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This invention relates to apparatus responsive to di-
rect quantities and has particular relation to apparatus

including saturable magnetic core means responsive to

direct currents flowing in direct-current circuits.
In the past, direct-current conversion units have been

" provided which include saturable magnetic core means.
Control winding means link the core means to be en- -

ergized in accordance with a direct quantity present
in an associated direct-current circuit to effect magneti-
zation of the core means in accordance with such direct
quantity.

The conversion unit further includes impedance wind-
ing means which link the core means to have an im-
pedance dependent upon the magnetic condition of the
core means. The impedance winding means are con-
nected for energization from a suitable source of alter-

nating current to control the magnitude of the alter- -

nating output of the source. With such arrangement, the
magnitude of the alternating output of the source is
observed to be substantially linearly related to the mag-
nitude of the energizing direct quantity over a substantial
range of values of such direct quantity with the excep-
tion of relatively small and zero values . thereof. For
such values of the energizing quantity, the magnitude
of the controlled alternating output deviates from the
desired linearity to a certain extent such that for a zero
value of the energizing quantity there exists a predeter-
mined finite value of the controlled - alternating . out-

- put. : ‘

In accordance with the present- invention, compen-
sating means are provided for the purpose of substan-

_tially correcting the non-linear condition occurring with-

in the range of relatively small values of the ener-
gizing quantity so that for a zero value of the ener-
gizing quantity there is produced  an output quantity
having a zero value. The compensating means: prefer-
ably includes an electroresponsive device proportioned to
exhibit a so-called “threshold effect” so as to produce
an output. quantity of zero value in response to ener-
gization levels below a predetermined “threshold energi-
zation level.” : :
According to one embodiment of the invention, the
compensating means is in the form of an electro-magnetic
transformer device having a magnetic core and primary
and secondary windings linking the magnetic core. The
primary windings are connected for energization from

the source of alternating current through the impedance.

windings of the core means to produce in the secondary
windings an alternating. output quantity. ~The trans-
former is constructed to exhibit a “threshold effect” so
that the output quantity produced thereby has a -zero
value for a zero value of the energizing direct quantity.
In a preferred embodiment of the invention, the alter-
nating output quantity of the compensating transformer
is applied to suitable rectifier means for producing a
direct output quantity.

In accordance with a further embodiment of the inven-

h tion, the transformer and rectifier means are propor-
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"tioned so that the relationship between the magnitudes

of the energizing direct quantity and the direct current
produced by ‘the rectifier means possesses a high degree

- of linearity over the entire operating range of the as-

sociated saturable core means.

The direct-current output of the rectifier means may

" be applied to suitable direct-current responsive utilization

-means. In a preferred embodiment of the invention, the
..direct-current output is applied to a direct-current measur-

10.

ing instrument for providing an indication of the magni-
tude of the direct quantity energizing the saturable core
means.

- Suitable bias windings are also provided to link the
magnetic core means. The bias windings are effective

- ‘When energized to render the core means responsive to
the polarity of the energizing quantity to thereby render
. the measuring instrument responsive to both the magni-

_-tude and the direction of the energizing quantity.
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It is, therefore, an object of the invention to provide

»apparatus including saturable magnetic core means re-
- sponsive. to direct quantities having improved transfer

. characteristics.

It is another object of the invention to provide ap-

‘paratus including saturable magnetic core means effec-
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tive when energized in accordance with a direct quan-

- tity for producing a direct cutput quantity having a mag-

-nitude linearly related to the magnitude of the ener-

- gizing quantity over the entire range of energization of
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the saturable core means.
. It is a further object of the invention to provide ap-
paratus as defined in the preceding paragraph having an

--output circuit insulated from an input circuit.
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It is still another object of the invention to provide
apparatus as defined in the two preceding paragraphs
which is responsive to the polarity of the direct quantity

" energizing the saturable core means.

It is still another object of the invention to provide

.- saturable: magnetic core means responsive to a direct

40

quantity for producing an alternating quantity with com-

-pensating means including an electro-responsive device

- exhibiting a threshold effect responsive to the alternating
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-quantity for producing an output quantity having a de-

sired linear relationship with respect to the energizing di-
rect quantity.

Other objects of the invention will be apparent from
the following description, taken in conjunction with the

.- accompanying drawings, in which:
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Figure 1 is a schematic representation of an electrical
system embodying the invention; and

Figs. 2, 3 and 4 are graphical representations show-
ing various relationships between certain of the electrical
quantities present in the system of Fig. 1.

