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O
Original No. 3,244,937, dated Apr. 5, 1966, Ser. No.
493,997, Oct. 8, 1965 which is a continuation of appli-
cation Ser. No. 216 209, Sept. 26, 1962. Application
for reissue Apr. 1, 1968, Ser. No. 719,790
Int. CI. HO2h 3/28
US. Cl. 31727 9 Claims

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

ABSTRACT OF THE DISCLOSURE

A frequency error detector includes an impedance bridge
to which is connected a pair of voltage divider circuits,
each including a potentiometer and a pair of diodes. The
voltage at the adjustable slider of one potentiometer is
proportional to the frequency of the input voltage to the
bridge while the voltage at the slider of the other poten-
tiometer is inversely proportional to the input frequency.
A pair of transistors, each having its base element con-
nected to a corresponding slider, controls the current flow
through relays which in turn operate signalling devices and
which may be used 1o control the output circuit of an
A.C. power supply.

This application is a continuation of Serial No. 226,209,
filed Sept. 26, 1962, and now abandoned.

The present invention relates to an electronic frequency
error detector.

It is the primary object of the present invention to
devise a new and improved frequency error detector which
can be used alternatively as over- and under-frequency
detector.

It is an object of the present invention to provide a
frequency error detector with remote control and sig-
nalling.

It is another object of the present invention to provide
a novel, miniaturized frequency error detector respond-
ing to +=1% frequency variation while using a simple
control and/or signalling relay.

It is a further object of the present invention to provide
a novel frequency error detector with an adjustable range
of tolerance.

It is still a further object of the present invention to
provide a new frequency error detector which permits
installation to a given power line of any voltage within
a wide range without requiring special prior adaptation.

According to one aspect of the present invention in
a preferred embodiment thereof, it is suggested to pro-
vide an impedance bridge in which there are opposite
branches of similar and adjacent branches of dissimilar
type; two branches may comprise ohmic resistors and the
other two branches capacitors, with respectively shunted
resistors to reduce the effect of power line harmonics.
The main input terminals of tiais bridge are connected
or connectable to the line, the frequency of which is to
be supervised. The output diagonal of the bridge is in-
terconnected by a series circuit connection comprising,
in succession, a diode, a potentiometer and another diode
poled for similar current direction. The tap or slider of
the potentiometer and one main bridge terminal are
interconnected by the base emitter path of a transistor.
The transistor controls the current through a relay coil,
preferably being shunted across the emitter-collector path
of the transistor. The relay governs the current supply
to a signalling device, for example, a lamp.
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The objects and features of the invention will be better
understood from the following description of the draw-
ing in which:

FIG. 1 illustrates a schematic circuit diagram of a fre-
quency error detector with signalling device in accordance
with an embodiment of the present invention; and

FIG. 2 illustrates a modified device as compared with
that illustrated in FIG. 1 for over and under-frequency
detection.

In FIG. 1 there is first shown a prime mover 1, for
example, an internal combustion engine or an electric
motor, driving a 400 c.p.s.-four wire generator 2. There
are three phase lines R, S, T, and a neutral line N con-
necting generator 2 to a load.

1t should be mentioned that the electric generator and
the motor type are not important; however, the invention
finds best utility in case of a combustion engine since
here it is more likely that frequency deviations will occur.
Of course, the generator has to be an A.C, generator since
the invention is related to frequency error detection, but
the phase type of the power line to be supervised is not
important.

There are two sensing terminals A and B connected and
pertaining to lines R and N, respectively, to which sens-
ing terminals there is connected the frequency detector
to be described below.

Two main circuit breakers, 3 and 4 are provided to
make and break contact in the feeder lines N, R, S, T
leading to the load.

It can be seen from the drawing that terminal B is not
governed by any of the contacts of circuit breakers 3
and 4 so that the detector circuit to be described below
is always connected to line N which preferably is con-
nected to ground.

