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2,645,765 

ABNORMA VOLTAGE INDICATING DEVICE 

William H. Bixby, Detroit, Mich., assignor to 
Donald R. Middleton and Stanley M. Hanley, 
doing business as Power Equipment Company, 
Detroit, Mich., a copartnership 
Application April 25, 1950, Seria No. 158,042 

1. 
This invention relates to relay circuits and 

more particularly to circuits for controlling the 
operation of a relay in response to a predeter 
mined change of an alternating supply Voltage. 
The invention may be used, for example, to 

control the energization of an electromagnetic 
relay for opening or closing an alarm circuit for 
indicating a change of Voltage of a current supply 
Source With respect to a predetermined normal 
voltage. Instead of controlling an alarm circuit, 
the electromagnetic relay may also be employed 
for protecting apparatus to which current is Sup 
plied directly or indirectly from the Supply source 
to prevent damaging the apparatus due to an 
abnormally high or low voltage of the supply 
SOUCe. 
An object of the invention is to provide an in 

proved circuit for changing in a predetermined 
sense the current in a current path in response 
to an increase of voltage of a current supply 
Source and also in response to a decrease of volt 
age of the Supply source. 
Another object of the invention is to provide a 

circuit arrangement for changing the current in 
One current path in a predetermined sense in re 
Sponse to a decrease of Voltage of a current Sup 
ply Source below a minimum voltage of a desired 
Voltage range and for changing the current in 
another Current path in said predetermined sense 
in response to an increase of voltage of said cur 
rent Supply source above a maximum voltage of 
Said Voltage range. 
In an embodiment of the invention herein 

shown and described for the purpose of illustra 
tion, there are provided a circuit comprising a 
thermistor or other resistance device the resist 
ance of Which changes in a consistent, non-linear 
manner with change of current through the de 
Vice and a pair of Space current devices for 
Setting up, during half-cycle periods of one polar 
ity of an alternating-current source, voltage 
pulses the amplitude of which decreases in re 
Sponse to a Voltage increase of the source, and 
Vice Versa, and, during half-cycle periods of op 
posite polarity, Voltage pulses the amplitude of 
Which increases in response to a voltage increase 
of the Source, and vice versa, the percentage 
change of the pulsating voltages being large with 
respect to the percentage change of the source 
Voltage. Such an arrangement is disclosed in my 
United States Patent No. 2,486,250 granted Oc 
tober 25, 1949. Means are provided for adjusting 
the amplitudes of the pulsating voltages with 
respect to the amplitude of the supply voltage. 
The two pulsating voltages are combined with an 
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alternating voltage derived from the source Volt 
age so that the Voitage pulses are opposed to 
successive half cycles, respectively, of the alter 
nating voltage. The amplitudes of the pulsating 
voltages and the derived alternating voltage are 
such as to give a resultant voltage which is sub 
Stantially zero amplitude when the voltage of the 
Source has a predetermined amplitude and Which 
increases in amplitude in response to an increase 
Of the Source voltage and also in response to a 
decrease of the source voltage. The reultant 
Voltage has one polarity when the source voltage 
rises above the predetermined value and the op 
posite polarity when the source voltage falls below 
the predetermined value. This rsultant voltage 
is rectified and the rectified pulsating voltage is 
combined with an alternating voltage in the grid 
cathode circuit of each of a second pair of space 
current devices so that the pulses of the rectified 
pulsating voltage are opposed to the half cycles 
of the alternating voltage in the control grid 
cathode circuit of each space current device when 
the anode of the device is positive with respect to 
its cathode, the anode-cathode voltage of each 
Space current tube also being Supplied from the 
alternating-current source. The energization of 
an electromagnetic relay connected in the space 
Current circuits of the second pair of space cur 
rent devices will thus decrease in response to an 
increase and also in response to a decrease of 
the Voltage of the alternating-current source to 
cause the armature of the relay to be released. 
The release of the relay armature may cause the 
completion of an energizing circuit for an indi 
cating lamp or othir alarm device, for example. 
In a modified embodiment of the invention, two 

