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This invention relates to the art of electric control ap 
paratus, and more particularly to the art of signal con 
trol of magnetic ampli?er output. 

In the stabilization of automatic signal control systems 
employing magnetic ampli?ers, it is often necessary to 
feed back into a magnetic ampli?er a current derived 
from a change in voltage occurring elsewhere in the sys 
tem. Heretofore, such current has been fed into a con 
trol winding on the magnetic ampli?er, where this con~ 
trol winding has been provided speci?cally for this pur 
pose, or the current has been combined with other control 
signals and applied to an existing control winding or 
windings. 
To secure the desired effect from the stabilization sig 

nal, it is oftentimes desired that a delay should exist in 
the feedback circuit, that is, a delay between the applica 
tion of the change in voltage to the terminals of the cir 
cuit and the dying away of the current produced thereby 
in the feedback circuit. For the feedback to be effective 
in stabilizing some types of automatic control system, 
the delay is often required to have a time constant of the 
order of one second. This may be obtained by means of 
a series resistance and capacitance in the feedback cir 
cuit. The time constant is then proportional to the prod 
uct of resistance and capacitance, i.e., R, C, where R in 
cludes the resistance of the control winding. 

It is obvious, however, that increasing the resistance to 
increase the time constant will reduce the current and, 
therefore, the effect of the feedback. The value of R is 
determined by the magnitude of feedback voltage avail 
able and the current necessary in the control circuit to ob 
tain stability. Therefore, a large value for C is required 
to obtain the desired time constant. 
One object of the present invention is to make the time 

constant of a feedback circuit much greater than that de 
termined from the values of R and C, by virtue of its 
connection to the ampli?er. 

Another object of this invention is to provide a simple 
feedback circuit for a magnetic ampli?er which is efficient 
in operation. 

Another object of this invention is to provide e?icient 
stabilization of control systems. 
A further object of this invention is to provide an im 

proved electrical signal control method and arrangement. 
A feedback circuit constructed in accordance with one 

embodiment of the present invention will supply current 
derived from a change in voltage occurring in the system 
through the series connected circuit of a capacitor and the 
load current windings of a self-saturating full-wave mag 
netic ampli?er. The feedback connection is phased so 
that the voltage developed in each load current winding 
in turn, due to the resultant change in load current ?ow 
ing in the resistance of the winding, is of the polarity to 
reduce the rate of change in charge of the capacitor, and 
so to increase the effective time constant of the circuit. 

In accordance with a modi?cation of my invention, a 
bridge circuit is provided to give a direct current output. 
The features of my invention, which I believe to be 
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2 
novel, are set forth with particularity in the appended 
claims. My invention, itself, however, both as to its 
organization and method of operation, together with fur 
ther objects and advantages thereof, may best be under 
stood by reference to the following description taken in 
connection with the accompanying drawings, in which: 

Figure l is a schematic diagram of a magnetic ampli?er 
circuit in accordance with an embodiment of the present 
invention. 

Figure 2 represents an operating characteristic of a por 
tion of a circuit shown in Figure l, and 

Figure 3 illustrates a modi?cation of the circuit shown 
in Figure l. 

in Figure l of the drawings the magnetic ampli?er cir 
cuit embodying the present invention is shown to include 
a source of undulating potential 19, such as an alternating 
voltage generator, having one of its terminals connected 
through a load circuit 11, such as a utilization impedance, 
to terminal 12 and a second terminal connected directly 
to terminal 13. A recti?er 14 and a load circuit wind 
ing 15 are connected in series across terminals 12 and 13. 
The recti?er 14 is so connected as to conduct when ter 
minal 12 is positive with respect to terminal 13. A sec 
ond recti?er 17 and a second load circuit winding 18 are 
connected in series across term-‘rials 12 and 13. The sec 
ond recti?er 17 is so connected as to conduct when ter 
minal 13 is positive with respect to terminal 12. The 
load circuit windings are wound on cores 19 which are 
adapted to saturate in response to a predetermined signal. 
Wfndings 20 and 21 bias the cores 19 to a desired level 
in accordance with the voltage applied by generator 22. 
As described thus far, the circuit will be recognized as 
a conventional doubler circuit well known to the art. 
Normally load current due to the source 10 will flow in 
windings 15 and 18 alternately as indicated by arrows A 
and B. The magnitude of these currents will be deter 
mined by the amplitude of the source voltage, the load 
impedance, and the degree of saturation in the cores pro 
vided by the direct current control winding or windings. 