Referring to the drawings, there is illustrated in Fig.
1 a schematic representation of an electrical system in-

«corporating the teachings of the present invention,

With reference to Fig. 1, there is shown a direct-current

‘_ circuit which is represented generally by the numeral 1.

60"

.- 2 and a suitable load device 3.

For present purposes, it will be assumed that the circuit
1 comprises a pair of conductors 1z and 15 adapted to
carry direct current between a source of direct current
It will be further assumed

- that direct current flows through the conductor 15 in

65

either of two opposing directions.
A suitable conversion unit in the form of saturable

- magnetic ‘core means 5 is associated with the circuit 1.

. The core means 5 is shown as comprising a pair of
.. magnetic cores 6 and 7. which may be constructed of

70

-any suitable magnetic material.

The cores 6 and 7 are
proportioned to saturate within the range of energization
of the core means 5.

In order to effect magnetization of the cores 6 and 7
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in accordance with a direct quantity present in the direct-
current circuit 1, suitable control windings 9 and 11
link respectively the magnetic cores 6 and 7. The control
windings 9 and 11 are connected in series circuit rela-
tion and are included in a shunt circuit represented
generally by the numeral 13. In a preferred embodi-
ment of the invention, the control windings 9 and 11
are connected for energization in accordance with direct
current flowing in the circuit 1, although the control
windings may be connected for energization in accord-
ance with direct voltage if desired.

To this end, a conventional shunt device 15 is con-
nected in series circuit relation relative to the direct-
current circuit 1. The shunt circuit 13 includes a pair
of terminals which are connected to the shunt device 15
for shunt energization therefrom. The shunt device 15
is effective to divert a small direct current from the cir-
cuit 1 through the shunt circuit 13 for effecting energiza-
tion of the control windings 9 and 11 in accordance with
direct current flowing in the circuit 1.

Suitable impedance windings 17 and 19 link respec-
tively the magnetic cores & and 7 with each of the wind-
ings 17 and 19 having an impedance dependent upon
the magnetic condition of the associated cores 6 and 7.
This may be explained by considering the fact that for
relatively small values of direct current flowing in the
shunt circuit 13, the magnetic cores 6 and 7 are mag-
netized to a slight degree whereby the impedance of the
windings 17 and 19 is relatively large. If the magnitude
of the direct current flowing in the shunt circuit 13 is
increased, magnetization of the cores 6 and 7 is also in-
creased whereby the impedance of the windings 17 and
19 is substantially reduced.

The saturable core means 5 in effect constitutes a
variable impedance device and may conveniently be em-
ployed to control the magnitude of an alternating quantity.
To this end, the impedance windings 17 and 19 are con-
nected for energization from an alternating-current source
20 through conductors 21 to control the magnitude of the
alternating-current-delivered from the source 20 through
the impedance windings 17 and 19.

Bias windings 23 and 25 are provided which link re-
spectively the magnetic cores 6 and 7 for effecting when
energized predetermined magnetization of the cores 6 and
7. The bias windings 23 and 25 are connected for series
energization from a suitable source of direct current which
conveniently may comprise a rectifier unit 28 connected
for energization from the source of alternating current 20.
The magnitude of direct current supplied by the unit 28
to the windings 23 and 25 may be controlled by means of
a variable resistance 29 connected in series circuit rela-
tion  with the windings 23 and 25.

It is observed with reference to Fig. 1 that for cur.
rent flow through the conductor 15 in the direction indi-
cated by the arrow 30 the polarities of the bias windings
23 and 25 are such as to effect cumulative magnetization
of the cores 6 and 7 relative to the control windings 9
and 11, as is indicated by the small arrows associated
with the windings 9, 11, 23 and 25. The purpose of the
bias windings will be explained more fully hereinafter,
For present purposes, it will be assumed that the bias

--windings 23 and 25 are in a deenergized condition and
have no effect upon the magnetic condition of the cores
6 and 7.