electromagnetic relays are provided, one for 
changing the energization of an indicating or 
protective device in response to an increase of 
the supply source voltage above a maximum volt 
age of a selected normal voltage range and the 
other for changing the energization of an indi 
cating or protective device in response to a de 
Crease of the Supply source voltage below a mini 
mum value of the normal voltage range. Pulsat 
ing Voltages are produced as described in the 
preceding paragraph and the pulsating voltages 
are combined with an unsymmetrical alternating 
Voltage derived from the source and in opposed 
phase with respect thereto in the control elec 
trode-cathode circuit of each of four space cur 
rent devices. The relationship of the unsym 
metrical alternating voltage and the pulsating 
Voltages in the grid-cathode circuits of one pair 
of these Space current devices is such that the 
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Space currents of the devices decreases in re 
Sonce to a decreae of voltage of the source to 
cause the release of the electromagnetic relay 
which is energized by said space currents. The 
relationship of the unsymmetrical alternating 
voltage and the pulsating voltages in the grid 
cathode circuits of the remaining pair of Space 
current devices is such that the space currents 
of the devices decrease in response to an increase 
of voltage of the source to cause the release of 
the remaining electromagnetic relay. Preferably 
each of the unsymmetrical alternating Voltages 
is formed by adding to half cycles of one polarity 
of a first symmetrical alternating voltage of a 
certain anplitude, half cycles of a Second Syn 
netlical alternating voltage of a Smaller anipli 
tude to thereby increase the amplitude of alter 
nate half cycles of the unsymmetrical voltage and 
by subtracting from half cycles of opposite polar 
ity of the first symmetrical alternating voltage 
half cycles of the Second symmetrical voltage to 
thereby reduce the amplitude of the remaining 
half cycles of the unsymmetrical voltage. The 
amplitude of the Smaller amplitude alternating 
voltage may be varied to control the Voltage range 
of the alternating-current Source for Which both 
electromagnetic relays are actuated so that one 
relay releases its armature to produce an indica 
tion when the source voltage rises above the 
maximum value of said range and So that the 
other relay releases its armature to produce an 
indication. When the source voltage decreases be 
loW the minimum Walue of Said range. 

Fig. 1 of the accompanying drawing is a sche 
matic View of an alarm circuit embodying the 
invention; and 

Fig. 2 is a schematic view of a modification of 
the alarm circuit of Fig. 1. 

Referring to Fig. 1 of the drawing, there is 
provided a transformer having a primary winding 
3 connected to an alternating-current supply 

source and a plurality of secondary windings 
f2, 3, 4, 5, 6 and 7. Across transformer 
Winding 2 are connected in series a resistor 8 
and a thermistor 9 having the operating charac 
teristic that is resistance decreases in response 
to an inclease of alternating current flowing 
therethrough at such a rate that the voltage 
aClOSS the thermistor decreases. Thermistors are 
described, for example, in “Bell Laboratories 
Record,' December 1940, page 106 et seq. A 
potentiometer 20 is connected across a portion 
of transformer Winding 3, the variable tap of 
the potentiometer being connected to the com 
mon terminal of resistor 8 and thermistor 9. 
There is provided a twin-triode space current 

tube 2 comprising space current triodes 22 and 
23 each having an anode, a cathode and a control 
electrode. The control electrodes of triodes 22 
and 23 are respectively connected through re 
Sistors 24 and 25 to terminals 43 and 44 of trans 
former winding f3. Space current is supplied to 
triode 22 from transformer winding 4 through 
a circuit comprising a resistor 26 and space cur 
rent is Supplied to triode 23 from transformer 
winding 5 through a circuit comprising a resistor 
2. A common terminal of resistors 26 and 27 
and the cathodes of triodes 22 and 23 is con 
ductively connected to a common terminal of 
thermistor 9 and transformer winding 2 to com 
plete the control grid-cathode circuits of triodes 
22 and 23. The transformer taps 43 and 44 are 
chosen to provide the proper operating biases for 
triodes 22 and 23 when the anodes of the respec 
tive triodes are positive with respect to the 
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4. 
cathodes. The voltage measured from the tap of 
potentiometer 20 to the point a which is elec 
trically mid-way between the terminals 43 and 44 
is substantially equal to the Voltage across ther 
mistor 9 when the voltage of Source f l is at its 
normal value So that the Voltage measured from 
the tap of potentiometer 20 to terminal 44 is less 
than the voltage across thermistor 9 and the 
voltage measured from the tap of potentiometer 
20 to terminal 43 is greater than the voltage 
across thermistor 9. The grid of each triode 
will thus be negative with respect to its cathode 
when its anode is positive with respect to the 
cathode. 
There is provided a bridge-type full Wave rec 

tifier 30 having a resistor 3; connected across its 
output terminals. The input circuit of rectifier 
30 comprises in series resistors 26 and 27 and a 
portion of secondary transformer winding 5. A 
twin-triode space current tube 32 comprising 
triodes 33 and 34 is connected as a full wave rec 
tifier for rectifying current supplied from trans 
former winding and for Supplying the rectified 
current to the Winding of an electromagnetic 
relay 35 having an armature 36, the end terminals 
of Winding it being connected to the anodes of 
triodes 33 and 34, respectively, and a mid-tap of 
winding being connected through relay 35 to 
the cathode of triodes 33 and 34. A circuit com 
pleted in response to the release of the armature 
36 of relay 35 comprises an indicating device such 
as lamp 37 and a source of energizing current for 
the lamp such as battery 38. 
A potentionineter 49 is connected across second 

