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This invention relates to improvements in magnetic
amplifiers.

Heretofore, magnetic amplifiers have had as a llmltmw
factor in their operation the characteristics of the rectifier
utilized therein. The finite back resistance of the recti-
fiers may constitute a limitation on the sensitivity and
gain of the amplifier while the resistance of the rectifier
in the conducting direction will constitute a power loss
in the amplifier. Back voltage limitations of the. recti-
fiers may also be a disadvantage.

1t is therefore an object of the present invention to pro-
vide a novel magnetic amplifier utilizing a rectifying
means having an extremely high back resistance and a
very low forward resistance, and capable of w1thstand-
ing 1elat1ve1y high back voltages.-

1t is a further object of the present invention to provide
a novel magnetic amplifier utilizing such desirable recti-
fying means which is capable of operating from a -uni-
directional electrical power source.

It is another object of the present invention to provide
a novel magnetic amplifier wherein a synchronous vibra-
tor is utilized to produce alternating power from a unidi-
rectional source and wherein contacts of said vibrator
act as rectifiers in the magnetic amplifier circuit.

It is still another object of the present invention to pro-
vide a-movel magnetic amplifier circuit including a syn-
chronous vibrator for supplying an alternating voltage,
the -vibrator having contacts controlling the supply of a
portion of said voltage to a load through a saturable
reactor during one portion of a cycle, and the entire volt-
age being applied to the saturable reactor under the con-
trol of the amplifier input during another portion of a
cycle,

It is yet another object of the present invention to pro-
vide such an amplifier circuit wherein further contacts
of the vibrator control the supply of the entire voltage
to the saturable reactor under the control of the ampli-
fier input.

The novel features which I believe to be characteristic
of my invention are set forth with particularity in the
appended claims. My invention itself, however, both as
to its organization, manner of construction and method
of operation, together with further objects and advantages
thereof, may best be understood by reference to the fol-
lowing description, taken in conjunction with the accom-
panying drawings, in which:

Figure 1 is a diagrammatic showing of one form of
electrical circuit constituting a magnetic amplifier and
embodying the teachings and principles of the present in-
vention;

Figure 2 illustrates a series of operating curves ob-
tained from a magnetic amplifier of the type shown in
Figure I;

Figure 3 is a diagrammatic illustration of a second
form of electrical circuit constituting a magnetic ampli-
fier and embodying the teachings and principles of the
present invention;

Figure 4 illystrates a series of operating curves ob-

10

15

20

25

30

10

45

50

55

60

65

70

2

tained from a magnetic amplifier of the type shown in
Figure 3;

Figure 5 illustrates the waveform of the output voltage
for three different operating conditions of the amphﬁer'
and

Figure 6 is a diagrammatic illustration of the magnetic.
characteristics of the saturable reactor utilized in the cir-
cuits of Figures 1 and 3.

In the embodiment of .the invention illustrated in
Figure 1, the input to the magnetic amplifier is shown as
a variable resistance Re designated by the reference num-
eral 10. Such a resistance may, for example, represent
the resistance of a lead sulfide photoconductive cell,
which resistance varies in accordance with the amount
of light impinging on the cell. The input to the amplifier

~may also be a voltage whose variations it is desired to.

amplify. The output of the amplifier may be utilized to
actuate a relay or other load, here represented as a resist-
ance Ry, having the reference numeral 11 applied thereto.

A unidirectional power source is utilized to supply

power to the amplifier. In the present description, the
term “unidirectional” is used in contradistinction to alter-
nating, to indicate that the polarity of the source does
not change. In the illustrated embodiment, the source is
indicated as a battery 12 by way of example. A syn-
chronous vibrator, indicated generally at 13, is utilized to
translate the unidirectional power into alternating power
and to provide the rectifying action in the amplifier.
- When the vibrator blade 15 is in the position indicated
in solid outline in Figure 1, continuity is established be-
tween the blade and contact 16 to short the actuating coil
17 and to send a pulse through the winding portion 19 of
the primary of transformer 20. This pulse in turn induces
a voltage e,}e, in the secondary winding 21 which is
applied to the control resistance Rc¢ and the saturable re-
actor 22 in series, the circuit extending from the upper end
of winding 21 through resistor Re, contact 23, blade 15,
conductor 24, saturable reactor 22, and conductor 25 to
the lower end of winding 21.