Although for certain applications satisfactory opera-
tion of the core means 5 may be realized by employing
core means 5 consisting only of those components rep-
resented by the numerals 6, 9 and 17, the performance
of the core means 5 is improved if the additional com-
ponents represenied by the numerals 7, 11 and 19 are
also employed. This may be explained by considering
the fact that alternating current flowing from the source
29 through the impedance winding 17 is effective to estab-
lish an alternating magnetomotive force which directs
magnetic flux through the core 6 which links the control
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winding 9. Such magnetic flux operates to induce an
alternating voltage in the control winding 9 which directs
alternating current through the shunt circuit 13. This
alternating current may adversely affect the operation
of the core means 5. By providing the additional com-
ponents represented by the numerals 7, 11 and 19, such
alternating current may be entirely eliminated.

To this end the impedance windings 17 and 19 are
connected in series circuit relation with the polarities of
the connections being such that alternating current flow-
ing through the windings 17 and 19 induces alternating

-voltages in the windings 9 and 11 which act to direct

alternating currents through the shunt circuit 13 in op-
posite directions. With such arrangement, the impedance
windings 17 and 19 are connected to have substantially
zero resultant coupling relative to the shunt circuit 13.
As mentioned hereinbefore, the magnitude of the alter-

-nating current flowing from the source 29 through the
_impedance. windings 17 and 19 is substantially propor-

tional to the magnitude of the direct current flowing
through the direct-current circuit 1 over a substantial
range of values of such direct current. However, for
relatively small values and zero values of such direct
current, it has been observed that the magnitude of the

_alternating current flowing through the windings 17 and

.19 deviates to a certain extent from such proportionality.
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" abscissae represent the input direct current.

With reference to Fig. 2, there is illustrated a graphi-
cal representation showing the relationship between the

_magnitude of alternating current traversing the windings
‘17 and 19 and the magnitude of direct current flowing

in the direct-current circuit 1. In Fig. 2, the ordinate
represents the output alternating current whereas the
Such rela-

" tionship is represented by a curve 31 which is observed
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to be linear with the exception of a portion thereof cor-
responding to relatively small and zero values of direct
current in the circuit 1. For such values, the curve 31
deviates to a certain extent from linearity such that for
a zero value of direct current in the circuit 1 a predeter-
mined finite value of alternating current flows through
the windings 17 and 19. This finite alternating current
is' represented by the term Ig as indicated in Fig. 2.

- The magnitude of the current Ig depends to a large ex-
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tent upon-the characteristics of the core means 5 and
upon ‘the magnitude of the voltage of the source 20.

- In accordance with the present invention, compensat-
ing means are associated with the core means 5 for sub-

- stantially- correcting such deviation to provide an out-

60

55

60

- put- quantity having a magnitude substantially linearly

related to the magnitude of direct current in the cir-
cuit 1 over a wide range of values of such direct current
including zero values thereof. According to the in-
vention, the compensating means includes an electro-
responsive device constructed to exhibit what is referred
to as a “threshold effect” to have a predetermined
“threshold energization level.”

As . utilized herein, the term “threshold effect” refers

-to-the inability of certain electroresponsive devices to

produce an electrical output quantity of appreciable value
so. long as the energization level of such a device is
below a predetermined finite energization level. Such

. finite energization level is referred to as the “threshold
-..energization level” of such device.

~ A number .of electroresponsive devices which exhibit
such a threshold effect are presently available. For ex-
ample, a barrier layer rectifier, such as a selenium rec-
tifier, . will not conduct appreciably in the forward direc-

- tion- until a predetermined minimum value of voltage is

0

75

-impressed on such a rectifier in the forward direction.

As a further example, a gas tube, such as a cold-cathods

‘gas diode, does not have appreciable anode current so

long as the anode-cathode potential is less than the
ionization potential of the gas.

