
Oct. 3, 1950 W. J. FIELO Re. 23,275 
MOTOR CONTROLLING APPARATUS 

Original Filed Nov. 6, 1944 2. Sheets-Sheet . 

1 NVAW2/? 
William J. F/Ald 

ay 2% A 770/7/WAY 

  



Oct. 3, 1950 W. J. FELD Re. 23,275 
MOTOR CONTROLLING APPARATUS 

Original Filled Nov. 6, 1944 2 Sheets-Sheet 2 

Zast. f. fa/ 

A 772APMAY 

  



Reissued Oct. 3, 1950 Re. 23,275 
UNITED STATES PATENT OFFICE 

23,275 
MOTOR CONTROLLING APPARATUS 

William J. Field, Minneapolis, Minn., assignor to 
Minneapolis-Honeywell Regulator Company, 
Minneapolis, Minn., a corporation of Delaware 

Original No. 2,480,125, dated August 30, 1949, Se 
rial No. 562,087, November 6, 1944. Application 
for reissue June 3, 1950, Serial No. 166,040 

12 Claims. (Cl. 38-202) 
Matter enclosed in heavy brackets appears in the original patent but forms no part of this 

reissue specification; matter printed in italics indicates the additions made by reissue 

The present invention is concerned with motor 
controlling apparatus and more particularly with 
apparatus in which a motor is operated in ac 
cordance with the amplitude of an alternating 
signal voltage. - 

It has been proposed to operate an alternating 
current motor in accordance with the magnitude 
and phase of an alternating signal voltage through 
the use of a discriminator circuit which is ener 
gized in one manner or the other, depending upon 
the phase of the alternating current. In such 
prior art motor controlling apparatus, it has been 
customary to energize the motor with the half 
wave rectifier output of the discriminator stage 
and to employ means for causing this half wave 
output to simulate as nearly as possible the wave 
shape of an alternating voltage. 
An object of the present invention is to pro 

vide a motor controlling apparatus in which a 
motor is energized with an alternating voltage 
varying in phase in accordeance with the phase 
of an alternating signal voltage. 
A further object of the present invention is to 

provide such an arrangement in which the elec 
tronic discharge devices of the discriminator 
stage are conductive during both half cycles of a 
complete cycle of the alternating voltage. 
A still further object of the present invention 

is to provide such an arrangement in which the 
motor may be reversibly operated in accordance 
with the phase of the signal voltage. 
A still further object of the invention is to 

provide an arrangement of the type such as Set 
forth in the previous objects in which the elec 
tronic discharge devices employed are of the gas 
filled type. 
Another object of the invention is to provide an 

improved type of discriminator circuit in which 
the electronic discharge devices of the discrimi 
nator circuit are conductive during both half 
cycles so that the output of the discriminator 
circuit is an alternating voltage. 
Other objects of the invention will be apparent 

from a consideration of the accompanying speci 
fication, claims and drawing, of which 

Figure 1 is a Schematic showing of one form 
of my improved motor controlling apparatus 
shown as applied to the positioning of the rudder 
of an aircraft, and 

Figure 2 is a schematic showing of a modified 
form of my apparatus. 

Referring to the drawing for a more detailed 
understanding of the invention, the motor to be 
controlled is indicated generally by the reference 
numeral 0. This motor comprises a squirrel 
cage rotor it with which are associated a pair 
of field windings 2 and 3. A condenser 4 is 
Connected through conductors, 5 and 6 to the 
field windings 2 and 3. The function of con 
denser 4, as will be explained more fully later, 
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is to cause the current through one or the other 
of the two field windings 2 and f3 to lead that 
through the other. The squirrel cage rotor 
is connected through a shaft schematically shown 
in the drawing and indicated by the reference 
numeral to a gear train 8. The gear train, 
in turn, is connected through a shaft 9 to a 
rudder Operator 20. 
The motor as illustrated in the application is 

employed for positioning the rudder operator 20 
in accordance with the signal received from a 
gyroscope 22. 
The gyroscope 22 is adapted to position a mov 

able contact 23 of a control potentiometer 24. 
The control potentiometer 24 in addition to the 
movable contact 23 comprises a resistant ele 
ment 25 over which contact 23 is movable. The 
potentiometer 24 is associated with a further po 
tentiometer 26 comprising a resistor 27 and a 
contact 28 slidable thereover. The two resistance 
elements 25 and 27 are connected together to 
form a Wheatstone bridge. The contact 28 is 
operatively connected through a shaft 29 to the 
rudder operator 20 and is thus positioned by 
shaft 9. The potentiometer 26 functions as a 
rebalancing potentiometer. 
Power is supplied to the system through a trans 

former 35. This transformer comprises a pri 
mary winding 36 and secondary windings 37 and 
38. The primary winding 36 is connected to line 
wires 39 and 40 leading to a suitable source of 
power (not shown). The secondary winding S8 
is employed for Supplying power to the Wheat 
stone bridge and is connected by conductors 42 
and 43 to the opposite terminals of resistor 27 
of control potentiometer 26. These two termi 
nals constitute the input terminals of the Wheat 
Stone bridge and contacts 23 and 28 the output 
terminals. 
The output of the bridge is employed to con 