Sensing terminal A is governed by a contact blade of
circuit breaker 3, but not by circuit breaker 4. The ener-
gizing coil of circuit breaker 3 is connected to line N
behind its associated contact for this line, while the
energizing coil of circuit breaker 4 is connected ahead
of its contact thus governing the connection of line N
to the load. Both circuit breakers are connected to line
R at the generator. There is a normally open starter
switch § for connecting temporarily the coil of circuit
breaker 3 to line N at the generator, There is a nor-
mally closed off switch 6 in the return in the retum
line of the coil of circuit breaker 3 to line R.

Both the circuit breakers 3 and 4 have 1nd1v:dual con-
trol circuits governed by the detector circuit connected
across terminals A and B. To these terminals A and
B is connected a phase-bridge 11 baving two ohmic re-
sistance branches 12 and 13 and two predominantly
capacitive branches with capacitors 14 and 16 and parallel
resistors 15 and 17, respectively. The voltages taken
from diagonal terminals 18 and 19 are alternating volt-
ages, taken, for example, with respect to terminal B.
A rectifier diode 20 is connected to terminal 18, and a
rectifier diode 21 is connected to terminal 19, These
diodes rectify the respective voltages at these diagonal ter-
minals; thus, at the respective diode electrodes not
connected to any bridge terminal, pulsating D.C. voltages
appear, which voltage pulses are successively of oppo-
site polarity.

The diodes are interconnected by a potentiometer 22
having an adjustable slider 23. This potentiometer 22
acts as summing member for the two pulsating D.C.
voltages, one being taken between and from terminal 18
and terminal B, via diode rectifier 20, and the other one is
taken from terminals 19 via diode rectifier 21. The slider
23 is connected to terminal N by means of a filtering
capacitor 24.

If slider 23 is in its central position, the pulsating D.C.
voltage across the left hand portion of the potentiometer
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equals the pulsating D.C. voltage across the right hand
portion thereof, but is of opposite polarity, so the rela-
tive potential difference between slider 23 and terminal
B is zero, provided that, during operation, the amplitude
of the A.C. voltage drop across resistor 12 equals the
amplitude of the A.C. voltage drop across capacitor 16
(ie. the voltage across capacitor 14 equals that across
resistor 13). Bridge 11 is selected so that at the desired
frequency these operating conditions are present indeed.
The capacitive connection of slider 23 and terminal B
does not alter this mode of operation since the capacitor
24 is effective in both diode branches, each one taken
between slider 23 and one of the bridge diagonal ter-
minals. It is understood, of course, that the transistor
itself provides a resistance path paralleling capacitor 24.
If slider 23 is shifted from its central position to the
right, the potential thereof will be negative with respect
to that of terminal B; if slider 23 is shifted to the left,
there will be a positive voltage between slider 23 and
terminal B.

From the foregoing, it will be appreciated that bridge
11 was assumed to have similar resistive branches (12
and 13) and similar capacitive branches (14, 15 and 16,
17), and that at a given frequency the voltage drop across
all branches is similar. This similarity is reasonable from
the standpoint of facilitating the organization of the de-
vice and the understanding of the invention, but such sim-
ilarity is not essential. The effective impedance (Z) in
ohms of the branch consisting of elements 16 and 17 will
not be similar to that of the resistance 12 at a deviation
from a given frequency. In view of the fact that slider
23 can be adjusted at will, one will be able to always find
a position of slider 23 in which its potential is that of
terminal B. Of course, with a bridge having similar resis-
tive and similar capacitive branches, there will be no
basic wave (a zero harmonic) appearing between slider
23 and terminal B, and thus, capacitor 24 has to filter
only the ripples caused by higher harmonics, at the ad-
justed neutral position of slider 23. No fundamental
frequency will appear at 23 anyway due to the action of
rectifiers 20 and 21. In case of proper circuit symmetry
and sine wave voltage of proper frequency between A
and N, the voltage pulses will cancel at slider 23. How-
ever, when the frequency changes the voltages will not
cancel but the pulsating voltages will not effect the av-
erage collector current of the transistor; the capacitor
24 charges to very nearly the peak value of the pulse
difference causing a definite D.C. level to be impressed
on the transistor base, which then has an effect on collec-
tor current.

