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This invention relates to frequency changers 
and in particular to a magnetic frequency divider 
which does not require a starting transient. 
The invention makes use of the Saturation of a 

ferromagnetic core to divide the frequency of an 
alternating current source, and comprises a biased 
Saturable inductance in series with a capacitor 
in a self-starting circuit. By my invention I am 
able to reduce the number of elements required 
in a self-starting frequency divider and at the 
Same time obtain maximum efficiency, greatly im 
proved Stability with fluctuations of input volt 
age and load, and excellent regulation of the out 
put voltage. In my frequency changer the oscil 
lations are stabilized by controlling the phase re 
lationship between the Subharmonic and input 
frequency voltages across the saturable induc 
tance, and in this manner the correct value of 
negative resistance necessary under any load con 
dition is produced while maintaining a substan 
tially constant subharmonic voltage across the 
load. Another feature of my invention provides 
automatic adjustment of the biasing current to 
greatly extend the usable range of input voltage 
Over which the frequency changer will operate. 

It is an object of this invention to divide the 
frequency of an alternating current source by 
magnetic means. 8. 
Another object of this invention is to provide 

a magnetic frequency reducer which is self-start 
ing without a starting transient. 
A further object of this invention is to generate 

even Subharmonics of an alternating current 
Source in a static frequency changer. 
An additional object of this invention is to en 

ergize the biasing rectifer with voltage from the 
saturable inductance for which it provides the 
bias, 
Another object of this invention is to energize 

the biasing rectifier in a frequency divider with a 
combination of voltage from the alternating cur 
rent source and voltage from the saturable induct 
ance for which it provides the bias. 

It is also an object of this invention to supply 
a load with a substantially constant Subharmonic 
voltage in spite of variations of the alternating 
Supply voltage or load variations. 
A further object of this invention is to stabilize 

the operation of a magnetic frequency reducer 
Over a wide range of input voltage and load. 
Another object of this invention is to utilize a 

linear inductance to increase the operating range 
and stability of a frequency changer. 
Another object of this invention is to provide a 

frequency reducer having a high efficiency. 
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2 
Another object of this invention is to provide 

a frequency reducer which is self-starting under 
normal loads and self-protecting against Over 
loads. 
Another object of my invention is to provide 

automatic adjustment of the biasing current sup 
plied to the Saturable inductance to compensate 
for input voltage variation, 

Further objects and a better understanding of 
my invention may be had by referring to the foll 
lowing specifications and claims, in connection 
with the accompanying drawings in which 

Figure 1 is a circuit diagram of an embodiment 
of my invention including a direct current source 
to bias the saturable inductance, 

Figure 2 is a modification of the circuit of Fig 
ure 1; in which the direct current circuit is in 
Sulated from the alternating current circuit, and 
an alternative method of stabilization is shown. 

Figure 3 is another modification of the circuit 
of Figure 1, using a half-wave rectifier to supply 
the biasing current and showing an alternative 
method of connecting load. 

Figure 4 is a circuit diagram of a preferred em 
bodiment of my invention, showing the bias sup 
plied by a full-wave rectifier and including pro 
vision for introducing harmonics in the output 
Voltage. 

In general my invention provides new and im 
proved means for stabilizing subharmonic oscilla 
tions under wide variations of load, and input 
voltage, for increasing the efficiency of conversion 
and for initiating the OScillations. 

Referring now to Figure 1, there is shown the 
circuit diagram of a frequency changer made in 
accordance with my invention and comprising a 
capacitor f4, a saturable inductance f3, and a 
filter inductance 2. The circuit is energized by 
alternating current source fo and direct current 
Source f l and supplies voltage of the new fre 
quency to the load shown connected across ca 
pacitor 4. 

Direct current from source f flows through in 
ductance 2 and inductance 3 and is blocked 
from source O by the D. C. resistance of the load. 

