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1. 
This invention relates to variable inductive 

coupling devices of the kind having an alternat 
ing current input to a primary inductance a sec 
Ondary inductance coupled to the primary in 
ductance, and mechanically operable means for 
varying the degree of coupling between the pri 
mary and secondary to vary the amplitude of 
secondary voltage. 
Such devices have been developed in a wide 

variety of forms and used in many ways for wide 
ly varying applications. It has been recognized 
that their fields of utility can be extended still 
further by providing, additional to the means for 
varying inductive coupling between the primary 
and secondary, a means for introducing a sec 
Ond variable control for Selection of the range Of 
voltage variations produced by the coupling vary 
ing means. 

For example, in telemetering motor control, a 
device of the kind in question may have its cou 
pling varying mechanism actuated by a con 
troller, and its output voltage applied as a signal 
to an amplifier that controls motor operation. 
Provision of the inductive device in Such a System. 
With second neans for controlling its output volt 
age, may be used as a sensitivity Selector by means 
of which may be selected the degree of response 
of the output motor to a given Variation of cou 
pling between the primary and secondary of the 
inductive device. 
Another possibility of valuable use of Such a 

Second control is that it provides for introduction 
into a voltage controlling device of a second vari 
able, by means of which the utility of Systems 
controlled by such devices can be greatly ex 
tended. 

It has been proposed to accomplish these de 
sirable results by variably loading the Secondary 
of the inductive device, Specifically by applying 
across the output a by-pass or bleeder variable 
resistance, the selected value of which determines 
the amplitude of output voltage with a given de 
gree of inductive coupling between primary and 
secondary as imposed by the mechanical signal 
input controlling such coupling. While such ex 
pedient is effective to accomplish the primary 
purposes of selecting the amplitude of the output 
voltage, or of providing for introduction of a 
second variable to contiol such voltage, the pro 
vision of a variable resistive load in the output 
of the secondary affects the phase of the Output 
voltage, particularly if the impedance that the 
circuit works into is low. In many situations 
such a phase shift cannot be tolerated. In cer 
tain applications multiple voltage controlling de 
vices of the kind in question are connected in a 
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single circuit, the output of which is a summary 
of the variable voltage outputs of the different 
devices. In certain applications one or more 
Such devices comprise signal voltage generators 
Supplying input circuits of alternating current 
amplifiers. In either case, variation of the phase 
accompanying variation of amplitude of the Sig 
nal voltage produced by the device or devices, 
produces loss of the phase agreement between 
Voitages that prevents accurate response of the 
System. 
The primary object of the invention is the pro 

vision of a variable coupling inductive voltage 
controlling device with second means for con 
trolling the ainplitude of its output voltage that 
Will not be accompanied by phase shift of Such 
voltage, regardless of the magnitude of impedance 
Of the load supplied by the device. 
Another object is the provision of a variable 

coupling transformer having provision for a 
mechanical Signal input to Vary coupling between 
its primary and secondary, With a second signal 
input means effective to vary the amplitude of 
secondary voltage without shift of phase of such 
Voltage. 
The accorinpanying drawings illustrate applica 

tion of the invention to various types of variable 
coupling inductive voltage controllers, and Sug 
gest various fields of use for Such devices. In 
Such dra Wings, all of which are Schematic: 

Fig. 1 shows the invention applied to a simple 
variable transformer in a simple motor speed 
control circuit. 

Fig.2 shows a different sort of transformer used 
in a similar circuit. 

Fig. 3 shows the invention applied to a signal 
bridge circuit that comprises the input of a servo 
notor powered position control system. 

Fig. 4 shows the invention applied to a sum 
marizing circuit that may be used to summarize 
Six variables. 

Fig. 5 is a schematic of a different type of vari 
able transformer to which the invention may be 
applied. 

