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This invention relates to magnetic amplifiers 
and more particularly to devices of this kind 
which utilize the Saturation of an iron core with 
unidirectional flux. 
An object of the invention is to provide a Sat 

urable core reactor, the output characteristic of 
which is dependent on the polarity of the uni 
directional saturating flux. 
Another object of the invention is to provide 

a new and improved magnetic amplifier for pro 
ducing a controllable unidirectional output po 
tential which may be applied to the control elec 
trodes of vacuum tubes. 
A further object of the invention is to provide 

a magnetic amplifer control system which con 
trols a pair of standard relays in such a way as 
to produce a control system which is the equiva 
lent of a sensitive polarized relay. 
The invention will be better understood from 

the following description taken in connection with 
the accompanying drawing and its scope will be 
pointed out in the appended claims. 

In the drawing, Fig. 1 is a diagrammatic ill 
lustration of an embodiment of the invention for 
producing an amplified constant polarity output 
potential, Fig. 2 illustrates the operating charac 
teristic of Fig. 1, Fig. 3 is a modification in which 
the amplified output potential reverses when the 
polarity of the unidirectional control current re 
verses, Fig. 4 illustrates the operating characteris 
tic of Fig. 3, Fig. 5 illustrates diagrammatically 
another modification for producing the effect of 
a polarized relay, Fig. 6 illustrates the operating 
characteristic of Fig. 5, and Fig. 7 shows a modi 
fied arrangement of the control winding. 

Referring now to the drawing and more par 
ticularly to Fig. 1, the core of the magnetic am 
plifier is shown by way of example as a three 
legged core provided with a control winding 2 
on the center leg and a pair of controlled wind 
ings 3 on the outer legs. These controlled wind 
ings are connected acroSS a Suitable Source of al 
ternating current 4 in Separate parallel branch 
circuits, each of which contains a separate asym 
metrical conducting device 5 of any suitable form, 
such for example, as a copper oxide rectifier. 
The polarities of these asymmetrical conductors 
are oppositely, arranged so that positive half 
waves of current flow through one controlled 
winding and negative half waves of current flow 
through the other controlled winding. The con 
trolled windings are so arranged on the core that 
the pulsating unidirectional fluxes which they 
produce in the core are in the same direction 
with respect to the control winding 2, as is in 

dicated by the arrows marked on the core. Con 
trol winding 2 is energized by a unidirectional 
current which may be varied in magnitude and 
also aperiodically reversed in direction by any. 
Suitable means, such as by a slide wire poten- 5 
tionnetter 6. 
Connected in circuit with each of the con 

trolled windings 3 are separate circuit elements 
l, shown by way of example as resistors. The 
Sum of the voltage drops across the resistors 7 0 
is impressed on a voltmetric electroresponsive de 
vice 8 of any Suitable form, such as an ordinary 
voltmeter or the control electrode of a vacuum 
tube. 
The operation of Fig. 1 can best be understood 5 

by reference to Fig. 2 in which the sum of the 
voltage drops through the resistors 7 is plotted as 
a function of the current in the control wind 
ing 2. As will be seen, the voltage is a minimum 
When the control current is zero. As the control 
current increases in what is labeled the forward 
direction, that is to say, the direction which 
causes the flux produced by the winding 2 to be 
in the same direction as the fluxes produced by 
the windings 3, the core f will be rapidly sat 25 
urated due to the cumulative action of all of the 
windings, thus, reducing the reactance of the 
windings 3 and increasing the current in the re 
sistors 7, thereby rapidly increasing the voltage 
drops across these resistors. Thus, a relatively. 
Small increase in current in the winding 2 in 
the forward direction will substantially saturate 
the core So that further increases in current in 
this coil will produce relatively small increases 
in voltage. If now the current in the coil. 2 is 
reversed so as to make its flux oppose the fluxes 
of the windings 3 the Saturating effect will be 
negligible for relatively large changes in control 
current, so that the Sum of the voltages across 
the devices is relatively independent of changes 
in control current in the reversed direction. 40 

It should, of course, be understood that the 
currents in the resistors are out of time phase 
so that when the current in one resistor is a 
maximum the current in the other resistor is a 
minimum. Consequently, the individual instan 
taneous voltage drops across the resistors 7 do 
not add arithmetically. However, they will add 
almost arithmetically in a device having a rela 
tively large time constant, such as a ballistic in- 50 
strument. 

