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ABSTRACT: A voltage regulator in which an inductor having 
a saturable core is connected in series with a capacitor, the 
output being taken from across the inductor. After startup, the 
combined effect of the input voltage and the capacitor cause 
the core of the inductor to periodically switch from a nonsatu 
rated to a saturated condition and vice versa so that the im 
pedance of the inductance switches correspondingly from a 
high to a low value. The result is a square wave voltage 
developed across the inductor that has a constant amplitude 
regardless of input voltage variations if the input frequency 
remains constant. 
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FLUX-GATED VOLTAGE REGULATOR 

BACKGROUND OF THE INVENTION 

A commonly used type of voltage regulator for power appli 
cations is the ferroresonant or Sola transformer. In such a 
device, a magnetic core is provided with a shunt leg having an 
airgap. Primary and secondary windings are wound on the 
core on either side of the shunt leg. The operating point ‘of the 
device is established such that the core leg on which the 
secondary is wound'saturates in each half cycle of the input. 
The remainder of the ?ux will then pass through the shunt leg. 
A capacitor is connected in parallel with the secondary wind 
ing to form a resonant circuit and the resultant output is a 
square wave having a relatively well-regulated amplitude over 
the operating range of the device. 
The ferroresonant transformer is satisfactory in operation 

for many applications and has found wide acceptance. How 
ever, it is quite bulky and heavy due to the inherent necessities 
of the core and windings. The same need for a relatively large 
volume of core material and windings also makes the device 
relatively expensive.' Another disadvantage of the Sola type 
device is that although it will current limit if theinput exceeds 
the rated value, the amplitude at which the‘current is limited is 
several times higher than that of the operating value. This can 
cause severe damage to certain kinds of loads. 

SUMMARY OF THE INVENTION 

According to the present invention, a voltage regulator is 
provided which requires less core material than previously 
known devices and also requires‘ only one winding instead of 
two, although if desired a second winding may be provided for 
control purposes. The regulator is more efficient and smaller 
than such previously known devices as ferroresonant transfor 
mers. The regulator of the present invention provides a square 
wave output so that it is very useful, for example, in DC power 
supplies, and has automatic overload protection. These 
characteristics are obtained by utilizing the saturation proper 
ties of an inductor connected in series with a capacitor, the in 
ductor' being caused to saturate when the input voltage 
reaches a predetermined amplitude and unsaturate upon 
charging of the capacitor. The resulting square wave voltage 
across the inductor, or a portion of it, provides the regulated 
output voltage. Since the device is frequency responsive it can 
be used as a ?lter which, of course, will still produce a regu 
lated output and which is capable of substantial energy 
transfer despite high selectivity. 

It is therefore an object of the present invention to provide a 
voltage regulator that is relatively inexpensive, highly efficient 
and reliable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially schematic and partially perspective view 
of a ?rst embodiment of the regulator of the present invention; 

FIG. 2 illustrates the waveforms present at various times in 
the operating cycle of the regulator of FIG. 1; 

FIG. 3 illustrates the 8-H curve of the core of the inductor 
used in the present invention; 

FIG. 4 is a schematic diagram of a DC voltage regulator em 
ploying the regulator of FIG. 1; 

FIG. 5 is a schematic diagram of a variable output voltage 
regulator employing the regulator of FIG. 1; 

FIG. 6 is a partially schematic and partially perspective view 
of a modi?cation of the regulator of FIG. 1; 

FIG. 7 is a schematic diagram of a second embodiment of a 
voltage regulator according to the present invention; and 

FIG. 8 is a schematic diagram of a closed loop DC voltage 
regulation system employing the regulator of FIG. 7. 

DESCRIPTION OF THE INVENTION 

Turning now to FIG. 1, there is illustrated the voltage regu 
lator of the present invention. An AC voltage is applied to 
input terminals 10 and 11 which are connected to a series cir 
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cuit comprising an inductor l2 and a capacitor 13. The induc 
tor 12 comprises a winding 14 wound on a magnetic core 15. 
As illustrated, the core 15 is generally rectangular in con?gu 
ration and typically would be constructed of a pair of mated 
C-cores. However, the configuration of the core is not impor 
tant to the operation of the regulator of the present invention 
and any other core structure such as standard transformer 
laminations could be used. A double-pole, single-throw switch 
16 has a ?rst contact 17 connected to the upper end of wind 
ing 14 .and a second contact 18 connected to a tap 19 on the 
winding 14 so that movement of the arm 16' of the switch 16 
from contact 17 to contact 18 will cause a number of the turns 
of the winding 14 to be bypassed. Output tenninals 20 and 21 
are respectively connected to the upper end of the winding 14 
(when switch 16 is in its normal position, i.e., arm 16' is en 
gaging contact 17) and a second tap 22 thereon. The position 
ing of this tap 22 is determined by the output voltage desired, 
that is, the winding 14 operates as an autotransformer for pur 
poses of producing an output voltage. ‘ 
The operation of the voltage regulator shown in FIG. I will 