trol the operation of motor i0 through four gas 
filled discharge devices 44, 45, 46, and 47. These 
discharge devices are all similar in construction. 
The discharge device 44 comprises an electrically 
heated cathode 49, a control grid 50, a shield 
grid. 5 and an anode 52. Associated with the 
cathode 49 is a cathode heater 54 which is con 
nected to any suitable source of power (not 
shown) such as an additional secondary of trans 
former. 35. Similarly, the tube 45 comprises a 
cathode 56, a control grid 5T, a shield grid 58 and 
an anode 59. Tube 46 comprises a cathode 60, 
a control grid 6, a shield grid 62 and an anode 
63. Tube 47 includes a cathode 65, a control 
grid 66, a shield grid 6T and an anode 68. In 
each case, the cathodes have associated with 
them a cathode heater element. The elements. 
of each discharge device are enclosed within a 
gas filled envelope. 
The voltage applied to the control grids of 
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the various tubes is obtained from the control 
bridge through a transformer To. This trans 
former comprises a primary winding and four 
secondary windings 72, T3, T4, and 7. The upper 
terminal of secondary 72 is connected to control 
grid. So through a conductor TT, a biasing battery 
TO, a protective resistor T and a conductor 0. 
The other terminal of secondary 2 is connected 
through conductors 8 and 82 to the cathode 
40. Similarly, the lower terminal of secondary 
73 is connected through a biasing battery 8, 
a protective resistor 85 and a conductor 86 to the 
control grid 57. The upper terminal of secondary 
T8 is connected through a conductor 8 to the 
cathode 56 of the same tube . 
The upper terminal of secondary is coa 

nected through a biasing battery 8, a protective 
resistor 90, and a conductor to the control 
grid of tube 46. The lower terminal of sec 
ondary 74 is connected through conductor 2 to 
the cathode 60. The lower terminal of secondary 
TS is connected through conductor 94, biasing 
battery 95, protective resistor 9 and conductor 

to the control grid B. The upper terminal of 
the secondary 7 is connected through conduc 
tors 98 and 99 to cathode EU. Thus, each of the 
secondaries 2, 3, 4, and S is connected be 
tween the grid and cathode of one of the tubes 
in series with a biasing battery. In each case 
the polarity of the biasing battery is such as to 
tend to render the grid negative with respect 
to the cathode and is of sufficient magnitude that 
in the absence of any other voltage the grid is 
maintained at a potential below the value at 
which the tubes are conductive. 
The primary 7 of transformer T0 is connected 

to contacts 2 and 28 of the bridge by means 
of conductors and fl. It will be recalled 
that contacts 2 and 28 constitute the output 
terminals of the bridge. 

Operation of Figure 1 
The various elements are shown in the position 

they assume when the aircraft is in the desired 
attitude. Under these conditions, no one of the 
tubes 44 to 47 is conductive since in each case, 
the grid is biased negatively sufficiently to render 
the tube in question non-conductive. Conse 
quently, no current is supplied to the motor field 
windings 2 and 8 and the motor is inopera 
tive. Now let it be assumed that the aircraft 
departs from the desired course so that the 
gyroscope 22 is effective to move the contact 23 
to the right. The effect of this will be to cause 
contact 28 to be at a voltage different from that 
of contact 28 so that an unbalance voltage exists 
across the terminals of the bridge. This unbal 
ance voltage will in turn be applied to primary 
winding 7 of transformer 70. This in turn will 
cause a voltage to appear across the terminals 
of each of the secondaries 2 to 7. The sec 
ondary windings 72 to TS are so wound that dur 
ing the half cycle in which the upper terminal 
of secondary 3 is positive with respect to the 
lower terminal, the upper terminals of sec 
ondaries 2 and 78 will be negative with respect 
to the lower terminals, while the upper terminals 
of secondaries 4 and 75 will be positive with 
respect to the lower terminals. 
Considering the conditions during the half 

cycle in which the polarities mentioned in the 
last paragraph exist, the anode 8 of tube is 
positive with respect to the cathode. However, 
the grid 66 during this half cycle is connected to 
what is the negative end of secondary S. Con 

4. 
sequently, both the voltage of secondary TS and 
that of biasing battery S are tending to drive 
grid 86 negative with respect to the cathode so 
that the tube 47 is effectively non-conductive. 
In the case of tube did, the anode 3 is negative 
with respect to the cathode 80 so that this tube 
is likewise non-conductive. In the case of tube . 
44, the anode is negative with respect to the 
cathode so that the tube is non-conductive. 

Let us now consider the polarities in connec 
tion with tube, 45. It is to be noted that the 
anode 4 is connected to the end of the trans 
former secondary which is positive during this 
half cycle with respect to center tap ill. More 
over, the control grid 57 is connected to the lower 
end of secondary 3 which during this half cycle 
is positive with respect to the cathode. The posi 
tive voltage impressed upon grid 57 by secondary 
T3 thus tends to overcome the effect of biasing 
battery 4 so as to render tube 4S conductive. 
As a result, a circuit is established to motor field 
winding 2 as follows: from the upper terminal 
of secondary 37 through conductors iOS and O, 
anode 59, cathode 56, conductors O and , 
field winding f2 and conductor 0 to the center 
tap f of secondary 3. At the same time, 
current flows to field winding as follows: from 
the upper terminal of secondary 3, through con 
ductors OS and 06, anode 59, cathode 56, con 
ductors O7, 08 and 5, condenser f4, conductor 
6, field winding 3 and conductor O to the 

