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This invention relates to improved control-

ling apparatus for regulating the voltage,-

where energy is derived from an alternating
current source subject to variations in the
voltage supplied, or in the frequency, or
both, and wherein the derived voltage is
maintained substantially constant irrespec-
tive of the variations in the supply. The in-
vention also relates to obtaining any desired
control of the output voltage where the sup-
ply voltage varies. For example, with an in-
crease in supply voltage, the output voltage
may be caused to decrease in a predetermined
amount; or with an increase in supply volt-
age, the output voltage may be caused to in-
crease in a predetermined amount; or with
an increase in supply voltage, a predeter-
mined successive increase and decrease, Or
vice versa, may be caused to occur, or any de-
sired results may be secured by relative pro-
portioning of the parts.

The main object is to provide a form of
apparatus which may be simple in character
and in low cost of construction, and adapted
to be introduced in the alternating current
cireuit as a unit for securing automatic con-
trol of the voltage delivered and adapted for
general use. The improved apparatus is
adapted to be interpolated in an alternating
current circuit -between the source and the
translating device, or translating
and maintain the required voltage substan-
tially constant and avoids the use of auxili-
ary controlling means. It is not only
adapted for use where the required voltage

‘is the same in general as that of the supply

voltage, but is particularly well adapted for
instances where the required derived voltage
is materially different from that of the sup-
ply lines, such for example, as for supplying
required substantially constant alternating
current voltage to the power unit of a radio
receiving set where the voltage is stepped
down from that of the supply voltage, which
latter may ordinarily be about 110 volts.
This invention not only servesto maintain the
derived alternating current voltage substan-
tially constant, but also serves as & trans-
former and avoids the use of an additional
transformer where the required voltage is

devices,

to be transformed from that of the available
supply. The invention thus combines in one
unit the functions of a transformer and volt-
age regulator with resulting simplicity and
reduced cost of apparatus, as well as attain-
ing high efficiency in operation. ' '
This invention also permits the use of a
simple form of core structure and windings

‘adapted to be conveniently made and as-

sembled at low cost. Other objects and ad-
vantages will be apparent to those skilled in
the art from the following description and ac-
companying drawings; likewise, it will be

appreciated that the invention is applicable -

to various uses and capable of modification
in design and construction to meet particu-
lar requirements.

Fig. 1 is a diagram illustrating one em-
bodiment of this invention generally ap-
plicable for maintaining the required alter-
nating current substantially constant and for
likewise transforming the voltage of the
source to any required voltage; Fig. 2 is a
diagram similar to Fig. 1 showing a modi-
fication in which the connections and rela-
tionship of the parts are modified; Fig. 3 is
a diagram of another modification wherein
the output winding forms part of the main
primary or exciting winding; Fig. 4 is a dia-
gram similar to Fig. 3 modified as to certain
features; Fig. 5 is a diagram showing an em-
bodiment of the invention adapted to control
and deliver the required B supply for a radio
receiving set and likewise, if desired, the A
supply where the set is adapted to receive

‘alternating current filament voltage; and
a modification where .

Fig. 6 is a diagram of
one of the windings of the controlling unit
is supplied by direct current voltage instead
of alternating.

Referring to Fig. 1, the core of the con-
troller is laminated in the usual manner, and
in the present instance is indicated as having
all its lamine in parallel planes and com-
prises three parallel legs 1, 2 and 38 connect-
ed together by an upper crosspiece 4 and a
lower crosspiece 5. One of the outer legs
1 is the main leg and is adapted to carry sub-
stantially all of the main flux of the regulat-
or, as is likewise the case with the main por-
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tions of the crosspieces 4 and 5. The middle
leg 2 and the outer leg 3 are spaced from each
other to receive individual windings and are
spaced from the leg 1 to permit the applica-
tion of a common winding around both legs
2 and 8 and to also permit a winding around
leg 1. In the present instance, and for the
usual case, the ercss-section of the legs 2 and 3
is about the same for each of these legs, which
cross-section is about half that of the leg 1.

