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Applicatio 

The present invention relates to the articon 
cerning control circuits such as are used inipo sitional control-Šystems, follov-up syst?ms, s?rvo 
systems, integrating systems and the like. 
In systems for controlling the position or move- 5 

ment of a controlled object in correspondence 
with the position or movement of a local object 
or in response to an electrical-signal, the use of 
motor-controlled circuits employing gas dis 
charge tubes such as those known as thyratrons 
is widespread. However, known systems using 
such gas discharge tubes have suffered from a 
number of defects and disadvantages implicit in 
the characteristics of the gas discharge tube. 
As is well known, a gas discharge tube such as 15 

of the thyratron type becomes conductive when 
its anode voltage is positive and when its grid 
voltage exceeds a predetermined critical firing 
value. In alternating current systems, where 
such tubes are most frequently used, the control 
of the point of initiation of discharge drfiring 
point of the tube has conventionally been de 
termined by the phase of the alternating grid 
voltage relative to the p * of the anode volt 
age and to secure variable control it häst b?ei necessary to devise phase shifting circuits. 
Such circuits have proved uneconomical and 
cumbersome, especially: where a 'wide range of 
variable control is desired. . . . . . . In general, such gas discharge tube control 
circuits find considerable utility in controlling 
the operation of motors in response to control 
signals which may be derived from or correspond 
to the position ormovement of a localmember 
under whose control it is desired to actuate a 
remote object, or may be independently produced. 
In Such Systems thyratrons are useful because 
they can handle considerable amounts, of power 
and thereby directly control an output motor 
Without requiring excessive amounts of input 
power. However, in such systems the control 
Signals normally are of fixed phase- --¶wa?•? 
amplitude in accordance: 
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thyratron tubes circuits in 
iable phase-signal. To adapt such, 
control by variable amp sign 
required the use of extra tubes or 
ments introducin - 
pense in the system. y the present invention 
however, these disadvantages are overcome.and 
a thyratron: type servo circuit is provided which 
is directly controlled by a variable amplitude fixed phase signal, with-simplification in the operation 
and construction, and reduction in cost of such 
a circuit. - 
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A further disadvantage in the use of gas, dis 
charge !tubesºis that their control action :isses 
sentially nonlinear, since the output current var 
ies in nonlinear-fashion with changes in the 
phase of the grid voltage. In addition, such gas 
tube circuits tend to be least sensitive under the 
conditions: where: control voltage is small, where 
as in servo systems, it is usually important that 
the greatest sensitivity occur exactly at the po 
sition of zero output, since it is at this position 
that the controlled object requires greatest re 
sponse to changes in controlling action, to main 
tain it in the desired condition. These disad 
vantages of the conventional gas discharge tube 
circuits, are also overcome by the present system 
in which the olutput is made substantially linear 
with respect to the input over a relatively wide 
range of control action and the sensitivity at or 
near Zero output is increased: . . . . . . . . . . . 
Another feature of the present invention re 

sides in the use of a simple alternating current 
motor, preferably of the two-phase type, in a 
thyratron circuit, rather than relatively more 
complex, direct current motors. This is made 
possible in the present case by reliance, upon the 
Sum of the currents passing through two thyra 
trons in a balanced connection, and rendering 
the motor responsive to the alternating current 
components of those currents, to yield a properly 

action. - 

Also, according to another feature of the 
present invention, an improved damping circuit 

- ..., nting is provided for preventing or reducing 
or overshoot of the controlled object. Accordingly, it is an object of the present in 
vention to provide simplifie 
circuits which require a minimum nun * 
parts, which have low cost, which provide sub stantially linear control action over a wide range 
of input values, which are directly responsive 
to variations of amplitude of an input control 
signal, which have increased sensitivity near the 
Zero point, and which have improved motor 
LLLLLLLLS The circuit of the present invention is 
useful in a speed-control system, which 
lSed : as an integri 

output shaft is controlled 
put variable magnitude, 'sible-phase alter 
nating current signal so that the velocity of the 
motor output is linearly proportional to the con 
trol signal amplitude with a direction of rotation 
Corresponding, to the phase-sense of the control 
Signal. The System also eliminates any non linearity which may be caused by the gas dis 

  

  



3 
charge tube or circuit. In this way, the angle 
through which the motor output shaft is rotated 
is the time integral of the control signal. 
These and other advantages and objects of the 

present invention will become more readily ap 
parent from a consideration of the following de 
tailed description of illustrative embodiments of 
the present invention, taken in conjunction with 
the appended drawings wherein ? 