now be described, reference being made to FIGS. 2 and 3. Be 
fore the arm 16' of switch 16 is moved from contact 17 to con 
tact 18, the inductance 12 presents a very high impedance to 
the input voltage with the result that very low current would 
?ow and there would be a very low output voltage. This is 
because the core-‘l5 of the inductor 12 is unsaturated and the 
inductance of the inductor is correspondingly very high. This 
condition will be maintained until the switch arm 16' is moved 
from contact‘ 17 to contact 18. Upon such movement of the 
switch arm 16’, the number of turns of the winding 14 is 
decreased with the result that the inductance presented to the 
source is considerably reduced and a relatively high current 
?ows through the remaining turns of the winding 14. This cur 
rent results in a highf?ux density being generated in the core 
15, causing it to, saturate and operation of the regulator to 
commence. If desired, the C-cores making up the core may be 
o?'set to provide a very high ?ux density where they are 
joined. It should be understood that the circuit may be started 
in any way that provides su?'lcient energy to saturate the core. 
For example, energy could be directly transferred to the 
capacitor so that it becomes charged. Alternatively, the core 
could be saturated by use of an additional winding on the core 
that is momentarily energized to produce sufficient flux densi~ 
ty. A few turns of the inductor can also be momentarily 
shorted to institute operation of the circuit. Since the inductor 
12 has been storing energy in accordance with the formula 
E=1b LI‘, where E' represents energy, L inductance, and l cur 
rent, the sudden change of inductance from a high value to a 
low value when saturation occurs results in a transfer of ener 
gy from the inductor 12 to the capacitor 13 causing the latter 
to charge. The low impedance of the now saturated inductor 
12 also permits current to ?ow essentially directly from the 
input to assist in charging the capacitor 13. The switch 16 is 
now returned to its normal position, i.e., the arm 16' engaging 
contact 17 and the regulator goes into steady state operation. 
The values of the circuit parameters are not critical; it will 

be apparent, however, that proper operation of the regulator ’ 
requires that the value of the inductance be large enough to 
prevent initial saturation thereof by the source alone and that 
the capacitor be large enough to store sufficient energy to 
cause saturation of the core of the inductor when added to the 
input voltage in the manner previously described. 

Referring to FIG. 2, the waveforms present in the system of 
FIG. 1 are illustrated. As can be seen, the capacitor voltage Vc 
and the inductor voltage VL are quite large and out of phase 
with one another by approximately 180°. Also illustrated are 
the input voltage V‘. and the input current I", . It should be un 
derstood that the amplitude and phase relationships are illus 
trative only and presented as an aid in understanding the in 
vention since they vary somewhat in accordance with different 
output currents, input voltage amplitude, etc. 
Assume the circuit is operating at point A at FIG. 2. At this 

point, the impedance value of the inductor 12 is high since it is 
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not saturated. There is a positive voltage across the capacitor 
13 which is held fairly constant since the capacitor cannot 
discharge rapidly due to the high value of the inductance. The 
operating point on the B-I-l curve of the inductor 12 is shown 
in FIG. 3 at approximately point A. The current waveform of 
FIG. 2 shows the current through the series circuit of the in 
ductor 12 and capacitor 13 due to the voltage across the in 
ductor 12 caused by the charge on the capacitor 13 in series 
with the applied line voltage. - 

