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This invention relates to a phase control system 
and particularly to a method of and means for 
maintaining two alternating signals in phase 
quadrature. m 

Among the objects of the invention is the pro 
vision of an improved phase detector and par 
ticularly of a method of and means for detect 
ing any change in the phase relation of two sig 
nals which are normally in quadrature. 
Another object is the provision of an im 

proved phase control System and of sensitive ac 
curate speedy and compact apparatus for main 
taining two signals in quadrature. 
According to the invention these objects are 

achieved by producing a pair of alternating cur 
rents which are balanced When the signals under 
control are in quadrature and by utilizing energy 
under the control of an unbalance of these cur 
rents for returning the signals to the desired 
phase relation. 

In the accompanying drawing 
Figures 1a and b are vector diagrams which 

illustrate the operation of the invention, 
Figure 2 illustrates an application of the in 

vention, and 
Figure 3 is a circuit diagram of an embodiment 

Of the invention. 
In Figure 1a two signals in phase quadrature 

are represented by the vectors Ei and E3 and their 
vector Sun by the vector Egil. E1 and E3 are the 
signals whose relative phase is to be controlled or 
indicated. A third signal is represented by the 
vector Ea. This signal has an absolute magni 
tude at any instant equal to that of one of the 
before-mentioned signals, say E1, but of opposite 
phase to E1. The vector sum of of E2 and E3 is 
seen to be the vector Ega. As long as the angle 6 
representing the phase difference between E1 and 
E3 remains at 90 then Eg1=E2, but when 6 be 
comes greater or less than 90 then Elgi becomes 
less or greater than Ega. In Figure 1b, for ex 
ample, the phase difference between E3 and E1 is 
less than 90 and it will be seen that Egil is greater 
than Eg2. 
These principles are applied in the circuit of 

Figure 3, which consists basically of a phase de 
tector tube O, four gas tubes 2, 4, 6 and 8 
and their associated circuits. The phase detector 
0 includes identical amplifiers and 2 with a 
common heater 20 and connected cathodes 22a, 
22b, and is shown as a twin pentode which may 
be of RCA Type 1644. The two anodes 24a, 24b 
are connected by the primary winding 26 of an 
output transformer 28, and a center tap on this 
winding is connected to a terminal 30 at which 
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direct current potential for the anode and Screen 
grids of the amplifiers is applied. 
The signal E1, one of the signals whose rel 

ative phase is to be controlled, is applied to ter 
minal 2, that is, between the control grid 32d 
of amplifier and ground through a capacitor 
34a, and the signal E3, the other signal whose 
phase is to be controlled with respect to the first 
signal El, is applied to terminal 25, that is, be 
tween the connected cathodes 22a, 22b and ground 
through a capacitor 36. The potential of the 
grid 32d of amplifier , with respect to its cath 
ode 22a, Waries in accordance With the vector 
sum of E and E3 and may, therefore, be repre 
sented by the vector Egil of Figure 1. 
The signal E2 is derived in any conventional 

manner from a reference Voltage Which Will 
produce the required phase and amplitude re 
lation with respect to E1. This may be accom 
plished either by deriving Ea from E1 by means of 
a phase inverter, or both signals E1 and E2 may 
be derived from some other voltage Eo, as for ex 
ample, by means of a center-tapped coil 82 
coupled to a winding across which the voltage Eo 
is available, as shown in Fig. 2. The signal E2 
is applied to the control grid 32b of amplifier 2 
from terminal 23 through a capacitor 34b. Since 
E3 has been applied to the connected cathodes, 
the potential of grid 32b with respect to its cath 
ode 22b varies as the vector Sun of E2 and E3 
and may be represented by the vector Eg2. 
An alternating voltage is applied to and am 

plified by each amplifier. This voltage may be 
from the commercial supply with a frequency of 

5 sixty cycles per second and may be taken from 
the same source as the current for the heater 20. 
It is applied between a terminal 38 and ground 
through a variable resistor 40 common to both 
units, and then to grid 32a through resistors 42d, 
44a, and to grid 32b through resistors 42b, 44b of 
equal value with 42a, 44a. The two resistors 42d, 
42b and the connection from the tap on the re 
sistor 40 are joined at a terminal 80; the free 
terminals of the resistors 42a, 42b being con 
nected to limit switches (not shown) by means of 
terminals 6, 78. 
A resistor 4 connects the two grids 32d, 32b. 