Continuing now with the description of the figure, the
voltage between slider 23 and terminal B is supplied to
the base-emitter path of a NPN-transistor 285, being con-
nected accordingly, and appearing in common emitter
configuration. A relay coil 26 is connected across emit-
ter and collector electrodes of transistor 25 and con-
trolled therewith. A capacitor 27 is connected across re-
lay coil 26 to reduce chattering of the relay. A blade 29b
is controlled by coil 26. Blade 29b governs the current
supply from a suitable voltage source 41 to a signalling
lamp 29a. The signalling and control relay having coil
26 has a second blade 29c governing the current supply to
circuit breaker 4. The collector of transistor 25 is con-
nected via a collector resistor 28 and a diode 40 to
terminal A, thus being biased with the voltage potential
derived therefrom. Elements 20 to 29 and 29b constitute
a signalling circuit responding, as will be explained more
fully below, to a frequency deviation below the desired
frequency. The contact blade 29¢ in conjunction with
circuit breaker 4 completes this signalling circuit to a
control circuit responding in case of an under frequency.
The FIGURE 1 shows, furthermore, elements 30 to 39
and 39b, respectively, corresponding to elements 20 to 29
and 29b and the former elements are connected in similar
gircuit connection as the latter, with the sole, but im-
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portant, exception for a reversal of the direction of con-
duction of diodes 30 and 31, as compared with that of
diodes 29 and 21. For reasons of a simplified design,
preferably corresponding elements are not only similar
in character and type but also in their dimensions. The
group including elements 20 to 29 and 29b serve for
detecting and signalling under-frequency and, as will also
be explained below, the group comprising elements 30
to 39 and 39b serves to detect and signal over-frequency.
Both groups of elements operate independently, but, of
course, with mutually exclusive response to a frequency
deviation. Over-frequency signalling system 30 to 39b is
supplemented by a control blade 39¢c likewise controlled
by relay coil 36 and governing the current supply to circuit
breaker 3.

For the operation of the invention it is necessary only
that at least one group of elements as present, since in
cases one might be interested in either under-frequency
or over-frequency only.

The device as described thus far operates as follows:

When starter switch 5 is open, the off-switch 6 was
previously opened, circuit breakers 3 and 4 are unener-
gized which means that their associated contacts are open.
Throughout the detector circuit ground potential will pre-
vail.

Setting the device into operation, switch § is closed thus
causing circuit breaker 3 to respond since unenergized
relay 36 keeps blade 29c normally closed. It might be
advisable to have blades inserted into the energizing
circuits of relays 26 and 36 so that during the starting
operation, the detector circuit is given time to establish
stationary operating conditions, so as to prevent any
of the relays 26 and 36 from responding before transistors
25 and 35 are rendered conductive.

After response of circuit breaker 3, circuit breaker 4
likewise responds and upon release of switch 5 the two
circuit breakers remain energized keeping their contacts
closed.

If the voltage at terminals A and B has the correct
frequency, the D.C. voltages derived from bridge 11 by
rectifiers 20 and 30 equal the voltages derived from the
bridge by rectifiers 21 and 31. The sliders 23 and 33
are adjusted so that they have a slightly positive D.C,
potential as compared with that of terminal B. Capaci-
tors 24 and 34 remove the pulsations and ripples of
this potential. The positive potentials of the sliders re-
spectively base bias transistors 25 and 35 to conduction,
and the remaining current through the two coils 26 and
36 is insufficient to energize the respective relays, Ac-
cordingly, blades 29b and 39b are open and lamps 29a
and 39a are dark, indicating that there is correct fre-
quency in the lines of the terminals A and N. Blades
29¢ and 39¢ are closed causing the circuit breakers to
keep their contacts closed.