ary transformer winding 6. Resistors 4 and 42 
in series are provided in a current path connect 
ing the variable tap of potentiometer 40 and a 
common terminal of Winding 6 and potention 
eter 40. The control electrode-cathode circuit of 
triode 33 comprises resistors 45, 4 and 3 in 
Series and the control electrode-cathode circuit 
of triode 34 comprises resistors i8, 42 and 3 in 
series. Where it is desired to delay the response 
of relay 35 to Sudden fluctuations in voltage, a 
capacitor 47 may be connected in a patl) across 
the relay winding. To avoid high frequency os 
cillations in the circuit, a capacitor 48 of very 
Small capacitance is provided in a path connect 
ing the cathode of triode 34 and the common 
terminal of resistol's 42 and 46. 
An increase of the voltage of source results 

in a decrease of voltage across thermistor 9 in 
addition to a Voltage increase across the polition 
of the transformer Winding 3 which is in the 
control electrode-cathode circuits of triodes 22 
and 23. Therefore, during half-cycle periods of 
the alternating-current source f when triode 22 
is conducting Space current, an increase of the 
voltage of source f f, for example, results in the 
control grid of triode 22 becoming relatively more 
negative With respect to its cathode to cause the 
current flowing through resistor 26 to decrease. 
During half cycles of opposite polarity, an in 
crease of Voltage of source results in the control 
electrode of triode 23 becoming relatively more 
positive With respect to its cathode to cause the 
Space Current flowing through resistor 2i to in 
CreaSe. 
The pulsating voltages across resistors 26 and 

27 are Opposed in phase with respect to and have 
predetermined amplitudes with respect to the 
alternating voltage from winding 5 in the input 
circuit of rectifier 30. The opposed pulsating 
and alternating voltages may have substantially 
equal amplitudes when the voltage of source 
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has a certain normal value so that the output 
voltage of rectifier 30 is equal to zero. Then, if 
it is desired to bring the output voltage of recti 
fier 30 to this same value, Zero, for a higher volt 
age of source , it is merely required to adjust 
potentiometer 20 to increase the voltage between 
its variable tap and point a of winding 13. The 
voltage impressed across the input terminals of 
rectifier 3 and the voltage across resistor 3 con 
nected to the rectifier output terminals are then 
each substantially zero. The voltages across re 
sistors 4 and 42 thus make the control grids of 
triodes 33 and 34 positive with respect to the 
cathodes to cause sufficient current flow through 
relay winding 35 to cause the relay to open the 
energizing circuit for lamp 37. - 1 
When the voltage of source rises above the 

predetermined amplitude, the pulsating voltage 
across resistor 26 decreases to a value less than 
the amplitude of the concurrent half-cycle pulses 
across the portion of winding 5 which is in the 
input circuit of rectifier 30 and the pulsating 
voltage across resistor 2 increases to a value 
greater than the amplitude of the concurrent 
half-cycle pulses across the portion of winding 
5. A pulsating voltage is thus impreSSed upon 

the input circuit of rectifier 30. When the volt 
age of source decreases, the pulsating voltage 
across resistor 26 increases to an amplitude 
greater than the voltage across the portion of 
winding 5 and the pulsating Voltage acroSS 
resistor 2 decreases to an amplitude less than 
the voltage across the portion of Winding fis. A 
pulsating voltage of opposite polarity with respect 
to the pulsating voltage produced when the source : 
voltage rises is thus impressed upon the input of 
rectifier 30. The rectified output voltage across 
resistor 3 has a polarity such as to make the 
control electrodes of triodes 33 and 34 relatively 
more negative with respect to the cathodes to 
cause the current in relay 35 to decrease. The 
increase or decrease of the voltage of Source 
from the predetermined normal value which is re 
quired to cause the armature of relay 36 to re 
lease may be varied by adjusting the potention 
eter 40 to change the voltages across resistors 
4 and 42. An increase of the voltage across re 
sistors 4 and 42, for example, will effect a change 
in operation of the circuit such that a larger 
increase or decrease of the voltage of source 
will be required to effect the release of the arma 
ture of relay 36 to thereby cause the energiza 
tion of the lamp 37. The armature 36 of relay 
35 thus releases to cause the energization of lamp 
37 when the line voltage increases above the 
maximum voltage of a certain desired voltage 
range and also when the line voltage decreases 
below the minimum voltage of the voltage range. 
The portions of the circuit shown in Fig. 2 

