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My invention relates to an electrical regulating 
System and more Specifically to a power trans 
formation system whereby variations of input 
voltage over a wide range of limits do not affect 
the Voltage output in any Substantial degree. 
The recent developments of radio receiving 

systems have resulted in a demand for means for 
Supplying the filament and plate circuits of vac 
uum tubes from the ordinary house current 
mains. AS is Well known, the thermionic tubes 
used in Such SetS require that the power deliv 
ered to then be of Substantially constant and 
invariable voltage. Under the present methods 
of distribution of alternating current for domes 
tic purposes, it is practically impossible for the 
voltage of the house circuit to be constant 
throughout the day Or to be equal to the Voltage 

The load varia 
tions through the day result in line variations. 
The position of the particular house circuit With 
respect to the Supply transformer, as Well as 
the position of the supply transformer with re 
spect to the high tension mains, results in a 
Voltage variation which not only occurs through 
the day in one particular spot, but which also 
occurs among a number of spots at One partic 
ular time. w : 

The Ordinary means for translating the alter 
nating current of the mains into substantially 
direct current for use in a radio receiving set, 
comprises a transformer, a rectifier in secondary 
circuit, and means for filtering out and smooth 
ing out the ripples in the rectified current. It 
will readily be seen that as the line voltage varies, 
the final rectified voltage will vary and unless 
compensating means at the radio receiving set 
are used, the tubes will be operated more or less 
haphazardly. Such haphazard tube operation is 
very bad on the life of the tube. If the filaments 
of the tubes are operated in such a manner, they 
will be burned out or stripped of their coating 
depending upon whether, the filament is over 
loaded or underloaded. If the plate circuit varies 
too much, a great plate voltage Overload Will 
strip the filament or paralyze the tube. 
My invention aims at overcoming the varia 

tions in Secondary Woltage, irrespective of how 
the primary line Voltage may vary within rea 
sonably wide limits. Although I have described 
my invention with reference to a vacuum tube 
supply System, it is to be clearly understood that 
my invention is independent of this and may be 
used wherever a constant voltage which is to be 
obtained from a variable voltage is required. 
Although the variations may be fast, it will read 

(C. 1-9) 

ily be understood that the variations might just 
as well be over a period of days or even weeks 
and in fact, the supply voltage need not neces 
Sarily vary at all and can very well be different 
from what is ordinarily taken as the average. 

In the broader aspects of the invention, the 
voltage supply is divided up into two vector quan 
tities. The magnitude of one of these vector 
quantities is kept substantially constant and 
this quantity is the one that is actually used. 
The other vector quantity is allowed to vary al 
though its magnitude, too, may be kept constant. 
In either case, this second vector quantity, 
whether variable or constant, may be used or 
discarded. The angle between the two vectors is 
allowed to vary. In this way, the supply voltage 
which, of course, represents the resultant vector 
is broken up into the above two vectors. The 
variable resultant has as its counterpart in the 
components, the variable phase angle and per 
haps One Variable vector, the other remaining 
Substantially constant. 

In using my invention on a battery eliminator, 
for vacuum tube circuits, I have found by ex 
periment that the line voltage may vary between 
100 and 135 volts with a negligible variation in 
the tube Supply circuits. When it is considered 
that the voltage supplied to the battery elimina 
tOr is multiplied to obtain some of the higher 
plate circuit voltages, it may readily be appre 
ciated how little is the actual change in the 
Substantially constant vector quantity. 
The means for accomplishing this comprises 

in general a transformer, the primary of which is 
in Series with a reactance which is either pre 
dominantly capacitative or inductive. If the re 
actance is capacitative, then there is also an in 
ductance as a choke or transformer used in con 
nection therewith. This choke or transformer 
has a large capacity used with it so that the 
combination is capacitative. The Substantial 
constancy of Voltage may be obtained either at 
the terminals of the inductive or capacitative 
part of the System. In any event, the inductance 
which may be either a choke or a transformer, 
which is part of the capacitative portion of the 
system, is operated preferably at the upper bend 
of the magnetization curve. This is done in order 
to take advantage of the very large variation of 
inductance With Small variation of impressed volt 
age. 
The capacity may be assumed to be constant for 

all practical purposes. The result is, therefore, 
that in the capacitative portion of the System a 
Small change in Woltage acroSS the terminals of 
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2 
that portion of the system will result in a cur 
rent change which will result in a great change of 
the value of inductance and hence the effective 
reactance of the capacitative portion of the sys 
tem is materially changed, thus resulting in a 
phase displacement between current and voltage. 
Of course it is to be understood that the choke 

might be used in the inductive portion of the sys 
tem and the transformer be part of the capacita 
tive portion of the system. 
By actual measurement the voltage across each 

portion of the system has been measured and 
Since the actual numerical values do not differ 
very much with the variation in line voltage, the 
only logical conclusion is that the phase angle is 
changed. The inductance of the capacitative por 
tion of the system need not of necessity be op 
erated at that portion of the curve and may 
actually be operated on any non-linear part of 
the magnetization curve, but best results are ob 
tained by operating as stated. The inductive 
portion of the System may or may not be operated 
at the same portion of magnetization curve. 

he circuits illustrated in the drawings are a 
few illustrations of how the invention may be 
carried out. 