If the frequency of the voliage at terminals A and B
now decreases, the voltages across capacitors 14 and 16
Increases, and the voltages across resistors 12 and 13 will
decrease thus altering the balance of the bridge and de-
creasing the voltage potential of slider 23. Dependent
upon prior adjustment of slider 23, at a thus given fre-
quency deviation, the potential at slider 23 will cause tran-
si.stor 25 to be shifted to cut-off, thus acting as extremely
high impedance and permitting increased current con-
duction through coil 26. Hence, this signalling and con-
tl_‘ol relay will respond and close its blades 29b so that
signalling lamp 29a can light up. Upon response of this
relay, blade 29¢ is opened, interrupting the energizing
circuit for circuit breaker 4 which opens its contacts,
This circuit breaking is neither effective for circuit
breaker 3 nor for the detector circuit, particularly the
potentials at the sensing terminals A and B thereof. Thus,
the sensing of the output frequency of generator 2 con-
tinues,

With regard to transistor 35 jts positive base bias was
increased with decreasing frequency, thus increasing the
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collector current, and relay coil 36 will not become ener-
gized.

When the frequency increases again, the bias of the base
electrode of transistor 25 is shifted towards more positive
values until resistor 25 is rendered conductive again and
the relay with coil 26 is deenergized so that lamp 29a is
turned off again.

Simultaneously, blade 29c closes the energizing circuit
for circuit breaker 4, its contacts close and normal opera-
tion is resumed. This is carried out fully automatic.
Upon a further frequency increase, transistor 25 remains
conductive and coil 26 remains deenergized so that lamp
29a remains dark.

The frequency increase now under consideration causes
the voltages across resistors 12 and 13 to increase and the
voltages across capacitors 14 and 16 to decrease. Ac-
cordingly, the voltage potential of slider 33 is shifted
towards negative values, and, dependent upon the par-
ticular adjustment of slider 33, transistor 35 will be cut
off at a given frequency deviation, so that relay coil 36
will be energized and signalling lamp 39a is lit up thus
indicating the occurrence of an over-frequency at termi-
nals A and B. Simultaneously, blade 39c opens, inter-
rupting the energizing circuit for circuit breaker 3 so that
its contacts open. This has the effect of taking the po-
tential at A away from the detector, and the contact blade
of circuit breaker 3 governing line N operates to re-
tain the unenergized condition for circuit breaker 3 re-
gardless of the position of blade 39c. Thus, in this in-
stance, there will be no automatic resuming of normal
operation, but starter switch 5§ has to be pushed again.
The fact that circuit breaker 4 dropped simultaneously
with circuit breaker 3 serves as additional safeguard. The
purpose of this arrangement is that over-frequency usual-
ly is very dangerous for equipment, more than is under-
frequency. Thus, resuming of operation is not possible,
even accidentally, until personnel have checked on the
cause of the over-frequency and made the necessary re-
pairs or adjustments etc.

The circuit network as described illustrates the princi-
ple bebind this specific embodiment of the invention.
The bridge 11 together with any of the diode-potentiom-
eter circuits (20, 21, 22 or 30, 31, 32) provide for an
adjustable D.C. potential at the respective potentiometer
slider so that there is an adjustable positive or negalive
to any one of the main bridge terminals {or power lines).
Such potential depends upon the line frequency. For any
particular frequency within a certain range one can find
an adjustment position of the potentiometer slider (neu-
tral or zero position) so that there is no potential dif-
ference between this slider and one of the main bridge
terminals (here B).

Upon calibration for a predetermined frequency, such
neutral potentiometer-slider position can be predetermined
and defined as being associated to such frequency. Start-
ing out from such a position, one then can shift the
potentiometer slider to another position so that there
is a particular and predetermined voltage between the
slider and the main bridge terminal under consideration
still taken at such predetermined and unaltered frequency.
This voltage determines the range of tolerance. One
then has to connect the emitter-base path of a transistor
between slider and main terminal so that the transistor
is cut off (or conductive). If now the frequency varies
so that this voltage between slider and main terminal de-
creases towards zero (the slider remaining in position),
the transistor will be rendered conductive (or cut off);
no change in conductivity (except in degree) of the
transistor occurs if the frequency has varied in opposite
direction so as to increase the voltage between slider and
terminal.