The wain leg 1 is enveloped by an alternat-
ing current winding 6 connected in parallel
to the alternating current supply lines 7, 7
and_alternating current source 8. Around
the leg 2 is an alternating current winding 9
connected in series with another winding 10
around the leg 8 and connected to the supply
lines 7, 7. In some instancesthe windings 9
and 10 may be connected in parallel with each
other to the alternating current source. The
direction of the windings 9 and 10 with refer-
ence to each other is such as to ‘act cumu-
latively with reference to excitation of the
legs 2 and 3; consequently, the diréction of
magnetic flux due to the windings 9 and 10
will be additive to the flux due to winding 6
in one of the legs and subtractive or in opposi-
tion with reference to the winding 6 as to
the other of the two legs. For the purpose of
more readily understanding the invention, it
is assumed in one instant of operation that
the direction and path of flux due to winding
6 is indicated by the full line -arrows; and the
direction of the flux due to winding 10 is also
indicated by the full line arrows, whereas the
direction of flux due to windin g 9isindicated
by the dotted line arrow and is seen as being
in opposition to the main flux, as indicated
particularly in the leg 2.

The output winding 11 envelopes both of
the legs 2 and 8 and supplies the output cir-
cuit 12 and any desired translating device
represented .at 18, The winding 11 may be
supplied with taps as indicated at 14 for the
purpose of supplying any required voltage
less in amount than the full voltage of the
winding 11. The various windings may be
given such size and number of turns and the
core proportioned according to the particular
requirements; and it will be understood that
the number of turns indicated in the draw-.
ings are for the purpose of simplicity and
clearness. It will also De understood that

the windings instead of being superimposed .

may be placed side by side on the legs 2 and 8,
or may be relatively sandwiched between
each other in accordance with usual practice
where the particular conditions deem it
advisable. The number of ampere turns of
windings 9 and 10 on the legs 2 and 8 and
the cross-section of the legs 2 and 3 are so
related that under normal conditions these
cores are worked near or just below the knee
of the saturation curve, although in some

cases for particular requirements these cores
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may be worked at a different part of the
saturation curve. It will also be understood
that the output winding 11 may, in some
cases, be located upon other parts of the core
instead of embracing the two legs 2, 3 and
windings thercon, but the output windings
should preferably be subjected to the total
resultant flux of the core for the purposes
herein described. )

In order to understand the operation, we
may assume the direction of the flux at a par-
ticular instant to be as indicated by the
arrows in Fig. 1, the flux due to winding 10
In leg 8 being additive to the main flux due
to- winding 6; and the flux in leg 2 due to
winding 9 being in opposition thereto. As-

- suming the normal supply voltage to be 110

volts, the condition of a change to an abnor-
mally -low voltage of say 90 may be con-
sidered. The flux in the legs 2 and 38 is then
on the straight portion of the permeability
curve, or below the knee of the curve, and 1t
may be considered that the flux added to the
leg 3
deducted from the leg 2 due to the winding 9,
thus permitting the main flux due to the main
winding 6 to have a substantially full and
unmodified resultant effect. Now assume
that the supply voltage be increased from 90
to the abnormally high voltage of 120." This,
of course, tends to increase the total main flux
due to the increased excitation or increase of
ampere turns in windings 6 and 10, but the

increase due to the added effect of winding

10 is not proportional, because the increased
flux in the leg 8-causes the excitation of the
same to be such that it is carried along the
bend or knee of the saturation or perme-
ability curve. The excitation due to wind-
ing 9, however, gives increasing opposition to
the main flux; and as the leg 2 is then worked
along the straight
ability curve, its opposition is more effective
on the main flux than is the attempted added
effect due to the winding 10. Thus the re-
sultant effect on the main flux is to tend to
prevent- any objectionable increase and to
prevent any increase in the voltage delivered
by the output winding 11, which is in any
way comparable to the extreme increase in
the supply voltage. In other words, regard-
less of variations in the alternating current
supply, the alternating current output is
maintained substantially constant because
the main flux in the core is maintained sub-
stantially constant, due fo the legs 2 and 3
being worked on different portions of the per-
meability curve and having varying relative
effects upon the total flux in accordance with
changes in the supply voltage. The action
of the controller is also such that it will main-
tain the voltage. substantially constant, even

when change in the frequency of the supply

oceurs; or, by suitably proportioning the
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parts, may cause the output voltage to change
as desired upon change of frequency.