Fig. 1 is a schematic circuit diagram of a posi 
tional control system embodying aspects of the 
present invention; 

. . . . . 2,618,841 ??? 

0. 

Figs. 2 and 3 are curves illustrating the prin 
ciples of operation and advantages of the present : 
invention; 

Fig. 4 is a schematic circuit diagram of a modi 
fied form of the present invention including 
shunt-coupled anti-hunting feedback; 

Fig. 5 is similar diagram with series-type feed 
back. 

Referring to Figure 1 there is schematically 
shown a transmitter sellsyn having a rotor 2 
and a Stator 3, the rotor 2, being Suitably posi 
tioned or rotated by a controlling member 4. 
The rotor. 2 is excited from a suitable source of 
alternating, current 5, while the stator 3 is 
coupled to the stator. 6 of a receiver sellsyn 7 
having a rotor 8. The arrangement thus de 
Scribed produces an alternating signal in the re 
ceiver rotor 8 corresponding in amplitude and 
phase sense (polarity): to the magnitude and di 
rection of deviation of the position of the con 
trolling member. 4 with respect to the position 
of the rotor 8... It will be understood that this 
System as thus: far described: represents merely 
One example of a Source of control signal adapted 
to actuate the remainder of the circuit to pro 
duce the positioning of a controlled object i 9 in 
Correspondence with Such: Signal, and any other 
type of control Signal Source may be used. 
The controlled object i 9 (for example, an indi 

cator or an antenna) is mechanically coupled to 
the receiverselsyn rotor. 8 and to an A. C. motor 
2 of the two-phase type, such as an induction 
motor, having windings 22 and 23. Winding 23 
is energized from a source of alternating current 
15 (which is preferably the same source assource 
5, or may be an independent source of the same 
frequency as and fixed-in phase' relative to source 
5) through a phasing condenser 24. The other 
motor winding 22 is excited under the control of 
the alternating signal output of receiver rotor 8 
by means of the circuit to be described, to actuate 
the motor 2 and hence the controlled object 9 
to a position providing zero signal output from 
the rotor 18, whereby the controlled member 19 
is positioned in correspondence with the signal 
and hence in correspondence with the controlling 
member 4. Phasing condenser 24 assures phase 
quadrature between the currents in the two wind 
ings 22, 23. - - - : 
The control circuit is designed to require a 

minimum number of tubes and circuit compo 
nents, and as shown comprises a pair of thyra 
tron or other gas discharge tubes 26, 27. The 
cathodes of tubes 26, 27 are grounded at 28. The 
anodes are supplied with alternating potentials 
of opposite phase from the secondary 29 of a 
transformer 3 whose primary 32 is supplied from 
source 5. As seen, each anode is coupled to a 
respective end of the secondary winding 29 of 
transformer 3 whose center-tap 33 is connected 
through motor winding 22 to ground at 28. It 
will thus be apparent that the anode-to-cathode 
voltages of the tubes 26 and 27 are of opposite 

5 

phase and equal amplitude. The control grids of 
the tubes 26 and 27 are similarly Supplied with 
equal alternating bias potentials of opposite 
phase by a further secondary winding 34 of trans 
former 3, to whose opposite ends the respective 
control grids are connected through a phase 
shifting network 36. The center tap 37 of wind 
ing 34 is connected through Seisyn receiver rotor 
18 to ground at 28. It will be obvious that sec 
ondary windings 29 and 34 could be provided by 
other transformer means, such as on separate 
transformers With Separate primary windings ex 
cited from the same Source. 
The Operation of the gas discharge tubes 26, 27 

and the design of the circuit will be more clearly 
understood from consideration of Figures 2 and 
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8, as will be shown below. ... 
Furthermore, as also shown below, the present 

invention does not rely upon the average tube 
current, which would require a D. C. motor, but 