Fig. 2 may also be taken as representative of 
the instantaneous voltage drop across either one 
of the resistors 7. 
The principal reason that the output voltage 55 
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2. 
registered on the device 8 increases So rapidly 
with changes in current in the forward direction 
in the coil 2 is that there is a regenerative or feed 
back effect which occurs when the current in the 
windings 3 increases because the increased flux 
which then results aids the Saturating effect of 
the control winding 2. 

Fig. 3 differs from Fig. 2 in that the right hand 
asymmetrical conductor 5 has been reversed. 
Consequently, only positive (or negative) half 
waves of current from the Source flow through 
the controlled Windings. This change causes the 
fluxes produced by the controlled windings to be 
in opposite directions with respect to the con 
trol winding 2 and it also causes the polarities 
of the voltage drops acroSS the resistors to be 
opposite instead of the same, as in Fig. 1. Ca 
pacitors 9 are connected in parallel with resistors 
So as to Snooth out the Voltage drop acroSS the 

resistors 7. 
The operation of Fig. 3 will be clear from an 

inspection of Fig. 4. When no current flows in 
the control winding the Voltage drops across the 
resistors 7 are equal and opposite so that there 
is no net voltage acroSS the two. As the control 
current increases in the forward direction the 
current through one control Winding and its 
serially connected resistor increases more rapidly 
than the current through the other control wind 
ing and its resistor so that the sum of the voltages 
increases with a given polarity. If now the con 
trol current is reversed the opposite effect is pro 
duced and the resultant voltage across the two 
resistors 7 increases with the opposite polarity. 
In this manner a reversible polarity unidirec 
tional potential may be obtained and controlled 
by means of a relatively Small unidirectional con 
trol current. 

In Fig. 5 the resistors 7 have been replaced by 
windings 0 and 0' which, for example, may be 
considered the operating windings of conventional 
relays or contactors. 
The operating characteristic of this circuit is 

shown in Fig. 6. Thus, when there is no current 
in the control coil 2 the voltage across both relay 
windings is below the drop out values of the re 
lays so that both relays will be dropped out. If 
the current increases slightly in a forward direc 
tion the voltage across the relay O' increases very 
rapidly and Soon causes the relay O' to pick up, 
whereas the voltage across the relay 0 actually 
decreases slightly. Similarly, if the current 
through the control winding 2 increases slightly 
in the reverse direction the opposite effect takes 
place and the relay O' will drop out. In this 
manner an arrangement is produced which is 
the equivalent of a very sensitive polarized relay, 
although the actual relays which are employed 
are inexpensive and rugged standard non-polar 
ized relays or contactors. 

Instead of mounting the control winding on the 
center leg of the core it may be divided into two 
Sections, each of which is wound on an outer 
leg, as shown in Fig. 7. This modification of the 
arrangement is equally applicable to Figs. 1, 3 
and 5. 
While there have been shown and described 

particular embodiments of this invention, it will 
be obvious to those Skilled in the art that various 
changes and modifications can be made therein 
Without departing from the invention and, there 
fore, it is aimed in the appended claims to cover 
all Such changes and modifications as fall Within 
the true spirit and Scope of the invention. 

2,229,952 
What I claim as new and desire to secure by 

Letters Patent of the United States is: 
1. In combination, a core of magnetic mate 

rial having a definite saturation characteristic, a 
control winding thereon, a pair of controlled 
Windings thereon, a circuit for energizing said 
control winding with a selectively variable magni 
tude continuous current, a source of alternating 
current, Said controlled windings being con 
nected to Said Source of alternating current in 
parallel branch circuits, separate unidirectional 
conducting devices connected in each of said 
branch circuits so as to cause positive half waves 
of current to flow through one branch circuit 
and negative half waves of current to flow 
through the other branch circuit, said controlled 
Windings being so arranged that the fluxes they 
produce in said core are in the same direction 
relative to said control winding, separate circuit 
elements connected in each of said branch cir 
cuits, and means responsive to the sum of the 
voltage drops across said elements. 

