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This invention relates to magnetic voltage stabilizer 
circuits and more particularly to temperature compensat 
ing circuits of this character. 

Miagnetic materials have been developed which have a 
Substantially rectangular magnetization curve making . 
them suitable for use in voltage or current stabilization. 
In many cases, the effectiveness of magnetic materials 
used in stabilizer circuits will depend largely upon their 
ability to maintain a constant saturation flux density. 
Since all magnetic materials exhibit the property of a 
decreasing Saturation flux density with increasing tem 
perature until their Curie point is reached, i.e. they be 
come non-magnetic, temperature compensation must be 
provided for the stabilizer to operate properly. Prior art 
disclosures have provided this compensation by means of 
series or parallel combinations of resistors with either 
negative or positive coefficients of temperature. Com 
pensation achieved by these methods is limited to a rela 
tively narrow range of temperature variations because of 
the non-linearities inherent in the temperature responsive 
elements used and their adverse effects upon load circuits. 

It is an object of this invention to provide a new and 
improved magnetic voltage stabilizer circuit. 
A further object of this invention is to provide a new 

and improved magnetic temperature compensation means 
for magnetic voltage stabilizer circuits. 

Another object of this invention is to provide magnetic 
temperature compensation for voltage stabilizer circuits 
which gives excellent results over wide temperature 
ratages. 
A further object of this invention is to provide a tem 

perature compensated magnetic voltage stabilizer which 
is small, compact and durable. 
Another object of the present invention is to provide 

a new and improved temperature compensated magnetic 
voltage stabilizer which combines simple and rugged con 
struction with efficient operation. 

This invention provides a new type of temperature 
compensation for magnetic voltage stabilizers which em 
ploys two saturable reactors having different Curie tern 
peratures. This method of compensation gives excellent 
results over wide temperature ranges and eliminates the 
disadvantages associated with prior art disclosures. 
These and other advantages of the invention will be 

more clearly understood from the following description 
taken in connection with the accompanying drawings, 
and its scope will be apparent from the appended claims. 

In the drawings: 
Fig. 1 is a diagrammatic illustration of one embodi 

ment of the invention; 
Fig. 2 is a diagrammatic illustration of another em 

bcdiment of the invention; 
Fig. 3 shows curves which are representative of the 

output voltage vs. temperature characteristics of the satu 
rable reactors used in the invention; 
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2 
Fig. 4 is a diagrammatic illustration of the basic stabi 

lizer circuit used in the invention; 
Fig. 5 is an idealized hysteresis loop curve of saturable 

core material of the type used in this invention; 
Fig. 6 is a diagrammatic non-linear oscillating cir 

cuit incorporating a saturable reactor; 
Fig. 7 shows the voltage-time and flux-time relation 

ships for the circuit of Fig. 6 (no loss condition); 
Fig. 8 shows a curve representing the voltage-time re 

lationship for the circuit of Fig. 6 considering losses; 
Fig. 9 shows curves for the voltage across the capacitor 

and the current through the saturable reactor of the basic 
stabilizer shown in Fig. 4; 

Fig. 10 shows the output voltage vs. input voltage 
for the basic stabilizer circuit of Fig. 6; 

Fig. 11 shows a schematic diagram of another embodi 
ment of the invention. 

In the specification, for purposes of simplicity, like ele 
ments are designated with like reference characters. 

Fig. 1 illustrates one embodiment of the new type of 
temperature compensation employed by this invention. 
It consists of a non-linear oscillating circuit having a 
capacitance 14 and a saturable reactor 16 and a serially 
connected choke coil 12. These elements are connected 
to input terminals 30 and 31. A second non-linear oscil 
lating circuit having a capacitance 15 and a saturable 
reactor 17 with a secondary winding 18 and a serially 
connected choke coil 3 are also connected across input 
terminals 30 and 31. An alternating current supply 
voltage V is fed to this circuit across input terminals 
30 and 31. A load circuit 19 is connected across satu 
rable reactor 16 and the secondary winding 18 of satu 
rable reactor 17. 

Fig. 2 shows another embodiment of the invention in 
which the secondary winding 18 of saturable reactor 17 
is replaced by a series of taps 21, 22 and 23 on saturable 
reactor 7. A variable resistance 20 is also shown which 
is connected to the variable taps. 