The value of the resistance of Rc determines the degree
of magnetization of the reactor L: in the back direction
indicated by the solid arrow 27, which in turn controls
the reactance of L: in the forward direction indicated
by the dotted arrow 28 during the next portion of the
cycle of the vibrator to be hereinafter described.

The reason for this will be readily understood by refer-
ence to Figure 6, showing the magnetic characteristics
of the reactor Li. If the reactor L1 is assumed to be in
a magnetic condition represented by the point ¢ on the
curve 30, which corresponds to a saturated condition
of the core of the reactor in the forward direction, a mag-
netomotive force applied in the back direction may place
the core in a condition corresponding to point » on the
curve 30. Thus a subsequent forward magnetomotive
force would encounter increased inductance by virtue of
the previous back magnetomotive force, the amount of
increase depending on the previous back M. M. F. which
in turn depends on the value of Re.

When the vibrator blade 15 is'moved to its dotted posi-
tion in Figure 1, as by means of a spring (not shown),
the short circuit is removed from the actuator coil 17 of
the vibrator in preparation for the energization of the coil
17 to return the blade 15 to its solid position. Also, the
blade establishes continuity with contact 32 to send a
pulse through portion 33 'of the primary of transformer
29, inducing a voltage in secondary winding 21 of oppo-
site polarity from that during the first portlon of the
vibrator cycle.

A portion of this voltage, e,, is applied across the load
Rw and reactor L; through the following circuit: lower
end of winding 21, conductor 25, reactor 22, conductor
24, blade 15, contact 35, conductor 36, load resistor 11,



2,704,165

to tap 37 of the secondary winding 21.  As previously

described, the value of reactanceL: in the forward direc-
tion is determined by the value of Re in the previous por-
tion of the cycle, and thus the voltage across the load in
the forward portion of the cycle will-be a function of
the value of Rc during the pr\,kus back portlon of the
cyele. ?

- By proper: selectlorr of the circuit’ parameters; small
variations in Rc can be made to produce very con:
siderable - changes in the output voltage Fr. appearing
across the toad Re. - As indicated in Figure” 2, curve 49,
for values of ¢, and e, of 120 volts-and: 60 Volts respec-
tively, a- variation of Re from 150,000 chms to ‘300,000
ohms - will ‘cause "a variation in output-voltage of from
0.3 volt to 15 volts, -Curves 41,42 and-43 indicate-even
greater changes where the values of é, and e, are, re-

spectively, 120- volts and 120 volts; -120 volts:and 180

volts; and- 120 volts and-240- “volts.

~The embodiment of Figure 3 is similar to the embodi-
ment of Figure 1 and corresponding 'parts have been
given the same reference numerals. “The difference be-
tween the circuits lies in' the use of a direct connection
45 between the left terminal of resistor Re and the posi-
tive terminal of the battery 12. The effect of this change
is indicated in Figure 4, where the values of ¢, and e,
for curves 46, 47, 48 and 49 are the same, respectively,
as. for curves 48, 41, 42 and 43 of Figure 2. The value
of Ry for both Figures 2 and 4 is 3000 ohms; The dif-
ferences in characteristics are ‘due to the fact that e, con-
tributes to the forward M. M: F. applied to the reactor
during the- forward portion of the cycle and opposes e,
in supplying current to Riu. Otherwise, the circuits of
Figures 1 and 3 -operate similarly, and the operation of
the circuit of Figure 3 need not-be specifically described.

