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8 Claims. 

This application relates to a method of and 
means for shifting the phase of alternating volt 
ages of any frequency without altering the am 
plitude thereof. 
More in detail, the object of this invention is 

to provide a simple method of and means for pro 
ducing an accurate and predetermined shift of 
the phase of the alternating current voltage 
without altering the amplitude of the Voltage. 
The shift in phase may be maintained constant 
for certain purposes or may be varied continu 
ously in accordance with signals for signaling 
purpoSeS. 
In brief, the objects of this invention are a C 

complished by applying wave energy to a re 
actance shunted by a resistance and a reactance 
in series. The voltage appearing between a point 
on the first reactance and a point intermediate 
the resistance and second reactance Will be of a 
phase determined by the adjustment of the value 
of the second reactance. By varying this Second 
reactance element between values that are large 
and small relative to the resistance, the phase 
of the voltage may be varied at will relative to 
the phase of the original voltage through Sub 
stantially 180° without varying the amplitude 
thereof. By reversing the applied voltage, or 
changing the sign of the reactance, the phase 
may be varied substantially through 360. 
The second reactance may be controlled as to 

value at signal frequency to produce voltages of 
a phase which varies in accordance with the 
signal frequency and of an amplitude which is 
constant throughout said phase Variation. 

In a modified form of the invention, the volt 
age of controllable phase may be obtained be 
tween the junction of the second reactance and 
resistance, and the terminal of a reactance coul 
pled to the first reactance. This last modifica 
tion may be further modified by connecting the 
point between the second reactance and the re 
sistance to a coil coupled to the first reactance, 
the voltage of controllable phase and constant 
amplitude being obtained between one end of the 
first reactance and the free end of the coil. This 
last modification is preferable in many cases 
since one end of the first reactance (and hence 
One terminal of the Source of Voltage), may be 
grounded as Well as one terminal of the output 
Voltage of controlled phase So that thus We have 
an alternating potential of constant amplitude 
relative to a fixed point (ground), the phase of 
which voltage may be controlled at will through 
nearly 180° or by use of the reversing Switch or 

(CI, 79-171) 
change of Sign of the variable reactance, sub 
stantially 360°. 

In describing details of the present invention, 
reference Will be made to the drawing through 
out which like reference characters indicate like 
parts insofar as possible, and in which: 

FigS. 1, 3 and 4 show various modifications of 
a circuit arrangement in accordance with the 
present invention by means of which phase vari 
ations without amplitude changes may be im 
pressed on alternating current voltages. Figs, 3 
and 4 also show circuit arrangements for utiliz 
ing the Voltages of controllable phase; 

Fig. 2 is a curve illustrating the manner in 
Which the phase deviations in the voltages are 
obtained; While 

Fig. 5 is a circuit diagram illustrating one ap 
plication of the present invention. 

Referring to the drawing, and in particular 
to Figs. 1, 3, 4 and 5, Eac is any source of alter 
nating current of any frequency. The alternat 
ing Current may be impressed on a reactance 
Shunted by a capacity C and a resistance R. 
The capacity C may comprise a variable con 
denser or a condenser microphone or any other 
equivalent controllable and substantially re 
Sistanceless reactance. In Fig. 1, the electrical 
Center of L is connected to a point d, while the 
connection between C and R is connected to a 
point b. As the capacity C of Fig. 1 is varied 
from Zero to infinity, the potential at point b 
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relative to the line X traces a semi-circle in the 
Complex plane of a radius 1/2 Eac, and in the 
direction shown by the arrow. In Fig. 2, the 
magnitude of the resistance R does not affect 
the shape or Size of the diagram, but merely 
determines What capacity value corresponds to 
a given point on the circle. The potential of 
point a, relative to the line X, is 1/2 Eac, if the 
inductance L, or other impedance used in place 
thereof is accurately mid-tapped. This poten 
tial is represented by the dot at the center of 
the circle. Hence, the potential difference be 
tWeen (t, and b, Which is the vector from the 
point representing the potential at a, to the 
circle which represents the various possible po 
tentials at b, is constant in magnitude, being, at 
all times, 1/2 Eac, but varies 80° in phase as the 
capacity of C varies from Zero to infinity. 

By adding a reversing switch S, the full 360° of 
phase variation is obtainable, except for a few 
degrees corresponding to the failure of condenser 
C to reach Zero and infinity limits in variation. 
The SWitch S may be located between source E 
and the network LCR or between the terminals 
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ceiving aerial 

2 
a, b and the utilization circuit, as shown in FigS. 
1, 3 and 4. - 
An additional advantage of this system is that 

none of the constants of the network circuit 
need be known in order to obtain the desired 
phase adjustment without amplitude change. 