which are similar to corresponding portions of 
Fig. 1 are identified by the same designations. 
There is provided a twin-triode Space current 
tube 52 having triodes 53 and 54 the anodes of 
which are connected to the end terminals, re 
spectively, of a secondary transformer winding 
50. The mid-tap of transformer winding 50 is 
connected through the winding of an electro 
magnetic relay 55 to the cathodes of triodes 53. 
and 4, a condenser 57 being connected in a 
shunt path across the relay winding. The re 
lease of the armature 56 of relay 55 completes 
an energizing circuit from battery 58 to an indi 
cator lamp 59. There is provided a twin-triode 
tube 62 having triodes 63 and 64 the anodes of 
which are similarly connected to the end termi 
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nals of a secondary transformer winding 5. The 
mid-tap of transformer Winding 5 f is connected 
through the Winding of an electromagnetic re 
lay 65 to the cathodes of triodies 63 and 64, a 
condenser 67 being connected across relay wind 
ing. The release of the armature 66 of relay 
65 completes an energizing circuit from battery 
68 to an indicating lamp 69. 
A potentiometer 0 is connected acroSS a por 

tion e-c of transformer Winding 5. Similar re 
sistors and 2 are connected in Series across 
a variabie portion of potentiometer 70 between 
the variable tap of the potentiometer and the 
terminal connected to terminal c of the trans 
former winding. The common terminal of re 
Sistors and 2 is connected to the cathodes of 
triodes 63 and 64. The remaining terminal of 
resistor i is connected through a resistor 84 
to the control electrode of triode 53 and the re 
maining terminal of resistor 72 is connected 
through a resistor 85 to the control electrode of 
triode 54. A condenser 86 is provided in a path 
connecting the cathode of triode 54 and a com 
mon terminal of resistor 2 and 85. 
A potentiometer 8, similar to potentiometer 

8, is connected across a portion f-d of trans 
former winding 4. Similar resistors 8 and 82 
in Series are connected across a variable portion 
of potentiometer 8) between the variable tap 
of the potentiometer and the terminal connected 
to terminal d of transformer winding 4. The 
variable taps of potentiometers 70 and 80 are 
mechanically connected so that, preferably, the 
voltage across resistors and T2 is at all times 
equal to the voltage across resistors 8 and 82. 
The common terminal of resistors 8 and 82 is 
connected to the cathode of triodes 53 and 54. 
The other terminal of resistor 8 is connected 
through a resistor 87 to the control grid of triode 
63 and the other terminal of resistor 82 is con 
nected through a resistor 88 to the control grid 
of triode 64. A condenser 89 is provided in a 
path connecting the cathode of triode 64 and a 
common terminal of resistors 82 and 88. 
For the purpose of explaining the operation of 

the circuit, let it be assumed that potentiometerS 
and 88 are Set, So that the variable taps are 

at the potentials of points c and d, respectively. 
There will then be zero. Voltage across resistOS 
7 and 2 and across resistors 8 and 82. Let 
it further be assumed that the setting of poten 
tiometer 20 and the voltage of source are such 
that the voltage between the nowable tap of the 
potentiometer 2 and point, a of transformer 
winding 3 is equal to the Voltage across ther 
mistor 9. Under these conditions, during half 
cycle periods when the anode of triode 53 is posi 
tive with respect to its cathode, there will be in 
pressed upon the grid-cathode circuit of triode 
53 half cycles of the voltage across the portion 
e-c of transformer winding 5 and, in Opposi 
tion thereto, the Voltage pulses of equal ampli 
tude across resistor 26, the voltage acroSS resistor 
2 being Zero during these half-cycle periods. 
Similarly, during half-cycle periods when the 
anode of triode 5A is positive with respect to its 
cathode, there will be impressed upon the grid 
cathode circuit of triode 4 half cycles of the 
voltage e-c and, in opposition thereto, the volt 
age pulses of equal amplitude across resistor 27. 
The control grids of triodes 53 and 54 Will then 
be at the Saline potential as the cathodes and 
Sufficient space current will flow through the 
Winding of relay 55 to maintain the relay in the 
Operated condition. A slight increase of Voltage 
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of the source above the assumed "normal' 
value will cause the voltage pulses across resistor 
25 to decrease in amplitude and the voltage 
pulses across resistor 2 to increase in amplitude, 
thereby making the control grids of triodes 53 
and 54 sufficiently negative with respect to the 
athodes to cause the current in the winding of 
relay 55 to be reduced and to cause the relay 
arriature 55 to be released. The resulting ener 
gization of lain p 53 produces an indication of the 
high line Voltage condition. 
For the conditions stated in the preceding 

paragraph, when the anode of triode 63 is posi 
tive with respect to its cathode, there will be in 
pressed upon the grid-cathode circuit of triode 
63 half cycies of the voltage e-c and, in opposi 
tion thereto, the voltage pulses of equal ampli 
tude actoss l'esistor 2. When the anode of tri 
ode 65 is positive with 1'espect to its cathode, 
there will be impressed upon the grid-cathode 
circuit of trio de St half cycles of the voltage e-c 
and, in opposition tiaereto, the voltage pulses of 
equal angiitiide across resistol 27. The polar 
ities of the component voltages in the grid 
cathode circuits of trio des S3 and 64, however, 
are reversed with respect to the polarities of the 
corresponsing Voltages in the grid-cathode Cir 
cuits of triodies 53 and 54. A slight decrease of 
the voltage of the Souice below the assumed 
normal value will cause the Voltage pulses a CrOSS 
resistor 23 to increase in amplitude and the Volt 
age pulses across resistor 2 to decrease in ann 
piitude, thereby naking the glids of triodes 63 
and 64 sufficiently negative with respect to the 
cathodies to cause the arnature of relay 56 to 
be released. I amp 69 is thus energized to pro 
duce an indication of the low voltage condition. 