In some cases, the winding and leg opposing
the main flux may be made an outerleginsteaﬁ
of the intermediate leg, as shown in the draw-
ings, with substantially the same results.
Also, the main exciting or primary winding 6,
instead of being connected directly across the
supply lines, may be connected in series across
the supply lines through the opposing wind-
ing 9 and in parallel with the cumulatively
acting winding 10: In such a case, the am-
pere turns of the opposing winding 9 should
be made such, for best results in maintaining
constant regulation, as to equal the ampere
turns of the cumulatively acting winding un-
der normal conditions. This form of con-
nection has the advantage that upon increase
in the supply voltage above normal, the tend-
ency is to reduce the wattless current in the
main winding. This, of course, results in im-
proving the regulation, because less wattless
current means less primary ampere turns and

less flux which the bucking winding must

overcome. A further advantage results in
permitting the bucking winding to be made
with fewer turns. "A further advantage re-
sults from the fact that by reason of the core
of the bucking winding being less saturated
than the core of the primary winding, an in-
crease in the input voltage will produce a
greater proportionate reactance drop on the
bucking winding than on the primary wind-
ing. As a result, an increase in input volt-
age produces a lesser increase on the primary
winding than would be the case if the pri-
mary reactance increased proportionally to
the bucking coil reactance. This lesser pro-
portionate change of supply voltage in affect-
ing the primary winding requires a corre-
spondingly less amount of regulation in giv-
ing the desired results. This modification is
shown in Fig. 2 wherein the opposing wind-
ing 9 is shown located on an outer leg of the
core and the cumulatively acting winding
10’ is shown on the inmer leg. Also, the
main primary winding 6 is shown in Fig. 2
as connected in series across the line with
the winding 9’, the winding 9’ being dia-
grammatically indicated as having a lesser
number of turns than the winding 10" as
above explained. o

Tn the form shown in Fig. 3, the parts cor-
respondingly
Fig. 1, but the main primary winding and the
output winding are united into a common
winding 6’. This form may be termed an
auto-transformer type where the primary
winding, or a part thereof, serves also as the
secondary or output winding. Any desired
voltage for the output circuit lines 13" may be
obtained by tap connections to the winding
6’, as indicated in Fig. 8, according to the
output voltage desired. The resistance R is

5 inserted in series with the winding 6" across

numbered are the same as in

3

the supply lines, in order to prevent exces-
sive current flow under conditions of abnor-
mally high sup%l‘y voltage. In-the modifi-
cation shown in Fig. 8, the mode of operation
is similar to that already described with ref-
erence to Fig. 1.

The form shown in Fig. 4 generally corre-
sponds with that shown in Fig. 8, except that
the main winding 6" is connected in series
across the supply lines through the opposing
winding 9’ (shown on the left-hand leg) and
through the resistance R. Here the number
of ampere turns of the winding 9" would be
less than that of the ampere turns of the
winding 10/, this form corresponding gener-
ally to that of Fig. 3, except modified as to
the connection of the main winding 6’ to cor-
respond in general with the form of series
connection described with reference to Fig. 2,
the output lines 13’ of Fig. 4 being connected
to the main winding 6’ to secure any desired
output voltages.

In the form shown in Fig. 5, the parts cor-

respondingly numbered are the same as in

Fig. 1, but here the output winding 11 is
shown as supplying its alternating current
to a full wave rectifier 15, from which one
of the direct current supply wires 16 extends,
the other direct current supply wire 17 be-
ing connected to a mid tap in the winding 11,
this form being adapted to maintain the al-
ternating voltage supplied to the rectifier as
substantially constant, regardless of varia-
tions in the alternating current voltage sup-
ply, and is also adapted for controlling at
constant voltage the B supply to a radio
receiving set. For alternating current re-
ceiving sets, the required A. C. voltages may
be obtained from taps on the winding 11, or
by the use of additional secondary windings
corresponding to the winding 11. One such
additional output winding is indicated by
the reference character 18, the circuit 19 there-
from being adapted to supply the filaments of
alternating current tubes. The output wind-
ings 18 or 11 may, if desired, be located on
other parts of the core, provided it is suffi-
ciently subjected to the total resultant flux of
the core.

In the form shown in Fig. 6, the parts corre-
spond generally with those described with
reference to Fig. 5, except that the winding
6 of Figs. 1 and 5 becomes a direct current
winding 20, being connected across the direct
current wires 16 and 17. Here the operation
is generally the same as that already de-
seribed with reference to Fig. 1 as regards
control of the output voltage under varying
conditions of the alternating current supply
voltage. This modification may be desired in
some cases, but for general use, the forms of
controller shown in the other figures are pref-
erable, as they may be introduced in the al-
ternating current circuit and used externally
with reference to the transla#ing devices sup-
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plied from the output circuit of the controller.