Referring first to Fig. 1, the reference numeral 
indicates an alternating current amplifier 

stage that may be taken as being a well-known 
type, and that is followed by additional electronic 
equipment including a motor control stage for 
Selecting the speed of the motor 2 in accordance 
With the amplitude of an alternating signal volt 
age applied to its grid circuit 3. A signal for this 
input circuit is generated by a variable trans 
former having a primary 4, a secondary 5 and 
a movable core 6 of a magnetically permeable 
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material, the position of which is variable relative 
to the Windings 3 and 5 to vary the degree of 
coupling between them. 
The primary of the transformer is energized 

by a source of alternating current 7 and as in 
dicated, the amplifier tube ?o, has its anode cir 
cuit energized from the same source, so that the 
phase of anode voltages of the amplifier stages 
are correctly related to the phase of the voltage 
supplied through the transformer to the input 
circuit 3, a phase shifting device at 8 permitting 
synchronization of the anode voltage with the 
output voltage of secondary winding 5. 
In the system so far described, a variation of 

the position of the core 6 proportionally varies 
the amplitude of the alternating signal voltage 
applied to the input circuit 3, resulting in a 
change of the conduction of the tube 0, and 
through the motor control unit , varying the 
speed of the motor 2. 
In addition to the signal input provided by the 

movable core 6, it may be desirable to provide 
for a second input signal. For example, the Sen 
sitivity of the control effected by the member 6 
may have to be varied so that for a given nove 
ment of the member 6 a different variation of 
the speed of the motor 2 will be accomplished. 
However, provision of a variable resistance acroSS 
the output terminals of the secondary Will be 
accompanied by a shift if phase of the signal 
voltage, particularly in the case that the ampli 
fier input circuit is a low impedance circuit, re 
sulting in loss of synchronization between anode 
and signal voltages, and accuracy of control of 
the output of the tube 0 will be impaired. The 
invention provides for a second signal input to the 
transformer without altering the phase of its 
output voltage, by providing in series with the 
primary 4 a variable impedance 9 by means of 
which variation may be accomplished in the volt 
age drop across the primary 4. The value of 
impedance 9 should be sufficiently high, aS com 
pared with the impedance of the primary winding 
4, to give to the primary circuit including Wind 

ing 4 the impedance characteristic of the vari 
able impedance f9 throughout the range of varia 
tion of the latter. This large value of the vari 
able impedance serves to maintain constant the 
phase of the primary and Secondary voltages 
during operation of the transformer to produce 
various secondary output voltages. It will be 
readily apparent that with Such unequal values 
of the impedance 9 and primary winding, varia 
ation of the value of the impedance will be 
effective to vary the voltage drop across wind 
ing 4 but will constitute such a small vari 
ation in the relation of the two impedances that 
no appreciable phase shift of the voltage across 
the Winding Will occur. Consequently, since the 
values of the range of variation of the imped 
ance are sufficiently large to maintain a fixed 
phase relation between an energizing voltage 
applied to the impedance 9 and primary wind 
ing 4 and the voltage appearing across the pri 
mary Winding, the phase of the output voltage 
of the secondary 5 will remain constant, 
although its amplitude may be varied widely by 
variation of the value of impedance 9. It will 
be appreciated from consideration of Fig. 1, that 
the provision of a variable impedance across the 
terminals of the secondary 5, although effective 
to vary the amplitude of the output voltage, Would 
result in shift of phase of the output voltage 
accompanying variation of such impedance, espe 
cially in the case of a low impedance input to 
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4. 
the amplifier 0. One of the values of the present 
system, as illustrated by Fig. 1 is that it is of 
universal application, that is to Say, it may be 
applied in any situation regardless of the in 
pedance value of the input of the circuit energized 
or controlled by the secondary winding of the 
variable transformer. 
In Fig. 2, a similar circuit is shown; but in this 

case the amplifier stage comprising tubes 2) may 
be taken to be a phase discriminating amplifier, 
the output of which controls through additional 
electronic equipment 2?, not only the speed but 
also the direction of the motor 22, in accordance 
with 180° phase reversal and amplitude of an 
alternating voltage of input circuit 23. 
In this form of the invention, the variable sig 