I prefer to construct the magnetic circuit of in 
ductance 2 with a suitable air gap to avoid ex 
Cessive magnetization of the core by the direct 
current flowing through the winding. Saturable 
inductance 3 is normally constructed with a 
closed magnetic circuit, thus it has a non-linear 
magnetization characteristic and may be referred 
to as a non-linear inductance. 
The Superposition of the direct current from 

55 source and the alternating current from source 
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O produces an asymmetrical flux condition in in 
ductance 3 and produces in cooperation with ca 
pacitor 4, a negative resistance at the Subhar 
monic frequency, and when this negative resist 
ance exceeds the positive circuit resistance, sub 
harmonic oscillations start spontaneously. The 
subharmonic oscillations are produced most read 
ily at a frequency which is one half the frequency 
of source O, and the operation described in these 
specifications is primarily applicable to frequency 
halving, but other even subharmonic frequencies, 
such as one-fourth or one-sixth the source fre 
quency can be obtained by altering the circuit 
constants. Generally the wave shape of the volt 
ages produced at these lower frequencies is not 
as good as that of the voltage produced at half 
the Source frequency. t 
I prefer to construct inductance 2 with an 

impedance value which produces an appreciable 
Subharmonic current flow through it. In this 
way inductance 2 can be used to stabilize the 
oscillations over a wide range of input voltages 
from Source O. The value of inductance 2 is 
set to provide optimum tuning of the circuit to 
both the Subharmonic frequency and the fre 
quency of source O. The stabilization can be 
accomplished alternatively by providing the mag 
netic circuit of inductance 3 with a suitable air 
gap in part or all of the lamination stack, thus 
reducing its maximum impedance value. Even 
With this air gap, however, inductance 3 has a 
non-linear characteristic. In the alternating 
current circuit, inductance 2 is in parallel with 
inductance i3 and increasing the exciting current 
of inductance 3 produces an effect similar to 
that produced by increasing the exciting current 
of inductance 2. 

In the Operation of the frequency changer of 
my invention, I am able to obtain a highly de 
Sirable load-carrying characteristic, depending 
On the cooperation of stabilizing inductance 2 
With capacitor 4 and saturable inductance f3. 
When a light resistive load is applied in the cir 
cuit of Figure 1, the voltage across capacitor f4 
drops slightly, and as the load resistance is de 
creased, the load voltage drops very slowly until 
peak load is approached. As the load resistance 
is diminished below the value which draws peak 
power, the Subharmonic output voltage falls rap 
idly although no instability or shift in frequency 
occurs at any value of load. At a relatively low 
value of load resistance the subharmonic oscilla 
tions cease, but a slight increase in load resist 
ance above this value causes the oscillations to 
restart. 
I have found that by controlling the phase 

shift between the subharmonic and fundamental 
Voltages. across Saturable inductance 3 I can 
maintain a negative resistance equal to the posi 
tive resistance which changes with load. I make 
use of this discovery by proportioning saturable 
inductance 3, linear inductance 2, and capaci 
tor 4 to produce a phase shift between funda 
mental and Subharmonic voltages to produce the 
necessarily large changes in negative resistance 
Without large changes in the magnitude of the 
Voltage across the Saturable inductance. This 
feature of the invention gives my frequency 
changer a highly desirable characteristic so that 
normal variations in load do not produce larg 
changes in output voltage. 

In the circuit of Figure 2, primary winding 33 
of transformer 32 is connected in parallel with 
capacitor f4 and saturable inductance 28 is pro 
Vided with two windings, winding 29 connected 
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4. 
to alternating current source 0 and winding 
connected to direct current source . 
The operation of the frequency changer of 

Figure 2 is similar to that of the frequency 
changer of Figure 1. The direct current supply 
is isolated from the alternating current supply, 
however, and the load is isolated from both the 
D. C. and A. C. sources. Furthermore, the cir 
cuit of Figure 1 is not adapted to supply a load 
having low direct current resistance, whereas no 
Such restrictions need be placed on the character 
of the load in Figure 2. 