It will be understood that my improved ap-
paratus may be operated in the reverse man-
ner to that described, that is, if energy of va-
riable voltage be supplied to the secondary or
output winding, the exciting windings will
then deliver current with the voltage con-
trolled within limits. Such a reversa] of op-
eration will not, however, be as efficient, or

! secure as desirable results, as when the ap-

paratus is operated in the normal manner.

It will be evident to those skilled in the
art that the invention may be embodied in
various forms of apparatus and various modi-
fications may be made therein without de-
parting from the scope thereof, '

I claim:

1. An alternating current controlling ap-
paratus comprising a core having three legs,
a main exciting wiriding on one of said legs,
a primary alternating current winding on
each of the other two legs respectively, one of
said alternating current windings tending to
create a flux in opposition to the flux created
by said main winding, and the other alternat-
ing current winding acting cumulatively with
said main winding, and an output winding
around the two legs of the core having the
said alternating current windings thereon.

2. An alternating current controlling ap-
paratus comprising a core having three legs,
2 main exciting winding on one of said legs,
a primary alternating current winding on
each of the other two legs respectively, one of
said alternating current windings tending
to create a flux in opposition to the flux cre-
ated by said main winding, and ‘the other
alternating current winding acting cumula-
tively with said main winding, and an output
winding round the two legs of the core hav-
ing the said alternating current windings

thereon, each, of the legs having the alternat--

ing current windings being of less cross-sec-
tion than that of the leg carrying the main
winding. ,

3. An alternating current controlling ap-
paratus comprising a core having three legs, a
main alternating current exciting winding
on one of said legs, a primary ‘alternating

current winding on each of the other two legs.

respectively, one of said latter alternating
current windings tending to create a flux in
opposition to the flux created by said main
winding, and the other alternating current

winding acting cumulatively with said main

winding, and an output winding around the
two legs of the core having the said alternat-
ing current windings thereon, the leg having
the cumulatively acting alternating current
winding being adapted to be worked near the
knee of the permeability curve.

4. An alternating “current controlling
apparatus comprising a core having three
legs, a main alternating current ‘exciting
winding on one of said

egs, & primary al-
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ternating current winding on each of the
other two legs respectively, one of said alter-

nating current windings tending to create

a flux in opposition to the flux created by said -

main winding, and the other alternating cur-
rent winding acting cumulatively with said
main winding, and an output ‘winding
around the two legs of the core having the
said second-named alternating current wind-
ings thereon. .

5. An alternating current controlling
apparatus -comprising a core having parts
displaced from eachother, means comprising
a main alternating current exciting. winding
for causing one of said parts of the core to be
substantially saturated, an alternating cur-
rent exciting winding embracing another of
said parts acting in opposition to said first-
named winding, and an output winding em-
bracing both of said parts.

6. An alternating current controlling
apparatus comprising 'a core having parts
displaced from each other, means comprising
a main alternating current excitin winding
for causing one of said parts of the core to
be substantially saturated, an alternating
current exciting winding embracing another
of said parts acting in opposition to said first-
named winding, said last-named part of the
core being below saturation, and an output
winding embracing both of said parts.

7. An alternating . current controlling
apparatils comprising a core having parts
displaced from each other, means comprising
a main alternating current exciting winding
for causing one of said parts of the core to
be substantially saturated, an alternating
current exciting winding embracing another
of said parts acting in opposition to said
first-named winding, said last-named part of
the core being below saturation, and an out-
put circuit subjected to the combined mag-
netic opposing effects of said windings.

8. An alternating current controlling
apparatus comprising a core, an alternating

‘current- exciting winding thereon, a second

alternating current exciting winding on a
portion of said core acting cumulatively with
said first-named winding, said portion of
the core being substantially saturated, a third
alternating current exciting winding on an-
other portion of said core acting in opposi-
tion to at least one of said two first-named
windings, said last-named portion of the core
being 3
cuit delivering energy dependent upon the

combined magnetic effect of said three wind-

ings. : .
9. An alternating current controlling
apparatus comprising a core having parts
displaced from each other, an alternating
current exciting winding for producing the
main flux in the core, an alternating current
exciting winding embracing one of said parts
acting in opposition to said first-named

below saturation, and an output cir-
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winding, said first-named winding being in
series with at least a portion of said oppos-
ing winding, and an output winding embrac-
ing said last named part and a second part of
the core. :

10. An alternating current controlling
apparatus comprising a core having parts
displaced from each other, means comprising
a main alternating current exciting winding
for causing one of said parts of the core to
be substantially saturated, an alternating
current exciting winding embracing another
in opposition_to said
first-named winding, said last-named part of
the core being below saturation, said first-
named winding being in series with at least a
portion of said opposing winding, and an
output circuit subjected to the combined
magnetic opposing effects of said windings.