3. In Figure, 2(a), the characteristics of one 
tube such as 26, are shown, while Fig. 2 (b) shows 
the characteristics of the other tube, such as 27. 
Considering one of these tubes, such as 26, as 
illustrated in Fig.2(a), a curve A shows the time 
graph of its anode; voltage. As is well known, 
such a tube conducts only while its anode voltage 
is positive. At the same time, it will not conduct 
unless its: grid voltage is more positive than a 
certain critical or firing voltage illustrated by 
curve B. Thus the tube will become conductive 
at a certain instant when, for its particular anode 
voltage, its grid voltage at the same instant is 
more positive than the corresponding ordinate of 
the grid firing voltage curve B. However, once 
the conduction starts in the tube, it will terminate 
only when the anode voltage diminishes to zero 
or reverses in polarity. Thus, the current con 
ducted by the tube is in pulse form, each pulse 
occurring for an interval during the positive 
anode half: cycle between the instant of firing 
and the instant the anode voltage drops to zero. 
If the grid voltage is as shown in curve C, the 
current pulse. will occur during the cross-hatched 
interval shown. . . . . . . . . . . 

. This fundamental control action of gas dis 
charge tubes is conventionally employed for con 
trol purposes by controlling the point at which 
Conduction. Commences; in Such a tube, by shift 
ing the phase of the grid voltage relative to the 
anode voltage. By thus controlling the phase of 
the grid voltage the portion of the positive half 
cycle of the anode voltage during which the 
tube is conductive may be readily controlled, 
thereby correspondingly. Controlling the average 
current passing through the tube, and this 
variable average tube current is employed for 
control purposes, as by controlling the operation 
of electric motors in response thereto. How 
ever, circuits for shifting the phase of such a 
grid voltage in response to the variation of the 
amplitude of a fixed-phase alternating signal, 
such as the signal derived from receiver rotor f 8, 
have been quite complex. The present inven 
tion provides'an extremely simple circuit di 
rectly responsive to the variation in amplitude 
of the fixed phase alternating signal from rotor 

instead utilizes the alternating component of the 
tube. current. As will readily be appreciated, a 
pulse current such as this is effectively a constant 
direct current upon which is superposed an al 
ternating current having the same fundamental 
frequency as the anode and grid voltages. It is 
this alternating current component which is uti 
lized in the present system, as shown below. 



5 
It will be understood that the operation of the 

other tube, such as 27, is similar. However, its 
anode voltage A (Fig. 2 (b)) is in phase oppor 
sition to that of tube 26. Hence if the grid volt 
age is as at C in Fig. 2 (b), which is in phase op 
position to that of tube. 26.as shown in Fig.2 (a), 
the conductive period for tube 27 will be the cross 
hatched area in Fig. 2 (b), which is exactly 180 
electrical degrees displaced from the corre 
ing period for tube 26 shown in Fig.2 (a), the fundamental alternating current component 
of the tube 27 current will be in phase opposi 
tion to that for tube 26, which phenomenon is 
also utilized in the present system. By means of the phase shifting network 36, 
the voltages impressed on the grids of tubes. 26 
and 27 from the transformer winding 34.2 
shifted in phase relative to the correspondir 
anode voltage of each tube. These grid bias 
ages are shown in curves C of Figures 2 5 and 
2 (b). The phase shift network. 36 is a par 
ticularly simple and inexpensive way, of assur 
ing equal phase shift between grid and anode 
voltages of the two tubes. . . . . . .* •- ” The phase shift produced by network. 36 is so 
chosen that, in the absence of any signal from 
rotor 8, each of tubes. 26 and 27 will conduct 
for brief and equal portions of the cycle. These 
periods of conduction at zero signal (shown cross-, 
hatched in Figures 2 (a) and 2 (b), may be of 
the order of 10 to 60 electrical degrees out of the 
total of 360 electrical degrees per cycle, or 180 
electrical degrees per half cycle of positive anode 
voltage. . . . . . 