Inductance 3 in Figure 2 may be increased to 
a value as large as desired because the stabilizing 
effect can be produced by designing transformer 
32 with the correct exciting current necessary for 
Stabilization. To accomplish this, I prefer to 
construct the core of transformer 32 with a suit 
able air gap So that it effectively becomes a linear 
inductance in parallel with capacitor f4. 
The primary winding 33 of transformer 32 can 

properly be called a stabilizing inductance when 
the word "inductance' is suitably defined. The 
term "inductance' as used herein, does not ex 
clude the possible use of the inductance wind 
ings as a transformer, but indicates that the ac 
tion of the element depends on its exciting cur 
rent. This contrasts with the term "transform 
er' which ordinarily implies that the exciting 
current is merely incidental to the function of 
the element. 

In the Subharmonic circuit, considering satu 
rable inductance 28 as the subharmonic gener 
ator, inductance 3, capacitor f4 and primary 
winding 33 of transformer 32 are all effectively in 
parallel with each other. This statement is, of 
Course, based on the assumption of negligible 
impedance in source 0. This assumption is us 
ually justified, particularly When source 0 is the 
commercial power supply. Under this condition 
it is easily seen that increasing the exciting cur 
rent of transformer 32 has the same effect on 
the Subharmonic current as increasing the ex 
Citing current of inductance 3. The effect on 
the current of the frequency of source O is not 
exactly same, however, and the interchangeabil 
ity of the two methods of stabilization is some 
What limited by this fact. While I have shown 
the stabilizing inductance as incorporated in 
transformer 32, it should be pointed out that a 
stabilizing inductance not shown may be shunted 
acroSS condenser 4 without making use of any 
transformer action if the proper value of ca 
pacitor 4 is selected. 
An advantage of the arrangement of Figure 2 

lies in the possibility of increasing inductance 3 
to the point where it allows very little alternat 
ing current to pass through direct current source 
lf. Such an adjustment is advantageous for 
example, when source f is a telephone talking 
battery. 

In Figure 2 output winding 34 is insulated from 
both the alternating current source O and the 
direct current source and can be constructed 
to supply any desired output voltage to the load. 

Figure 2 also shows primary winding 33 tapped 
as an autotransformer to step up the voltage on 
capacitor 4. This sometimes effects an economy 
in permitting the use of a smaller high voltage 
capacitor instead of the large low voltage capaci 
tor otherwise required. 
The chief structural difference between the cir 

cuit of Figure 3 and that of Figure 1 is the sub 
stitution of half-wave rectifier 5 in Figure 3 for 
the direct current source in Figure 1. 
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In operation, the frequency changer of Figure 
3 performs Somewhat differently from those of 
Figures l and 2. The direct current bias of sat 
urable inductance 3 is produced by the alternat 
ling current flow through inductance 2 and the 
half-wave rectifier 5, and the oscillations start 
as a result of the Superposition of the direct and 
alternating currents producing an asymmetrical 
flux condition in saturable inductance S as ex 
plained in connection with Figure 1. When the 
oscillations are started, however, the subharmonic 
current through inductance 2 and rectifier 5 
predominates and the biasing current is chiefly 
rectified subharmonic current. As a result of this 
fact, an additional regulating effect besides that 
explained in connection with Figure 1 can be ob 
tained. When the subharmonic voltage tends to 
rise, the increase in biasing current increases the 
Saturation of inductance 3 and as a result, tends 
to hold the Voltage down to its normal level. 
When the voltage falls, the reverse effect is ob 
served. However, when the load is heavy enough 
a point is Sometimes reached where increasing 
the direct current bias increases the voltage and 
decreasing the bias decreases the voltage. Under 
this condition overloads are likely to greatly de 
crease the Output voltage or even cause the os 
cillations to cease and reducing the load to nor 
mal values will not necessarily restore the output 
voltage to its normal value. This tendency is 
disadvantageous under Some circumstances and 

- is overcome in the circuit of Figure 4. 
In Figure 3, the output winding 25 added to in 

ductance 3 provides a simple means for insulat 
ing the load from the alternating current supply 
and for keeping direct current away from the 
load. 