~According to.one embodiment of the invention, the
compensating means includes an electromagnetic trans-
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‘formet device 33 constructed to exhibit a threshold effect.
The transformer 33 includes a magnetic core 34 with a
‘primary winding 35-and a secondary wmdmg 36 linking
the core 34. As illustrated in Fig. 1, the primary wind-
-ing 35 is connected for energization from the source 20
‘through the impedance windings 17 -and 19 of the core
means 5. The primary winding 35 is effective when 5o
energized to produce a magnetomotive force for direct-
ing magnetic flux through the magnetic.core 34 which
~links the secondary winding 36.. By reason of the alter-
“nating nature of the magnetic flux a voltage is induced
in the secondary winding 36 which causes an alternating
output current to flow through a secondary output cir-
‘cuit 37.
“*' The transformer 33 is constructed in accordance with
the invention to exhibit a threshold effect so as to pro-
“duce a substantially zero altermating output in the cir-
“cuit 37 for energization of the transformer in accordance
with the alternating current Ig which is present when
“zero direct current flows in the circuit 1. To this end
_the core 34 of the transformer is constructed of a mate-
rial having substantially rectangular magnetic hysteresis
loop characteristics. A number of materials exhibiting
‘such characteristics are presently available. In a pre-
ferred embodiment of the invention, the core 34 is con-
structed of a presently available nickel-iron alloy contain-
ing approximately equal parts by weight of nickel and
‘iron. The transformer 33 is constructed and the num-
ber of turns of the winding 35 is selected so that the
winding. 35 produces when energized in accordance with
“the current Ig a magnetomotive force substantially equal
_to the magnetomotive force required to supply loss and
magnetizing components of magnetic flux for the core 34.
With reference to Fig. 2 there is illustrated a graphi-
cal representation showing the relationship between the
magnitude of alternating current flowing in the cutput cir-
cuit 37 of the transformer 33 and the magnitude of
direct current flowing in the circuit 1. As previous-
ly .mentioned, the ordinate represents the oufput alter-
_mnating current and the abscissae represent the input di-
.rect current. This relationship is represented by the
-curve 38 which is observed to have a zero origin, and
.which is observed to be linear with the exception of a
portion thereof corresponding to relatively -small values
of current in the circuit 1. This non-linearity of the
curve 38 is dependent to a large extent upon the trans-
fer characteristics of the transformer 33, and may be
acceptable for certain applications.

If desired, the alternating output of the transformer
33 may be applied directly to suitable wutilization means.

In a preferred embodiment of the invention the output
of the transformer 33 is applied to suitable rectifier
means 41 for producing a direct quantity which is applied
_to direct current responsive utlhzatmn means 43 as will
- appear hereinafter.

As is understood in the art, saturable magnetic core
.means, such as the core means 5, exhibit substantially
.constant current characteristics. This means that the
-magnitude of the alternating current travérsing the wind-
ings 17 and 19 for a certain energization of the windings
-9 and 11 is substantially constant over a substantial range

of resistance values of an - associated load device to
-which such alternating current is supplied. However,
-for increasingly large values of resistance of the as-
sociated load device, the magnitude of such alternating
-current will deviate by an increasing amount from such
constant value.. By applying such alternating current to
the utilization means 43 through the transformer 33 it
- has been observed that the magnitude of the alternating
output of the transformer 33 remains substantially con-
‘stant for a certain energization of the windings 9 and
11 over a range of resistance values of the utilization
-means 43 which. is considerably greater than the range
-for which alternating current traversing the windings 17
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“and ‘19 ‘would remam constant if the transformer 33
‘were omitted.:

Although the operatlon of the apparatus employing
only thé core means 5 and the compensating transformer
33 is satisfactory for many purposes, the operation may
be. improved considerably by providing additional com-
pensating means. Such additional compensating means
may comprise any suitable device which eXhlbltS a
threshold effect.

In accordance with a further embodlment of the in-
vention the additional compensating means comprises
a rectifier device, such as the device 41, which exhibits
a threshold effect. As mentioned hereinbefore, a bar-
rier layer rectifier does not conduct appreciably in the
forward direction until a predetermined minimum value
of voltage is applied to the rectifier in the forward direc-
tion, In a preferred embodiment of the invention the
rectifier device 41 is of the barrier layer type, such as a

“selenium rectifier, and is of conventional bridge form-for

effecting full wave rectification. A suitable filter net-

‘work (not shown) is preferably ‘associated with the rec-

tifier 41 to eliminate the ripple component of the rec-
tifier output voltage.

As illustrated in Fig. 1, the rectifier 41 is connected
in the output circuit 37 for energization from the trans-

former 33. By proper selection of the transformer 33

and the rectifier 41, the magnitude of the output quantity
of the rectifier 41 may be caused to have a linear rela-
tionship relative to the magnitude of direct current in the
circuit 1 over the entire range of energization of the core
means 5§ including zero values of the current in the cir-
cuit 1.

