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This invention relates to an arrangement for 
adjusting an organ, particularly a control sur 
face or the like in airplanes or seagoing vessels. 

In the copending application Serial No. 
290,968, filed August 19, 1939, is described an 
arrangement for automatically adjusting an or 
gan, particularly a control surface in airplanes 
or seagoing vessels in accordance with instru 
ments capable of being loaded only to a slight 
extent, particularly with directional indicators, 
such as compasses, gyro-indicators etc. 
According to the above Copending applicatio 

the electrical magnitude transmitted by said in 
struments is transmitted to a magnetic amplifier 
arrangement connected to a feed back circuit 
and is amplified by the amplifier arrangement 
in such a manner that the output energy which 
the amplifier supplies to the current consuming 
device, for instance, to an electrical directional 
drive, has such a value as to bring about an ad 
justment of the organ. 
The present invention relates to an improve 

ment in the novel magnetic amplifier provided 
in the arrangement according to the above co 
pending application. The invention is based on 
the fact that means are provided in the feed 
back circuit of the magnetic amplifier so as to 
influence the amplification factor and that these 
means are capable of being controlled in accord 
ance with the electrical magnitudes of the out 
put energy. 

Further details of the invention will be appar 
ent from the following description taken in con 
nection with the accompanying drawing, in 
which 

Figs. 1 and 2 show diagrammatically the mag 
netic amplifier described in the above copending 
application. 

Fig. 3 shows an embodiment for carrying out 
the inventive idea with the aid of the feed back 
controllable by influencing the effective number 
of turns of the feedback winding. 

Fig. 4 shows a further embodiment with a par 
allel resistance for the feed back winding, con 
trollable by means of the output alternating cur 
rent. 

Fig. 5 shows another embodiment with a re 
sistance lying in series with the feed back and 
controllable in accordance with the rectified 
Current Serving for the feed back. 

Fig. 6 shows an embodiment with a resistance 
regulable by means of a double instrument. 

Fig. 7 shows an embodiment with a non-linear 
resistance serving to control the feed back. 
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Fig. 8 shows an embodiment with a resistance 
combination serving to control the feed back. 

Fig. 9 shows a modification of the arrangement 
with a resistance combination shown in Fig. 8. 

Fig. 10 shows a connection in diagrammatic 
form of an arrangement with resistance combi 
nations serving to control the feed back. 

Before proceeding with the description of the 
invention the operation of the novel magnetic 
amplifier disclosed in the above copending ap 
plication is hereinafter briefly repeated with ref 
erence to Figs. 1 and 2. 
In Fig. 1, and 2 denote cores consisting of a 

material of high magnetic permeability, for in 
stance, of an iron-nickel alloy. The two cores 
are provided each with a winding 3 and 4 re 
spectively. The two windings 3 and 4 are ar 
ranged in series and in series with the current 
Consuming device 5 energized by the alternating 
current source 6. In the windings and therefore 
in the current consuming device 5 flows an al 
ternating current J whose magnitude depends 
upon the alternating-current resistance of the 
windings. The magnitude of this resistance de 
pends upon the permeability of the two cores in 
accordance with the working point on the mag 
netization curve. On the two cores is arranged 
a common winding 7 which is traversed by the 
direct current ie supplied by an impulse trans 
mitter (not shown). The two windings 3 and 4 
are so wound that the voltages induced in the 
winding 7 by the current flowing in the windings 
3 and 4 annul each other. The direct current 
flowing in the winding 7 produces in both cores 
magnetic fluxes which displace the working point 
On the magnetization curve. By displacing the 
working point the permeability changes accord 
ing to the magnetization curve and therefore 
changes the alternating-current resistance of the 
windings 3 and 4. The alternating-current re 
sistance of these windings depends therefore 
upon the direct current ie flowing in the Winding 
and varies with the direct current. 
If the output current is plotted against the in 

put current in a diagram for an arrangement 
according to Fig. 1 without consuming device, the 
inclination of the tangent on this curve in the 
working point is to be considered as the steepness 
of the magnetic amplifier. The amplification 
factor of the arrangement depends upon this 
steepness. 