The purpose of this zero signal conduction is 
to improve the linearity of response of the con 
trol circuit, especially at the neighborhood of 
the zero signal point. This is illustrated in Fig 
ure 3, which shows in solid line at A a curve of 
current passing through a gas discharge tube as 
a function of the phase of its grid voltage. Near 
the zero conduction point a it will be seen that 
the characteristic curve is far from linear. Curve 
B shows the same characteristic for the other 
tube. It too has a non-linear form, near its zero 
conduction point b. Curve B is below the axis 
since, as indicated above, the fundamental fre quency alternating component of currentthrough 
tube 27 is of opposite phase from that for tube 26. 
The effect of these non-linearities is overcome 

according to the present invention by arranging 
the system so that the zero control signal point 
is not the same as the zero conduction point. 
Rather, the zero signal point is chosen atc, at 
approximately the center of the lower non-linear 
portions of both curves A and B, at which the cur 
rents from the two tubes are equal. Being of op 
posite phase, these currents cancel so far as their 
effect on motor 2 is concerned. The resultant 
current characteristic (which is the motor wind 
ing current) will then be as shown by the heavy 
dotted line C, which merges into the essentially 
linear portions of curves A and B, to provide wide 
rangelinear control. , 
To obtain this desired characteristic, phase 

shift network 36 is designed to produce equal cur 
rent through tubes 26 and 27 at zero control signal. 
This requires a phase shift for the grid bias volt 
age of from 10 to 60 degrees leading with respect 
to the reversed anode voltage. This is the same 
as lagging the actual anode voltage by 170 to 
120 degrees. A suitable value has been attained 
by using resistance R equal to 1.5 megohms and 
capacitance C of .0047 microfarad, in network 36, 
when using type 2D21 thyratron tubes 26 and 75 

2,818,841 
27 at a line frequency of 60 cycles per second, 
producing a phase shift of 45 degrees, relative 
to the reversed anode voltage. This is shown 
approximately by curves C in Figs. 2 (a) and 

5 2 (b). - - - - - - - 

The control signal derived from rotor f8 is now 
added to the bias voltage represented by curves C 
of Figure 2. It will be seen that this control 
signal is superposed in like phase upon the op 

10 positely phased bias voltages, so that it renders 
one control grid more positive during the period 
of positive anode voltage on that tube while it 
renders theother control grid more negative dur 

-ing positive voltage periods of its anode. The con 
ls trol signal is made to have a phase leading the 

reversed anode voltage by from zero degree to a 
value equal to a portion of the bias voltage phase 
angle, as shown by curves is and 2 of Figures 2 
(d) and 2 (b), which represent different control 

20 signals corresponding to different relative posi 
tions of the controlled and controlling members 
9 and 14. As seen in Figure 2, these signals have 

fixed phase, but variable amplitude and reversing 
polarity. In one example, the bias voltage-phase 

25 was 45 degrees leading, and the control signal 
phase was 14 degrees leading, with respect to the 
reversed anode voltage. Under these conditions 
the zero signal conduction angle was 48 and 
linearity was excellent. . . . . . . . . . 
Considering first the control signal shown in 

curve , which is cophasally applied to both tubes, 
as e shown in Figs. 2 * (a) cand i 2 * (b) at the point 
of the cycle where the amplitude of the control 
signal is equal to the difference between the grid 
bias amplitude and the grid firing voltage, the 
tube will begin to conduct. This is shown at the 

is vertical dotted lines a. In Fig. 2; (b), the tube 
conducts for a major portion of its positive anode 
half cycle. For the tube of Fig. 2 (a), conduction is a very small part of its period, thereby yield 
ing a larger net current from the Fig. 2 (b) tube. 
If the control signal amplitude is increased, the 
Fig. 2 (b) tube will begin to conduct-even earlier, 
land the Fig. 2 (a) tube later, causing a greater 
met current. As the control signal amplitude de 
creases, the reverse takes place until, for zero 
control signal, the two tubes begin conducting at 
:lines b, yielding equal and opposite currents. As 
the control signal reverses polarity and increases 