This resistor is tapped, the tap being connected 
to the common heater 20 and to ground. If, ow 
ing to non-linearity of components or for some 
other reason, the gain of amplifiers and 2 is not 
equal, the inequality may be compensated by ad 
justment of the tap on resistor 74. 
We have seen that Egl=E2 when E1 is in quad 

rature with E3. In that event, the alternating 
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0 or 180 relation. The phase displacement, with 
respect to the reference voltage, will be leading or 
lagging according to the nature of the detun 
ing. A control system based on this phase dis 
placement for returning the circuit to exact reso 
nance is much more sensitive than that which can 
be obtained by tuning the circuit to minimum 
plate current. It is therefore a further object of 
this invention to control the tuning of a power 
amplifier by comparing the phase of a voltage de 
rived from and having a fixed phasal relation 
with respect to the amplifier tank voltage and a 
reference voltage obtained from a preceding an 
plifier stage or the oscillator. One of the two 
voltages which are to be compared will be shifted 
in phase by 90 by conventional means. The two 
voltages will then normally have a quadrature 
phiase relation and may be considered as the sig 
nals E1 and E3 and applied to the phase respon 
sive circuit of Fig. 3 as described above. 

Figure 2 shows in block an intermediate power 
amplifier 84 and a power amplifier 86 of a trans 
mitter. The two signals E1 and E are derived 
from the voltage Eo across the tank circuit of the 
intermediate power amplifier by the phase in 
verter center tapped transformer 82, and Ea is a 
derived voltage which is in phase quadrature with 
the voltage across the inductor in the tank cir 
cuit of the succeeding stage. The 90° phase shift 
is obtained by connecting a capacitor 29 and a 
resistor across the tank coil. Signal E3 is de 
veloped across the resistor, as is well known, and 
is available at terminal 25, . 
The sensitivity of the device may be varied 

by adjustment of the variable resistor 40 which 
determines the amount of alternating voltage 
applied to the grids of the two amplifier units. 
While E3 need not be equal in magnitude to 

E1, it will be seen from Figure 1 that the circuit 
of the invention has maximum sensitivity when 
Es is of the same order of magnitude as E1 be 
cause then any departure from phase quadrature 
between these two signals causes maximum vari 
ation between Egil and Eg2. 

In motor control Systems of the prior art the 
gas tubes conduct during only the positive half 
cycles of anode - voltage, producing a wave of 
somewhat Square shape. To round of the cor 
ners of this square-shaped wave, transformers 
have been conventionally connected between the 
gas tubes and the motor windings. The present 
system is more efficient electrically because the 
circuit produces a full Wave of energizing cur 
rent for the motor, the torque of the motor is 
instantly realized and the expense, Weight and 
bulk of transformers is eliminated. 

Part of the subject matter of the present ap 
plication is disclosed in our copending application 
Ser. No. 570,706 for an Electronic Relay, filed 
concurrently herewith. 

Since the balance of current in transformer 
28 will be upset by a change in the phase of E3 
with respect to E1 or by a change in the amplif 
cation of one of the two amplifiers f or 2, it 
follows that the System can be adjusted to re 
spond to a phasal relation between E1 and E3 
other than 90° by increasing the gain of one of 
the amplifiers. The System Would then be bal 
anced for that phase angle between E1 and E3 
which would produce vectors Egil and Eg2 of Such 
amplitudes that the resultant currents in the 
primary 26 would be equal. 
There has thus been described a phase con 

trol system comprising a phase detector and 
motor control System. In the phase detector, a 
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balance is maintained between a pair of alter 
nating current when two signals are in phase 
quadrature and an unbalance of these currents 
in either direction is caused to ignite one of two 
pairs of gas tubes whereby to produce a full 
wave of alternating energy for correcting the 
condition causing the unbalance. 
We claim as our invention: 
1. A phase responsive device comprising the 

combination of a circuit for deriving a pair of 
balanced alternating voltages from two signals 
having a predetermined phasal relation to each 
other, and a network responsive to an unbalance 
in said voltages for producing a full wave of 
alternating current, said network being consti 
tuted by a circuit which includes two gas tubes 
energized by an alternating Supply of the same 
frequency and phase as one of the voltages of 
said pair and by another circuit which includes 
two gas tubes energized by an alternating supply 
of the same frequency and phase as the other 
of the voltages of said pair. 