In order to better comprehend the invention as em 
bodied in Figs. 1 and 2, reference will be made to the 
operation of the basic stabilizer circuit shown in Fig. 4 
and used in the invention. The basic stabilizer circuit 
shown in Fig. 4 consists of a choke coil 12 serially con 
nected to a non-linear oscillating circuit having a capaci 
tance 14 and a saturable reactor 16. A varying input 
voltage V is applied to this circuit at input terminals 30 
and 31, and a load 19 which may comprise a resistance 
is connected across saturable reactor 16. The core ma 
terial of saturable reactor 16 has a substantially rec 
tangular hysteresis loop such as shown in Fig. 5. 

For a better understanding of the basic stabilizer cir 
cuit shown in Fig. 4, the operation of the non-linear oscil 
lating circuit shown in Fig. 6 should be considered. Fig. 
6 shows the non-linear oscillating circuit comprising 
capacitor 14 and saturable reactor 16, and includes a 
switch 25. It will now be assumed that the capacitor 
14 has been charged to a voltage E as indicated in Fig. 6 
and that this charge has built up previously the negative 
Saturation flux, minus p in the coil with an instantaneous 
working point of the coil being assumed to be at point a 
(see Fig. 5). If switch 25 is then closed with these con 
ditions, the voltage E is applied to the saturable reactor 
6. A small magnetizing current is drawn from the 

capacitor which is given by the coercive force of core 
material, and the voltage E changes the flux of saturable 
reactor 16 from - g5 to -- d. Assuming that the mag 
netizing current furnished by capacitor 14 is negligibly 
small, the voltage E will remain substantially constant 
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during the flux change in saturable reactor 16. When 
the flux p of Saturable reactor 16 reaches point b on 
the magnetization curve shown in Fig. 5, the magnetiza 
tion curve of Saturable reactor 6 abruptly flattens out. 
A short, peaked pulse of current occurs during the dis 
charge of capacitor i4. Assuming that the time of dis 
charge of capacitor 14 is infinitely small and that no 
iosses occur within the circuit during the transient, the 
voltage and flux oscillate as shown in Fig. 7. Since in 
ternal losses occur within practically realizable networks, 
the voltage E on capacitor 4 in Fig. 6 decreases with 
each reversal in charge, as shown in Fig. 8. However, 
the areas A, B, C, D and E as shown in Fig. 8 must re 
main equal since the total amount of flux change must 
be constant. Therefore, the frequency of oscillation de 
creases with each change in polarity of the voltage on 
capacitor 14. 
To obtain continuous operation, the basic stabilizer 

circuit shown in Fig. 4 is utilized. An alternating cur 
rent voltage V is applied through an inductance 12 to 
the non-linear oscillatory circuit in which the loss occur 
ing during an operating half-cycle of the non-linear oscil 
lating circuit is furnished by the supply source during the 
following half cycle. Fig. 9 shows the voltage E across 
capacitor 14 and the current through saturable reactor 16 
of the basic stabilizer when operated from an alternating 
current source. The voltage curve E deviates slightly 
from the ideal rectangular shape due to the fact that the 
loss in voltage during transients has to be regained in 
periods between succeeding transients, and that the time 
At of the transients is of finite duration. As previously 
explained, the current which flows through saturable re 
actor 16 comprises a series of peaked pulses which occur 
almost simultaneously with the change in polarity of the 
charge on capacitor 14. 
The basic stabilizer shown in Fig. 4 offers exceilent 

voltage stabilization for large excursions of input voltage 
as is evidenced by the output voltage vs. input voltage 
curve shown in Fig. 10. As the input voltage V is in 
creased to the ignition point V1, the output voltage E. 
also increases until it levels off at the ignition point. 
Due to a slight decrease in series inductance 12 with 
rising input voltage, the circuit actually jumps into igni 
tion slightly before point V is reached. The output volt 
age then reiinains substantially constant until point Vi 
is reached which indicates that thereafter the limiting 
action begins failing. As the input voltage V is decreased, 
the output voltage remains substantially constant until 
point Vain is reached, at which instant the circuit ceases 
oscillating and E jumps down. Point Vo represents the 
ideal operating point on the curve for the basic stabilizer. 
The inductance 12 of the basic stabilizer might be re 

placed by a resistance. However, the performance and 
efficiency of the circuit would be less satisfactory because 
of the lack of inductive reactance furnished by the choke 
12 and the losses in such resistance. 
As will be apparent from the foregoing explanation, 