This operating condition remains approximately the, same 
until the input voltage begins to change polarity. As this oc 
curs, the voltage across the inductor is increased to a point 
where the inductor can no longer sustain the voltage across it 
as a function of time (i.e., volt-seconds) and the core 15 of the 
inductor l2 saturates. This is shown at point B on FIG. 3. 
Upon saturation of the inductor 12, its inductance suddenly 
switches to a low value, allowing the capacitor 13 to discharge 
with the result that the current through the inductor 12 
becomes very large as shown in FIG. 2 at point B. Shortly after 
this point, the total energy in the system is contained in the in 
ductor in the form of ‘A LI2 as the voltage across the capacitor 
13 has dropped to zero. 
As can be seen from FIG. 2, the current has been in the 

same direction during this switching operation. When the 
capacitor 13 discharges, the inductor 12 becomes the energy 
source and begins to recharge the capacitor in the opposite, 
i.e., negative, polarity. This is due to the fact that the inductor 
l2 builds up a voltage opposite to that of the applied voltage in 
attempting to keep the current constant. The capacitor 13 
continues to'be charged by the energy stored in the inductor 
and by the' line voltage. ' 

It appears that it is at this time that the input power source 
transfers energy to the system to make up for energy lost into 
the load, etc. This energy transfer probably occurs when the 
voltages across the inductor and capacitor are both low. As 
the capacitor l3'charges'still further the current through the 
inductor and capacitor begins to decrease. This process con 
tinues until the current through the inductor 12 and thus the 
ampere turns decreases to the point where the inductor again 
goes out of saturation. When this occurs the impedance of the 
inductor l2 suddenly increases to a large value so that the 
charging of the capacitor is stopped and the capacitor voltage 
is held essentially constant. This point of operation is shown in 
FIG. 2 as point C. The capacitor 13 now becomes the source 
of energy and drives a small current in the opposite direction 
through the inductor 12..This biases the inductor 12 at point D 
on the hysteresis curve of FIG. 3. 
The process is now set to repeat its operation when the 

input voltage again changes its polarity and increases its mag 
nitude due to its AC nature. When this input voltagereaches a 
sufficient magnitude, it causes the inductor 12 to saturate in 
‘the opposite direction as shown at point B on FIG. 3. The 
process is repeated over and over again, each polarity reversal 
of the input voltage causing the inductor to be triggered into 
saturation. The result is a voltage across the inductor 12 that 
has a constant RMS value. Since the output is taken across a 
portion of the inductor, this voltage represents a predeter 
mined percentage of the voltage across the inductor and its 
amplitude is correspondingly maintained constant. 
The regulated output voltage occurs from the fact that for a 

given operating frequency, core material, and winding, the 
8-H characteristics of the device are fairly constant and there 
fore the volt-seconds required to cause the inductor 12 to 
saturate is also fairly constant. In other words, the volt-second 
value resulting from addition of the line voltage after its 
change of polarity to the voltage already established across the 
inductor exceeds the inductor’s ability to maintain it with the 
result that the inductor saturates. Since the slope of the ap 
plied AC voltage is greatest when it crosses zero, a reasonable 
change in the amplitude of that voltage will not signi?cantly 
alter the volt-second value resulting from this voltage. Con 
sequently, the saturation of the inductor will be triggered at 
essentially the same amplitude point of the input voltage, re 
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4 
gardless of the maximum amplitude this voltage might reach. 
In other words, if the amplitude of the input should rise, the in 
stant when the inductor switches will change slightly. How 
ever, the instant when it switches again (i.e., on the next half 
cycle) will also be correspondingly changed. The time interval 
between these two switching points will remain constant and 
consequently the voltage will be constant since the volt 
second value remains constant. The only variation in output 
voltage that occurs will take place during the time when the 
input changes from one value to another but this variation will 
be insigni?cant. 

' A change in the input voltage will result in a phase shift-t0 
the left in FIG. 2 if the voltage increases and to the right if it 
decreases. However, since this phase shift is constant for any 
given input voltage, it can be seen that the time interval will 
remain constant and so will the triggering voltage. Ac 
cordingly, the output voltage taken across the inductor is sub 
stantially independent of line voltage changes, and, within the 
limits of the device, load current changes. As will be noted 
from FIG. 2, the peak voltage value across the inductor is not 
absolutely constant but rather re?ects to a small degree the 
input voltage waveform. This does not signi?cantly affect the 
RMS regulation discussed and has only a very limited effect on 
peak or average regulation. 

If desired, electrical isolation can be achieved by traps 
former coupling the output circuit to the inductor 12. Such a 
circuit is shown in FIG. 4 where similar elements are identi?ed 
with the same reference numerals as were used in FIG. I. As 
can be seen, a winding 25 is wound on the core 15 with the 
winding 14. The output of the winding 25 can be used directly 
as an AC output or can be suitably recti?ed and ?ltered as 
shown to produce a DC output at terminals 26 and 27. If 
desired, a plurality of windings having different numbers of 
turns can be wound on the core 15 so that di?'erent output 
voltages can be obtained. The outputs of these windings may 
be recti?ed or left as AC. 