O 

s 

The voltage supplied to the load across winding 
25 has a higher harmonic content than when the 
load is supplied by the voltage across capacitor 
4, but in many cases this may not be objection 

able. 
The circuit of Figure 4 represents the preferred 

embodiment of my invention, and shows a fre 
quency changer in which the bias for the sat 
urable transformer 22 is provided by a full-wave 
rectifier bridge 20 supplied with alternating cur 
rent for winding f8 of transformer 9. 
Fundamentally, the operation of the frequency 

changer of Figure 4 is the same as that of the 
frequency changers of Figures 1, 2, and 3. Alter 
nating current is supplied from source to to pri 
mary winding f6 of transformer 9, and from 
secondary winding 8 to the rectifier bridge 20. 
Direct current from the bridge 20 is fed through 
inductance 2 and is superimposed on alternat 
ing current from source O in primary winding 
23 of Saturable transformer 22. As a result of 
this double magnetization, transformer 22 in co 
Operation with capacitor 4 produces a negative 
resistance to the Subharmonic current and os 
Cillations start. The oscillations build up to a 
Value determined chiefly by the size of capacitor 

s 
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4, the exciting current of inductance 2 and the 
Saturation of transformer 22, by both direct and 
alternating current. 
In operation, the subharmonic current flowing 

through inductance 2 divides, part of it flowing 
through capacitor 2 and part being rectified by 
the bridge 20. Thus the biasing current includes 
a component derived from the rectification of 
the subharmonic current, and the regulating ac 
tion described in connection with Figure 3 can 
be used to advantage, particularly when the volt 
age of Source iO falls to an abnormally low value 

5. 

70 

s 

and the current supplied from winding 8 is in 
sufficient to maintain normal bias. In this case 
the self-adjusting biasing action obtained by the 
rectification of subharmonic current is particul 
larly advantageous. By properly proportioning 
saturable transformer 23, capacitor 4 and in 
ductance 2, I am actually able to cause the sub 
harmonic voltage generated across capacitor 
to increase with decreases in the voltage of 
Source O. This action is not fully understood 
but it may be that reducing the voltage of source 
0 increases the impedance of winding 23 of 

transformer 22, both as a result of reduced volt 
age on winding 18 and reduced voltage of the 
Source frequency across winding 23, and that the 
higher impedance of Winding 23 causes a higher 
Subharmonic voltage to be developed across it. 
Capacitor 2 is not essential to the operation 

Of the frequency changer, but several advantages 
are gained through its use. It decidedly reduces 
the peak inverse voltage which must be sustained 
by the rectifier bridge 20; at the same time its 
size may be adjusted as a control on the propor 
tion of the Subharmonic current flowing through 
inductance f2 which is to be rectified. Increas 
ing capacitor 2 by-passes more of the subhar 
monic current around the rectifiers. Thus, the 
size of capacitor 2 has an effect on the output 
voltage regulation characteristic of the frequency 
changer. 
The load in Figure 4 is supplied with voltage 

from winding 24 of Saturable transformer 22. 
As explained in connection with Figure 3, the 
Voltage across the saturable transformer includes 
a component Of the frequency of Source fo and 
in Order to balance the larger part of this com 
ponent out of the output voltage, winding 24 is 
connected in Series with winding of trans 
former 9. The turns on winding T are prefer 
ably proportioned to minimize the component of 
the frequency of source 0 in the output voltage. 
As in the circuit of Figure 1, inductance 2 

passes subharmonic current and acts as a stabiliz 
ing unit. At the same time, the combination of 
inductance 2, capacitor 4 and saturable trans 
former 22 cooperate to produce the correct phase 
relationship between the Subharmonic voltage 
and the voltage of the frequency of source O 
under varying conditions of load and input volt 
age to maintain the negative resistance produced 
in Saturable transformer 22 equal to the positive 
circuit resistance without causing large changes 
in the Subharmonic voltage supplied to the load. 
When an extraordinarily heavy overload is ap 

plied, the oscillations can be stopped, but in the 
preferred embodiment of my invention, the oscil 
lations restart when the load impedance is in 
creased only slightly above the value at which 
the OScillations ceased. 