the constant output voltage of the basic stabilizer de 
pends largely on maintaining a constant saturation flux 
density in the core materials used for the saturable re 
actor of the stabilizer. Since all magnetic materials have 
the property of decreasing saturation flux density with in 
creasing temperature, some type of compensation must 
be provided in order that the basic stabilizer will provide 
the desired constant output voltage. For example, the 
output of a stabilizer having a saturable reactor using an 
Orthonal or Deltamax core decreases .07 percent per 
degree centigrade over the range -55° C. to 100° C. 
in nearly a linear fashion. This may be compensated 
for by providing a fixed load with a serially connected 
temperature-responsive device such that as the core tem 
perature increases, the resistance of the temperature re 
sponsive device decreases. However, good compensation 
is difficult to achieve over a wide temperature range due 
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4. 
to the non-linear characteristics associated with tempera 
ture-responsive devices and is limited in any event to the 
fixed load condition. 

in order to obtain a wide range of temperature coin 
pensation for stabilizers using saturable reactors, a new 
method has been developed which is shown in Fig. 1. 
By this method, two basic stabilizer circuits are con 
nected to the same alternating current source input. The 
first stabilizer comprises an inductance 12, capacitance 
14 and saturable reactor 16. Curve 1 in Fig. 3 repre 
Seiits the output voltage E vs. temperature curve for this 
Stabilizer. The average slope of curve may be .07 
percent per degree centigrade, if an Orthonal or Delta 
max core is used in saturable reactor 16. The second 
voltage stabilizer consists of an inductance 3, a capaci 
tance 15, and saturable reactor 17. Saturable reactor 17 
has a magnetic core, such as ferrite, with a considerably 
lower Curie point than that of saturable reactor 6. 
Curve 3 on Fig. 3 represents the output voltage vs. tem 
perature characteristic of the second stabilizer. Using a 
ferrite core material for saturable reactor 17 provides 
curve 3 with a slope, for example, of .25 percent per de 
gree centigrade. Consequently, the percentage slope of 
curve 3 is obviously considerably higher than the slope 
of curve 1 and has the same absolute slope, so that the 
ordinal separation between the curves is constant. If, 
therefore, the outputs represented by curves and 3 are 
subtracted, the resultant curve 2 provides the desired com 
pensation. It will appear obvious that the lower Curie 
point provides a steeper relative slope and lessens the 
amount of subtraction necessary for good compensation. 
In Figure 1 saturable reactor 7 is provided with a sec 
ondary winding 18 which is connected to the winding on 
Saturable reactor 16 such that the voltage across its ter 
minals is subtracted from the voltage across the termi 
nals of Saturable reactor 16. The number of turns on 
winding 18 is chosen so that the actual decrease in out 
put voltage across saturable reactor 17 due to tempera 
ture change equals the actual decrease in output voltage 
across saturable reactor 16 due to the same temperature 
change. The resultant voltage exhibits excellent com 
pensation over a wide range of temperature variations. 
This voltage is applied to load 19. This compensation 
has the added advantage of being load-sensitive only to 
a minor degree. 
A modified version of the basic circuitry shown in Fig. 

1 is illustrated in Fig. 2. In this embodiment saturable 
reactor 17 is provided with a series of taps, 21, 22 and 
23, and has no special secondary winding. In this case, 
the desired compensating voltage is tapped off saturable 
reactor 17 in opposition to the voltage appearing across 
Saturable reactor 16 to provide the desired compensa 
tion. A potentiometer 20 may be connected to these 
taps to allow for a fine adjustment in temperature com 
pensation. 

Experimental results using the new method of mag 
netic temperature compensation show that in percent de 
viation from the value of output voltage at room tem 
perature of 25 C., a variation of -i-.24 percent at -50 
C. to -.13 percent at 85 C. was attained. These re 
Sults show the new method of magnetic temperature com 
pensation to be effective over a wide temperature range. 

With the principles of the invention as applied to 
resonant saturating regulators in mind, it now becomes 
possible to extend the reasoning basic to the phenomena 
discussed, whence it becomes clear that a pair of saturat 
ing reactors whose magnetic circuits have different tem 
perature coefficients of variations in saturation flux offers 
a basis, when properly connected and proportioned, for 
developing a wave having a temperature independent 
stabilized volt-time area for each operating cycle. 