FIG. 5 shows a modi?cation of the circuit of FIG. 1 which 
permits the output voltage to be varied. Again, the same 
reference numerals are used for the same elements. Here, the 
secondary winding 25 is connected to an autotransformer 28, 
the tap 29 of which can be moved to produce a variable volt 
age. Of course, if desired, the output across the terminals 30 
and 31 can be recti?ed if a DC potential is required. As previ 
ously pointed out, the circuit of the present invention is par 
ticularly useful in providing a regulated DC voltage as the 
square wave output of the device is easily recti?ed and ?l 
tered. 

Turning now to FIG. 6, there is illustrated a modi?cation of 
the regulator of FIG. 1. As was the case with FIG. I, the regu 
lator basically comprises an inductor 40 coupled in series with 
a capacitor 41 between a pair of input terminals 42 and 43. A 
switch 44 is provided having a movable switch arm 44' mova 
ble between an upper contact 45 and a lower contact 46 to 
selectively bypass a number of turns on a winding 47 wound 
on a ferromagnetic core 48. The operation of the device so far 
described is identical to that of the device shown in FIG. 1. In 
addition to the main core 48, the inductor 40 is provided with 
an auxiliary core 49 on which is wound a control winding 50. 
As can be seen from FIG. 6, the auxiliary core 49 is generally 
U- or C-shaped with its ends 51 and 52 engaging the main core 
48 in such a way that the auxiliary or bias flux generated in the 
auxiliary core 49 as a result of a current in the winding 50 will, 
in completing its magnetic circuit, pass through a portion of 
the core 48 in a direction substantially orthogonal to the pri 
mary ?ux in the core 48 resulting from a current in the wind 
ing 47. The core 49 is, of course, ?tted to the core 48 as care 
fully as possible so as to eliminate to the extent possible any 
airgaps existing between the core 48 and the ends 51 and 52 of 
the core 49. 
As will be apparent, the auxiliary or bias flux in the core 48 

will effectively reduce the cross section of the core 48 availa 
ble to the primary ?ux. Since the ?uxes are orthogonal and 
symmetrical on each half cycle, no ?ux coupling will occur 
between the two windings 47 and 50. 
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As can be seen, the magnitude of the current in the winding 
50, and consequently the orthogonal bias ?ux generated in the 
core 48 between the ends 51 and 52 of the core 49 will affect 
the ?ux-carrying capacity of the core 48 as seen by the prima 
r-y'?ux therein and consequently will affect the point at which 
the inductor 40 will trigger, i.e., saturate. This phenomena can 
be used to construct a closed loop regulator as shown in FIG. 6 
by the simple expedient of providing a sensing and control cir 
cuit 53 which senses the voltage appearing across output ter 
minals 54 and 55 and provides a corresponding control cur 
rent to the winding 50. 
Assume, for example,’ that a change in output load or input 

line frequency causes the output voltage to start to increase in 
magnitude. This increase is sensed by the circuit 53 which in 
creases the control current in the winding 50 accordingly. This 
increase in control current will cause an increase in bias or 
control ?ux in the core 48 between the ends 51 and 52 of the 
core 49 with the result that the cross section of the core 48 is 
effectively reduced. This reduces the point at which the induc 
tor 40 triggers and this in turn causes the output voltage to 
decrease. The contrary would be true if the output voltage 
originally decreased. While an AC regulator is shown, it 
should be understood that a regulated DC output voltage 
could easily be obtained by the use of a suitable recti?er cir 
cuit. It should be understood that, if desired, the output volt- , 
age could be taken from a second winding wound on the core 
48 in the manner shown in FIGS. 4 and 5. 