As:indicated in ‘Figure 35, sincé the output of the vi-
brator may be generally a:square wave, the voltage ap-
pearing across Ry will be generally a square wave also.
The effect of decreasing'Re is to decrease the saturation
of L1 and- thus to delay the build up of voltage across
Ry, ~The reactor L: thus acts like a time delay, but
tends to permit the' voltage 'across Ry to maintain a
generally square waveform. For a very high Re and
therefore an initially substantially saturated condition of
L1 corresponding to point ¢ on curve 39 in Figure 6,
the voltage across Ry builds up quickly as indicated at
52 and corresponds in duration to the input voltage, e;.
For lesser values of Re, the voltage across Ry builds up
only after a time delay, curve 53 corresponding to an
initial condition of L; such as point b on curve 390, and
curve 54 corresponding to an initial condition of L1 such
as -point ¢-on curve 30. The linearity of respense ob-
tainable is -indicated by the fact that each of curves
52, 53 and 54 is flat and of constant amplitude. Such a
condition could not be obtained, for example, with a
sinusoidal input voltage.
tainable is verified by -the linearity of portions of the
curves of Figures 2 and 4.
~From the above description it will be apparent that
my invention, in -its brcadest aspect, contemplates the
driving of any magnetic amplifier by means of a syn-
¢hronous vibrator, ‘with anxiliary contacts of the vibrator
being utilized as rectifiers in the amplifier circuit. The
auxiliary vibrator contacts provide a very low resistance
in-one position and a very high resistance in the other
position while being capable of withstanding substantial
back voltages, thus serving as relatively ideal rectifiers.
“ It will be understood that modifications and varia-
tions may be effected throughout a wide Tange without
departing from the scope of the novel concepts of the
present-invention.

"1 claim as my invention:

1. In combination in a magnetic amplifier, a vibrator
for supplying an alternating voltage, and magnetic ampli-
fier load and control circuits connected with said vibrator
and including a saturable reactor, said vibrator con-
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trolling application of a portion of said voltage to said
load circuit through said saturable reactor during ome
portion of each cycle of said alternating voltage, and
said magnetic amplifier control circuit including means
for applying said alternating voltage during a portion of
each cycle of opposite polarity from said one portion of
each cycle to said saturable reactor under the control of
an input to said magnetic amplifier control circuit.

2. In combination in a magnetic amplifier, @ vibrator
for supplying an-alternating. voltage, and magnetic ampli-
fler lcad and control circuits connected . with said vibrator
and including a .saturable. reactor, said vibrator con-
trolling application of a portion of said voltage to said
load circuit through said saturable reactor during one
portion of each cycle of said alternating voltage, and said
vibrator controlling application of said alternating volt-
age during a portion of each cycle of opposite polarity
from said one portion of each cycle to said control circuit
including said saturable reactor under the control of an
input to said magnetic amplifier control circuit.

3. In combination in a magnetic amplifier, magnetic
amplifier load and control circuits including a saturable
reactor, a vibrator for converting a direct voltage into
an- alternating voltage for said circuit, an input element
for controlling said -control circuit, said control circuit
having means for connecting said input element in circuit
with said’ saturable reactor and said alternating voltage
for energization of said reactor under the control of said

- input element in- one half of each cycle of said vibrator,
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and 2 load element for energization from said load cir-
cuit, said vibrator having contacts for connecting said
load element in circuit with said reactor and at least a
portion of said alternating voltage in the other half of
each cycle of said vibrator for delivering power to said
load dependent on the degree of energization of said re-
actor in-the previous half cycle.

4. In combination in a magnetic. amplifier for connec-
tion between an input element and a lgad, -a vibrator
having a plurality of alternately closing pairs of con-
tacts, a transformer having primary winding portions-for
alternate energization by a unidirectional source under
the control of cne group of said alternately closing pairs
of contacts, and a saturable reactor connected with one
side of another group of said alternately closing pairs of
contacts for alternate connection in series with the second-
ary winding of said transformer and an input element, and
in series with at least a portion of said secondary winding
and a load.