center tap of secondary 37. 
Now let the conditions in the next half cycle 

be considered. Since the Wheatstone bridge is 
connected to the same source of power as the 
tubes 4 to 47, it will be obvious that the polar 
ties will be reversed throughout. Thus, in the 
case of tube 47, the anode 68 will be negative 
with respect to the cathode 65 so that this tube 
Will be non-conductive. While the anode 83 will 
now be positive with respect to cathode B0, the 
control grid 6 will also have its polarity reversed 
so as to be negative with respect to cathode 80. 
Hence, tube 46 will be non-conductive. In the 
case of tube 4, the anode 59 will now be negative 
with respect to the cathode so that this tube will 
be non-conductive. As for tube 44, the anode 52 
will be positive with respect to the cathode 49 and 
the grid 50 will now be positive with respect to 
cathode 9. Hence, tube 44 will be conductive 
during this half cycle with the result that current 
will flow through winding 2 as follows: from the 
center tap of secondary 37 through conductor 
fo, motor field winding 2, conductor 08, anode 

sis 2, cathode 49, and conductors 82 and OS to the 
upper terminal of secondary 8. At the same 
time, a circuit will be established to field winding 
f3 as follows: from the center tap f of second 
ary 87 through conductor 0, field winding 3, 

C0 conductor , condenser 4, conductors 5 and 
f08, anode 52, cathode 49 and conductors 82 and 
fols back to the upper terminal of secondary. 37. 

It is to be noted from the above that tube 4S 
is conductive during one half cycle and tube 44 
during the other half cycle. This is due to the 
fact that with the bridge unbalanced in the di 
rection which is being assumed, the alternating 
voltages applied to grids 50 and 57 are in phase 
with the anode voltages of the tubes 44 and 4S. 

O It is further to be noted that the current during 
One half cycle flows in one direction through 
windings 2 and and during the other half 
cycle in the opposite direction. Thus, there is a 
flow of alternating current through windings 2 

75 and . The alternating current flow through 
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winding 13 is through condenser 4 so that the 
current through this winding leads that through 
winding 2. Thus, the motor rotates in a preder. 
termined direction to cause operation of the rud 
der in a predetermined direction. The operation 
of this rudder is in such a direction as to tend to 
restore the plane to the course which the gyro 
scope 22 is trying to maintain. Furthermore, 
the operation of the motor in this direction moves 
contact 28 to the right with respect to resistor 2. 
The movement of the motor will continue until 
the position of contact 28 again corresponds to 
that of contact 23, at which time the bridge will 
again be rebalanced so as to eliminate the un 
balance voltage. This will in turn cause the dis 
appearance of an alternating voltage across the 
terminals of the secondaries 2 to 5 with the 
result that tubes 4 to 4 all become non 
conductive. 
Thus, there will be a movement of the rudder 

in a direction such as to correct for the deviation 
of the craft from the desired course in an amount 
corresponding to the extent of such deviation. 
The deflection of the rudder as a result of the 

foregoing action will cause the Craft to gradually 
return to the desired course with the result that 
slider 23 is moved back to its original position. 
This causes slider 23 to be in a position to the left 
of slider 28 so as to result in an unbalance volt 
age appearing across the terminals of primary 
winding 7. This unbalance voltage furthermore 
will be 180° out of phase with respect to the un 
balance voltage previously considered. Thus dur 
ing the half cycle in which the upper terminal 
of secondary 3 is positive with respect to the 
Iower terminal, the polarities of the voltages ap 
pearing across Secondary windings 2 to 5 will 
be opposite to that indicated by the legends on 
the drawings. 
Assuming the conditions just described, the 

relative polarities of the various elements of the 
tubes 44 to 4 will now be considered. In the case 
of tube 44, the cathode 49 will be positive with 
respect to the anode so that this tube will not be 
conductive. In the case of tube 45, while the 
anode is positive with respect to the cathode, the 
effect of the voltage across secondary T3 will be to 
cause grid 57 to be more negative with respect to 
cathode 56 so that this tube will not be conduc 
tive. In the case of tube 46, the anode 63 will be 
negative with respect to the cathode so that this 
tube will likewise not be conductive. In the case 
of tube 7, the anode 68 will be positive with re 
spect to the cathode and the effect of the voltage 
across secondary is to tend to cause grid 66 to 
be positive with respect to cathode 65. The effect 
of the Voltage across Secondary 5 will overcome 
the biasing effect of the battery 95 so that tube 47 
will be conductive and current will flow through 
winding 3 as follows: from the center tap f 
through conductor f0, field winding 3, con 
ductor 5, anode 68, cathode 65 and conductors 
99 and 6 to the lower terminal of secondary 37. 
At the same time, a circuit will be established 
through field winding 2 as follows: from the 
center tap through conductor 0, field wind 
ing 2, conductor 5, condenser 4, conductors 6 
and 5, anode 68, cathode 65, and conductors 
99 and 6 to the lower terminal of secondary 3. 
Now let the conditions during the next half 

cycle be considered. Under these conditions, the 
lower terminal of secondary 3T will be positvie 
With respect to the upper terminal and the 
polarities of the voltages across secondaries T2 
to 75 will be the same as those indicated by the 

tive with respect to the cathode. 
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legends. Under these conditions, tube will be 
non-conductive because the grid O will be nega 