FIG. 7 shows an embodiment of the present invention in 
which a pair of toroidal cores 60 and 61 are used in place of 
the single core shown in the previous ?gure. Basically, the 
regulator of FIG. 7 operates in the same manner as the regula 
tor of FIG. 6. The input voltage is applied through terminals 
62 and 63 to a series circuit comprising a capacitor 64 and an 
inductor 65 made up of a winding 66 wound on the core 60 
and a winding 67 wound on the core 61.‘ The output is taken 
across a portion of each of the windings 66 and 67 and appears 
at output terminals 68 and 69. As was the case previously, the 
regulator is started by means of switches 70 and 71 which can 
be operated to bypass a portion of each of the windings 66 and 
67. If desired, only a single such switch can be used but it is 
preferable to maintain the device in the balanced condition. 
The output of the regulator can be controlled by controlling 

the volt-second capability of the cores ,60 and 61. This can be 
accomplished by means of windings 72 and 73 wound on these 
cores and connected to a control source 74. In order that no 
induced voltage be introduced into the control circuit, the 
windings 72 and 73 are balanced and are wound in bucking 
relationship. As will be apparent, the presence of a control 
current in the windings 72 and 73 will affect the volt-second 
capability of the cores 60 and 61 and accordingly will affect 
the point at which the inductor 65 triggers, therefor cor 
respondingly affecting the output voltage produced across the 
terminals 68 and 69. As will be apparent to those skilled in the 
art, any core in which the windings do not directly couple but 
in which the current in one winding can be used to control the 
triggering time of the inductor winding can be used in place of 
the two cores shown in FIG. 7. 

It will be apparent that the regulator shown in FIG. 7 is par 
ticularly suitable for use in a closed loop regulating system. 
Such a system is shown in FIG. 8. In this Figure, an unregu 
lated AC voltage is applied to input terminals 80 and 81 which 
are connected in series with a circuit comprising a capacitor 
82 and an inductor 83 made up of a ?rst winding 84 and a 
second winding 85, these windings being wound on cores such 
as the cores 60 and 61 shown in FIG. 7. Operation of the regu 
lating circuit is initiated by means of switches 86 and 87 in the 
manner previously described. 

Control windings 88 and 89 are wound on the cores in the 
same manner as illustrated in FIG. 7 and receive a control cur 
rent from a sensing and control circuit 90. The output voltage, 
rather than being taken from across a portion of the inductor 
83, is developed across windings 91 and 92 which are wound 
on the cores and ?ux-coupled to windings 84 and 85 respec 
tively. The windings 91 and 92 are connected in series to the_ 
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6 
input of a bridge recti?er 93, the output of which is ?ltered by 
a capacitor 94 and appears across the output terminals 95 and 
96. The input of the sensing and control circuit 90 is taken 
across these output terminals 95 and 96. It is believed that the 
operation of this circuit is self-evident in view of the descrip--. 
tions given for the previous circuits. If desired, of course, the 
recti?er 93 and ?lter 94 can be eliminated so that a regulated 
AC output voltage is obtained. The output voltage can also be 
taken across a portion of the windings 84 and 85 instead of by 
means of separate windings 91 and 92 if desired. This 
technique also allows an adjustable output AC or DC supply. 
" In the foregoing description, it has been pointed out that a. 

closed loop circuit can be provided by varying the point at 
which the inductor triggers, this variation being the result of a' 
change in the magnetic circuit of the inductor. Since the regu 
lator of the present invention is input frequency sensitive,‘ the 
triggering of the inductor, and hence the output voltage, can 
also be varied by varying the input frequency. This can be ac 
complished, for example, by rectifying the input voltage anclv 
applying it to a conventional DC to AC converter whose out 
put frequency can be varied in accordance with a control‘ 
signal. Typically, such converters operate in the kilocycle 
range and employ silicon-controlled recti?ers or power 
transistors to produce a square wave output of the desired 
frequency. The output frequency of such a converter can be 
controlled by a control signal derived from the output voltage 
in a conventional manner. In this manner, a closed loop is pro-lv 
vided, any change in output voltage being counteracted by a 
change in input frequency to the device. ‘ v 

It should be understood that the theories of operation set 
forth herein are believed by the inventor to best describe the 
physical phenomena present in the operation of the regulator 
of the present invention. These theories should, however, be 
taken only as the best presently available and are not meant in 
any way to limit the scope of the present invention. 
From the foregoirig'description it can be seen that a simple, 

compact and reliable regulator has been provided. Since the 
output is a square. wave, the circuit not only regulates RMS 
voltage but also does a satisfactory job of regulating average 
and peak voltage. If the circuit is overloaded, it will cease to 
operate since the inductor 12 will no longer saturate as 
required because the energy removed from the circuit per 
cycle is greater than that added per cycle. This results in the 
inductance of inductor 12 remaining in the high-impedance 
state with the result that the output voltage and the output 
current are reduced to very low values. The power handling 
capacity of the system as a function of size and weight is excel 
lent as is its efficiency. 
The invention may be embodied in other speci?c forms not 