11. An alternating current controlling
apparatus comprising a core, & main alter-
nating current exciting winding thereon,
a second alternating current exciting wind-
ing on a portion of the core acting cumu-
latively with said main winding, said por-
tion of the core being substantially saturated,
a third alternating current exciting winding
on another portion of said core acting in op-
position to said main winding, said last-
named portion of the core being below
saturation, said main winding being con-
nected in series with at least a portion of said
opposing winding, and an output circuit de-
livering energy dependent upon the combined
magnetic effect of said three windings.

19. An alternating current controlling
apparatus comprising . a core having three

parallel legs in the same plane joined by

cross-pieces at their ends, a main alternating
current exciting winding on-one of the legs,

a second alternating current exciting wind-
ing on one of the other legs acting cumula-

.~ tively with said main winding, a third al-

- ternating current exciting winding on the
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remaining leg acting in opposition to said
main winding, said main winding being con-
nected in series with at least a portion of
said opposing winding, and an output wind-
ing embracing the last two named legs of the
core. : -
13. An alternating current controlling ap-
paratus comprising a core having at least
three legs, alternating current exciting wind-
ings on each of said legs respectively, one of
said windings being a main winding for pro-
ducing the main flux of the core, one of said
windings tending to create a flux in opposi-
tion to that created by said main winding
and embracing a portion of the core in the
path of a portion of the main flux of the core,
and an output circuit delivering energy de-
pendent upon the combined magnetic effect
of said three windings.

14. An alternating current controlling ap-
paratus comprising a core having three legs,

B

o main exciting winding on one of said legs,
a primary alternating current winding on
each of the other two legs respectively, one
of said alternating current windings tending
to create a flux in opposition to the flux creat-
ed by said main winding and embracing a
portion of the core in the path of the main
flux of the core, and the other alternating
current winding acting cumulatively with
said main winding, and an output winding
subjected to resultant flux in the core.

“15. An alternating current controlling ap-
paratus comprising a core having three legs,
a main alternating current exciting winding
on one of said legs, a primary alternating
current winding on each of the other two legs
respectively, one of said alternating current
windings tending to create a flux in opposi-
tion to the flux created by said main winding,
and the other alternating current winding

acting cumulatively with said main winding,
_and an output winding subjected to resultant

flux in the core and embracing a portion of

the core which is likewise embraced by said

opposing winding.
16. An alternating current controlling ap-
aratus eomprising a core, a main alternat-
ing current exciting winding thereon for pro-
ducing the main flux of the core, a second al-
ternating current exciting winding on a por-
tion of said core acting cumulatively with
caid first-named winding, a third alternating
current exciting winding on another portion
of said core acting in opposition to said main
winding and embracing a portion of the core
in the path of a portion of the main flux of
the core, and an output circuit delivering en-
ergy dependent upon the combined magnetic
effect of said three windings.

17. An alternating current controlling ap-
paratus comprising a core, a main alternat-
ing current exciting winding thereon for pro-
ducing the main flux of the core, a second al-
ternating current exciting winding on a por-
tion of said core acting cumulatively with
said first-named winding, a third alternating
current exciting winding on another portion

of said core acting in opposition to said main
winding and embracing a portion of the core
in the path of a portion of the main flux of
the core, each of said three windings being
excited by energy ' derived from the same
source of alternating current, and an output
circuit delivering energy dependent upon the
combined magnetic effect of said three wind-
ings.

18. The combination with a single phase
source of alternating current energy of an
alternating current controlling apparatus
comprising a core having parts displaced
from each other, a main alternating current
exciting winding connected to said source for
producing the main flux of the core, an al-
ternating current exciting winding connected
t0 said source and embracing one of said parts
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in the path of the main flux and acting in op-
position to said first-named winding, a sec-
ond part of the core being in the path of a
portion of the main flux, and an output wind-
ing embracing both of said parts,

~ 19. An alternating current controlling ap-
paratus comprising a core having parts dis-
placed from each other, an alternating cur-
rent exciting winding embracing one of said
parts for creating a main flux in the core, an
alternating current exciting winding embrac-
ing another of said parts acting in opposition
to said first-named winding and embracing
a portion of the core in the path of a portion
of the main flux of the core, and an output
winding subjected to the main flux and also

. to the combined magnetic opposing effects

20

25

30

35

of said windings. .