50 in amplitude, the Fig. 2 (a) tube conducts earlier 
and the Fig. 2. (b) tube later, as shown by curve 2 
and linesc. By choosing the phase shift between 
the control signal and the anode voltage (as by 
use of a phase shifting network where desired) 
and retaining equal and opposite currents at zero 
control signal, the relationship between the total 
output current and the control signal can be de 
termined so as to yield an essentially linear char. 
acteristic such as shown in curve c of Figure 3. 
As a result, the fundamental current component 

flowing in the winding 22 of motor 2 will have 
an amplitude substantially linearly related to the 
control signal derived from rotor. 8, and of a 
polarity corresponding to the polarity (or phase 
sense) of the control signal...As is well known, 
Such a current in one winding .22 of a two-phase 
motor 2 having a substantially quadrature-phase 

... current in the other winding will produce rota 
rtion of the motor in a direction corresponding to 
the polarity of the signal Supplied to winding 22 
and with a velocity substantially proportional to 
the magnitude of that signal. Motor 2 is coupled 
to rotor 8 to rotate-rotor 8 in a direction re 
ducing the control signal derived from rotor 8. 
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7 
Motor 2 will therefore stop at the point where 
winding 22 has zero signal supplied to it. At this 
point motor 2 and controlled object 19 will be po 
sitioned inexact correspondence with the con 
trolling member 4 and the signal from rotor 8 
as is desired. 

For providing a simple type of highly useful 
damping for motor 2, use is made of the direct 
current component of the tube currents, and the 
circuit is arranged to provide a desired amount 
of direct current component in the motor wind 
ing. In Figure 1 this is done by rectifier 38 con 
nected in series with a variable resistance 39 
across the winding 22. The resistance 39 is formed 
by a fixed resistor 39a in parallel with a variable 
resistor 39b to obtain sensitive adjustment con 
trol, and is adjusted to provide the desired degree 
of damping. Rectifier 38 is poled so that it will 
not conduct current flowing through tubes 26 and 
27, which current is fed entirely to the motor 
winding 22. However, when the tube 26 or 27 cuts 
off, the induced electromotive force in winding 22 
is then of the proper polarity to pass current 
through rectifier 38. The flow of direct current 
in winding 22 is still the same, however, so that 
rectifier 38 serves to maintain direct current flow 
in the motor winding even during the tube cut 
off periods. This direct current provides a mag 
netic field drag on the armature of motor 2 pro 
portional to the armature velocity and thereby 
has the same effect as viscous damping. 
Figure 4 illustrates a circuit similar to that of 

Figure 1, but adapted to produce an output speed 
linearly proportional to an input control voltage, 
independent of the amplifier characteristics. In 
Fig. 4, a control voltage is supplied to terminals 
A6, to which is connected a circuit 5 identical 
With the circuit of Fig. 1, and including tubes 26 
and 27 and their associated circuit elements. 
The output of circuit 5 is coupled to motor 
Winding 22, as in Fig, 1. In addition, mechani 
cally coupled to the motor 2 is a tachometer 4 
of conventional type having an output 42 at 
which is, produced an alternating voltage of an 
amplitude proportional to the speed of rotation 
of motor 2 and of the line frequency. The phase 
of the tachometer output is preferably chosen 
as cophasal with the control signal. This output 
is supplied over a resistor 43 to the input 46 to 
the control circuit. Thus, the control signal, 
which may be the output from a sellsyn or may be 
any other signal, is applied to terminals 46, across 
which is an input resistor 47 to whose high po 
tential end is applied the feedback signal from 
resistor, 43. In this circuit, the feedback signal 
is in shunt With the control signal, and is coupled 
degeneratively thereto. Resistor 43 is selected or 
adjusted to provide the desired amplitude of 
feedback signal to give the desired feedback, 
Such as for minimizing hunting or jitter of motor 
2 or any object connected therewith. 
The manner in which this circuit eliminates 