Consider now the network of Fig. 11, in which a resist 
ance 33 is connected in series with a saturating inductance 
32 between the input lines 30, 31 and resistance 34 is 
connected in series with a saturating inductor 35 between 
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the said input lines 30, 31. The core of inductance 32 
has a saturating flux of 

ghs-p1(1-0.1T) (1) 
while the core of inductance 35 has a saturating flux of 

gbs=cha(1-02T) (2) 
Where 

V=Amplitude of input rectangular wave 
(bs=Saturation flux in inductor 32 
(bs=Saturation flux in inductor 35 
p1=Saturation flux in inductor 32 at reference tempera 

ture 
qb=Saturation flux in inductor 35 at reference tempera 

ture 
ox1=Temperature coefficient of variation in p1 
a2=Temperature coefficient of variation in p2 
=Temperature rise above reference temperature 

N=Number of turns in inductor. 

Resistance 33 is chosen to have an impedance large with 
respect to the saturated impedance of inductor 32, and 
small with respect to the unsaturated impedance of said 
inductor 32. Resistance 34 is selected to have an im 
pedance large with respect to the saturated impedance 
of inductor 35 and small with respect to the unsaturated 
impedance of said inductor 35. The inductor 35 may be 
tapped at 36. Output conductors 37 and 38 may be 
respectively connected with the junction between resist 
ance 33 and inductor 32, and with the tap 36. In a 
proper case, depending upon the proportioning of the 
relative electrical and magnetic characteristics of induc 
tors 32 and 35, the output conductors may be connected 
with the respective opposing ends of the inductors 32, 35. 

Assuming, for simplicity of explanation, that a source 
of rectangular voltage waves is connected between the 
input lines 30, 31; that such waves have a volt-time area 
greater than that required to saturate both inductors by 
traversing them from one end of the saturation loop to 
the other; and that the conditions of operation are such 
(as for example, by use of a symmetrical input wave) 
that the cores are always driven from one limit of satura 
tion flux to the opposite limit of saturation flux. 

Under these conditions, the volt-time areas are 

It will be noted that both of these volt-time areas of 
the voltage waves appearing across the inductors 32, 35 
respectively, are temperature dependent. Such tempera 
ture dependence of volt-time wave areas is extremely un 
desirable in regulators, as shown and discussed above, 
and in magnetic counters of the type where the counting 
core is traversed incrementally over its B-H loop. Tem 
perature dependence of the volt-time wave area serious 
ly limits the performance which can be obtained from 
the last named counter. 

Connecting the output lines 37, 38 to the opposing 
ends of inductors 32, 35 combines the volt-time areas of 
(3) and (4) subtractively, whereby 

and 

volt-time area=Vt- Vt=2 (N1951 
-N2p2)-2T (Nisb1a1-N2p2d2) (5) 

This can be resolved into the constant term: 

2CN1sb1-Negb2) (6) 
and the temperature dependent term: 

2T (Nigb1a1-Nagb202) (7) 
The temperature dependent component can be elim 

inated by selecting the parameters such that: 

N16101-Naf202=0 (8) 
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6 
from which we must exclude the trivial solutions satisfy 
ing the relationship: 

else the output wave vanishes entirely. 
Thus, excluding only the condition of (9), a useful, 

temperature independent volt-time area is obtained in the 
output wave on the lines 37,38 when 

Nisb1a. Naqib 
If it is desired to operate in the range prescribed by 

(9), then one or both of the output lines 37, 38 may 
be connected with a tap on its associated inductor. Treat 
ing now the case of the tap 36 on inductor 35, and con 
sidering it to be so located that 1/k of the voltage across 
that inductor is connected in opposition with the volt 
age from inductor 32, the volt-time area of the output 
wave is given by: 

2(N-X-2)-2T(Nihai-A) (11) 

(9) 

(10) 

This is independent of temperature when 
- N2dbag 

K 
excluding now the trivial solutions satisfying the rela tionship 

Nispicy, O (12) 

- Ned 
K Nisei O (13) 

Subject to the restriction of (13), therefore, the volt 
time area of the output wave is finite and independent of 
temperature when 

Ni (bi 
Ngbe a = Koy, (14) 

Since other modifications varied to fit particular op 
erating requirements and environments will be apparent 
to those skilled in the art, the invention is not considered 
limited to the examples chosen for purposes of disclosures 
and covers all changes and modifications which do not 
constitute departures from the true spirit and scope of 
this invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States: 
1. A circuit including two saturable reactors connected 

in parallel, each having different Curie temperatures, 
means for applying a voltage to said saturable reactors, 
means for obtaining a temperature compensated output 
voltage by subtracting a portion of the voltage appearing 
across one of said saturable reactors from the voltage 
appearing across the other of said saturable reactors. 