Tube will 
be non-conductive because of the fact that the 
anode 59 will be negative with respect to the 
cathode 56. Tube 47 will be non-conductive be 
cause of anode 68 being negative with respect 
to cathode 65. Tube 46, however, will be con 
ductive since during this half cycle the anode 6 
is positive with respect to the cathode and the 
Voltage of grid 6 will likewise be positive with 
respect to the cathode 60. As a result, a circuit 
will be established to field winding 3 as follows: 
from the lower terminal of the secondary S. 
through conductors 6 and T, anode 63, cath 
ode 60, conductors and 5, motor field wind 
ing 3 and conductor 0 to the center tap f . 
A circuit will also be established to field winding 
2 as follows: from the lower terminal of sec 
ondary 37 through conductors its and T, anode 
63, cathode 60, conductors 8, 15, and 6, con 
denser 4, conductor fs, field winding 2 and con 
ductor Oto the center tap of secondary S.T. 

It will be observed from the above description 
that with the bridge unbalanced in the direction 
described, tubes 46 and 47 are conductive during . 
alternate half cycles. With these tubes conduc 
tive, moreover, current flows directly through 
field winding 3 while flowing through field wind 
ing 2 through condenser f4. As a result an al 
ternating current flows in both windings 2 and 
f3, the current through winding 2 leading that 
through winding 3. It will be recalled that. 
during the previous condition of unbalance the 
Current through winding 3 leads that through 
winding 2. Thus the motor O will rotate in the 
direction opposite to that previously considered 
to move the rudder back to its normal position. 
The slider 28 will likewise be moved back to the 
left, and this movement of the rudder will be 
continued until the positions of sliders 23 and 28 
again correspond, at which time the rudder will 
be in substantially its original or neutral posi 
tion. The ship will now be back on the desired 
course and the rudder in its normal position. 
The movement of contact 28 back to a position 
corresponding to that of contact 23 will eliminate 
the unbalance voltage appearing across the 
bridge, and hence eliminate any alternating volt 
age across the secondaries 2 to 75. Tubes 44 
to will hence again become non-conductive. 

It is to be noted from the above description 
that with the apparatus of the present invention, 
I have provided a discriminator arrangement in 
which alternating current is conducted to the 
motor field windings instead of half-wave rec 
tifled current. This results in much more de 
sirable operation of the motor since the effect of 
the direct current component of a half-wave 
rectified current is detrimental to the proper 
Operation of the motor. 

Species of Figure 2 
The arrangement of Figure 2 differs primarily 

from that of Figure 1 in the fact that it is possible 
to employ a single secondary winding of half the 
size of secondary winding 37 and without a center 
tap. This is accomplished by using the secondary 
Winding to supply voltage to the anodes and cath 
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odes of all four tubes. Another difference be 
tween the circuit of Figure 2 and that of Figure 1. 
is that vacuum tubes are employed instead of the 
gas filled tubes of Figure 1. By reason of the use 
of vacuum tubes with their less critical sensitivity, 
it is possible to employ a self-biasing arrange 
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ment for the grids and thus eliminate the need 
for biasing batteries T8, 8.4, 89 and 95 of Figure 1. 

in order to facilitate an understanding of the 
arrangement of Figure 2, identical reference 
numeras have been applied to those elements 
which correspond identically to elements of Fig 
ure 1. Furthermore, reference numerals one hun 
dred higher have been applied to those elements 
which, while not identical to any elements in 
Figure 1, accomplish generally similar functions. 
The arrangement of the motor field windings 

and the condenser 4 is identical to that of Fig 
ure 1 so that no description thereof is deemed 
necessary. In order to avoid unnecessary dupli 
cation of description, the gear train, the rudder, 
the gyroscope and the bridge have been omitted 
in Figure 2. It is to be understood, however, 
that motor f can be employed to operate such a 
rudder operator or any other similar device in the 
same manner as in Figure 1. While the primary 

of transformer O is not shown as connected 
to any signal voltage, it is to be understood that 
this can be connected to a Wheatstone bridge 
such as shown in Figure 1 or to any other suitable 
source of alternating signal voltage which is re 
versible in phase. The tubes in this species are 
designated by the reference numerals 44 to f 
and are preferably vacuum tubes. A typical tube 
which is suitable for this purpose is the type 2A3. 
Tube 4 comprises a cathode 49, a control grid 