non-linearity due to the circuit will now be 
shown. If the ratio of the output speed to the 
total input to circuit 5 is designated as u, and 
the ratio of the feedback voltage appearing at 47 
to the Output Speed is designated by B, then in 
accordance with well known feedback circuit 
theory, the overall gain or ratio of output speed. 
to the input control signal at 46 is given by 

t 

1 -- uB 

2,813,841 
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25 

factor. 

8 
By making uB much larger than unity, this be 
comes 

But B is a characteristic of the tachometer 
alone, and such tachometers are available which 
are accurately linear in their speed-output char 
acteristics. Hence the overall gain, or output 
speed vs. input control voltage is made linearby 
depending solely on the tachometer for linearity, 
and by eliminating the circuit as a distorting 
Since the speed of the motor is thus linearly 

proportional to the control signal, it will be ap 
parent that the angle through which the motor 
turns is thus proportional to the time integral of 
the control signal, and the system of Fig. 4 can 
be used as an integrating means. 

It will be understood that the system of Fig. 4 
can also be used to position the motor in corre 
spondence with the control signal, by providing 
repeat-back means for reducing the control sig 
nal as the motor turns, until a stable condition 
is reached with the control signal reduced to 
Zero. One example of such a means is shown 

30 

35 

in Fig. 1, although many others are also known, 
In Such case the tachometer aids in preventing 
hunting or over-shooting. 

Fig. 5 shows a further circuit, here using series 
degenerative feedback from tachometer 4. In 
this case, connected across control signal input 
terminals 46 are two resistors 48 and 49 in series. 
The control circuit 5f is coupled across resistor 
48, while the feedback signal is placed in series 
thereWith by being coupled across resistor 49. 
Otherwise Fig. 5 is the same as Fig. 4. 
While the present invention has been described 

illustratively with respect to a control signal 
40 

i nitude. . . 

derived from a selsyn system, it will be under 
stood that it is not limited thereto, but may be 
Used With any source of alternating control sig 
nal of fixed reversible phase and variable mag 
Since many other apparently widely differing 

embodiments of the invention are possible with 
out departing from the spirit thereof, the above 
description is to be considered as illustrative only, 
and is not to be construed as limiting the inven 
claims." tion, which is defined solely by the appended 
what is claimed as the invention is: 1. A control circuit for actuating a two-phase 

motor having a pair of windings in corre 
spondence with a reversible-phase variable mag 
nitude alternating control signal, comprising 
a pair of gas discharge tubes each having an 
anode, a cathode and a control grid, the cath 

60 

65 

odes being interconnected, a source of fixed magnitude alternating voltage, transformer 
means excited by Said fixed voltage source and having a first secondary winding having a 
center, tap, the outer terminals of said second 
ary Winding being directly connected to said 
anodes to apply respectively equal antiphasal 
voltages thereto, said transformer means having 
a second secondary winding having a center tap, 
a phase-shifting network coupling the outer ter 
minals of said second secondary winding to said 

70 control grids to apply equal antiphasal bias vol. 
ages to Said grids respectively leading said anode 
Voltages.reversed by a phase angle of between 
10 and 60 electrical degrees and of a magnitude 

S 
producing equal currents through said tubes in 
the absence of any other grid voltages applied 
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thereto, One Winding of said motor being coupled 
between said first secondary winding center tap 
and the cathodes of said tubes, the other of Said 
motor windings being excited from Said fixed 
Source Substantially in phase quadrature to the 
excitation of Said first Winding, and said control 
signal being adapted to be applied between said 
Second Secondary Winding center taip and Said 
Cathodes with a phase angle leading one of said 
reversed anode voltages by less than the phase 
angle of Said leading bias Voltages relative to 
their reversed anode voltage. 