Saturable inductance 26 and capacitor 27 are 
not essential to the operation of my frequency 
changer where a substantially sinusoidal load 
Voltage is required. Where the voltage is used 
as a telephone ringing voltage, however, it is 
usually desirable to provide a small percentage 
of high harmonics in the output voltage to serve 
as audible ringing tone. For this purpose, the 
relatively small saturable inductance 26 in par 
allel with the capacitor 27 generates an oscilla 
tion of a medium audio frequency which appears 
in the output, as an audible tone. By keeping 
Saturable inductance 26 relatively small and sat 
urating it highly, I am able to minimize its in 
fluence at the subharmonic frequency and yet 
to provide adequate audible tone in the output 
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voltage. Capacitor 27 accentuates the desired 
audio frequency component generated by Satur 
able inductance 26. 
In order to make the most efficient use of the 

units, I prefer to superimpose the direct current 
on the same winding as that carrying the alter 
nating current, as shown in Figure 4. This neces 
sitates using capacitor 4 as a blocking condenser 
for the direct current, so no step-up transformer 
is used in connection with capacitor as was 
done in Figure 2. 

It will be apparent to those skilled in the art 
that many modifications in the arrangement of 
the parts can be made without departing from 
the true scope of my invention as hereinafter 
claimed. 

claim as my invention: 1. A self-starting frequency divider comprising 
in combination a source of alternating current, 
a source of direct current, a Saturable induc 
tance, a substantially linear inductance, a ca 
pacitor, first circuit means connecting said sat 
urable inductance in series with the capacitor 
and the source of alternating current, and Second 
circuit means connecting said Saturable induc 
tance in series with the substantially linear in 
ductance and the source of direct current, the 
direct current from said Source producing an 
asymmetrical flux condition in the Saturable in 
ductance which causes the Saturable inductance 
in cooperation with the capacitor to Self-start 
oscillations of the divided frequency. 

2. A self-starting subharmonic generator 
adapted to be energized from a source of alter 
nating current, comprising in combination, a 
capacitor and a saturable inductance connected 
in series circuit relationship with each other and 
with said source of alternating current, biasing 
means producing an asymmetrical flux condi 
tion in said saturable inductance which causes 
the Saturable inductance in cooperation with the 
capacitor to self-start sub-harmonic oscillations, 
and output means supplying a load with Subhar 
monic Woitage. 

3. A self-starting Subharmonic generator 
adapted to be energized from a source of alter 
nating current, comprising in combination, a 
capacitor and a saturable inductance connected 
in series circuit relationship with each other and 
with said source of alternating current, biasing 
means producing an asymmetrical flux condition 
in said saturable inductance, and output means 
for supplying a load with Subharmonic voltage, 
and circuit means causing Said biasing means to 
respond to changes in the Subharmonic voltage 
to control the voltage delivered by Said output 
e3S. 
4. A self-starting frequency divider comprising 

in combination a source of alternating current, 
a source of direct current, a Saturable inductance, 
a substantially linear inductance, a capacitor, 
first circuit means connecting said Saturable in 
ductance in Series with the capacitor and the 
Source of alternating current, and Second circuit 
means connecting Said Saturable inductance in 
series with the substantially linear inductance 
and the source of direct current, and third circuit 
means connecting a load Substantially in parallel 
with said capacitor. 

5. A self-starting frequency divider comprising 
in combination a Source of alternating current, 
a Source of direct current, a Saturable inductance, 
a. Substantially linear inductance, a capacitor, 
first circuit means connecting said saturable in 
ductance in Series with the capacitor and the 
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Source of alternating current, and second circuit 
means connecting said saturable inductance in 
Series with the substantially linear inductance 
and the source of direct current, and third cir 
cuit means connecting a load substantially in 
parallel with said saturable inductance. 