5. In combination in a magnetic amplifier for con-
nection between an input element and a load, a vibrator,
a transformer having primary winding portions for al-
ternate energization from a unidirectional scurce under
the control of said vibrator, a saturable reactor connected
said transformer, and
means for connecting said secondary in series with an in-
put element for energization of said saturable reactor
during energization of cune of said primary winding por-
tions under the control of the input element, said vibrator
having contacts closing during energization of the other
of said primary windings to connect at least a portion of
said secondary in series with a load for energizing said
lcad under the centrol of said saturable reactor.

6. In combinaticn in a magnetic amplifier, a trans-
former having a primary winding with a tap intermediate
the ends thereof and a secondary winding with a tap in-
termediate - the ends thereof, a vibrator having a con-
tactor blade for connection in series with a unidirectional
voltage and the tap of said primary winding, opposite
contacts of said vibrator for alternate connection with
said blade connected to copposite ends of said primary
winding, means for connecting an input element to one
end of said secondary, a saturable reactor connected to
the other end of said secondary and with said contactor
blade, a contact of said vibrator for cyclical connection
with said blade, and means for connecting a load in se-
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ries with said last mentioned contact and with said tap of
said secondary winding.

7. In combination in a magnetic amplifier, a trans-
former having a primary winding with a tap intermediate
the ends thereof and a secondary winding with a tap in-
termediate the ends thereof, a vibrator having a contactor
blade for connection in series with a unidirectional volt-
age and the tap of said primary winding, opposite con-
tacts of said vibrator for alternate connection with said
blade connected to opposite ends of said primary wind-
ing, further opposite contacts connected respectively to
one end of said secondary winding and to said tap thereof,
means for connecting respectively an input element and a
load in series with the respective further opposite con-
tacts, and a saturable reactor connected between the other
end of said secondary winding and said blade.

8. In combination in a magnetic amplifier, electrically
energizable magnetically saturable means, means com-
prising an electric control circuit for conditioning said
saturable means in accordance with a given control vari-
able, means comprising an electric output circuit con-
trolled by said saturable means for delivering power to a
load in accordance with said control variable, cyclically
operating interrupter means in both said electric control
circuit and said electric output circuit, and means com-
prising said cyclically operating interrupter means for
applying electrical energy to said electric control circuit
during one portion of the cycle of said cyclically operating
interrupter means to condition said saturable means and
for applying electrical energy to said electrical output
circuit under the control of said saturable means during
another portion of the cycle of said cyclically operating
interrupter means.

9. In combination, electrically energizable magnetical-
ly saturable means, means comprising an electric con-
trol circuit for conditioning said saturable means in ac-
cordance with a given contro] variable, means comprising
an electric output circuit controlled by said saturable
means for delivering power to a load in accordance with
said control variable, «cyclically operating interrupter
means having a first set of contacts connected in said
electric control circuit and having a second set of contacts
connected in said electric output circuit, said first and
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second sets of contacts closing at different instants of time
in each cycle of said interrupter means to initiate current
flow first in said control circuit and then in said output
circuit,

10. In combination, electrically energizable magneti-
cally saturable means, means comprising an clectric con-
trol circuit for conditioning said saturable means in ac-
cordance with a given control variable, means comprising
an electric output circuit conirolled by said saturable
means for delivering power to a load in accordance with
said contrcl variable, alternating current supply means
comprising a vibrator having contacts for supplying an al-
ternating voltage from a unidirectional source, and said
vibrator having a further set of contacts in said load cir-
cuit for rectifying current flow from said supply means to
said Icad under the control of said saturable means.

11. In combination, electrically energizable magneti-
cally saturable means, means comprising an electric con-
trol circuit for conditioning said saturable means in ac-
cordance with a given control variable, means comprising
an clectric output circuit controlled by said saturable
means for delivering power to a load in accordance with
said control variable, alternating current supply means
comprising a vibrator having two sets of alternately clos-
ing contacts for supplying an alternating voltage from a
unidirectional source, and said vibrator having a third
set of contacts in said load circuit for rectifying current
flow from said supply means to said load under the con-
trol of said saturable means.
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