0, and an anode 52. Associated with the 
cathode 49 is a cathode heater connected to 
any suitable energizing source (not shown). 
Tube is similarly comprises a cathode 56, a 
control grid T and an anode 59. The tube 46 
has a cathode 0, a grid if and an anode 63. 
The tube comprises a cathodes, a grid 66 
and an anode 6. In each case, the cathode is 
provided with a cathode heater as in the case of 
tube 44. n 
Associated with the cathode 49 is a cathode 

biasing resistor 20? and a by-pass condenser 200. 
Similarly, in connection with tube 45 is a 

cathode biasing resistor 202 and a by-pass con 
denser 28. Associated with tubes 46 and 47, 
respectively, are cathode biasing resistors 204 
and 20 which are by-passed by condensers 205 
and 207 respectively. 
The transformer is comprises a primary 

winding 36 which may be connected to any 
suitable source of power and a secondary wind 
ing . The primary winding f must be con 
nected to a source of power which is also asso 
ciated with a means for supplying the signal 
voltage to primary so that the voltage across 
primary 7 and that across primary always 
has a phase relationship determined solely by the 
controlling effect. The upper terminal of sec 
ondary 2 is connected through a conductor 8, 
and the biasing resistor 20 to the cathode 49. 
The lower terminal of secondary 72 is connected 
through conductor f to the grid 50. The 
upper terminal of secondary 7 is connected 
through conductor 87 to the control grid 57. 
The lower terminal of secondary- is connected 
through conductor 8 and biasing resistor 202 
to the cathode 56. The upper terminal of sec 
ondary 4 is connected through conductors 92 
and 8. and biasing resistor 24 to the cathode 
B. The lower terminal of secondary 7 is con 

nected through conductor 9 to the grid 6. 
The upper terminal of secondary 75 is connected 
to control grid through conductor 94 and 
the lower terminal is connected through conduc 
to and cathode biasing resistor 20 to the 
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cathode 85. Thus, the voltages appearing across 
secondaries 72, 73, T4 and TS upon the occur 
rence of a signal voltage are impressed between 
the grids and cathodes of tubes 44 to 87, re 
spectively. In each case, the connections include 
the cathode biasing resistor associated with the 
cathode of the tube in question. This cathode 
biasing resistor functions in the usual manner 
to introduce a biasing voltage into the grid cir 
cuit by reason of the voltage drop occurring 
thereacross as a result of the anode current flow 
ing through the tube. Thus, in the absence of 
any signal voltage, the current flowing through 
any tube circuit is very small due to the biasing 
effect of the biasing resistors. 

Operation of Figure 2 
Let it first be assumed that the phase of the 

signal voltage is such that during the half cycle 
in which the left-hand terminal of secondary 
3 is positive with respect to the right-hand 
terminal, the polarities of the voltages across 
secondaries 2 to 75 correspond to the legends 
appearing on the drawings. Under these condi 
tions, tube 47 is not conductive since the anode 
68 is negative with respect to the cathode 65. 
Tube 46 is not conductive since the effect of the 
voltage across secondary T4 is to render the grid 

further negative with respect to the cathode 
60. Similarly, tube 145 is non-conductive since 

the anode 59 is negative with respect to the 
cathode. Tube 44 is conductive, however, since 
the anode 52 is positive with respect to cathode 

9 and the effect of the voltage across secondary 
T2 is to raise the potential of grid 50 with re 
spect to cathode 49. As a result, current flows 
to field winding 2 as follows: from the left-hand 
terminal of secondary 37 through conductor 20, 
motor field winding 2, conductors 2 if and 22, 
anode 52, cathode 49, biasing resistor 20 and 
conductors 24, 25 and 26 back to the right 
hand terminal of secondary 37. At the same 
time, a circuit is also established to motor field 
Winding 3 as follows: from the left-hand termi 
nal of secondary 37 through conductor 20, field 
winding 3, conductor B, condenser 4, conduc 
tors 5, 2 and 22, anode 52, cathode 4, . 
resistor 20 and conductors 24, 2 is and 20 to 
the right-hand terminal of secondary 187. 
During the next half cycle, all of the polarities 

are reversed. Under these conditions, tube 47 
is non-conductive since the grid B is now nega 
tive with respect to cathode 85. Similarly, tube 

is is non-conductive since the anode 6 is 
negative with respect to cathode 60 and tube 44 
is non-conductive since the anode 52 is now 
negative with respect to the cathode. Tube 45 
is conductive, however, since the anode is now 
positive with respect to the cathode and since 
the effect of the voltage across secondary T3 is 
such as to tend to raise the voltage of grid 57 
with respect to cathode 56. Thus, current flows 
to field winding 2 through the following circuit: 
from the right-hand terminal of secondary 8T 
through conductors 21, 2f S and 28, anode 59, 
cathode 56, cathode resistor 202, conductor 2, 
field winding 2, and conductor 210 to the left 
hand terminal of secondary 87. At the same 
time, a circuit is established to field winding 3 
as follows: from the right-hand termina of sec 
ondary 37 through conductors 26, 2 and 2, 
anode 59, cathode 56, biasing resistor 202, con 
ductors 2 and 5, condenser 4, conductor B, 
field winding 3, and conductor 20, to the left 
hand terminal of secondary 87. 
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It will be seen from the above that with a signal 
voltage of the phase being considered, tubes 44 
and 45 are conductive during all half cycles to 
supply alternating current directly to field wind 
ing 2 and through the condenser f4 to field 
winding 3. The current through field winding 

thus leads that through field winding 2 and 
the motor rotates in one direction. 
When the phase of the signal voltage is re 