In the arrangement according to the above 
Copending application an increase of the ampli 
fication factor is attained by the fact that the 
alternating current flowing in the windings 3 



2 
and 4 is rectified and is rendered effective in the 
sense of a self-amplification by the feed back 
by supplying the alternating current to an ad 
ditional winding which is allotted to the two 
cores in the same manner as the winding 7 of 
Fig. 1. The effect of this feed back will now be 
briefly explained with reference to Fig. 2 in con 
nection with the disclosure of the above Copend 
ing application. In Fig. 2 the same parts are de 
noted by the same reference numera is as in 
Fig. i. and 2 denote the cores consisting of a 
material of high magnetic permeability, 3 and 4 
the windings arranged on these cores and tra 
versed by the alternating current, 5 the current 
consuming device and the power source. 
designates the winding traversed by the direct 
current supplied by the directional indicator 8. 
The alternating current, flowing in the widings 
3 and is traverses a rectifier arrangenient 9. 
The current rectified with the aid of this rectifier 
arrangement is Supplied to the additional Wind 
ing which is allotted to the cores 3 and 2 
in the same manner as the Winding . Conse 
quently, a periodically variable cuirieri, whose 
effect may be attributed to the effect of 2, direct 
current fioWs in the Winding is, The cirrei, i. 
this winding displaces the working point on the 
magnetization curve and therefore varies iiae 
permeability of the cores and 2 as Well as the 
alternating-current resistance of the Windings 3 & 
and 3 in the same manner as above described for 
the effect of the current ie flowing in the Wind 
ing . Depending upon the direction of flow of 
the current in the rectifier arrangement 9 and 
upon the direction of the current flowing in the 
winding the current in the winding 9 pro 
duces in the cores and 2 magnetic fluxes which 
have both either the same or opposite direction 
as the fiuxes which are produced by the current 
ie in the winding it, i.e., the fluxes fray be either 
added or subtracted. It is first assurned that 
ie=0. The current J flowing in the windings 3 
and 3 and in the current consuming device 5 is 
denoted in this case by Jo and the current i 
flowing in the winding is denoted by io corre 
spondingly to the zero current Jo. The Working 
point, on the magnetization curve of the cores 
and 2 is determined by the currents Jo and io. 
If a current ie flows in the winding in the di 
rection that the magnetic fluxes in the cores 
produced thereby have the same direction as the 
fuxes which are produced by i, the working 
point on the magnetization curve is shifted by 
the effect of the current ie so as to reduce the 
permeability of the cores and therefore the al 
ternating-current resistance of the two windings 
3 and 4. With decreasing alternating-clirent 
resistance J increases, which in turn brings about 
an increase of i. To the increase of corresponds 
an increase of the flux in the cores produced by 
this current, which increase causes a further de 
crease of the permeability, therefore a further 
decrease of the alternating-current resistances of 
the windings 3 and as well as a further in 
crease of the current J. Consequently, he cur 
ret i causes an increase in the effect of the 
input current ie in the form of a self-amplifica 
tion and therefore an increase in the amplifica 
tion factor. 

In this arrangement the feed back is constant. 
The magnitude of the feed back and therefore 
the amplification factor cannot assume any high 
value for the following reason. The resistance 
of the two Windings 3 and 4 retains always a 
definite vaiue also in case the winding is de 
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2,287,754 
energized, i. e. an alternating current flows in 
this arrangement also in this Zero position. This 
Zero current Jo produces a magnetic bias and 
thereby decreases the initial permeability as well 
as the initial resistance of the windings 3 and 4. 
This means an undesirable increase in the zero . 
current with increasing number of turns of the 
winding - with respect to an arrangement with 
out feed back and at the same tine a restriction 
of the controllable resistance range of the wind 
ings 3 and 3, since the smallest resistance value 
which these windings may assume is the value 
for which the two cores and 2 are completely 
saturated. Upon these two moments depends the 
selection of the magnitude of the coastant feed 
back. 
According to the present invention the steep 

Iness of the characteristic and therefore the am 
plification factor of the arrangeilent are capa 
ble of being infituenced by the fact, ha, means 
are provided in the feed back circuit for auto 
inatically controlling the feed back and that 
these means are controllable in accordance with 
the electiicai naginitudes of the output energy, 
A practical embodiment of the invention is 

shown in Fig. 3. In this figure 3 and 2 denote 
the two cores, 3 and is the windings traversed 
by the alternating current, 5, 5 the current con 
surning device, is the alternating-current source, 

the Wiading traversed by tine inaput, curren, ie 
and 8 the impulse transmitter supplying the ini 
put current. The feed back widing it is di 
rectly connected on the one hand to the rectifier 
arrangement, S and on the other had through 
a slide contact . The side contact, i is oper 
ated by a device 2 which operates according 
to this embodiment in the form of a neasuring 
mechanism and is traversed by the output al 
ternating current J. The slide contact causes, 
depending upon its position, more or less turns 
of the feed back winding G to be traversed by 
the rectified alternating current So as to increase 
Inore or less the feed back. In this case the 
a rangement nay be so designed that for the 

5 Zero Value Jo of the output current no or only 
a few turns are inserted in the circuit, that with 
increasing current j the number of the turns in 
Serted increases and that for the maxinuin value 
of this current the desired greatest number of 
feedback windings lie in the feedback circuit. 
The effect of the feed back may be reduced to 

a rainimun for the Zero value Jo of the output 
Current J. Which neans that the alternating cur 
rent Jo flowing in the arrangement may be re 
duced to a value as is desired for an arrangement 
Without feed back. In this manner at the same 
time the complete controllable resistance range 
or the Windings 3 and 5 is maintained as in the 
Case of an arrangement without feed back. 