From the foregoing it can be derived that the embodi-
ment shown is susceptible to several specific modifications.
Taken in connection with the bridge 11, the group of
elements 20 to 28 or 30 to 38 provides for a control
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circuit in which the respective relay is energized, and the
associated transistor is cut off in one range of frequency,
and in which this relay is deenergized with the transistor
being conductive in the adjacent frequency range whereby
adjustment of the slider (23 or 33) of the associated
potentiometer shifts the margin or border between the
two frequency ranges. Whether the frequency range in
which the respective relay is energized (and the transistor
is cut off) is the, relatively speaking, high frequency
range or the low frequency range depends solely upon
the polarity of connecting the diodes (20, 21 or 30, 31)
into the circuit. The relays respectively having coil 26
and 36 can be devised as having operating contacts (as
is shown) or they may have open-circuit or resting con-
tacts. In this case, lamp 2%a when lit up, will actually
indicate over-frequency, and lamp 39a under-frequency,
and the connections to circuit breakers 3 and 4 will be
reversed. With a given bridge 11, the position of slider
23 or 33 determines the tolerance of frequency devia-
tions from the normal or desired frequency. It is not
necessary to have this range of tolerance for negative
deviations similar in size to the range of tolerance for
positive deviations from normal, i.e. these tolerance
ranges are individually adjustable.

Another possible modification is to have any of the
circuit breakers controlling the ignition circuit if 1 is an
internal combustion engine. In this case, the control
effect would affect the prime mover rather than the gener-
ator-load circuit.

The capacitors 14 and 16 may be substituted by re-
actance coils, and in this case, the change in voltage with
changing frequency is oppositely directed as compared
with that of the bridge illustrated. It is also possible to
have reactance coils instead of ohmic resistors 12 and
13, provided there is no resonance or anti-resonance in
the range of frequencies in which occur the normal fre-
quency and possible deviations therefrom,

It is further possible to use PNP transistors in which
case, as compared with the one illustrated, the frequency
range causing transistor conduction and the frequency
range causing cut off will be exchanged. Of course, if
the mode of operation as far as signalling is concerned
is used as described in connection with the drawings,
slider 23 then must be adjusted to normally bias the
base electrode of the then associated PNP transistor with
a positive voltage.

It is furthermore possible to have the elements 20 to
29 and 29a, 39 and 39a connected as illustrated while
elements 30 to 38 are connected so that one side of
capacitors 34 and 37 of coil 36 and the emitter of tran-
sistor 35 are connected to terminal A, while the collector
resistor 38 of transistor 35 is connected to terminal N
via an additional diode.

In addition to the signalling lamps illustrated or in
lieu thereof, they may be provided audible signalling
means of known design.

FIGURE 2 illustrates a modification and simplification
of FIGURE 1, using but one transistor and signalling re-
lay and half the sensing bridge.

In operation, two charging paths are supplied for
capacitors 24 and 34, one predominately capacitive
through capacitor 14, the other predominately resistive
through resistor 13. Capacitors 24 and 34 are so large
compared to capacitor 14 that they have little effect on
the impedance of the circuit. This allows alternate posi-
tive and negative pulses to charge capacitors 24 and 34
through diodes 20, 21, 30, 31, and potentiometers 22
and 32, It can be seen that, with proper sclection of
components, adjustment of potentiometers and correct
voltage and frequency applied, there will be no net charge
on capacitors 24 and 34 as the impedance of the resistive
(chiefly resistor 13) and capacitive (chiefly capacitor 14)
branches will be equal.

If the frequency were to be raised, positive pulses on
capacitor 24 would be larger than the negative and a net
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positive voltage would be apparent across capacitor 24
(with respect to terminal B). This would allow conduc-
tion of diode 42, with resultant change in base bias of
transistor 44, causing it to conduct and reduce the current
through the coil of relay 46, with subsequent closure of
its normally closed contacts to signal a frequency error.