versed, the polarities of the voltages across sec 
ondaries 2 to TS will likewise be reversed. As a 
result, during the half cycle in which the voltage 
of secondary 37 is that indicated by the legends, 
the grid 50 will be negative with respect to the 
cathode 49 so that tube 44 will be non-conduc 
tive. During the same half cycle, the anode 59 
is negative with respect to the cathode 56. In 
other words, the voltages impressed upon the 
grids 50 and fST are now out of phase with the 
anode voltages impressed on the two tubes 44 
and 45. Under these conditions, the anode 68 
will be negative with respect to the cathode 65 
so that tube AT will not be conductive. Tube 
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46 will, however, be conductive since the anode 
will be positive with respect to the cathode and 
the effect of the voltage across secondary 4 tends 
to raise the potential of the grid with respect to 
the Cathode. As a result, a circuit will be estab 
lished to field winding 3 as follows: from the 
left-hand terminal of secondary 37 through 
conductor 20, field winding 3, conductors 28 
and 29, anode 63, cathode 60, biasing resistor 
204, and conductors 93,220 and 26 to the other 
terminal of secondary 3. . At the same time, an 
energizing circuit will be established to field 
winding f2 as follows: from the left-hand ter 
minal of secondary 37 through conductor 20, 
field winding 2, conductor 5, condenser 4, Con 
ductors 6, 28 and 29, anode 63, cathode 60, 
biasing resistor 204, and conductors 93,220 and 
26 to the right-hand terminal of secondary 137. 
During the next half cycle, the polarities of the 

voltages across secondaries 72 to 5 will be the 
same as indicated in the drawing, while the volt 
age across the secondary 37 will be opposite to 
that indicated by the legends. As a result, tubes 
44 and 46 will be non-conductive by reason of 

the anodes being negative with respect to the 
cathodes. Tube 45 will be non-conductive be 
cause the voltage applied by secondary 3 will 
tend to drive grid 57 negative with respect to 
cathode 56. However, the tube 47 will be con 
ductive since the anode is now positive with re 
spect to the cathode and the voltage applied by 
secondary 5 tends to raise the potential of grid 
66 with respect to cathode 65. As a result of 

tube 47 being conductive, a circuit will be estab 
lished to field winding 3 as follows: from the 
right-hand terminal of secondary 37 through 
conductors 26, 220, 93 and 222, anode 68, cathe 
ode 65, biasing resistor 206, conductors 223 and 
28, field winding 3 and conductor 20 to the 
left-hand terminal of secondary f$7. At the same 
time, a circuit will be established to field winding 
2 as follows: from the right-hand terminal of 

secondary 37 through conductors 26, 220, f 93 
and 222, anode 68, cathode 65, cathode resistor 
206, conductors 223, 28 and 16, condenser 4, 
conductor 15, field winding 2 and conductor 20 
to the left-hand terminal of secondary 37. 
Thus again, both windings 2 and 3 are ener 

gized during opposite half cycles in opposite direc 
tions as a result of the alternative conductivity 
of tubes 46 and T. In this case, fleld Winding 
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is energized directly whereas field winding 2 
is energized through condenser 4 so .that the 
current through the latter leads that through the 
former, thus causing operation of motor in the 
opposite direction, 

It is to be noted that with the species of Figure 
2, as with the species of Figure 1, a motor iO is 
supplied with a full alternating current as dis 
tinguished from a half-wave rectified current 
such as is the common practice in connection with 
discriminator circuits. Furthermore, this is ac 
complished in the arrangement of Figure 2 with 
the use of a single secondary winding with no 
center tap, this secondary winding being con 
nected in the anode circuit of all four tubes, 

Conclusion 
It will be seen that I have provided a new and 

improved motor controlling apparatus by which 
a reversible motor can be operated in one direc 
tion or another through the operation of a dis 
criminator circuit, and in which the voltage sup 
plied to the motor is at all times an alternating 
voltage with no appreciable direct current con 
ponent. 
While I have shown certain specific forms of 

my invention for purpose of illustration, it is to 
be understood that the scope of my invention is 
to be limited solely by the scope of the appended 
claims. 
I claim as my invention: 
1. In a motor control circuit, an alternating 

current power source, a an alternating current 
motor, a pair of electron tubes, each having an 
anode, a cathode, and a control element, first 
circuit connections connecting one terminal of 
said source being connected to the cathode of 
the first tube and to the anode of the second tube, 
further circuit connections electrically connected 
to said motor and connecting and the anode of 
the first tube and the cathode of the second tube 
being connected to one terminal of said motor, 

the other terminal of said motor being con 
nected to the other. terminal of said source, 
means including a main controller for produc 
ing an alternating control voltage reversible in 
phase and variable in magnitude dependent upon 
the direction and magnitude of change of said 
main controller said control politage being of the 
same frequency as said source, and means ar 
ranged to supply said control voltage in phase 
opposition a variable potential to the con 
trol elements of each of said tubes , of the 
same frequency as said source, and of opposite 
phase on the respective tubes so that phen 
said control totage is of one phase, said tubes 
are conductive on opposite half cycles to supply 
a full Dave alternating current to said motor 
and when said control voltage is of the opposite 
phase, neither tube is conductive. 