20. The combination with g single phase
source of alternating current energy of an
alternating current controlling apparatus
comprising a core having at least three parts
displaced from each other, a main alternat-
ing current exciting winding connected to
said source and embracing one of said parts,
an alternating current exciting winding con-
nected to said source and embracing another
of said parts acting in opposition to said
first-named winding, said last-named part of
the core being below saturation, and an out-
put winding embracing two of said parts.

21. An alternating current controlling ap-
paratus comprising a core having at least
three parts displaced from each other. a main
alternating current exciting winding em-

bracing one of said parts and producing the-

main flux of the core, an alternating current
exciting winding embracing another of said

. parts acting in opposition to said first-named
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- a portion of the main flux
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winding and embracing a portion of the core
in the path of a portion of the main flux
of the core, said last-named part of the core
being below saturation, and an output wind-
ing subjected to the main flux and also to the
combined magnetic opposing effects of said
windings. ‘

22. An alternating current controlling ap-
paratus comprising a core having at least
three parts displaced from each other, means
comprising a main alternating current ex-
citing winding for producing the main flux
of the core and for causing one of said parts
of the core to be substantially saturated, an
alternating current exciting winding em-
bracing another of said parts acting in' op-
position to said first-named winding and em-
bracing a portion of the core in the path of
i of the core, and
an output winding subjected to the main
flux and also to the combined magnetic op-
posing effects of said windings.

23. An alternating current controlling ap- .

paratus comprising a core, an alternating
current exeiting winding thereon for produc-
ing the main flux of the core, a second alter-

1,812,209

nating current exciting winding on a portion
of said core acting cumulatively with said
first-named winding, a third alternating cur-
rent exciting winding on another portion of
said core in the path of a portion of the
main flux of the core acting in opposition to
said first named winding, said last-named
portion of said core bein below saturation,
and an output circuit de 1vering energy de-
pendent upon the combined magnetic effect of
said three windings, '

24. An alternating current controlling ap-
paratus comprising a core having at %east
three parts displaced from each other, a main
alternating current exciting winding em-
bracing one of said parts for producing the
main flux of the core, an alternating current
exciting winding embracing another of said
parts in the path of a portion of the main
flux of the core acting in opposition to said
first-named winding, said first-named wind-
ing being in series
of said opposing winding, and an output
winding subjected to the main flux and also
to the combined magnetic opposing effects
of said windings,

25. An alternating current controlling ap-

paratus comprising a core baving at least

three parts displaced from each other, a main
alternating current exciting winding embrac-
ing one of said parts for producing the main
flux of the core, an alternating current excit-
ing winding'embracing another of said parts
in the path of g portion of the main flux of
the core acting in opposition to said first-
named winding, said last-named part of the
core being below saturation, said first-named
winding being in series with at least a por-
tion of said opposing winding,
winding subjected to the main
to the combined
said windings.
26. An alternating current controlling ap-
paratus comprising a core, a main alternat-
Ing current exciting winding thereon, a sec-

flux and also
magnetic opposing effects of

~ond alternating current exciting winding on

a portion of the core acting cumulatively with
sald main winding, a third alternating cur-
rent exciting winding on another portion of
said core in the path of a portion of the main
flux of the core acting in opposition to said
main winding. said main winding being con-
nected in series with at least a portion of said
opposing winding, and an output circuit de-
livering energy dependent upon the combined
magnetic effect of said three windings.

27. An alternating current controlling ap-
paratus comprising a core, a main alternating
current exciting winding thereon, a second
alternating current exciting winding on a
portion of the core acting cumulatively with
said main winding, a third alternating cur-
rent exciting winding on another portion of
said core in the path of a portion of the main

flux of the core acting in opposition to said 1

and an output -
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main winding, said last-named portion of
the core being below saturation, said main
winding being connected in series with at-
least a portion of said opposing winding, and
an output circuit delivering energy depend-
ent ugon the combined magnetic effect of
said three windings.
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