If the frequency were to return to normal, the bias on
the base of transistor 44 would reduce allowing the
transistor to cut off and the relay coil 46 would then
have sufficient current through it to attract the armature
and open the normally closed contact to signal correct
frequency.

In the case of reducing the frequency, essentially the
same thing happens only involving potentiometer 32,
capacitor 34, and diode 43.

[[The invention is not limited to the embodiments de-
scribed above but all changes and modifications thereof
not constituting departure from the spirit and scope of
the invention are intended to be covered by the follow-
ing claims.J

1. An electronic frequency error detector for control-
ling the output circuit of an A.C. power supply in response
to the frequency of said power supply, said error detector
comprising a first frequency sensitive, adjustable circuit
means operably connected to said power supply for pro-
viding an output signal when the frequency of said power
supply is below a predetermined lower limit, a second
frequency sensitive, adjustable circuit means operably
connected to said power supply for providing an output
signal when the frequency of said power supply is above a
predetermined upper limit, a first control circuit means
[in said A.C. power supply circuit] operable in response
to the output of said first frequency sensitive means to
open said power supply circuit when the frequency of
said power supply decreases below said predetermined
lower limit, a second control circuit means [in said A.C.
power supply circuit] operable in response to the output
of said second frequency sensitive means to open said
power supply circuit when the frequency of said power
supply increases above a predetermined upper limit, and a
holding circuit completed through said second control cir-
cuit means to enable said first and second control circuit
means during periods when the frequency of said power
supply increases above said predetermined upper limit
thereby preventing an output from said A.C. power supply
after the frequency of said power supply increases above
said predetermined upper limit until such holding circuit
is manually restored.

2. The electronic frequency error detector as defined in
claim 1 wherein said first control circuit means disables the
output of said A.C. power supply only during periods when
the frequency of said power supply is below said pre-
determined lower limit and automatically enables the out-
put of said A.C. power supply when the frequency is
above said predetermined lower limit.

3. An electronic frequency error detector for control-
ling the output circuit of an AC power supply in response
to the frequency of the power supply deviating from a pre-
determined value, said error detector comprising

a first frequency sensitive, adjustable circuit means oper-
ably connected to said power supply for providing an
output signal when the frequency of said power sup-
ply is below a predetermined lower limit,

a sccond frequency sensitive, adjustable circuit means
operably connected to said power supply for provid-
ing an output signal when the frequency of said power
supply is above a predetermined upper limit,

a first control circuit means operable in response to the
output of said frequency sensitive means to open the
power supply output circuit when the frequency of
said power supply decreases below said predetermined
lower limit,

and a second control circuit means operable in response
to the output of said second frequency sensitive means
to open the power supply output circuit when the
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frequency of said power supply increases above a
predetermined upper limit.

4. An electronic frequency error detector for produc-
ing an output signal when the frequency of a power sup-
ply deviates from a predetermined value, said detector
comprising

@ frequency sensitive bridge attached to the output of
the power supply;

first means connected to said bridge for producing an
output voltage proportional 1o the frequency of the
power supply;

first voltage responsive means connected to said first
means for producing an cutput signal when said volt-
age decreases below a predetermined value indicating
that the frequency of the power supply has decreased;

second means connected to said bridge for producing a
voltage inversely proportional to the frequency of
the power supply; and

second voltage responsive means connected to said
second means for producing an output signal when
the voltage from said second means decreases below a
predetermined value indicating that the frequency of
the power supply has increased.

5. A frequency error detector as defined in claim 4

wherein each of said voltage responsive means includes

a transistor having its base clement connected to said
means producing an output voltage; and

a relay connected across the collector and emitter elec-
trodes of said transistor, suid rvelay coil being de-
energized when the frequency of the power supply is
within predetermined limits, and said coil becoming
energized when said transistor is biased to cut off by
a deviation in the frequency of the power supply be-
yond said predetermined limits.