2. In control apparatus for supplying alternat 
ing current to a load means in one manner Or 
another, a source of alternating signal voltage, 
reversible in phase in accordance with the con 
dition of a main controller, a source of alternat 
ing power, and means for supplying alternating 
current from said last named Source to said load 
means in the one manner or the other depend 
ing upon the phase of said signal voltage, said 
means comprising two pairs of electronic dis 
charge devices each having an anode, a cathode, 
and a control element, both pairs of devices be 
ing connected between said load means and said 
Source of power, the anodes and cathodes of the 
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discharge devices of each pair being reversibly 
connected together so as to be conductive during 
alternate half cycles, and means for applying 
voltages to the control elements of said discharge 
devices related to the signal voltage in such a 
manner that the devices of one or the other of 
said pairs of devices are energized during alter 
nate half cycles, the pair which is energized de 
pending upon the phase of said signal voltage, 
said last named means comprising a transformer 
having a primary winding and four secondary 
windings, said primary winding being connected 
to said source of signal voltage and said Sec 
ondary windings each being connected between 
the cathode and control element of a different 
device. 

3. In motor control apparatus, a reversible al 
ternating current motor to be controlled and hav 
ing two paths therethrough, said motor being 
operative in one direction or the other dependent 
upon which of said paths is energized, a source 
of alternating signal voltage reversible in phase 
in accordance with the condition of a main con 
troller, a source of alternating power and means 
for selectively supplying power from said source 
to one or the other of said motor paths, said 
means including two pairs of electronic discharge 
devices each having an anode, a cathode, and 
a control element, each pair of devices being con 
nected in series with one of said motor paths, 
the anodes and cathodes of the discharge de 
vices of each pair being reversibly connected to 
gether so as to be conductive during alternate 
half cycles, and means for applying voltages to 
the control elements of said discharge devices re 
lated to the signal voltage in such a manner 
that one or the other of said pairs of discharge 
devices is energized depending upon the phase 
of said signal voltage. 

4. In motor control apparatus, a reversible al 
ternating current motor to be controlled and 
having two paths therethrough, said motor being 
operative in one direction or the other dependent 
upon which of said paths is energized, a source 
of alternating signal voltage reversible in phase 
in accordance with the condition of a main con 
troller, a source of alternating power and means 
for selectively supplying power from said source 
to one or the other of said motor paths, said 
means including two pairs of electronic discharge 
devices each having an anode, a cathode, and a 
control element, each pair of devices being con 
nected in series with one of said motor paths, the 
anodes and cathodes of the discharge devices of 
each pair being reversibly connected together so 
as to be conductive during alternate half cycles, 
and means for applying voltages to the control 
elements of said discharge devices, the voltages 
applied to the control elements of the devices 
of either pair being reverse in phase with respect 
to each other and with respect to those applied 
to the control elements of the devices of the 
other pair so that the devices of one pair or the 
other are energized during alternate half cycles, 
the pair that is energized depending upon the 
phase of said signal voltage, 

5. In motor control apparatus, a reversible al 
ternating current motor to be controlled and 
having two paths therethrough, said motor be 
ing operative in one direction or the other de 
pendent upon which of said paths is energized, 
a source of alternating signal voltage reversible 
in phase in accordance with the condition of a 
main controller, a source of alternating power 
connected in series with both of said motor paths 
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12 
and means for selectively controlling the con 
nections between said source and said two motor 
paths, said means including two pairs of elec 
tronic discharge devices each having an anode, 
a cathode, and a control element, each pair of 
devices being connected in series with one of 
said motor paths, the anodes and cathodes of 
the discharge devices of each pair being revers 
ibly connected together so as to be conductive 
during alternate half cycles, and means for ap 
plying voltages to the control elements of said 
tubes related to the signal voltage in such a man 
ner that one or the other of said pairs of tubes 
is energized depending upon the phase of said 
signal voltage, 

6. In motor control apparatus, a reversible al 
ternating current motor to be controlled and 
having two paths therethrough, said motor be 
ing operative in one direction or the other de 
pendent upon which of said paths is energized, 
a source of alternating signal voltage reversible 
in phase in accordance with the condition of a 
main controller, a source of alternating power 
having two portions connected in phase opposi 
tion and each connected in Series with one of 
said paths, and means for selectively controlling 
the connections between said two portions and 
said two motor paths, said means including two 
pairs of electronic discharge devices each having 
an anode, a cathode, and a control element, each 
pair of devices being connected in series with one 
of said notor paths, the anodes and cathodes 
of the discharge devices of each pair being re 
versibly connected together so as to be conductive 
during alternate half cycles, and means for ap 
plying voltages to the control elements of said 
tubes related to the signal Voltage in such a mann 
ner that one or the other of said pairs of tubes 
is energized depending upon the phase of said 
signal voltage. 

7. In control apparatus for supplying alternat 
ing current to a load means in either of two man 
ners, a source of alternating signal voltage re 
versible in phase in accordance with the condi 
tion of a main controller, a source of alternating 
power, and means for supplying alternating cur 
rent from said last named source to said losid 
means selectively in One or the other, of said two 
manners depending upon the phase of said signal 
voltage, said means comprising two pairs of elec 
tronic discharge devices each having an anode, a 
cathode, and a control element, both pairs of de 
vices being connected between said load means 
and said source of power, the anodes of the dis 
charge devices of each pair being oppositely con 
nected to said source so as to be conductive dur 
ing alternate half cycles and oppositely connected 
to said load means so that the current through 
said load means reverses during alternate half 
cycles, and means for applying voltages to the 
control elements of said discharge devices related 
to the signal voltage in such a manner that the 
devices of one or the other of said pairs of de 
vices are energized during alternate half cycles, 
the pair which is energized depending upon the 
phase of said signal voltage. 