2. In combination, a first voltage stabilizing means for 
providing a substantially constant output voltage from a 
varying input voltage source, said voltage stabilizing means 
including a saturable reactor having a substantially 
rectangular magnetization characteristic, a second voltage 
stabilizing means including a saturable reactor having a 
substantially rectangular magnetization characteristic and 
a lower Curie temperature than said first named saturable 
reactor, and means for parallel interconnecting said first 
and second voltage stabilizing means for obtaining an out 
put voltage in which variations due to temperature changes 
are compensated for, said voltage output thereby being 
substantially constant over wide temperature ranges. 

3. In combination, a circuit having first and second 
input points, first and second impedances each having one 
terminal connected to said first input point, a first capacitor 
connected between the other terminal of said first im 
pedance and said second input point, a second capacitor 
connected between the other terminal of said second im 
pedance and said second terminal point, a first saturable 
reactor connected across said first capacitance, a second 
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saturable reactor connected across said second capacitance, 
and load means connected across said saturable reactors. 

4. A temperature compensated voltage stabilizer cir 
cuit having first and second saturable reactors each having 
rectangular hysteresis loops, said second saturable reactor 
having a lower Curie temperature than said first saturable 
reactor, means for applying a voltage to said reactors, 
means interconnecting said saturable reactors for obtain 
ing a temperature stabilized output voltage, said last 
named means including a circuit in which a portion of the 
voltage across said second saturable reactor decreases the 
voltage across said first saturable reactor an amount de 
pending in magnitude upon the effects which changes in 
temperature have on the saturation flux density of said 
saturable reactors, and load means associated with said 
reactors for utilizing the temperature stabilized voltage 
derived from the said saturable reactors. 

5. In combination, an inductance, a non-linear oscil 
latory circuit having a capacitance and a saturable reactor, 
means serially connecting said inductance to said oscillat 
ing circuit, a second inductance, a second non-linear 
oscillatory circuit, means serially connecting said second 
inductance to said second oscillatory circuit, means for 
applying a varying voltage source through said inductances 
to said non-linear oscillatory circuits, means for subtract 
ing a portion of the voltage across one of said oscillatory 
circuits from the voltage across the other of said oscilla 
tory circuits, and load means associated with said circuits 
for utilizing the compensated output voltage derived from 
said circuits. 

6. The circuit defined in claim 5 wherein the means for 
subtracting a portion of the voltage of one oscillatory cir 
cuit from the voltage of the other oscillatory circuit in 
cludes a secondary winding on one of said saturable reac 
torS. 

7. The circuit defined in claim 5 wherein the means for 
subtracting a portion of the voltage of one oscillatory cir 
cuit from the voltage of the other oscillatory circuit in 
cludes a variable tap means connected to one of said satur 
able reactors –for tapping off a portion of the voltage 
across said reactor. 

8. The circuit defined in claim 5 wherein the means 
for Subtracting a portion of the voltage of one oscillatory 
circuit from the voltage of the other oscillatory circuit 
includes a variable tap means connected to one of said 
Saturable reactors for tapping off a portion of the voltage 
across said reactor and a potentiometer means connected 
to said variable tap means. 

9. A magnetic temperature - compensated voltage 
stabilizer circuit for providing a constant voltage output 
over a wide temperature range, input terminals for apply 
ing a voltage source to said circuit, first and second in 
ductances connected to one of said input terminals, first 
and second capacitances, means connecting said first and 
Second capacitances to said first and second inductances 
respectively, and to the other of said input terminals, first 
and second saturable reactors each having a rectangular 
magnetization curve and said second saturable reactor 
having a lower Curie temperature than said first saturable 
reactor, means connecting said first and second saturable 
reactors across said first and second capacitances respec 
tively, whereby the voltage across the said second satur 
able reactor opposes the voltage across said first satur 
able reactor with the magnitude of said voltages being de 
pendent on temperature, and load means associated with 
said reactors for deriving a temperature compensated con 
stant voltage output. 