6. A self-starting magnetic frequency changer 
adapted to be energized from a source of alter 
nating current and to supply a load with voltage 
of a frequency one-half the frequency of said 
Source, comprising in combination, a saturable 
inductance, a capacitor, a substantially linear in 
ductance, and a rectifier, first circuit means con 
necting Said Saturable inductance in series with 
Said capacitor and said source of alternating cur 
rent, and Second circuit means carrying direct 
current from said rectifier through said linear 
inductance and said saturable inductance in se 
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ries. 
7. A frequency changer adapted to be energized 

from a source of alternating current, and to sup 
ply a load with voltage of a frequency which is 
an even subharmonic of the frequency of said 
Source comprising in combination a Saturable in 
ductance, a capacitor, biasing means producing a 
unidirectional fux in Said saturable inductance, 
first circuit means connecting said saturable in 
ductance in Series with said capacitor and the 
source of alternating current, said Saturable in 
ductance, capacitor, and biasing means cooper 
ating to produce in response to a change in the 
resistance of the load, a shift in phase between 
the voltage of the frequency of said source and 
the voltage of the Subharmonic frequency acroSS 
said saturable inductance to maintain operation 
under variable loads with only slight changes in 
Output voltage. 

8. A frequency changer adapted to be ener 
gized from a source of alternating current and 
to supply a load with alternating current having 
a component of a frequency which is an even 
Subhairmonic of the frequency of Said Source con 
prising in combination, Saturable magnetic core 
means, capacitive means, biasing means produc 
ing a unidirectional flux in said saturable mag 
netic core means, Winding means on Said Satu 
rable magnetic core means, and circuit means 
connecting said winding means in series with the 
capacitive means and said source of alternating 
current, output circuit means for connecting a 
load substantially in parallel with said capaci 
tive means. 

9. A Self-starting magnetic frequency divider 
comprising in combination a saturable induct 
ance, a substantially linear inductance, a capac 
itor, and biasing means producing an unsymmet 
rical flux condition in Said saturable inductance, 
said saturable inductance and capacitor being 
arranged in a series circuit, said linear inductance 
being arranged in parallel circuit relationship with 
said Saturable inductance, output circuit means 
Supplying voltage of the divided frequency to a 
load. 

10. A self-starting subharmonic generator 
adapted to be energized by a source of alternating 
current, comprising in combination a saturable 
inductance having a laminated ferromagnetic 
core, a capacitor, biasing means producing uni 
directional flux in said ferromagnetic core, circuit 
means Connecting Said Saturable inductance in 
series with said capacitor and the source of al 
ternating current, producing a series circuit for 
Subharmonic OScillations, means for stabilizing 
the Subharmonic oscillations consisting of an air 
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said laminated ferromagnetic core. 

11. A self-starting subharmonic generator 
adapted to be energized from a source of alter 
nating current, comprising in combination, a 
non-linear inductance, a substantially linear in 
ductance, a first capacitor, a second capacitor, 
a full-wave rectifier, first circuit means connect 
ing said non-linear inductance in series with said 
first capacitor and the source of alternating cur 
rent, second circuit means connecting said recti 
fier in parallel with said second capacitor and in 
series with the substantially linear inductance 
and the non-linear inductance, third circuit 
means adapted to supply voltage from said source 
to said full-wave rectifier, and fourth circuit 
means adapted to supply a load with a voltage 
which is the sum of voltage from said saturable 
inductance and voltage from said source of alter 
nating current. 