8. For control of a motor having three termi 
nals, and which runs in one direction when cur 
rent is supplied to the first and second terminals, 
and in the other direction when current is sup 
plied to the second and third terminals, a system 
including a source of alternating current power, 
a connection between one terminal of said source 
and said second terminal of the motor, a first 
and second electron tube, each having an anode, 
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a cathode, and a control element, a connection 
between said source, the cathode of said first tube 
and the anode of the second tube, a connection 
between the first terminal of the motor, the anode 
of said flirst tube and the cathode of the second 
tube, a third and fourth electron tube, each hav 
ing an anode, a cathode, and a control element, a 
connection between said source, the cathode of 
said third tube and the anode of the fourth tube, 
a connection between the third terminal of the 
motor, the anode of the third tube and the cath 
ode of the fourth tube, means arranged to supply 
a variable control voltage between the control ele 
ment and cathode of each of the first and second 
tubes, of the same frequency as said source and 
of opposite phase on the respective tubes, and 
means arranged to supply a variable control volt 
age between the control element and cathode of 
each of the third and fourth tubes, of the same 
frequency as said source and of opposite phase 
on the respective tubes. 

9. For control of a motor having a pair of 
windings relatively displaced in space phase, hav 
ing a common terminal, and each having a free 
terminal, a System including a center-tapped 
alternating current power supply, a connection 
between the Center tap of said power supply and 
the common terminal of said motor windings, a 
connection from one terminal of the power sup 
ply to the free terminal of one motor winding, an : 
electron tube having anode and cathode elements 
interposed in series with the last mentioned con 
nection, means rendering said electron tube con 
ductive upon the application to said means of an 
alternating control voltage exceeding a predeter 
mined magnitude and having a given phase 
polarity with respect to that of the power supply, 
a connection from the other terminal of the 
power supply to the free terminal of the other 
motor winding, a second electron tube, having 
anode and cathode elements interposed in series 
with the last mentioned connection means 
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rendering said electron tube conductive upon the 
application to said means of an alternating con 
trol voltage exceeding a predetermined magni 
tude and having a phase polarity with respect to 
that of the power supply which is the opposite 
of that for the first mentioned control voltage, 
and a phase shifting device connected between 
the free terminals of the motor windings. 

10. In control apparatus for supplying alter 
nating current to a load means in one manner or 
another, a source of alternating signal voltage 
reversible in phase in accordance with the condi 
tion of a main controller, a source of alternating 
power, and means for supplying alternating cur 
rent with substantially no unidirectional com 
ponent from said last named source to said load 
means in the one manner or the other depending 
upon the phase of the signal voltage, said means 
comprising two pairs of electronic discharge de 
vices each having an anode, a cathode, and a con 
trol element, each pair of devices being so con 
nected between said load means and said source 
of power in Series with said source of power that 
when the devices of the pair are conductive cur 
rent flows through said load means in opposite 
directions during alternate half cycles, and means 
for applying alternating voltages to the control 
elements of said discharge devices related to the 
signal voltage in such a manner that the devices 
of one or the other of said pairs of devices are 
energized during alternate half cycles, the pair 
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which is energized depending upon the phase of 
said signal voltage with respect to said source of 
power. 

11. In control apparatus for supplying alter 
nating current to either one or the other of two 
portions of a load means, a source of alternating 
signal voltage reversible in phase in accordance . 
with the condition of a main controller, a source 
of alternating power, and means for supplying 
alternating current with no appreciable unidirec 
tional component from said last named source to 
one or the other of said two portions of said load 
Imeans depending upon the phase of the signal 
voltage, Said means comprising two pairs of elec 
tronic discharge devices each having an anode, a 
cathode, and a control element, each pair of de 
Vices being so connected between said source of 
power in series with said source of power and one 
of Said two portions of said load means that when 
the devices of the pair are conductive current 
flows through the associated portion of the load 
means in opposite directions during alternate 
half cycles, and means for applying alternating 
voltages to the control elements of said discharge 
devices related to the signal voltage in such a 
manner that the devices of one or the other of 
said pairs of devices are energized during alter 
nate half cycles, the pair which is energized de 
pending upon the phase of said signal voltage 
with respect to said source of power. 

12. In a motor control circuit, an alternating 
current power source, a an alternating current 
notor, a pair of gas filled tubes, each having an 
anode, a cathode, and a control element, first cir 
cuit connections connecting one terminal of said 
Source being connected to the cathode of the 
first tube and to the anode of the second tube, 
further circuit connections electrically connected 
to said motor and connecting the anode of the 
first tube and the cathode of the second tube 
being connected to one terminal of said motor, 

the other terminal of said motor being con 
nected to the other terminal of said source, 
means including a main controller for produc 
rig an atternating control voltage reversible in 
phose and variable in magnitude dependent sport 
the direction and magnitude of change of said 
main controller, said controller being of the same 
frequency as said source, and means arranged 
to supply said control voltage in phase opposi 
tion a variable potential to the control ele 
ments of each of said tubes , of the same 
frequency as said source, and of opposite phase 
on the respective tubes so that when said con 
trol voltage is of one phase, said tubes are con 
ductive on opposite half cycles to supply a full 
Dave alternating current to said motor and uphen 
said control voltage is of the opposite phase, 
22either tube is conductive. 
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