departing from the spirit or central characteristics thereof. 
The present embodiments are therefore to be considered in all 
respects as illustrative and not restrictive. 
What is claimed is: 
1. A voltage regulating circuit comprising an input adapted 

to be connected to a source of AC voltage; inductor means 
having saturable core means, capacitor means; means 
coupling said inductor and said capacitor means in series 
across said input; an output coupled across at least a portion 
of said inductor; and means external of said source operable to 
cause said core means to initially saturate, said inductor 
means having an inductance sufficiently large to prevent said 
source alone from initially saturating said core means. 

2. The circuit of claim 1 wherein said operable means is 
operable to reduce the inductance of said inductor. 

3. The circuit of claim 2 wherein said operable means com 
prises switch, means connected across a portion of said induc 
tor. 

4. The circuit of claim 1 wherein said capacitor means has a 
capacitance large enough so that it can store sufficient energy 
to cause saturation of said core in conjunction with said input. 

5. An electrical circuit comprising an input adapted to be 
connected to a source of AC voltage; inductor means having 
saturable core means; capacitor means; means coupling said 
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inductor means and said capacitor means in series across said 
input; an output coupled across at least a portion of said in 
ductor means; said capacitor means being capable of being 
charged to a voltage sufficient, when added to said AC volt 

. age, to develop a volt-second value across said inductor means 
greater than the volt-second capacity of said inductor means 
so that said inductor means will be ‘driven into saturation in 
opposite directions on each half cycle of said AC voltage. 

6. The circuit of claim 5 wherein said core means comprises 
a single core and wherein a multitum winding is wound on said 
core to form said inductor means. 

7. The circuit of claim 6 wherein said single core has an aux 
iliary core mounted thereon, said auxiliary core having a con 
trol winding wound thereon, application of current to said 
control winding causing the inductance and volt-second 
capacity of said inductor means to vary. 

8. The circuit of claim 7 wherein said auxiliary core is 
mounted such that flux generated by said control winding will 
pass through said single core in a direction transverse to the 
direction of flux generated therein by said multitum winding. 

9. The circuit of claim 8 wherein means are provided for 
sensing the voltage across said output, said sensing means 
being coupled to said control winding to supply a control cur 
rent thereto. ' 

10. The circuit of claim 5 wherein said core means com 
prises a plurality of cores and wherein a multitum winding has 
a portion thereof wound on each of said cores to form said in 
ductor means. 

11. The circuit of claim 10 wherein control winding means 
are wound on said cores whereby the inductance and volt 
second capacity of said inductor means may be varied. 

12. The circuit of claim 11 wherein means are provided for 
sensing the voltage across said output, said sensing means 
being coupled to said control winding means to supply a con 
trol current thereto. 
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13. The circuit of claim 5 wherein said output is directly 

coupled to said inductor. 
14. The circuit of claim 5 wherein said output includes a 

second winding wound on said core. ’ 

15. The circuit of claim 5 wherein rectifying means are cou 
pled to said output. ' 

16. A method for producing an output voltage across a 
saturable core inductor connected in a series circuit with a 
capacitor, comprising: ' 

a. charging said capacitor to establish a ?rst voltage across 

b. applying a voltage to said series circuit having a mag 
nitude, duration and polarity suf?cient, when added to 
said first voltage, to develop a volt-second value across 
said inductor greater than the volt-second capacity of said 
inductor to cause said inductor to saturate; 

c. discharging said capacitor through said inductor; 
d. recharging said capacitor in the opposite polarity until 

said inductor comes out of saturation; 
e. reversing the polarity of said applied voltage to again 

cause saturation of said inductor; and 
f. periodically repeating steps (c) through (e). 
17. The method of claim 16 further comprising varying the 

volt-second capacity of said inductor means to vary said out 
put voltage. 

18. The method of claim 16 further comprising varying the 
volt-second capacity of said inductor means in response to 
said output voltage to maintain said output voltage at a con 
stant value. 

19. The method of claim 16 further comprising the step ini 
tially reducing the volt-second capacity of said inductor means 
to cause said applied voltage to saturate said inductor means 
and charge said capacitor. 


