows,
current amplification occurs, and operating current flows
in coil-half 165. The effect of this current flow cancels
the effect of operating current flow in coil-half 164, and
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the situation is the same as if current did not flow in either
coil-half. Hence, the state of contacts 1-2 of relay VI
changes from made to broken, and relay V is deenergized.
The state of its contact network reverts from 3-4 made
and 1-2 broken, to 3-4 broken and 1-2 made. Thus, the
power source is disabled and the alarm is actuated when
a fault occurs.

Before mentioning the split-coils of relay VI again, it is
pointed out that diode 168 interconnecting the coil-halves
is provided for the purpose of limiting transient effects on
transistor 157 due to rapid changes in the current flow
through the respective coil-halves. In the absence of diode
168, temporary over-voltages would be imposed on the
transistor that would damage the same. As shown by the
polarity dots in the drawing, coils 164 and 165 are wound
in opposite senses on a common core so that the net mag-
netic flux is the difference between the flux due to each
coil. The fact that algebraic addition of the fluxes takes
place is illustrated by the symbol designated by numeral
169. The net flux, of course, controls the movable con-
tact arm connected to terminal 1 of relay VI so that the
state of the contact network relative to current flow
through coils 164, 165 can be summarized as follows:

~ Relay VI Relay V
Tau Operating Current Flow State of Contacts
Coil 164 Coil 165 1-2 1-2 3-4
Broken._.. Made.__._. Broken.

Broken.... Made.
Broken.... Made._._. Broken.

1 Power supply 162 is not operative prior to turn-on.

Note that the state of the contact network associated
with each of relays V and VI is the same in two situa-
tions: no current through either coil-half, or operating
current through each. This provides an essentially fail-
safe operation, since the power source connecting power
to the isolated line is enabled, and the alrm is deactuated,
only when operating current flows in coil 164 and less
than operating current flows in coil 165.

Application of the invention

The basic principles of the present invention, namely
isolating a power line from ground, monitoring the im-
pedance between the isolated power line and ground, and
providing a circuit capable of removing power from the
isolated line rapidly enough to prevent a dangerous elec-
tric shock when the impedance decreases below a pre-
selected value, can be utilized for purposes other than
monitoring an underwater lighting system in a swimming
pool. For example, the isolated power line could be the
main power line in a house or factory in which case a
magnetic contactor arrangement, or the like, would be
somewhat permanently installed after the electric meter
and would control the power input to the primary of an
isolation transformer from whose secondary all of the
power furnished to the house or factory would be drawn.
Thus, each electrical outlet in the home or factory would
be floating. Any defect, either in the wiring, or in the
electrical device plugged into the outlet, that connects the
outlet to ground would be sensed by the detector. In
such case, the latter would be effective to immediately
disconnect power from the primary of the isolation trans-
former. This approach would provide protection against
any situation grounding the lighting system, an electric
stove, toaster, immersion heaters, space heaters, etc. It
would also protect against a grounding defect in hand
appliances such as electric drills, hedge trimmers, lawn
mowers, mixers, well and sump pumps, etc. Protection
would be afforded also to grounding defects with poten-
tially dangerous devices like battery chargers, whirlpool
bath pumps, air conditioners, television sets, radios, elec-
trical toys, garbage disposal units, automatic washers and
dryers, Christmas tree lights, etc. In an industrial applica-
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tion, the above-described use of the detector could be
used effectively in connection with operating rooms, pres-
surized rooms, etc.

The device illustrated schematically in FIG. 5 could
also be made portable, in which case the main power line
would be a plug that mates with a suitable electrical
receptacle; and the output of the secondary could be a
receptacle into which an electrical appliance could be
plugged. The transistorized version of the detector is small
enough to make the whole device easily portable.