In many applications the feedback voltage from the 
controlled circuit is applied to the control windings. 
However, such utilization of the feedback requires ex~ 
cessively large capacitance to provide a time constant of 
the order of magnitude frequently required in such cir 
cuits. The source of feedback voltage 23, which may 
be a means for deriving a voltage responsive to the energy 
in the load circuit 11, is connected through a series capac 
itance 24 and resistance 25 across the windings 15 and 
18 by connection at terminals 26 and 27. 
The operation of the circuit in Figure 1 may best be 

understood by reference to Figure 2, wherein the current 
flowing through load 11 is plotted as the ordinate and 
time is plotted as the abscissa. In Figure 2 the curve 
above the X axis represents current A and the curve 
below the X axis represents the current B. If, during 
normal operation, a change in voltage from the controlled 
circuit is fed back so as to cause terminal 26 to be posi 
tive in electric potential with respect to terminal 27, a 
current will flow through the main load current windings 
of the saturable magnetic ampli?er. If this voltage is 
applied, for example, at time T, as indicated in Figure 2, 
the transient current produced by the voltage in changing 
the charge of capacitor 24 will flow through winding 15 
without any noticeable effect, since this winding is carry 
ing the load current and the associated core 19 is 
saturated. However, the ?ow of the transient current 
through winding 18, which is not carrying load current, 
will cause the core polarization, i.e., its initial saturation, 
to change by an amount dependent upon the magnitude 
of the charging current. When winding 18 starts to carry 
load current on the next cycle of the voltage applied by 
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generator 10, the core will saturate earlier in the cycle 
and an increased load current will result as shown by the 
shaded portion 30 in Figure 2. During this half cycle, 
the polarization of the core of winding 15 will be changed 
in like manner and, therefore, increased current will ?ow 
in the load circuit until capacitor 24 is charged to the 
new voltage and the transient has died away. It should 
be noted that the total core polarization is the sum of 
that produced by the transient charging current and that 
by the control winding or windings. 
The increment of load current caused by the effect of 

the transient charging current on core polarization will 
develop a corresponding voltage increment across each 
main winding. This increment of voltage is proportional 
to the increment of load current times the resistance of 
the winding, and the polarity of the incremental voltage 
will be such as to oppose the current ?ow in the feedback 
circuit resulting from the transient voltage. Since the coil 
winding is so adjusted that the incremental voltage across 
each load current coil opposes the voltage supplied by the 
circuit represented by the generator 23, the rate of change 
of charge upon capacitor 24 will be decreased, thus effec 
tively increasing the time constant of the feedback circuit. 

In certain instances, resistor 25 may be eliminated by 
proper design if desired. However, it is usually conven 
ient to substitute a variable resistance to obtain a simple 
method of adjusting the effective circuit time constant. 

It will be obvious to those skilled in the art that the 
‘circuit will be effective if the polarity of the source of 
feedback voltage is such as to make terminal 27 positive 
with respect to terminal 26. The load current in each 
winding will, in this case, be reduced, thus the polarity 
of the incremental voltages developed will continue to 
oppose the change in charging current of the capacitor 
with the desired result of effectively increasing the time 
constant of the feedback circuit. 

It will be obvious to those skilled in the art that a 
magnetic ampli?er having feedback applied thereto in 
accordance with this invention, may have additional posi 
tive or negative current feedback from the load circuit 
and external control devices applied to the existing con 
trol winding. A representative feedback control system 
is shown in Figure 1, where generator 22 represents the 
combined feedback from the load, as well as external 
control voltage or either signal alone. Such modi?cations 
are obvious to those skilled in the art and come within 
the scope of this invention. 
The circuit shown in Figure 1 can be modi?ed to 

produce direct current in the load. One embodiment of 
such a modi?cation is shown in Figure 3, in which com 
ponents identical with those of Figure l are identically 
numbered. In this embodiment, the source It) has one 
terminal connected directly to terminal 12. Recti?ers 31 
and 32 are connected in bucking relationship with recti 
?ers 14 and 17, respectively, forming a bridge circuit. 
The load 11 is connected across the arms of the bridge 
at terminals 33 and 34. The saturable cores of the load 
circuit windings 15 and 13 are not shown. 
The circuit operates in a manner similar to that of 

Figure 1, except that the recti?er bridge connection pro 
vides direct current output through the load. 