2. A phase control comprising the combina 
tion of a circuit for deriving a pair of balanced 
alternating voltages from two signals in phase 
quadrature, and a network responsive to an un 
balance in said voltages for producing a full wave 
of alternating current, said network being Con 
stituted by a circuit which includes two gas tubes 
energized by an alternating supply of the same 
frequency and phase as one of the voltages of 
said pair and by another circuit which includes 
two gas tubes energized by an alternating supply 
of the same frequency and phase as the other 
of the voltages of said pair. 

3. A phase control comprising the combina 
tion of a circuit for deriving a pair of balanced 
alternating voltages from two signals in phase 
quadrature, a network responsive to an unbal 
ance in said voltages for producing a full Wave 
of alternating current, said network being con 
stituted by a circuit which includes two gas tubes 
energized by an alternating supply of the same 
frequency and phase as one of the voltages of 
said pair and by another circuit which includes 
two gas tubes energized by an alternating Supply 
of the same frequency and phase as the other 
of the voltages of said pair, and apparatus ac 
tuated by said alternating current for returning 
said signals to phase quadrature. 

4. A phase control comprising the combina 
tion of a circuit for deriving a pair of balanced 
alternating voltages from two signals in phase 
quadrature, a network responsive to an unbal 
ance in Said voltages for producing a full wave 
of alternating current, said network being con 
stituted by a circuit which includes two gas tubes 
energized by an alternating supply of the same 
frequency and phase as one of the voltages of 
said pair and by another circuit which includes 
two gas tubes energized by an alternating Sup 
piy of the same frequency and phase as the 
other of the voltages of said pair, and a motor 
actuated by Said alternating current for returning 
said signals to phase quadrature. 

5. A phase control comprising the combination 
of a circuit including a pair of amplifiers with a 
common cathode circuit for deriving a pair of 
balanced alternating voltages from two signals 
in phase quadrature, and a network responsive to 
an unbalance in said voltages for producing a 
full wave of alternating current, said network 
being constituted by a circuit which includes two 
gas tubes energized by an alternating supply of 
the same frequency and phase as one of the volts 
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ages of said pair and by another circuit which in 
cludes two gas tubes energized by an alternating 
supply of the same frequency and phase as the 
other of the voltages of said pair. 

6. A phase control according to claim 5, char 
acterized in that said common cathode circuit in 
cludes a variable resistor. 

7. Apparatus for detecting a variation in phase 
relation between a first and second signal nor 
mally in quadrature, said apparatus comprising 
a pair of amplifiers of equal transconductance 
having common cathode circuits, each of said 
amplifiers having at least one control electrode 
in addition to a Cathode and an anode, an in 
pedance Connected between said anodes, means 
for obtaining a third signal of equal instanta 
neous absolute magnitude with said first signal 
and of opposite phase thereto, connections for 
applying said first and second signals between 
the control electrode and common cathode of one 
of said amplifiers and for applying said second 
and third signals between the control electrode 
and common cathode of the other of said ampli 
fiers, connections for applying an alternating 
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by a first circuit which includes two gas tubes 
energized by an alternating supply of the same 
frequency and phase as one of the voltages of 
said pair and by another circuit which includes 

- two gas tubes energized by an alternating supply 
of the same frequency and phase as the other 
of the voltages of said pair, each of said gas tubes 
having at least one control electrode in addition 
to a cathode and an anode, and the anode of 
one of said tubes in each of the circuits consti 
tuting said network being connected to the con 
trol electrode of the other tube in the same cir 
cuit. 

9. A phase control according to claim 8, char 
acterized in that each of the before-mentioned 
Connections from the anode of one gas tube to 
the control electrode of the gas tube in the same 
circuit includes a time delay combination. 

J. C. BEARD. 
ROBERT W. HARRASON, 
ALEXANDER KRTHEN. 
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