While a magnetic contactor has been shown as part of
the power source by which power is connected to the
isolated line, it is believed apparent that other devices,
such as solid state switching means could be used. In such
case, their response would be triggered by the control sig-
nal developed by the monitor means in response to the
occurrence of a fault,

What is claimed is:

1. An electrical system comprising: an environment
that defines the system ground; a monitored power line
isolated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said
impedance decreases below a preselected value and con-
stitutes a fault; and said detector means being provided
with self-testing means effective, while said detector means
is monitoring said power line, to test whether component
parts are in operable condition to detect occurrence of a
fault, to remove power from said power line in the event
one of said component parts is not in said operable condi-
tion, and to prevent the re-application of power to said
power line after a fault occurs and until the fault is
corrected.

2. An electrical system comprising: an environment that
defines the system ground; a monitored power line iso-
lated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said
impedance decreases below a preselected value and con-
stitutes a fault; a first switching network having a first state
established by the occurrence of a fault; a power source
effective to connect power to said monitored power line
only when said power source is enabled; said detector
means being constructed and arranged to disable said
power source when said first switching network is in said
first state whereby power is disconnected from said moni-
tored power line when a fault occurs, a pilot power line;
an alarm actuatable only when said pilot power line is
connected thereto; and said detector means being further
constructed and arranged to cause said pilot power line
to be connected to said alarm when said first switching
network is in said first state whereby said alarm is actuated
when a fault occurs.

3. An electrical system comprising: an environment
that defines the system ground; a monitored power line
isolated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said
impedance decreases below a preselected value and con-
stitutes a fault; a first switching network having a first
state established by the occurrence of a fault; a power
source effective to connect power to said monitored power
line only when said power source is enabled; said detector
means being constructed and arranged to disable said
power source when said first switching network is in said
first state whereby power is disconnected from said moni-
tored power line when a fault occurs; said first switching
network having a second state established by the absence
of a fault; said detector means being further constructed
and arranged to enable said power source when said first
switching network is in said second state whereby power
is connected to said monitored power line in the absence
of a fault; said detector means including at least one active
element whose conduction is caused to change when a
fault occurs; such change in conduction of said one active
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element causing said first switching network to switch
from its second state to its first state; said detector means
including a power supply, the occurrence of a fault pro-
viding a current path from said power supply to said cne
active element that changes the bias on the latter and
causes its conduction to change; and a breakdown diode
establishing the bias on said one active element when said
power supply is connected across said breakdown diode,
the current path provided by the cccurrence of a fault
effecting the connection of said power supply across said
breakdown dicde.

4. An electrical system comprising: an environment
that defines the system ground; a monitored power line
isolated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said im-
pedance decreases below a preselected value and consti-
tutes a fault; a first switching network having a first state
established by the occurrence of a fault; a power source
effective to connect power to said monitored power line
only when said power source is enabled; said detector
means being constructed and arranged to disable said
power source when said first switching network is in
said first state whereby power is disconnected from said
monitored power line when a fault cccurs; said first switch-
ing network having a second state established by the
abscnce of a fault; said detector means being further con-
structed and arranged to enable said power source when
said first switching network is in said second state whereby
power is connected to said monitored power line in the
absence of a fault; said detector means including at least
one active element whose conduction is caused to change
when a fault occurs; such change in conduction of said
one active element causing said first switching network
to switch from its second state to its first state; a power
supply connected to said active element; a pair of coils,
one of which is connected to said power supply whereby
operating cuirent flows through said one coil, and the
other of which is connected in the output circuit of said
active element; said detector means being constructed and
arranged so that said active element does not conduct until
a fault occurs whereby operating current is caused to
flow through said other coil upon such occurrence; and
means associating said pair of coils with said first switch-
ing network such that the flow of operating current through
said one coil accompanied by the flow of less than oper-
ating current through said other coil establishes said sec-
ond state of said first switching network, and the flow
of operating current through both coils establishes said
first state,

5. The system of claim 4 wherein said coils are wound
on a common core such that the net effect of current flow
through both coils is substantially the same as when no
current flows through either coil.