12. A self-starting frequency divider adapted 
to be energized by a source of alternating cur 
rent, comprising in combination, a non-linear in 
ductance, a substantially linear inductance, a 
capacitor, a full-wave rectifier, first circuit means 
connecting said non-linear inductance in series 
with said capacitor and the source of alternating 
current, second circuit means connecting said rec 
tifier in series with the substantially linear in 
ductance and the non-linear inductance, third 
circuit means adapted to supply voltage from said 
source to said full-wave rectifier, and fourth cir 
cuit means adapted to supply a load with a volt 
age which is the sum of voltage from said non 
linear inductance and voltage from said source 
of alternating current. 

13. A magnetic frequency changer adapted to 
be energized by a source of alterneting current, 
comprising in combination, a first, a second, and 
a third inductance, a capacitor, a source of direct 
current, said first inductance having a saturable 
magnetic core, first circuit means connecting said 
first inductance in series with said capacitor and 
said source of alternating current, second circuit 
means connecting said source of direct current in 
series with said first inductance and said second 
inductance and third circuit means connecting 
said third inductance substantially in parallel with 
said capacitor. 

14. A frequency changer adapted to be ener 
gized by a source of alternating current and to 
supply a load with power at a frequency lower 
than the frequency of said source, comprising in 
combination, a saturable inductance, a substan 
tially linear inductance, a capacitor, a rectifer, 
first circuit means connecting said saturable in 
ductance in series with the capacitor and the 
source of alternating current, second circuit 
means connecting said linear inductance in series 
with the saturable inductance and the rectifer, 
said rectifier being energized with subharmonic 
voltage and with voltage of the frequency of said 
source and providing direct current bias for said 
saturable inductance. 

15. A self-starting frequency divider adapted 
to be energized by a source of alternating current, 
comprising in combination, a first non-linear in 
ductance, a substantially linearinductance, a first 
capacitor, a full-wave rectifier, first circuit means 
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10 
Connecting said non-linear inductance in series 
with said capacitor and the source of alternating 
current, second circuit means connecting said 
rectifier in series with the substantially linear in 
ductance and the first non-linear inductance, 
third circuit means adapted to supply voltage 
from said source to said full-wave rectifier, fourth 
circuit means adapted to supply a load with a 
voltage which is the sum of voltage from said first 
non-linear inductance and voltage from said 
Source of alternating current and means for in 
troducing harmonics into said load voltage, com 
prising a second non-linear inductance in series 
with said first capacitor and a second capacitor 
in parallel with said second non-linear induct 

ce. 
16. A self-starting subharmonic generator 

adapted to be energized from a source of alternat 
ing current, comprising in combination, a non 
linear inductance, a substantially linear induct 
ance, a first capacitor, a second capacitor, a full 
wave rectifier, first circuit means connecting said 
non-linear inductance in series with said first 
capacitor and the source of alternating current, 
second circuit means connecting said rectifier in 
parallel with said second capacitor and in series 
with the substantially linear inductance and the 
non-linear inductance, third circuit means adapta 
ed to supply voltage from said source to said full 
wave rectifier, and output circuit means adapted 
to supply current of a reduced frequency to a 
load. 

17. A self-starting subharmonic generator 
adapted to be energized from a source of alter 
nating current, comprising in combination, a 
capacitor and a saturable inductance connected 
in series circuit relationship with each other and 
with said source of alternating current, biasing 
means including a rectifer for producing an 
asymmetrical flux condition in said saturable in 
ductance, and output means for supplying a load 
with subharmonic voltage, and circuit means 
causing said biasing means to respond to changes 
in the Subharmonic voltage to stabilize the volt 
age delivered by said output means. 

18. A frequency charger adapted to be ener 
gized by a source of alternating current and to 
supply a load with power at a frequency lower 
than the frequency of said source, comprising in 
combination, a saturable inductance, a substan 
tially linear inductance, a capacitor, a rectifier, 
first circuit means connecting said saturable in 
ductance in series with the capacitor and the 
source of alternating current, second circuit 
means connecting said linear inductance in series 
with the saturable inductance and the rectifier, 
said rectifier being energized with voltage of the 
frequency of said source and providing direct cur 
rent bias for said saturable inductance. 
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