nal generator comprises a transformer having a 
primary winding 24 and a secondary Winding 25 
that is mounted for rotation relative to the pri 
mary winding 24, as by a director D So that not 
only the degree of coupling may be varied, but 
the phase sense of the output voltage may be 
reversed. In this system, opposite ends of the 
secondary winding 25 are connected with the con 
trol grids of the respective amplifier tubes 20, 
so that voltages of opposite phase are applied 
to such grids, and amplitude as Well as phase 
sense of such voltages may be selected by rota 
tion of the secondary 25 relative to the primary 
24. Anode voltages are supplied to tube 20 from 
the same source 26 that supplies primary 24, 
through a transformer 28 coupled in a common 
return, so that anode voltages of the two tubes 
are in phase, which may be adjusted to Synchro 
nism with the output voltage of the secondary 
winding 25 by a phase shifter 29. This circuit, 
which is of itself well known, is so arranged that 
the tube 20, of which the control grid voltage is 
in phase with the anode voltage, Will conduct to 
a degree determined by amplitude of the signal 
voltage. The identity of the tube so conducting 
determines the direction of motor operation, and 
the signal voltage amplitude, determined by the 
degree of coupling between primary 2A and Sec 
ondary 25, selects the speed of its operation. 
As in the case of the System of Fig. 1, it may 

be desirable to alter the sensitivity of the system, 
that is the variation in motor Speed resulting 
from a given degree of rotation of the Secondary 
25. A phase shift of the signal voltage, which 
would result from varying the load on the Second 
airy to vary the signal voltage, Would involve loSS 
of accurate motor speed control, due to loSS. of 
Synchronization of the controlling signal and 
anode voltages. As in Fig. 1, change of sensitivity 
without phase shift of the signal voltage can be 
accomplished by adjustment of a variable im 
pedance, shown as a variable resistor 30, con 
nected in Series with the primary 24, of large 
value compared to the primary winding 24, and 
by means of which selection may be accomplished 
of the voltage drop across the primary. 
In Fig. 3, a phase discriminating variable volt 

age alternating current amplifier stage comprises 
tubes 3 and controls a motor-actuating circuit 
3-a that selects the direction of operation of a 
motor 32. The input circuit of the amplifier 
tubes 3 comprises two variable differential trans 
formers 33 and 34. Each of these transformers 
comprises a primary winding 35 and a pair of 
Secondary WindingS 36 that are so connected 
that when the two windings constituting a second 
ary are equally coupled to the primary, their out 
put voltages are equal and opposed, and there 
is no resultant output voltage across the second 
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ary. However, on variation of the coupling be 
tween the respective secondary windings and the 
primary, one secondary voltage will overcome the 
other and a resultant output will appear. The 
secondaries of the transformers 33 and 34 are 
connected in series, so that the output voltages 
of the secondaries of the two transformerS Inlay 
aid or oppose each other, depending on the polar 
ities of such outputs as determined by the degree 
of coupling between the split windings and pri 
mary of each. The primaries of the transform 
ters 33 and 34 are energized by a source of alter 
nating current that may also supply power to the 
anodes of tubes S. As shown, the anode Volt 
ages are applied in phase agreement, and their 
phase may be controlled by a phase shifter 3, 
adjustable to synchronize the anode and signal 
voltages. Coupling between the primaries and 
secondaries of the transformers 33 and 34 is gov 
erned by two movable magnetically permeable 
core elements 38 and 39. The transformer 33 
may be taken as the signal or transmitter device, 
and transformer 34 as a follow up or feedback 
device. The core 38 of transformer 33 may be 
moved by a controling device 40, while the core 
element 39 of the feedback transformer is Oper 
ated through a mechanical connection. With the 
imotor 32. This circuit, which is well known, is 
so arranged that upon displacement of the core 
element 33 a signal voltage is applied to the am 
plifier input, causing one or the other tube 3 
to conduct, to operate the motor 32 in a proper 
direction to drive the core element 39 of the re 
ceiver transformer 35 to a position to restore the 
bridge balance and stop operation of the motor. 
The inventicin may be appled to this type of 

circuit by connecting in series with either or 
both primaries 35 of the transformers 33 and 
3; a variable resistance 4 in the manner indi 
cated. Wariations of either or both of these re 
sistances provide a means whereby the response 
of the notor-that is to say the degree of opera 
tion as a result of a given movement of the mov 
able core 38 of transformer 33-may be selected. 