With reference to Fig. 3, there is illustrated a graphical
representation showing the relationship between the mag-
nitudes of the alternating current applied to the winding
35 of the transformer 33 and the alternating voltage ap-
pearing across the winding 36 of the transformer 33.
In Fig. 3 the ordinate represents the output voltage across

- the winding 36 and the abscissa represents the input cur-
‘rent to the winding 35. "According to the embodiment

of the invention presently under discussion, the trans-

-former 33 is constructed so that such relationship is

represented by a curve 47 which is observed to be linear
with the exception of a portion thereof corresponding
to low values of the current applied to the winding 35.
The core 34 of the transformer 33 may be constructed
of the material previously described employed in the
transformer of the previously described embodiment, and
the windings 35 may be proportioned to provide the
desired transfer characteristics as represented by the
curve 47.

The transformer 33 and the rectifier 41 are constructed

'so that for energization of the winding 35 by the current

Ig there is produced across the winding 36 a voltage
having a magnitude which is. just slightly less than the
magnitude of the threshold voltage of the rectifier 41,
and which is defined by a point of the curve 47 located
on the linear portion of the curve 47.° This condition
is illustrated in Fig. 3 wherein the point A on the linear
portion of the curve 47 corresponds to a current Ig ap-

‘plied to the winding 35, and to a voltage Et appearing

across the winding 36 which has a magnitude slightly
less than the magnitude of the threshold voltage of the
rectifier 41,  Consequently, the point A also corresponds
to a zero value of current in the circuit 1 and to a zero
value of the output quantity of the rectifier 41.

With such arrangement the range of operation of the
transformer 33 is confined to the linear portion of the
curve 47 for the entire range of energization of the core
means 5. Consequently, variations in the magnitude of
the current in the circuit 1 will effect proportionate
changes in the walue of the output quantity of the rec-
tifier 41. An adjustable resistance 45 is included in the
circuit 37 in serigs relation. with the winding 36 to permit
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‘adjustment of the magnitude of.the voltage applied to the
rectifier 41 from the winding 36 of the transformer 33,
This arrangement affords compensation for variations in
'the properties of the transformer 33 and the rectifier 41.

The mventlo,n}s,partlc_ularbly applicable to the meas- -

_urement of variable direct currents flowing in direct cur-
rent circuits having relatively large voltages Conse-
quently, the utilization means 43 may comprise a direct
current responsive measuring instrument which may.be in
.the form. of either an indicating or recording instrument.
In the embodiment of Fig. 1, the utilization means 43
is in the form of an indicating instrument including an
_indicating pointer 51 cooperating with a suitable scale
53, By reason of the linear relationship between the
_magnitudes of the direct currents jn the circuits 1 and
.49 the scale 53 may be linear over the entire range there-
of. Because of the core means 5 and the transformer
33 the utilization means 43 is completely insulated from
the direct current circuit 1. Provision of the transformer
33 and the rectifier 41 permits the measurement of rela-
_tively small values_of direct current with a high degree
.of accuracy.

It will be recalled that the core means 5 includes bias
‘windings 23 and 25 effective when energized to provide
.premagnetization of the cores 6 and 7. As, will presently
appear, the bias windings are effective to remnder the
_core means 5 responsive to. the polarity of direct current
flowing in the circuit 1. For purposes of illustration, the
linear relationship between the magnitudes of the direct
currents in the circuits 1 and 49 is represented in Fig. 4
by a curve 55. In Fig. 4 the ordinate represents the out-
put current in the circuit 49 and the absicissae represent
the input current in the circuit 1. The curve 55 has a
zero origin defined by the point of intersection of the
ordinate and abscissae of Fig. 4 to indicate an unbiased
condition of the core means 5.

‘Let is be assumed that current flows through the circuit

1 in the direction indicated by the arrow 30, and that the
bias windings 23 and 25 are connected for energization
from the source 28 with polarity to effect cumulative mag-
netization of the cores 6 and 7 relative to the control
windings 9 and 11 as indicated by the arrows adjacent
the windings 9,.11, 23 and 25. With such arrangement
the 1elat10nsh1p between the magnitudes of the direct cur-
rents in the circuits 1 and 49 may be represented by the
" dotted curve 55a of Fig. 4. Tt is observed that by reason
of the cumulative effects of the bias windings 23 and 25
the curve 55q is shifted to the left from the unbiased posi-
tion represented by. the full line curve 5§5. The amount
of shift is dependent upon the degree of premagnetiza-
tion of the cores 6 and 7 produced by energization of the
bias windings.