IS will be noted that, as the taps of potenti 
onletei's 8 and is are noved by equal amounts 
toward positions f and e, respectively, for any 
positions of the taps, the voltage between the 
common terminai of resistol's 3; and 82 and the 
coison terminal of resistors if and 72 Will be 
equal to the difference of the voltage e-c and 
the voltage across resistor 26 during half-cycle 
periods when the ashodes of triodes 22, 53 and 
63 are positive with respect to their cathodes 
and said voltage will be equal to the difference 
of the voltage e-C and the Voltage acroSS resistor 
27 when the aiiodies of triodes 23, 54 and 64 are 
positive With l'espect to their cathodes. The 
grid-catinode voltages of &ach of triodes 53, 54, 63 
and 4 is the voltage between the common tel 
minai of resistors 8 and 22 and the Common 
terminal of resistors and 2 plus a bias Voltage 
across one of the resistors i , 2, 8t, 82, the bias 
voltage having a polality Such as to make the 
grid relatively more positive With respect to the 
Cathode when the aihode is positive With respect 
to the Cathode. The VoltageS acroSS resistOrS 

, 2, 8; and 82 are the added biasing voltages 
for triodes 53, 63, 54 and 64, respectively, these 
biasing voltages being eqial and adjustable by 
moving the taps of potentiometers i and 80. 
An increase of these biasing voltages makes 
necessaly a relatively larger decrease of Voltage 
across resistoi, 28 and a relatively larger increase 
of Voltage acroSS resistol 2 to effect the release 
of relay 55. An inclease of these biasing volt 
ages aiso makes necessaly a l'elatively larger 
increase of Voltage acroSS lesistor 26 and a rel 
atively larger decrease of voltage across resistor 
2 to effect the release of relay 65. In other 
words, noviing the potentiometer taps from d 
toward f and from C toward e increases the 
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8. 
normal voltage range for which relays 55 and 65 
remain operated, the relays, respectively being 
released only when the source voltage goes above 
and below the maximum and minimum values, 
respectively, of the normal voltage range. 

If for one setting of potentiometers 8, 80 relay 
65 should release when the voltage of source 
is 98 per cent of a certain predetermined volt 
age and the release of relay 55 should occur 
when the Voltage of source it is 102 percent 
of the predeternlined Voltage, for example, in 
creasing the bias voltages by readjusting po 
tentiometers 70, 80 could cause the relay 65 
to release at 96 per cent of the predetermined 
Voltage and the relay 55 to release at 104 per 
cent of the predetermined voltage. Thus the 
setting of potentiometers 70, 80 determines the 
railge between the low voltage indication pro 
duced by lamp 69 and the high voltage indi 
cation produced by lamp 59 while the Setting of 
potentiometer 20 determines the voltage level 
of the center point of this range, the two adjust 
ments being almost independent of one another 
as far as their effects are concerned. 
What is claimed is: 
1. The combination with a source of alternating 

Voltage the amplitude of which may change, of 
means for deriving from said source a symmet 
rical alternating voltage substantially propor 
tional to the voltage of said source, means for de 
riving from Said Source during periods of one 
polarity thereof a first pulsating voltage the am 
plitude of which decreases by a larger amount 
than the amplitude increase of said derived al 
ternating Voltage in l'esponse to an increase of 
Voltage of Said Source, means for deriving from 
Said Source during periods of opposite polarity 
thereof a Second pulsating voltage the amplitude 
Of Which increases by a larger anlount than the 
amplitude increase of said derived alternating 
Voltage in response to an increase of voltage of 
Said Source, and means for combining said de 
rived alternating and pulsating voltages with each 
of Said pulsating Voltages in phase opposition to 
Said derived alternating voltage to produce a re 
Sultant Voltage the amplitude of which changes 
in a predetermined direction when the Voltage of 
Said Source either increases or decreases. 