Fig. 4 illustrates a somewhat different applica 
tion, whereby a different use is made of the pos 
sibility of altering the normal relation between 
the output voltage of a variable transformer by a 
resistance coupled in series With its primary. A 
Series of such transformerS, each with a resist 
ance 45 coupled in series with its primary, is 
shown at 46, 37 and 48. These transformers have 
opposing paired secondary windings, as disclosed 
in Fig. 3, the secondaries of the respective trans 
formers being connected in series, so that a re 
Sultant of their respective output Voltages ap 
pears across an output resistor 49. As also de 
Scribed in connection with Fig. 3, the Secondaries 
of these transformers are coupled to their respec 
tive primaries by movable magnetically perme 
able core elements 53, each of which is individu 
ally movable by a controller 5, so that the rela 
tive degree of coupling of the respective parts of 
the secondary of each transformer to its primary 
inay be selected by movement of the elements 50, 
and output voltages of the secondaries of the re 
spective transformers thereby selected. The pro 
vision of the variable resistance 45 in each of the 
rimary circuits provides means whereby may be 

selected the value of resultant voltages appear 
ing across the secondary of each transformer 
When the halves of the secondary Windings are 
unequally coupled to the primaries to given 
degrees. 
The resultant voltage of all the transformer 
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6 
secondaries is reversible in phase and variable 
in amplitude, depending on the sums of the re 
'sultant voltages of each split secondary. The 
circuit is shown as controlling the input or signal 
voltage to a phase-discriminating motor-control 
ling amplifier 52 that is arranged to operate a 
controlled motor 53 in a direction determined by 
the phase of the signal voltage, and driving a de 
Vice such as a summarizing indicator 54. To 
enable the motor 53 and indicator 54 to assume a 
definite position that is accurately related to the 
Sum of the various Secondary voltages, a feed 
back transformer 55 is provided. This trans 
former is similar to the signal generating trans 
formers previously described, comprising a pri 
mary Winding 5 energized by the Same current 
Source that energizes the signal transformers, 
and a split secondary having Windings 5 con 
nected in series opposition, and in series in the 
amplifier signal circuit. A nowable core member 
58 is driven by the motor 33, and the arrangement 
is Such that when operation of the notor has 
reached a degree proportional to the anpitude 
Of the Signal that instituted such operation, the 
output of the feedback transforiner 85 will cancel 
the resultant voltage produced by the signal 
transformers. 

This circuit provides a means of Solving an 
equation of the type R= k (ab-i-cd--ef). The 
letters a, b, etc., represent values of variables 
Selectable by variation of the resistances 45, and 
by variations of the positions of the core ele 
ments 50, while the letter k indicates a constant 
determined by variation of the output of the 
feedback transformer produced by a given degree 
of rotation of the motor 3. The value of the 
constant k may be selected by changing the effec 
tive resistance of a variable resistor 59 connected 
in Series with the primary winding of the feed 
back transformer 55. It is to be noted that in 
this arrangement, positions of the movable core 
elements 58 wherein the two parts of the respec 
tive Secondary windings are equally coupled to 
the respective primaries, are zero positions, 
Wherein variation of the resistances 45 has no 
effect in production of an output voltage across 
the entire secondary. 