While particular embodiments of the present inven 
tion have been shown and described, it will be apparent 
to those skilled in the art that changes and modi?cations 
may be made without departing from the invention in its 
broader aspects, and, therefore, the aim in the appended 
claims is to cover all such changes and modi?cations'as 
fall within the true spirit and scope of the invention. 
What I claim as new and desire to secure by Letters 

Patent of the United States is: 
l. A magnetic ampli?er of the full-wave self-saturating 

type having two saturable core members, each of said 
core members including a load current winding wound 
thereon, a load circuit comprising a ?rst and second in 
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a 
put terminal, a third terminal, two unidirectionally con 
ducting devices, means for connecting each of said uni 
directionaily conducting devices in a different polarity 
through a respective winding between said second and 
third terminals, a ?rst source of alternating electrical sig 
nals coupled between said ?rst and third terminals, a 
second source of signals, means for causing a change in 
the signal of said second source. to produce a transient 
deviation in the signals supplied to said load circuit by 
said ?rst source such that the period of transient devia 
tion is extended beyond the duration of the signal change 
of said second source, comprising means for coupling 
said windings to said second source. 

2. A magnetic ampli?er of the full-wave, self saturat 
ing type having two saturable core members, each of said 
core members including a load current winding wound 
thereon, a load circuit comprising a ?rst and second input 
terminal, a third terminal, two unidirectionally conducting 
devices, means for connecting each of said unidirection 
ally conducting devices in a different polarity through a 
respective winding between said second and third termi 
nals, a ?rst source of a'ternating electrical signals coupled 
between said ?rst and third terminals, a second source of 
signals, means for causing a change in the signal of said 
second source to produce a transient deviation in the sig 
nals supplied to said load circuit by said ?rst source such 
that the period of transient deviation is extended beyond 
the duration of the signal change of said second source, 
comprising means for coupling said windings to said 
second source, said last named means comprising means 
for coupling a capacitance and said second source in 
series between the junction each of said unidirectionally 
conducting devices with its respective winding. 

3. A magnetic ampli?er as claimed in claim 1 having 
a control winding wound on each of said saturable core 
members, and means for energising said control windings 
to further control the current ?ow in said load circuit. 

4. A magnetic ampli?er of the full-wave, self-saturat 
ing type having a ?rst saturable core member, including 
a load current winding wound thereon, a ?rst unidirec 
tiona‘ly conducting device connected in series with said 
winding, 2. second saturable core member, including a 
second load current winding wound thereon, a second uni 
directionally conducting device connected in series with 
said second winding, a load circuit, an alternating volt 
age source for supplying electric energy to said load cir 
cuit and current windings, said source having a ?rst and 
second terminal, means connecting said ?rst terminal to 
said load circuit, means connecting said series connections 
of devices and windings between said load circuit and 
said second terminals, said ?rst unidirectionally conduct 
ing device adapted to conduct when said ?rst terminal is 
positive with respect to said second terminal, said second 
unidirectionally conducting device adapted to conduct 
when said second terminal is positive with respect to said 
?rst terminal, means for deriving a direct voltage respon 
sive to the energy said load circuit, said means having a 
positive and negative terminal, means connecting said 
positive terminal to said ?rst load current winding, at the 
junction between saidwinding and said ?rst unidirection 
ally conducting device, said connecting means comprising 
resistance and capacitance, means connecting said nega 
tive terminal to said second winding at the junction be 
tween said winding and said second unidirectionally con 
ducting device. 

5. A magnetic ampli?er as set forth in claim 4 in which 
said ?rst and second saturable cores have a respective 
?rst and second control winding wound thereon, and 
means for energizing said control windings to further 
control the current flow in said load. 

6. A magnetic ampli?er output signal system for con 
trolling the variation in electric power delivered to a 
load circuit comprising a_ load circuit, a magnetic ampli 
?er of the self-saturating type arranged to deliver elec 
tric power to said load circuit, means for deriving a sig 
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nal representative of only the instantaneous variations in 
the electric power delivered to said load circuit, means 
responsive to said derived signal for varying the satura 
tion of said ampli?er, and means responsive to the power 
delivered to said load circuit for modifying said derived 
signal to prolong its effect of varying the saturation of 
said ampli?er. 
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