In the embodiment shown in Fig. a the ar 
rangement of the parts to 9 is the same as in 
Fig. 3 and therefore it is not shown in this figure. 
In Fig. 4 the feed back winding is connected 
to the points a and b of Fig. 3 and the number 
of turns of the winding O is so chosen that for 
the maximum value of the output current J the 
desired maximum feed back is attained. Paralle 
to this feed back winding is connected a resist 
ance 3 whose effective magnitude is controllable 
With the aid of the slide contact operated by 
the device 2. The device 2 is inserted with the 
terminals c, d in the circuit of the output alter 
nating current J as in the embodiment shown 
in Fig. 3. In this case the arrangement is, for 
instance, so designed that for the maximum 
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value J the slide contact lies on the free end 
of the resistance 3 which is so chosen that it is 
practically ineffective in this case as a shunt for 
the winding 0, whereas for the zero value Jo of 
the output alternating current J the slide contact 

lies on the opposite end of the resistance 3 
and the winding 0 is thus practically short cir 
cuited and therefore the feedback is ineffective. 

Instead of the output alternating current J 
also a current derived from the current J may 
be used to operate the measuring mechanism 
which actuates the slide contact. In the em 
bodiment shown in Fig. 5 in which the same 
parts are denoted by the same numerals as in the 
preceding figures a direct-current measuring 
mechanism 5 is provided which is connected to 
the points a, b of Fig. 4 and lies in parallel rela 
tion to the series connection consisting of the 
feed back winding to and a variable resistance 
4. The resistance 4 lies as mentioned above 

in series with the feed back winding 0 and is 
chosen in this case in Such a manner that it at 
tains its maximum value for the Zero value Jo 
of the output alternating current and the de 
sired minimum value for the greatest value of the 
current J. The measuring mechanism 5 may, 
of course, also be series-connected with the 
winding 0 and the resistance 14, i.e., it may di 
rectly, be operated by the current serving for the 
feed back. 
The control of the feed back may be effected 

as already mentioned above directly in accord 
ance with the output alternating current or in 
directly in accordance with the latter by means 
of a current derived from the output alternating 
current. According to the invention also an 
additional impulse transmitter may be provided, 
by means of which the feed back is controllable 
by the current supplied by this additional im 
pulse transmitter alone or together with the out 
put alternating current. Such an embodiment 
is shown in Fig. 6, in which 6 denotes a double 
device which is operated on the one hand by the 
Output alternating current and On the other 
hand by an additional current is of an additional 
impulse transmitter provided as indicated at 7. 
In the embodiment according to Fig. 5 the 

regulable resistance 4 presents a variable re 
Sistance whose magnitude depends upon the out 
put alternating current J. This dependence is 
brought about in this embodiment by the elec 
trical mechanical method. In Fig. 7 is shown 
an embodiment in which this dependence of the 
series resistance for the feed back winding upon 
the output alternating current of the arrange 
ment is brought about by the electrical method 
only. In Series with the winding O is connected 
the non-linear voltage-responsive resistance 8, 
for instance, a semi-conductor, a semi-conduc 
tor combination with blocking layers or the like 
which is so chosen that according to its re 
sistance-current characteristic the feed back is 
CCntrolled in the like manner as described above 
in accordance with the feed back current and 
therefore with the output current. The non 
linear resistance may also be connected in paral 
lel to the feed back winding 0 in the manner as 
shown in Fig. 2, in which case depending upon 
the desired purpose the resistance characteristic 
is correspondingly chosen. If the regulation of 
the feed back should be effected in a manner 
Corresponding to the operation of the arrange 
ment according to. Fig. 4, a current conductor, 
for instance, an incandescent lamp, may be em 
ployed as a current-responsive resistance, whose 

s 

O 
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resistance is small for small currents and with 
increasing current intensity increases in such 
a manner that for small voltages applied to the 
terminals a and b this non-linear resistance 
forms a small shunt to the feed back winding so 
that only a very small fraction of the current 
Supplied by the rectifier arrangement is em 
ployed for the feed back, whereas upon the oc 
Currence of high voltages at the terminals a and 
b the non-linear resistance assumes a great value 
SO that the main portion of the direct current 