2. A control circuit as in claim further in 
cluding means responsive to rotation of Said no 
tor for reducing the magnitude of Said control 
signal Whereby said notor assumes a position cor 
responding to the value of said control signal be 
fore reduction thereof. 

3. A control circuit for actuating a two-phase 
motor having a pair of windings in correspond 
ence With a reVersible-phaSe variable-magnitude 
alternating control signal, comprising a source 
of fixed alternating voltage coupled to one of Said 
windings, a pair of gas discharge tubes each havn 
ing an anode and a control grid, transformer 
means excited by said source of fixed alternating 
Voltage and having a Secondary winding with a 
Center tap, the outside terminals of said Sec 
ondary winding being coupled respectively to said 
control grids to provide bias Voltages therefor, 
Said reversible-phase variable-magnitude control 
signal being fed to Said center tap, said trans 
former means having a second secondary wind 
ing with a center tap, the outside terminals of 
Said Second Secondary Winding being coupled re 
spectively directly to said anodes, and the other 
Winding of Said motor being coupled to said sec 
ond center tap, Whereby said two tubes are ex 
Cited cophaSally by Said control signal and said 
motor is controlled by the Sun of the currents 
through Said tubes. 

4. A control circuit as in claim 3, further in 
cluding means comprising a phase-Shifting net 
Work for causing each of said bias Voltages to 
lead its respective anode Voltage reversed by re 
Spective phase angles producing equal currents 
through said tubes in the absence of Said con 
trol Signal. 

5. A control circuit as in claim 4 wherein said 
control Signal has a phase-angle leading one of 
Said reversed anode Voltages by between Zero de 
gree and a value less than the lead angles of 
said bias Voltages. 

6. A motor control circuit, comprising a two 
phase motOr having a pair of windings, One of 
said windings having fixed excitation, a pair of 
gas discharge tubes having input and output elec 
trodes, means exciting said input electrodes co 
phaSally With a control signal, means exciting 
said Same input electrodes anti-phaSally by bias 
ing Voltages, means exciting said output electrodes 
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10 
anti-phaSally, the other of said windings being 
Coupled to Said tubes in a parallel circuit arrange 
ment to be excited by the sum of the currents in 
Said tubes, Said bias voltages having phases re 
Spectively leading said output electrode voltages 
reversed, Said control signal having a phase lead 
ing one of Said reversed output electrode voltages, 
and being of reversible-phase and variable mag 
InitUde. 

7. A control circuit for actuating a motor hav 
ing a variably eXcitable Winding in correspond 
ence with a reversible-phase variable-magnetude 
Control Signal, comprising a pair of gas discharge 
devices having input electrodes and output elec 
trodes, means for exciting said output electrodes 
with respectively equal fixed antiphasal alternat 
ing Voltages, means for exciting said input elec 
trodes by respectively equal fixed antiphasal bias 
Voltages adapted to produce equal currents 
through said gas discharge tubes having funda 
mental frequency alternating components of op 
posite phase, means coupling Said motor winding 
to said tubes to be excited by the sum of said cur 
rent COmponents through said tubes, and means 
for exciting Said same input electrodes cophasal 
ly by Said control Signal, said control signal be 
ing phaSe-displaced With respect to one of Said 
anode Woltages. 

8. A Control circuit for a two-phase motor hav 
ing a pair of Windings comprising a source of 
alternating voltage coupled to one of said wind 
ings, a pair of gas discharge tubes each having 
an anode and a grid, a transformer having a 
primary Winding eXcited from said source and a 
Secondary Winding having a center tap, said 
anodes being directly coupled to respective ends 
of Said Secondary Winding, and said second motor 
Winding being coupled to said center tap to be 
eXcited by the sum of the currents through said 
tubes, means for applying equal alternating bias 
Voltages anti-phaSally to said grids, and means 
for applying a control signal cophasally to said 
Same grids. 

GEREELD L. TAWNEY. 
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