2. In combination, a core of magnetic material 
having a definite Saturation characteristic, a con 
trol winding thereon, a pair of controlled wind 
ings thereon, a circuit for energizing said con 
trol winding with continuous current the direc 
tion of which is selectively reversible, a source 
of alternating current, said controlled windings 
being connected to said source of alternating cur 
rent in parallel branch circuits, separate uni 
directional conducting devices connected in each 
of Said branch circuits so as to cause positive 
half waves of current to flow through one branch 
circuit and negative half waves of current to flow 
through the other branch circuit, said controlled 
Windings being so arranged that the fiuxes they 
produce in said core are in the same direction 
relative to said control winding, separate cir 
cuit elements connected in each of said branch 
circuits, and means responsive to the sum of the 
voltage drops across said elements. 

3. In combination, a core of magnetic mate 
rial having a definite saturation characteristic, 
a control winding thereon, a pair of controlled 
Windings thereon, a circuit for energizing said 
control winding with a selectively variable mag 
nitude continuous current, a source of alternat 
ing current, said controlled windings being con 
nected to Said source of alternating current in 
parallel branch circuits, separate unidirectional 
conducting devices connected in each of said 
branch circuits so as to cause positive half waves 
of current from said source to flow through both 
of said branch circuits and to prevent the flow 
of negative half waves of current from said 
source through Said branch circuits, said con 
trolled windings being SO arranged that the fluxes 
they produce in said core are in opposite direc 
tions relative to said control winding, separate 
circuit elements connected in each of said branch 
circuits, and means responsive to the sum of the 
voltage dropS acroSS Said elements. 

4. In combination, a core of magnetic mate 
rial having a definite Saturation characteristic, 
a control winding thereon, a pair of controlled 
windings thereon, a circuit for energizing said 
control winding with continuous current the di 
rection of which is selectively reversible, a source 
of alternating current, said controlled winding 
being connected to said source of alternating 
current in parallel branch circuits, separate uni 
directional conducting devices connected in each 
of Said branch circuits so as to cause positive half 
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both of said branch circuits and to prevent the 
flow of negative half waves of current from said 
source through said branch circults, said con 
trolled Windings being so arranged that the 
fluxes they produce in said core are in opposite 
directions relative to said control winding, sepa 
rate circuit elements connected in each of said 
branch circuits, and means responsive to the 
sum of the voltage drops across said elements. 

5. In combination, a core of magnetic nate 
rial having a definite Saturation characteristic, 
a control winding thereon, a pair of controlled 
windings thereon, a circuit for energizing said 
control Winding with continuous current the 
direction of which is selectively reversible, a 
Source of alternating current, said controlled 
winding being connected to said source of alter 
nating current in parallel branch circuits, sepa 
rate unddirectional conducting devices Connected 
in each of said branch circuits, said controlled 
windings being so arranged that the fluxes they 
produce in Said core are in opposite directions 
relative to said control winding, and separate 
electroresponsive devices connected in each of . 

3 
said branch circuits, said devices having their 
energization selectively oppositely varied in ac 
cordance with the direction of current in said 
control winding. 

6. In combination, a core of magnetic mate 
rial having a definite Saturation characteristic, a 
control winding thereon, a pair of controlled 
windings thereon, a circuit for energizing said 
control winding with a selectively variable mag 
nitude continuous current, a Source of alternat 
ing current, said controlled windings being con 
nected to said source of alternating current in 
parallel branch circuits, separate unidirectional 
conducting devices connected in each of Said 
branch circuits, separate circuit elements serially 
connected in each of Said branch circuits, the 
controlled winding in each of said branch cir 
cuits being disposed between its unidirectional 
conducting device and its circuit element, and 
electroresponsive means connected to be ener 
gized by the sum of the voltage drops across said 
elements. 

AUSTYN . WHITELEY. 
L'ESIL (3 C. L'UDBROOE<. 
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