With reference to the curve 554 it is observed that for
a zero value of direct current flowing in the circuit 1
there is present in the circuit.49 a predetermined value
of direct current greater than zero by reason of the mag-
netization of the cores 6 and 7 produced by energization
of the bias windings. This value of direct current is
represented in Fig. 4 by the term Ide. If current is
caused to flow in the circuit 1 in the direction of the
arrow. 30, then magnetization of the cores 6 and 7 is in-
creased by reason of the cumulative effects of the wind-
ings 9, 11, 23 and 25, with the result that the direct cur-
rent in the circuit 49 is also increased to a value some-
‘what larger than the value Idc. However, if current is
caused to flow in the circuit 1 in the direction represented
by the arrow 57, then the direct current in the circuit 49
is reduced to a value somewhat less than the value Idc by
reason of the differential effects of the bias windings.

Consequently, by providing a scale 53 having a zero
center marking corresponding .to direct current. in the
_circcuit 49 having a value Idc, the device 43 may be
_caused to produce a response which is representative of
.the magnitude of direct current.flowing in the circuit 1,
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and which is indicative of the polarity of such du‘ect
current.

Although .the invention has been described with ref-
erence.to certain specific embodiments thereof, numerous
embodiments thereof. are possible, and it is desired to
cover all embodiments falling within the spirit and scope
of the invention.

We claim as our invention:

1. In an electrical system, a direct current circuit, sat-
urable magnetic core means, control winding means link-
ing said core means, means connecting said control wind-
ing means for energization from said circuit to effect
magnetization of said core means in accordance with a
direct quantity present in said circuit, impedance winding
means linking said core means having an impedance de-
pendent upon the magnetic condition of said core means,
a source of alternating current for producing a first alter-
nating output, said impedance winding means being con-
nected for energization from said source to control the
magnitude of said first alternating output, said first alter-
nating output having a magnitude which deviates from
a desired linear relationship relative to the magnitude of
said direct quantity such that for a zero value of said
direct quantity said first alternating output has a predeter-
mined finite value, compensating means for substantially
correcting such deviation, said compensating means in-
cluding transformer means having other magnetic core
means constructed to exhibit substantially rectangular
magnetic hysteresis loop characteristics, first winding
means linking said other core means connected for ener-
gization from said source through said impedance winding
means, and second winding means linking said otber core
means for producing a second alternating output in re-
sponse to energization of said first winding means, said
transformer means being constructed such that when said
first winding means is energized in accordance with said
finite value of said first alternating output a magnetomo-
tive force is produced which is substantially equal to the
magnetomotive force required to supply loss and mag-
netizing components of magnetic flux for said other core
means whereby said second alternating output is substan-
tially zero and said finite value of said first alternating
output is compensated for, rectifier means connected for
energization in accordance with said second alternating
output to produce a rectifier output quantity, and translat-
ing means connected for energization in accordance with
said rectifier output quantity to produce a response which
is a function of said direct quantity.

2. Ina dev1ce responsive to direct quantities present in

.a direct current c1rcu1t a conversion unit including sat-

urable magnetic core means, control winding means link-
ing said core means to be connected for energization in
accordance with a direct quantity present in said circuit
to control the magnetic condition of said core means in
accordance with said direct quantity, and impedance
winding means linking said core means to have an im-
pedance dependent upon-the magnetic condition of said
core means; said impedance winding means being af-
ranged for energization.from a source of alternating cur-
rent to control the magnitude of the portion of the alter-
nating output of said source traversing the impedance
winding means, said conversion unit providing when ener-
gized a controlléd alternating output having a magnitude
which deviates from a desired linear relation with respect

-to the value of said direct quantity such that for a zero

value of the direct quantity there is provided a finite
value of the controlled alternating output, and compen-
sating means for substantially correcting such deviation
comprising an electromagnetic transformer device, said
transformer device including magnetic core means con-
structed to exhibit substantially rectangular hysteresis
loop characteristics, primary winding means linking said
core means to be connected for energization in accord-
ance with said output quantity, and secondary winding
means linking said core means to produce an alternating
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output quantity in response to energization of said primary
winding means; said transformer device being constructed
such that when said primary winding means is energized
in accordance with said finite value of said output quan-
tity a magnetomotive force is produced which is substan-
tially equal to the magnetomotive force required to supply
loss and magnetizing components of magnetic flux for
said core means whereby said alternating output quantity
is substantially zero and said finite value of said con-
trolled alternating output is compensated for.
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