2. In combination, a space current device hay 
ing an anode, a cathode and a control electrode, 
a first circuit connecting said anode and said 
cathode, lileanS for causing current to flow in 
Said first circuit, an alternating-current Supply 
Source the voltage of which may Vary, a Second 
circuit connecting the control electrode and cath 
Ode of Said device, and means for deriving from 
Said Supply Source and impressing upon said sec 
Ond circuit a voltage for causing the current in 
Said first circuit to change in a predetermined 
Sense in response to a voltage increase of said Sup 
ply Source to a certain relatively high voltage and 
for causing the current in said first circuit to 
change in Said predetermined sense in leSpOil Se 
to a voltage decrease of said supply source to a 
certain relatively low voltage. 

3. In combination, a space Cul''ent device hav 
ing an anode, a cathode and a control electrode, 
an alternating-current supply source the Voltage 
of which may vary, a space current circuit for 
Said device comprising a first source of alternat 
ing Voltage derived from said supply source, 
meals for deriving from said source a second volt 
age the amplitude of which increases in response 
to an increase of said supply Voltage above a pre 
determined voltage and the amplitude of which 

  



9 
increases in response to a decrease of said supply 
voltage below said predetermined voltage and 
means for impressing said second derived Voltage 
upon a circuit connecting, said control electrode 
and said cathode for controlling the amplitude 
of Said Space current. 

4. In combination, a space current device haW 
ing an anccle, a cathode and a control electrode, 
an alternating-current Supply Source the Voltage 
of which may vary, means for supplying current 
from said source to a space current circuit Con 
necting said anode and Said cathode, means for 
deriving from said source a voltage the amplitude 
of which increases in response to an increase of 
said supply voltage above a predetermined voltage 
and the amplituce of which increases in response 
to a decrease of said supply voltage below Said 
predetermined voltage, means for Selecting a de 
sired predetermined voltage above and below 
which said derived voltage increases, and means 
for impressing said derived voltage upon a circuit 
connecting said control electrode and said cath 
ode for controlling the amplitude of Said Space 
current. 

5. In combination, a Space current device hav 
ing an anode, a cathode and a control electrode, 
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means for supplying current from an alternat 
ing-current supply source to a space current cir 
cuit connecting said anode and said cathode, 
means for deriving from Said Supply Source a Volt 
age the amplitude of which increases in response 
to an increase of said Supply voltage from a first 
voltage to a second voltage and the amplitude of 
which increases in response to a decrease of Said 
supply voltage from said first voltage to a third 
voltage, means for adjusting said second and third 
voltages relative to said first voltage to determine. 
the voltage range of Said supply source above and 
below which said derived voltage increases, and 
means for impressing Said derived Voltage upon a 
circuit connecting said control electrode and said. 
cathode for controlling the amplitude of Said 
Space current. 

6. A combination in accordance with claim 5 
in which is provided means for adjusting said 
first voltage. 

7. In combination, a first and a Second Space 
current device each having an anode, a cathode 
and a control electrode, means for Supplying cur 
rents from an alternating-current Supply Source 
to space current circuits connecting the anode 
and cathode of said devices, respectively, means 
for deriving from said supply source a voltage the 
amplitude of which increases in one sense in re 
sponse to an increase of said Supply voltage from 
a first voltage to a second voltage and the ampli 
tude of which increases in the opposite sense in 
response to a decrease of Said Supply voltage from 
said first voltage to a third voltage, means to im 
press said derived voltage upon a circuit connect 
ing the control electrode and cathode of Said first 
device with a polarity to cause the space current 
of said first device to decrease when said Supply 
voltage increases from said first voltage to said 
Second voltage, and means to impress said de 
rived Woltage upon a circuit connecting the con 
trol electrode and cathode of said second device 
with an opposite polarity to cause the space cur 
rent of Said Second device to decrease when said 
supply Voltage decreases from Said first voltage 
to Said third voltage. , 

8. A combination in accordance With claim 7 
in Which there are provided a first means con 
nected in the Space current path of said first de 
vice for producing an indication when said sup 
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16 
ply. Woltage increases to said second voltage, and 
a Second means connected in the space current 
path of Said second device for producing an indi 
cation. When Said Supply voltage decreases to said 
third voltage. 

9. In combination, a first and a second current 
responsive means, means comprising a first and 
a second Space current device for supplying cur 
rent from an alternating-current supply source. 
to Said first and second current responsive means 
'eSpectively, each of said space current devices 
having an anode, a cathode and a control elec 
trode, means for impressing upon the control. 
electrode and cathode of said first device a volt 
age derived from said source for causing the 
Current Supplied to said first current responsive. 
means to be reduced to a predetermined value in 
response to an increase of said supply voltage to 
a voltage above a certain normal range, and 
means for impressing upon the control electrode 
and cathode of said second device a voltage de 
rived from Said source for causing the cur 
rent Supplied to said second current responsive 
means to be reduced to a predetermined value in 
response to a decrease of said supply voltage to 
a voltage below said normal range. 