. Supplied by the arrangement 9 flows through 
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the winding 0. 
A particularly advantageous embodiment of 

the invention is shown in Fig. 8, in which the 
rectifier arrangement 20 included in the feed 
back circuit is formed in a known manner by 
non-linear resistances. A resistance 2 which 
may be a non-linear or linear resistance is con 
nected to the alternating-current input termi 
nals g-h of this rectifier arrangement. To ex 
plain the operation reference may be had to Fig. 
9 which shows a modification of the arrange 
ment as shown in Fig. 8. In Fig. 9, O denotes 
the feed back winding, 20a, a non-linear resist 
ance as a Substitute for the rectifier arrange 
ment. Parallel to the series-connected wind 
ing 0, resistance 20a is arranged the resistance 
2 which may be a non-linear or linear resistance. 
If a relatively low voltage is applied to the ter 
minals g-h and if a selenium rectifier is em 
ployed, for instance for the rectification, the 
momentary value of the resistance 20a is great, 
whereas if a relatively high voltage is applied 
to the terminals g-h the momentary value of 
this resistance is small. If, for instance, a linear 
resistance is employed as a parallel resistance 
2, it may, for instance, be so dimensioned, that 
it is Small as compared to the resistance of the 
Series- connection consisting of the winding O 
and the resistance 20a for low voltages applied 
to the terminals g-h (i. e. for small output alter 
nating current J, for which the resistance 20a as 
Sunes a great value). In this case only a small 
fraction of the rectified alternating current flows 
in the feed back winding 0. If, however, the 
output alternating current is large a high volt 
age occurs at the terminals g-h, the momentary 
value of the resistance 20a is small and there 
fore the resistance of the series connection wind 
ing 10-resistance 20 is small with respect to 
the resistance 2. 
By means of the resistance 2 it is at the same 

time posssible to equalize in a simple manner 
the non-uniformities which occur in the case of 
maSS production, for instance, owing to the non 
uniformities of the material, for instance, of the 
core material which presents in the case of highly 
permeable materials great fluctuations as to the 
permeability. 
By the choice of this resistance, particularly 

if this resistance is a non-linear resistance, and 
of the non-linear resistance 20a, it is further 
possible to influence the characteristic of the 
amplifier-relation between output current and 
input current-and to adapt it to a great extent 
to the corresponding purpose. In this case it is, 
of course, possible to use the invention in a 
manner other than the above-described, for in 
stance, in such a manner, that in contradistinc 
tion to the embodiments previously described 
the feed back is kept large for small output 
alternating currents and small for large output 
alternating currents. 
The resistance 2 may, of course, also be regul 



4. 
lated by hand or by a particular impulse trans 
mitter, for instance, in a manner described in 
the preceding embodiments by auxiliary meas 
uring mechanisms. 
A further advantageous modification of the 

arrangement shown in Fig. 8 is illustrated in 
Fig. 10, in which is shown an arrangement, in 
which a combination of resistances or a plurality 
of such resistance combinations as shown in Fig. 
9 are provided for the control of the feed back. 
In Fig. 10, 0 denotes the feed back winding and 
22 a resistance series-connected thereto. A re 
sistance 23 is parallel connected to the Series 
connection of the parts and 22. This ar 
rangement represents a resistance combination 
which is Series-connected with the resistance 2a. 
shown as Spare resistance for the rectifier ar 
rangement 2 and a parallel resistance 2 is 
allotted to the series connection which consists 
of the resistance 2a and of the resistance com 
bination formed of the parts , 22 and 23. The 
resistances 28, 22, 23 may be non-inear or linear 
resistances by means of which it is possible to 
adapt the characteristic of the amplifier to any 
desired purpose. . 
What is claimed is: 
i. A snagnetic airplifier corrprising a ragnetiz 

able core carrying a pair of windings connected 
in Series opposed relationa, a Sorce of altariaat 
ing current Connected to energize said pair of 
windings, (neans for rectifying the output cur 
rent of said Windings, a direct current input 
circuit including a third Winding on said core 
whereby during current flow in Said third wind 
ing the permeability of said core is decreased 
thus causing an increase in the output current 
of Said pair of Windings, a feed back circuit 
comprising a fourth winding for said core elec 
trically connected to the output of said rectify 
ing means for aiding the effect of the third wind 
ing in additionally decreasing the permeability 
of said core in accordance with the output cur 
rent of said pair of Windings, and control means 
in said feedback circuit traversed by the output 
Current of said rectifying means for modifying 
the effect of said fourth winding on said core. 