10. A magnetic temperature-compensated voltage 
stabilizer circuit for providing a constant voltage output 
over a wide temperature range, input terminals for apply. 
ing a voltage source to said circuit, first and second in 
ductances connected to one of said input terminals, first 
and Second capacitances, means connecting said first and 
second capacitances to said first and second inductances 
respectively, and to the other of said input terminals, 
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8 
first and second saturable reactors each having a rectan 
gular magnetization curve and said second saturable reac 
tor having a lower Curie temperature than said first satur 
able reactor, means connecting said first and second satur 
able reactors across said first and second capacitances 
respectively, whereby the voltage across said second satur 
able reactor opposes the voltage across said first saturable 
reactor with the magnitude of said voltages being depend 
ent on temperature, a secondary winding on said second 
saturable reactor for coupling a portion of the opposing, 
voltage of said second saturable reactor to said first satur 
able reactor, and load means associated with said reactors. 
for deriving a magnetic temperature compensated constant 
voltage output. . 

11. A magnetic temperature-compensated voltage sta 
bilizer circuit for providing a constant voltage output 
over a wide temperature range, input terminals for ap 
plying a voltage Source to said circuit, first and second. 
inductances connected to one of said input terminals, first 
and Second capacitances, means connecting said first and 
second capacitances to said first and second inductances 
respectively, and to the other of said input teminals, first 
and Second Saturable reactors each having a rectangular 
magnetization curve and said second saturable reactor 
having a lower Curie temperature than said first satu 
Table reactor, means connecting said first, and second. 
Saturable reactors across said first and second capaci 
tances respectively, whereby the voltage across said sec 
ond Saturable reactor opposes the voltage across said 
first saturable reactor with the magnitude of said volt 
ages being dependent on temperature, variable tap means 
connected to said second saturable reactor for coupling 
a portion of the opposing voltage of said second satu 
rable reactor to said first saturable reactor, and load 
means associated with said reactors for deriving a mag 
netic temperature compensated constant voltage output. 

12. In an electric network, a first reactor comprising 
a magnetic core characterized by a first Curie tempera 
ture, a first capacitor coupled with at least a portion of 
said first reactor, a second reactor comprising a magnetic 
core characterized by a second different Curie tempera 
ture, a second capacitor coupled with at least a portion 
of said second reactor, means including an impedance 
for impressing electric energy on the said first reactor, 
means including an impedance for impressing electric 
energy on said second reactor, and circuit means for de 
livering an output voltage representing the resultant of 
opposing voltages derived from said first and second re 
actors to a utilization circuit. 

13. The electric network according to claim 12 in which 
Said impedances are reactors. 

14. In an electric network, a first reactor comprising 
a magnetic core characterized by a first temperature co 
efficient of variation of saturation flux, a first capacitor 
coupled with at least a portion of said first reactor, a 
Second reactor comprising a magnetic core characterized 
by a second different temperature coefficient of variation 
of saturation flux, a second capacitor coupled with at 
least a portion of said second reactor, means including 
an impedance for impressing electric energy on said first 
reactor, means including an impedance for impressing 
electric energy on said second reactor, and circuit means. 
for delivering an output voltage representing the results 
of opposing voltages derived from said first and second 
reactors to a utilization circuit. - - 

15. In an electric network, a first reactor characterized 
by a first temperature coefficient of variation of satura 
tion flux, a second reactor connected in parallel with 
said first reactor characterized by a second different tem 
perature coefficient of variation of saturation flux, means 
including an impedance for impressing electric energy 
on said first reactor, means including an impedance for 
impressing electric energy on said second reactor, and 
circuit means for delivering an output voltage represent 
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ing the resultant of opposing voltages derived from said 
first and second reactors to a utilization circuit. 

16. In an electric network, a first reactor character 
ized by a first temperature coefficient of variation of satu 
ration flux, a second reactor connected in parallel with 
said first reactor characterized by a second different tem 
perature coefficient of variation of saturation flux, means 
including an impedance larger than the saturation im 
pedance of said first reactor and smaller than the unsatu 
rated impedance of said first reactor for impressing elec 
tric energy on said first reactor, means including an im 
pedance larger than the saturated impedance of said sec 
ond reactor and smaller than the unsaturated impedance 
of said second reactor for impressing electric energy on 

10 

10 
said first reactor, and circuit means for delivering an 
output voltage representing the resultant of opposing volt 
ages derived from said first and second reactors to a 
utilization circuit. 
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