10. The combination with an alternating-cur 
rent supply source, the voltage of which may 
change, of means for deriving from said supply 
Source during periods of onepolarity thereof a first 
pulsating voltage the amplitude of which decreases 
in response to a voltage increase of said source but 
at a higher rate, and vice versa, means for de 
riving from Said supply source during periods 
of Opposite polarity thereof a second pulsating 
Voltage the amplitude of which increases in re 
Sponse to a voltage increase of said source but 
at a higher, rate, and vice versa, a first full wave 
rectifier, means for... combining said pulsating 
voltages with an alternating voltage derived from 
Said Source in the input circuit of said full Wave 
rectifier, said pulsating voltages being in oppo 
Sition to half cycles of said derived alternat 
ing voltage, resistance means having two end 
terminals and a mid-terminal, means for in 
pressing across said resistance means an alter 
nating voltage of variable amplitude and fixed 
phase derived from said source, a second full 
Wave rectifier comprising two space current de 
vices each having an anode, a cathode and a con 
trol electrode for rectifying current from said 
alternating-current source, means for connect 
ing the mid-terminal of said resistors to the 
negative output terminal of said first full wave 
rectifier, means for connecting the cathodes of 
Said Space current devices to the positive out 
put terminal of Said first full wave rectifier, and 
means for connecting the end terminals of Said 
resistance means to the control electrodes of said 
Space current devices, respectively, thereby coin 
trolling the output current of said second full 
Wave rectifier. 

11. A combination in accordance with clairn 10 
in which there are provided an indicating device 
for producing an indication in response to ab 
normally high and abnormally low voltages of 
Said Supply Source and an electromagnetic relay 
energized by the rectified output current of said 
Second full wave rectifier for controlling the en 
ergization of said indicating device. 

12. The combination with an alternating-cur 
rent Supply source, of a transformer having a pri 
mary Winding connected to said source and a 
plurality of secondary windings, a full wave rec 
tifier comprising a first and a second space cur 
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rent device for rectifying current from Said 
source Supplied through a first of Said Secondary 
Windings, each of said space current devices hav 
ing an anode, a cathode and a control electrode, a 
first resistor having a terminal connected to a 
terminal of a second secondary Winding, a first 
potentiometer connected acroSS Said Second Sec 
ondary winding and having a variable tap, means 
for connecting said variable tap to the control 
electrode of said first device, means for connect 
ing a terminal of said second Secondary Winding 
to the control electrode of said Second device, a 
second resistor having a terminal connected to a 
second terminal of said first resistor, a third 
secondary winding having a first terminal con 
nected to a second terminal of said second re 
sistor, a second potentiometer connected acroSS 
said third secondary winding and having a vari 
able tap, means for mechanically connecting the 
variable taps of said potentiometers, resistance 
means connecting the second terminal Of Said 
third secondary winding and the variable tap of 
said second potentiometer, said resistance means 
having a mid-tap, means for connecting Said mid 
tap to the cathodes of Said devices, means for 
Supplying current from said Supply Source to Said 
first resistor to set up acroSS said resistOr during 
half-cycle periods of one polarity of said Source 
a pulsating voltage the amplitude of which de 
creases in response to a voltage increase of Said 
Source and vice versa, and means for Supplying 
current from Said Supply source to Said second 
resistor during half-cycle periods of Opposite po 
larity of Said Source a pulsating Woltage the am 
plitude of which increases in response to a volt 
age increase of Said Source and Vice Versa, each 
of Said pulsating voltages being in Opposition 
to the Voltage Supplied by Said Second and 
third secondary windings in the control elec 
trode-cathode circuits of Said Space current de 
Vices. 

13. In cornbination, a transforinner having a 
primary winding connected to an alternating 
current Supply Source and a plurality of Second 
ary windings, a thermistor and a first resistor 
connected in Series to a first of Said Secondary 
Windings, a first potentiometer connected acroSS 
a portion of a second of Said Secondary WindigS, 
means for connecting the Wariable tap of Said 
potentiometer to a common terminal of said ther 
mistor and said first resistor, a first and a Second 
Space current device each having an anode, a 
cathode and a control electrode, a second and 3. 
third resistor, means for connecting a terrainal 
of each of Said Second and third resistOS to Said 
cathodes and to a connon terminal of Said 
thermistor and Said first Secondary. Wiriding, 
means for Connecting Said control electrodes to 
said Second Secondary winding, a Space current 
circuit for Said first Space current device. COEn 
prising a third of Said Secondary WindingS. and 
said second resistor, a Space current circuit for 
said second space current device comprising a 
fourth of said secondary Windings and Said third 
resistor, a full wave rectifier, having input and 
Output terminals, ineanS for connecting One of 
Said input terminals to a connon terminal of 
Said Second resistor and Said third Seconday. 
winding, means for connecting the other of Said 
input terminals to Said fourth secondary Wind 
ing, a fourth resistor connected to the output 
terminals of said rectifier, a third and a fourt 
Space Current device each having an ainode, a. 
Cathode and a control electrode, a Second. po 
tentionetter connected across a fifth of Said. Sec 
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12 
ondary windings, a fifth and a sixth resistor hav 
ing a common terminal connected to a first ter 
minal of Said fourth resistor, means for connect 
ing the other terminal of said fifth resistor to 
the variable tap of Said Second potention eter, 
means for connecting the other terminal of Said 
Sixth resistor to a common terminal of Said Sec 
ond potentiometer and said fifth secondaly wind 
ing, means for connecting the terminals of Said 
fifth and sixth resistors other thal Said COinol 
terminal to the control electrodes of Said third 
and fourth space current devices, respectively, 
means for connecting the cathodes Of Said third 
and fourth Space- current devices to the Second 
terminal of Said fourth resistor, means for CO 
necting the anodes of said third and fourth die 
vices to the end terminals, respectively, of a Sixth 
of said Secondary Windings, current l'esponsive 
means, and means for connecting said current 
responsive means in a path connecting the cath 
Odes of Said third and fourth devices and a nig 
terminal of Said Sixth winding. 