6. A frequency error detector as defined in claim 5
wherein the contacts of said relays are operably con-
nected in the power supply output circuit to open said
circuit upon a deviation in the frequency of said power
supply beyond predetermined limits.

7. An electronic frequency error detector for producing
an output signal when the frequency of an alternating
current input deviates from a predetermined value, said
detector comprising

a frequency semsitive bridge circuit sensing the fre-
quency of the alternating current input, said bridge
means including a first path which is essentially re-
sitive, and a second path which is essentially capaci-
tive;

a voltage dividing circuit connected across the output of
said bridge means, said circuit including a potentiom-
eter in series with diode means to limit the ‘current
flow through said potentiometer to one direction thus
causing the voltage on the slider of said potentiom-
eter to decrease as the input frequency decreases;

a transistor having its base element connected to said
slider on said potentiometer, its collector element con-
nected to a source of current, and its emitter element
connected to one of the inputs of said bridge circuit;

a capacitor connected between the base and emitter ele-
ments of said transistor to filter the voltage output
from said slider;

the slider on said potentiometer being adjusted so that
said transistor is biased into the conductive state
at or above a predetermined frequency input; and

a relay having its coil connected between said collector
and emitter elements of said transistor, and its con-
tacts connected to produce an output signal;

said transistor being gatéd into conductive state when
the input frequency is at or above a predetermined
value thus shunting current from the coil of said re-
lay, and said transistor being gated into the non-
conductive state when the input frequency decreases
below the predetermined value thus energizing said
relay to product an output signal,
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8. An electronic frequency error detector for producing
an output signal when the frequency of an alternating cur-
rent input deviates from a predetermined value, said de-
tector comprising

a frequency sensitive bridge circuit sensing the frequency
of the laternating current input, said bridge means in-
cluding a first path which is essentially resistive and
a second path which is essentially capacitive;

a voltage dividing circuit connected across the output of
said bridge means, said circuit including a potentiom-
eter in series with diode means to limit the current
flow through said potentiometer to one direction thus
causing the voltage on the slider of said potentiometer
to décrease as the input frequency increases;

a transistor having its base element connected to said
slider on said potentiometer, its collector element
connected to a source of current, and its emitter ele-
ment connected to one of the inputs of said bridge
circuit;

a capdcitor connected between the base and emitter ele-
ments of said transistor to filter the voltage output
from said slider;

the slider on said potentiometer being adjusted so that
said transistor is biased into the conductive state at or
below a predetermined frequency input; and

a relay having its coil connected between said collector
and emitter elemenis of said transistor, and its con-
tacts'connected to produce an output signal;

said transistor being gated into conductive state when
the input frequency is at or below a predetermined
value thus shunting current from the coil of said re-
lay, and said transistor being gated into the non-con-
ductive Sstate when the input frequency increases
above the predetermined value thuy energizing said
relay to product an output signal.

O, A detector for indicating the occurrence of a fre-

quency error in the ottput of a power supply comprising
frequency sensitive circuit means operably connected
to the power supply to provide an output voltage re-
lated to the frequency of the power supply;
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said frequency sensitive circuit means including a first
circuit prodiucing an output voltage proportional to
the frequency of the power supply and a second cir-
cuit producing an output voltage inversely propor-
tional to the frequency of the power supply;

a voltage responsive control circuit operable in response
to the ouiput of said frequency sensitive circuit
means when the frequency of the power supply de-
viates from a predetermined value;

said voltage responsive control circuit including a first
voltage responsive circuit operable to indicate an un-
der frequency condition when the voliage from said
first circuit of said frequency sensitive means de-
creases below a predetermined value, and a second
voltage responsive circuit operable to indicate an over
frequency condition when the voltage from said sec-
ond circuit of said frequency sensitive means de-
creuases below a predetermined value; and

a relay, said relay connected to said voltage responsive
circuit control means and a source of current;

said control circuit controlling the current flow through
the coil of said relay to indicate a deviation of the
frequency of the power supply from a predetermined
value.
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