2. A magnetic amplifier comprising a magnetiz 
able core carrying a pair of windings connected 
in series opposed relation, a source of alternat 
ing Current Connected to energize said pair of 
Windings, means for rectifying the output cur 
rent of Said windings, a direct current input 
circuit including a third winding on said core 
Whereby during current flow in said third Wind 
ing the permeability of said core is decreased 
thus causing an increase in the output current 
of Said pair of windings, a feed back winding 
On Said core electrically connected to the out 
put of Said rectifying means for aiding the ef 
fect of the third winding in additionally de 
creasing the permeability of said core in accord 
ance with the output current of said pair of 
windings, and control means traversed by the 
output Current of said rectifying means for au 
tomatically modifying the effect of said feed 
back winding on said core. 

3. A magnetic amplifier comprising a mag 
netizable core carrying a pair of windings con 
nected in Series opposed relation, a source of 
alternating current connected to energize said 
pair of Windings, means for rectifying the out 
put current of said windings, a direct current 
input circuit including a third winding on said 
Core whereby during current flow in said third 
winding the reactance and output current of 
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2,287,754 
said pair of windings is varied, a feed back coil 
on said Core electrically connected with the out 
put of Said rectifying means for modifying the 
reactance of said pair of windings, and means 
for Selecting the effective value of said feedback 
coil in accordaxaca with the current output of 
Said pair of WizatiagS. 

4. A magnetic amplifier comprising a mag 
netizable core carrying a pair of windings cone. 
nected in Series opposed relation, a source of 
alternating current connected to energize said 
pair of windings, means for rectifying the out 
put current of Said windings, a direct current 
input circuit including a third winding on said 
Core Whereby during Current flow in said third 
winding the reactance and output current of 
Said pair of windings is varied, a feed back coil 
on said core electrically connected with the out 
put of Said rectifying means for modifying the 
reactance of Said pair of windings, and means 
including a slidable contact engaging said feed 
back coil for selecting the effective value of Said 
coil in accordance with the current output of 
Said pair of Windings. 

5. A magnetic amplifier comprising a mag 
netizable core carrying a pair of windings con 
nected in series opposed relation, a source of 
alternating current connected to energize said 
pair of windings, means for rectifying the out 
put current of said windings, a direct current 
input circuit including a third Winding on said 
Core whereby during current flow in said third 
Winding the reactance and output current of 
Said pair of Windings is varied, a feed back coil 
On Said core electrically connected with the out 
put of Said rectifying means for modifying the 
reactance of Said pair of windings, and means 
including a resistance in circuit with said coil 
for controlling the effective value of said coil 
in accordance with a current derived from the 
output current of said pair of windings. 

6. A magnetic anplifier comprising a magne 
tizable core carrying a pair of windings connect 
ed in Series opposed relation, a source of alter 
nating current connected to energize said pair of 
windings, means for rectifying the output current 
of Said windings, a direct current input circuit 
including a third winding on said core whereby 
during current flow in said third winding the 
reactance and output current of said pair of 
windings is varied, a feed back coil on said core 
electrically connected with the output of said 
rectifying means for modifying the reactance 
of Said pair of windings, a resistor in circuit 
with Said coil, and means including a slidable 
contact engaging said resistor for controlling 
the effective value of said coil as a function 
of the output current of said pair of windings. 

7. A magnetic amplifier comprising a mag 
netizable core carrying a pair of windings con 
nected in Series opposed relation, a source of 
alternating current connected to energize said 
pair of windings, means for rectifying the out 
put current of said windings, a direct current, 
input circuit including a third winding on said 
Core whereby during current flow in said third 
winding the reactance and output current of 
Said pair of windings is varied, a feed back coil 
On Said core electrically connected with the out 
put of Said rectifying means for modifying the 
reactance of Said pair of windings, and means 
defining a non-linear resistance in circuit with 
Said coil for controlling current flow in said 
coil in accordance with the output current of 
Said pair of windings. 
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8. A magnetic amplifier Comprising a mag 

netizable core carrying a pair of Windings Con 
nected in Series opposed relation, a Source of 
alternating current connected to energize said 
pair of windings, means for rectifying the out 
put current of said windings, a direct current 
input circuit including a third winding on said 
core whereby during current flow in said third 
winding the reactance and output current of 

said pair of windings is varied, a feed back coil 
on said core electrically connected with the out 
put of said rectifying means for modifying the 
reactance of Said pair of windings, and non 
linear resistance means in Series with said coil 
whereby current flow in said coil is controlled 
in accordance with the output current of Said 
pair of windings. 

GUSTAV BARTH. 