Referring to the drawings, Figure 1 shows the 
basic idea involved, 

Figure 2 is a modification of Figure 1, 
Figures 3 and 4 Show further modifications in 

which the reactance is a transformer for supply 
ing Current at low voltage, as for the filaments 
of vacuum tubes, 

Figure 5 is another form that the invention 
may take, 
Figures 6 and 7 are further modifications, 
Figure 8 is a diagrammatic showing of the cir 

cuit, 
While Figures 9 and 10 are vector diagrams 

referring respectively to the top and bottom por 
tions of Figure 8, 

Figures 1 and 12 are vector diagrams of the 
finai resultantS obtained. 

Referring to the drawings and more especially 
to Figure 1, it will be seen that transformer T 
has its primary in Series with a complex react 
ance shown diagrammatically as resistance, ca 
pacity, and inductance. The secondary of trans 
former T feeds into what is diagrammatically 
shown as a load and which in practice usually 
consists of a filter or Smoothing circuit, a voltage 
divider and the various tubes used in a radio 
receiving set. Transformer T is run at the upper 
bend of the magnetization curve for the reasons 
Stated above. The reactance in series with the 
transformer primary, has a potential across it 
which is Out of phase with the potential across 
the transformer primary. if the line voltage 
varies, it is found that the component voltages 
across the reactance and transformer primary 
do not vary much in magnitude, but do vary 
considerably in phase angle. 

Figure 2 shows the reactance comprising in 
ductance and resistance. The transformer This 
condenser 2 across its secondary. Center tap 1 
forms One side of the output line while 4 forms 
the other side of the output line, the output of 
the secondary being rectified by device 3 which 
may be of any type whatsoever. Condenser 2 is 
of a high value SO that the entire transformer 
is Substantially a capacitative load in which the 
voltage lags while the current leads. Inasmuch 
as the reactance is inductive in character, the 
voltage across that will lead while the current 
lags. Thus, it can be seen that although the 

1,985,684 
total voltage across the line may vary substan 
tially, still the component voltages may vary very 
little, the variation being taken up by the differ 
ence in phase angle between the two reactive 
loads. 

In Figure 3, the inductively reactive load is 
transformer T1 which may in itself supply power 
as for flaments. 

5 

In Figure 4, the reactive transformer T1 has - 
connected in Series with its secondary, coil 5 
which is wound on the same core as transformer 
T. This results in having some of the voltage 
Steadying characteristics of the T transformer 
circuit carried over into the T1 transformer cir 
cuit. In this figure, Ti may also supply current. 
In Figure 5, transformer T furnishes the 

steady supply of current. In series with this 
transformer is a complex capacitative reactance 
containing inductance, capacitance and variable 
resistance. In this circuit the core of L, in 
ductance, is operated at the bend of the magneti 
zation curve. T may or may not be similarly 
operated and in any event is preferably of high 
inductance. 

Figure 6 shows an arrangement in which trans 
former T1 furnishes the constant current and 
has in Series with its primary, a reactance com 
prising an inductance L and variable resistance 
R. This inductance L is composed of two por 
tions-9 and 10, with midpoint contact 14 from 
Where line 15 of the Supply main is taken. 11 is 
the other supply line. A condenser is connected 
aCrOSS from line Wire to the Outer end of 9 
shown as 12. In this arrangement the current 
from 11 through the condenser to 12, through 
9 to 14, and then 15, leads the current from 11 
through the primary of T1, 10, to 14, and then 
15. The leading current in 9 induces a similarly 
leading current in 10 with the result that the 
Current going through Li leads the current going 
through the primary of T1. I will be operated 
at the upper bend of the magnetization curve as 
in the preceding case. 

In Figure 7, there are two transformers-T 
and Ta with their primaries and secondaries in 
Series. The outer end of the secondaries go to 
rectifier 3 and then to output line 4. The output 
line is taken from the inner connection of the 
two Secondaries. 
ACrOSS the primary of T is shunted a con 

denser. In this System, T is operated at the 
upper bend of the magnetization curve and as 
in the preceding case, the phase angle between 
currents through T1 and through T vary to take 
up the variations in impressed primary voltage. 

Referring to Figure 8, two transformers T and 
T1 are shown. T has capacitance C across its 
Secondary which operates in such a way that the 
entire transformer load becomes capacitative 
rather than inductive. R1 and R2 represent the 
loads. Wo and WL, each represent the capacitative 
and inductive load voltages in series across the 
line. 