14. In combination, a transformer having a 
primary Winding connected to an alternating 
current Supply source and a plurality of Second 
ary Windings, a thermistOr and a fi}.S. resistO2". 
connected in Series to a first of Said. Secondary 
Windings, a first potentionetter connected across 
a portion of a second of said secondary windings, 
means for connecting the variable tap of said po 
tentiometer to the common terminal of said ther 
mistor and Said first resistO, Six Space current 
devices each having an anode, a cathode and 
a control electrode, a second and a third resistor 
having a common terminal connected to the cath 
Odes of a first and a Second of Said. Space current 
devices and to a common termina of Said ther 
mistor and Said first Secondary winding, means 
for CCnnecting the Control electrodes of Said 
first and second devices to said second secondary 
Winding, a Space current circuit for said first 
device comprising a third of said secondary wind 
ingS and Said Second resistOr, a Space current cir 
cuit for said second device comprising a fourth 
of Said Secondary windings and said third resistor, 
a Second potentionetter connected to a common 
terminal of said third secondary winding and said 
Second resistOr and to another terminal of said 
third secondary winding, a third potentiometer 
connected to a common termina of Said fourth 
Secondary Winding and said third resistor and 
to another terminal of said fourth secondary 
Winding, means for mechanically connecting the 
Variable taps of said second and third potentiom 
eters, a fourth and a fifth resistor having a com 
nOn terminal connected to the Cathodes of a 
third and a fourth of said space current devices, 
means for Connecting the other terminal of Said 
fourth resistOr to the variable tap of Said Second 
potentiometer, means for connecting the other 
terminal of Said fifth resistor to the common ter 
minal of Said third secondary winding and said 
Second resistOr, a Sixth and a seventh resistor 
having a connOn terminal connected to the cath 
Odes of a fifth and a sixth of Said space current, 
devices, means for connecting the other terminal. 
of Said sixth resistor to the variable tap of Said 
third potentiometer, means for connecting the 
other termina of Said Seventh resistol to Said. 
other terminal of said fourth secondary winding, 
means for connecting the terminals of Said fourth 
and fifth resistors. Other than their common 
terminal to the control electrodes of said fifth 
and sixth space current devices, respectively, 
means for connecting the terminals of Said. Sixth 
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and seventh resistors other than their common 
terminal to the control electrodes of Said third 
and fourth space current devices, respectively, a 
first electromagnetic relay having a winding in a 
current path connecting the cathodes of said 
third and fourth space current devices and a 
mid-terminal of a fifth of said Secondary Wind 
ings, means for connecting the end terminals of 
said fifth Winding to the anodes, respectively, of 
said third and fourth devices, means for connect 
ing the end terminals of a sixth of Said trans 
former Windings to the anodes, respectively, of 
said fifth and sixth space current devices, and a 
second electromagnetic relay in a current path 
connecting the cathodes of said fifth and sixth 
devices and a mid-terminal of said sixth second 
ary Winding. 

15. In combination, a current responsive means, 
means for Supplying current from an alternating 
current Supply source to said current responsive 
means, and means for decreasing by a predeter 
mined amount the current Supplied to said cur 
rent responsive means in response to a predeter 
mined voltage increase of said supply source 
above a certain normal voltage and also in re 
Sponse to a predetermined voltage decrease of 
said supply source below said normal voltage. 
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16. A combination in accordance with claim 15 

in which means are provided for changing said 
predetermined Woltage increase and said prede 
terined voltage decrease required for decreasing 
the current Supplied to Said current responsive 
means by said predetermined amount. 

WILLIAM. H. BIXBY. 
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