In Fig. 5 a type of variable transformer different 
from those described above, is shown having the 
invention applied to it. In this application, the 
transformer comprises a, divided primary winding 
60 and a secondary winding 61 carried by a mov 
able Support 62 and being thereby movable rela 
tive to the primary, as by a mechanical controller 
member 63, to vary its coupling to the respective 
Windings of the primary. As in the other forms 
of the invention, a variable resistance 64 is con 
nected in Series with the primary winding, so that 
the voltage drop across the primary Winding may 
be varied. The purpose of this resistance is as 
already described, to provide a means of varia 
tion of the changes in amplitude of the Output 
voltage of the secondary winding 6 due to 
changes in its position relative to the primary. 
In the foregoing have been disclosed two typi 

cal applications of the invention, where it is de 
sirable to provide in a variable transformer type 
of voltage regulator a second means for Varying 
the output voltage. In one such application, i. 
lustrated by FigS. 1, 2 and 5, a single variable 
transformer is provided with second means for 
controlling its output voltage while maintaining 
a predetermined phase relation to voltage in a 
following alternating current circuit. In the sec 
Ond type of application, illustrated by Figs. 3 and 
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4, plural variable transformers having secondaries 
connected in a common circuit, are provided 
with second means for controlling amplitude of 
their output voltages without disturbing relation 
of the phase of the respective secondary voltage 
to each other. Obviously, the invention is ap 
plicable in any situation where the output of a 
variably coupled transformer must be maintained 
in phase Synchronization with a second voltage, 
and such transformer is to have means additional 
to variable coupling between its primary and Sec 
ondary for selecting amplitude of its output volt 
age. 

... Accordingly, it is to be understood that the 
above descriptions are for purposes of disclosure 
only and are not to be interpreted as limiting the 
Scope of the invention as set forth in the ap 
pended claims. 

I claim: 
1. A voltage amplitude regulator comprising 

inductively coupled primary and Secondary Wind 
ings, a core piece assembled with Said windings 

... and movable relative to them to vary the coupling 
between said primary and Secondary Windings to 
Select the amplitude of output Voltage of the 
Secondary winding, and second means for vary 
ing the amplitude of output Voltage of the secon 
dary winding comprising a variable resistance 
having a single output tap connected only with 
one side of said primary Winding, a single input 
tap for connection with a single side of a signal 
Source, and adjustable resistance means series 
connected between said taps for selecting the 
value of resistance that is effective between them, 
said adjustable resistance means having a value 
Sufficiently large with respect to impedance of 
said primary winding to maintain a fixed phase 
of voltage applied to said primary winding. 

2. In an electrical System including two asso 
ciated electrical devices respectively having al 
ternating current energizing inputS for energiza 
tion by phase synchronized voltages, and at least 
One of Said devices being a variable transformer 
having a primary Winding constituting its said 
energizing input, a secondary winding inductively 
coupled to Such primary Winding, and a core piece 
aSSembled With Said Windings and movable rela 
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8 
tive to them for varying the degree of such cou 
pling to vary amplitude of the output voltage of 
the secondary winding; second means for varying 
the amplitude of such output voltage while main 
taining constant its phase comprising a variable 
resistance having only a single output tap con 
nected only with one side of said primary winding, 
a single input tap for connection to a single side 
of a signal Source, and variable resistance means 
Series connected between said taps, said variable 
resistance means having a value sufficiently large 
With respect to impedance of said primary wind 
ing to maintain a fixed phase of voltage applied 
to said primary winding. 

3. In an alternating voltage circuit comprising 
plural variable transformers, each having a pri 
mary winding, a secondary winding inductively 
coupled to its primary winding, and mechani 
cally operable means for varying the degree of 
coupling between its primary and secondary wind 
ing; means for varying the degree of change of 
amplitude of Secondary voltage responsive to 
Operation of the coupling-varying means of at 
least one said transformer while maintaining con 
stant its phase when the primaries of said trans 
formers all are energized by phase synchronized 
voltages, comprising a different variable imped 
ance connected in Series with the primary wind 
ing of each of Said transformers, said impedances 
respectively having values sufficiently large rela 
tive to the primary windings with which they are 
connected to maintain a fixed phase of voltage 
applied to said primary winding. 
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