6. The system of claim 4 wherein said pair of coils is
a part of a second switching network having a first state
established by the flow of current through both coils and
a second state established by the flow of operating cur-
rent through said one coil accompanied by the flow of
less than operating current through said other coil, and
means are provided for causing said first switching net-
work to have a state corresponding to the state of said
second switching network.

7. An electrical system comprising: an environment
that defines the system ground; a monitored power line
isolated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said
impedance decreases below a preselected value and con-
stitutes a fault; said fault detector means comprising at
least one active element whose conduction is dependent
on a bias voltage applied thereto; a breakdown diode con-
nected to said active element and effective to furnish,
when a breakdown voltage is applied to said diode, a bias
voltage to said active element that causes the conduction
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of the latter to change; a power supply connected to said
active element and to said monitored power line; and
means connecting said diode to said ground such that the
occurrence of a fault between said monitored power line
and said ground provides a path by which said power
supply applies a breakdown voltage to said diode where-
by conduction of said active element changes upon the
occurrence of a fault.

8. The system of claim 7 wherein said breakdown di-
ode is shunted with a resistance element whose magni-
tude determines the preselected value of the impedance
between said power line and said ground that defines the
occurrence of a fault.

9. The system of claim 7 wherein said on& active ele-
ment is a transistor that does not conduct until a fault
Qccurs.

18. An electrical system comprising: an environment
that defines the system ground; a monitored power line
isolated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said im-
pedance decreases below a preselected value and consti-
tutes a fault; a first switching network having a first state
established by the occurrence of a fault; a power source
effective to connect power to said monitored power line
only when said power source is enabled; a pilot power
line; an alarm actuatable only when said pilot power line
is connected thereto; and said detector means being fur-
ther constructed and arranged to cause said pilot power
line to be connected to said alarm when said first switch-
ing network is in said first state whereby said alarm is
actuated when a fault occurs.

11. An electrical system comprising: an environment
that defines the system ground; a monitored power line
isolated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said im-
pedance decreases below a preselected value and consti-
tutes a fault; a first switching network having a first state
established by the occurrence of a fault; a power source
effective to connect power to said monitored power line
only when said power source is enabled; said first switch-
ing metwork having a second state established by the ab-
sence of a fault; said detector means including at least
one active element whose conduction is caused to change
when a fault occurs; said detector means including a
power supply, the occurrence of a fault providing a cur-
rent path from said power supply to said one active ele-
ment that changes the bias on the latter and causes its
conduction to change; and a breakdown diode establish-
ing the bias on said one active element when said power
supply is connected across said breakdown diode, the cur-
rent path provided by the occurrence of a fault effecting
the connection of said power supply across said break-
down diode.

12. ‘An electrical system comprising: an environment
that defines the system ground; a monitored power line
isolated from said ground; and fault detector means to
monitor the impedance between said power line and the
system ground for detecting and indicating when said im-
pedance decreases below a preselected value and consti-
tutes a fault; a first switching network having a first state
established by the occurrence of a fault; a power source
effective to connect power to said monitored power line
only when said power source is enabled; said first switch-
ing metwork having a second state established by the ab-
sence of a fault; said detector means including at least
one active element whose conduction is cansed to change
when a fault occurs, such change in conduction of said
one active element causing said first switching network
to switch from its second state to its first state; a power
supply connected to said active element; a pair of coils,
one of which is connected to said power supply whereby
operating current flows through said one coil, and the
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other of which is connected in the output circuit of said and the flow of operating current through both coils
active element; said detector means being constructed establishes said first state.
and arranged so that said active element does not con-
duct until a fault occurs whereby operating current is References Cited
caused to flow through said other coil upon such occur- 5 UNITED STATES PATENTS
rence; and means associating said pair of coils with said
first switching network such that the flow of operating 3,253,188 5/1966 Nissel ~oocmee . 317—10

current through said one coil accompanied by the flow of . .
less than operating current through said other coil estab- MILTON O. HIRSHFIELD, Primary Examiner.

lishes said second state of said first switching network, 10 J, D. TRAMMELL, Assistant Examiner.,