In the vector diagrams, Figures 9 and 10, Fig 
ure 9 represents the inductive portion of the sys 
tem, namely T1 and its circuits while Figure 10 
represents the capacitative portion of the entire 
load-that is, transformer T and its circuits. 
IP represents the line current. Along vector VL 
may be laid off vectors IR and he. IR represents 
the load current while Ihe represents the cur 
rent losses due to hysteresis and eddy currents. 
At right angles to the current vector, is vector 

which represents the magnetizing component 
of the current at right angles to the primary volt 
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1,985,634 
age. The resultant Io of the two vectors Ih-i-e 
and I represents the no load operating current 
The vector Ir, which is the resultant of IR and 
Io, represents the current going through the pri 
mary of T. In case T1 were a choke this current 
would, of course, be the current going through 
the choke. As can be seen, the angle between 
WL and IP represents the lagging current in T1. 

Referring to Figure 10, Wo, IR, and he are 
laid off in Similar manner. The resultant I'o is 
obtained in the same manner as in Figure 9. At 
right angles to Wo and opposite in direction to 
I', is laid off Ic which is the capacitative lead 
ing current. Subtracting I' from Ic and then 
Combining I'he with this difference vector, We 
obtain vector Is. Combining this vector with 
the load current I'R, we finally obtain the result 
ant IP which, as above, represents the current 
through the primary of the load-in this case 
of transformer T. It should be noted that since 
T and T have their primaries in Series, IP will 
be the same in both instances and, therefore, 
vectors Ip in Figures 9 and 10 are equal to each 
other. Figure 11 is a composite of both resulti 
ants of Figures 9 and 10. Taking vector Vip, 
which represents the voltage corresponding to 
the current Ip, and laying Ip along in the same 
direction, we may obtain components WL and Wo 
from the original Vp. It should be noted that 
the supply line is assumed to have substantially 
unity power factor since IP and WP are in the 
same direction. In Figure 2, Vc has been trans 
posed above Wp so as to close the triangle. 
Assume that WP varies. It is readily seen that 

, this variation may be taken up in any one of 
three ways. The sides of the triangle WL, and 
Wo may both remain substantially constant while 
their angles with respect to each other and to 
the base WP may change. This, Of course, is 
only true within certai?h limits. In addition, the 
lengths of the two sides WL and Vc, as Well as 
their angles, may change to meet the changing 
length of WP. A third way is for the angles to 
remain, the same as WP changes, while the lengths 
of WL and Wo change. It is possible to have only 
one side of WL and Wo change. It is also possible 
to have only one side of VL or Wo change as well as 
the angles when base WP changes. The dotted 
lines V', and Wo show a variation of base WP. VI, 
remains substantially constant while 0 varies as 
well as Wo. Thus it can be seen that though 
base WP varies considerably, still WL and Wo do 
not vary much, WL, Swinging and describing an arc 
of a circle. In my system, we keep at least one 
of the sides, preferably WL, constant and allow 

. Wo and the corresponding angles to vary as WP 
changes. I can, of course, keep both WL, and Wo 
constant and merely allow the angles to vary, 
but this method is not as desirable from a com 
mercial point of view as only keeping one side 
constant. 

In this way, it will be seen that I have devised 
a system whereby a substantially constant volt 
age may be obtained under conditions when a 
greater voltage which includes the first men 
tioned voltage, varies through a considerable 
range. 
What is claimed is: 
1. A system for obtaining. Substantially con 

stant output voltage across a constant or vary 
ing load from a source of fluctuating input volt 
age, Such System consisting of two transformers 
whose primaries are connected in series and 
whose secondaries are connected in series, and a 

3 
condenser inductively connected to the primary 
of one of said transformers. 

2. A System for obtaining Substantially con 
stant output voltage across a constant or vary 
ing load from a Source of fluctuating input volt 
age, Such System consisting of two transformers 
whose primaries are connected in series and 
whose secondaries are connected in series, and 
a condenser in parallel relation with the primary 
of one of said transformers. 

3. A System for obtaining substantially con 
stant output voltage across a varying load from 
a Source of fluctuating input voltage, such sys 
ten consisting of two transformers whose pri 
maries are connected in series and whose cores 
are excited at different flux densities, the second 
aries of Said transformers being connected in 
Series with each other and with a load circuit, 
and a condenser inductively connected to the 
primary of the transformer with the higher flux 
density. 

4. A System for obtaining substantially con 
stant output voltage across a varying load from 
a Source of fluctuating input voltage, such system 
consisting of two transformers whose primaries 
are connected in Series and whose cores are ex 
cited at different flux densities, the secondaries 
of Said transformers being connected in series 
With each other and with a load circuit, and a 
condenser in parallel relation with the primary 
of the transformer with the higher flux density. 

5. A voltage regulation system comprising two 
transformers, means connecting the primaries of 
Said transformers in series with each other and 
with a source of alternating current, an iron core : 
for each of said transformers, one of said cores 
being magnetically saturated and the other core 
being magnetically unsaturated, means for auto 
matically shifting the phase of the primary voltage 
of each of Said transformers with respect and in 
response to a fluctuating line voltage, secondary 
circuits for said transformers, respectively, and 
means Connecting Said Secondary circuits in series 
with each other and with a load circuit, said sec 
Ondary circuits being so connected and related 
that their resultant voltage is substantially con 
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stant from no load to full load for wide fluctua 
tions in line voltage. 

6. A voltage regulator comprising, in combina 
tion, two windings connected in series with each 
other and with a source of alternating current, the 
inductance of One of said windings varying in 
Versely yith the voltage across the terminals 
thereof, and that of the other of said windings 
being Substantially constant with respect to varia 
tions in the voltage across its terminals, means 
for automatically shifting the phase of the voltage 
acroSS each Of Said Windings with respect and in 
response to a fluctuating line voltage, and sec 
Ondary windings inductively associated with the 
first mentioned windings, respectively, and con 
nected in Series with each other and with a load 
circuit, Said secondary windings being so con 
nected and related that their resultant voltage is 
substantially constant from no load to full load 
for wide fluctuations in line voltage. 

7. A voltage regulator comprising, in combina 
tion, two transformers having their primaries 
connected in series with each other and with a 
Source of alternating current, and their sec 
Ondaries connected in Series with each other and 
with a load circuit, and means for automatically 
shifting the phase of the primary voltage of each 
of said transformers with respect and in response 
to a fluctuating line voltage, whereby the resultant 
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voltage of said secondaries is substantially con 
stant from no load to full load for wide fluctua 
tions in line voltage. r 

8. A voltage regulator comprising, in combina 
tion, two transformers having their primaries con 
nected in Series with each. Other and with a Source 
of alternating current, the vector Sun of the pri 
mary voltages being variable, and their sec 
ondaries connected in series with each other and 
with a load circuit, and means for rendering the 
resultant of the secondary voltages Substantially 
constant from no load to full load for wide fluctu 
ations in line voltage. 

9. A voltage regulation System comprising, in 
combination, two transformers, means connect 
ing the primaries of said transformers in Series 
with each other and with a source of alternating 
current, an iron core for each of Said transformers, 
one of said cores being magnetically saturated 
and the other core being magnetically unSatu 
rated, a condenser inductively related to the 
transformer, the core of which is magnetically 
saturated for automatically shifting the phase of 
the primary voltages of each of Said transformers 
with respect and in response to a fluctuating line 
voltage, secondary circuits for Said transformers, 
respectively, and means connecting Said Sec 
ondary circuits in Series with each other and with 
a load circuit, said secondary circuits being SO con 
nected and related that their resultant voltage is 
substantially constant from no load to full load 
for wide fluctuations in line Voltage. 

10. A voltage regulator comprising, in combina 
tion, two windings connected in series with each 
other and with a source of alternating current, the 
inductance of one of Said windings varying ine 
versely with the voltage across the terminals 
thereof, and that of the other of said windings 
being substantially constant with respect to varia 

1985,684 
tions in the voltage across its terminals, a con 
denser operatively associated with the winding, 
the inductance of which varies inversely with the 
voltage across the terminals thereof for auto 
matically shifting the phase of the voltage of each 
of Said windings with respect and in response to 
a fluctuating line voltage, and secondary windings 
inductively associated with the first mentioned 
windings, respectively, and connected in series 
with each other and with a load circuit, said sec 
Ondary windings being so connected and related 
that their resultant voltage is substantially con 
stant from no load to full load for wide fluctua 
tions in line voltage. 

11. A voltage regulating System comprising an 
impedance network consisting of two impedances 
in Series with each other and with a source of 
alternating current, one of said impedances com 
prising an inductance and a capacity in parallel, 
Said inductance having a magnetic core and being 
designed to operate near its Saturation point, 
windings inductively related to said impedance 
network, said impedances being so proportioned 
with respect to each other and said windings being 
SO connected that a voltage which is substantially 
Constant from no load to full load for wide fluctu 
ations in line voltage is produced between two 
spaced points in Said windings. 

12. In an electrical energy regulating device 
consisting of an electrical circuit for coupling a 
utilizing circuit to a Source, an impedance and a 
saturated iron core choke coil in series therewith, 
an impedance of Opposite sign to said first men 
tioned impedance in parallel with said choke 
coil and means for coupling the utilizing circuit 
across said choke coil. 

WERED E. LEMING. 
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