In Fig. 3, the voltage of controllable phase is . . 
obtained between two points a and b as in Fig. 1. 
However, in Fig. 3, the point a is connected with 
an inductance L' coupled to the inductance T, 
and the potential of point a is made equal to 2 
Eac relative to the line X by mutual inductance M, 
which is adjusted to the value L/2. This modi 
ication is preferable from a practical Stand 
point in some cases and is a logical step in the 
development of the circuit of Fig. 1 into the 
preferred modification shown in Fig. 4. In Fig. 4, 
the point b is connected to the line X and thus 
may be grounded. The point a is connected to 
the adjacent terminals of the resistance R and 
capacity C by way - of an inductance I' coupled 
to the inductance L. Here again, the Voltage of 
point, a relative to point b is variable in phase 
but, equal in magnitude to 42 Eac and is obtained 
by making the mutual inductance M between I 
and I' equal to A. L. In this modification, We 
have a point a of constant magnitude alternating 
current voltage relative to the point b which 
may be grounded. Moreover, the phase of the 
vetage may be controlled as described herein 
before without changing the amplitude thereof. 
As stated above, this invention is of Wide appli 

cation in the radio arts. For example, the phase 
controlling network of Fig. 1 may supply alter 
nating currents from a source. Eac in the exact 
desired phase relation to any utilization circuit. 
Moreover, the utilization circuit may be a 

trainSinitter, in which case the condenser C may 
be of the microphone type, as illustrated in Figs. 
3 and 4. In this case, the phase of the voltage 

Eac supplied to the transmitter may be varied 
at signal frequency. Moreover, the phase modul 
lated voltage may be amplified and frequency 
linultiplied before utilization. 
Another application of the present invention is 

illust}rated in Fig. 5. In Fig. 5, it is assumed that 
radiant energy from any source is disturbing the 
operation of the receiver 2 connected to the re 

0. To neutralize the effect of 
this disturbing voltage on the receiver 2, I may 
energize a phase adjustor 4 by the disturbing 

The phase adjustor f4 may be loosely 
coupled at 6 to the inductance I of the phase 
shifting network. The output or points a and b 
of the network may be coupled to the primary 
winding of a transformer 8, the Secondary Wind 
ing of which is connected with the aerial le. Due 
to the limited range of phase adjustment with a 
variable condenser of ordinary construction, this 
phase shifter may advantageously be combined 
with other phase shifting means, such as 4, of 
Fig. 5, and used as a fine adjustment after the 
phase of the alternating current is made approxi 
i:) ately correct by the means 4. In Fig. 5, the 
Source of disturbing voltages may be a trans 
initter located near the receiver 0, 2. By in 
ressing a voltage of exactly the right phase and 
ragnitude upon the aerial C by way of trans 
for her 8, the effect of the transmitter upon the 
receiver may be completely or Substantially neu 
tralized. To find the correct adjustment, it is 
highly important in practice that the fine phase 
adjustment does not affect the amplitude of the 
compensating voltage and vice versa. The net 
l:Crk of the present invention, LCR, has its great 

2,125,127 
est merit in that such freedom from amplitude 
variation does not depend upon knowing any of 
the circuits’ constants, but only on making an 
exact mid-tap on coil Li, which is easy even for 
those unskilled in the art to do. The rough phase 
adjustment is accomplished in 4; the exact phase 
adjustment in LCR, by adjusting C. The tuning 
of the transformer 8 is adjusted before being 
connected to the points at and b to be anti 
resonant to the transmitter frequency, So as to 
present, a high impedance between d and b. 
Then, the phase of the voltages impressed on 8 
is adjusted roughly at 4 and exactly by Varying 
C until disturbing noises are completely, or Sub 
stantially completely eliminated from 2, the 
amplitude being simultaneously adjusted for 
minimum disturbance by means of loose coupler 
6 or transformer 8 or the like. With a little 

practice, it is not difficult to arrive at the best 
combination of phase and magnitude if one of 
these quantities is slowly varied with the left hand 
while the other quantity is relatively rapidly 
swung back and forth through its full range by 
the right hand. 
What is claimed is: 
1. In means for controlling the phase of Wolt 

ages, a source of alternating voltage having one 
terminal at a varying potential and another 
terminal at a fixed potential, an inductance con 
nected across said source to be energized by volt 
ages therefrom, a resistance having one terminal 
inaintained at said fixed potential, a variable re 
actance element connected between the other 
terminal of said resistance and the varying po 
tential terminal Of Said Source, means for ad 
justing the value of said reactance to alter the 
phase of the Woltages in said inductance, react 
ance, and resistance, a second inductance coupled 
to said first inductance, said second inductance 
having one end connected to the junction of said 
resistance and reactance element and the other 
end connected to means for utilizing potentials of 
adjustable phase but constant amplitude, and a 
connection between said utilization means and 
Said. One terminal of Said resistance, the mutual 
inductance being between said two inductances 
equal to one-half the first inductance. 

2. In a phase modulation system, an inductive 
reactance, a variable reactance and resistance 
in Series in Shunt with said inductive reactance, 
a Second inductance inductively coupled to said 
first named inductive reactance and conductively 
connected to one terminal thereof, an amplifier 
and a frequency multiplier connected to the free 
terminal of Said Second inductance and to a point 
hetWeen Said resistance and Variable reactance, 
a utilization circuit connected with said amplifier 
and frequency multiplier, means for applying 
carrier Wave energy to be modulated to said first 
named inductive reactance, and means for vary 
ing Said Variable reactance at signal frequency. 

3. In a phase modulation System, an inductive 
reactance, a variable reactance and resistance in 
series in shunt with said inductive reactance, a 
Second inductance inductively coupled to said 
first named inductive reactance, one end of said 
second inductance being connected to a point be 
tween said Variable reactance and resistance, an 
amplifier and a frequency multiplier connected to 
the free terminal of Said second inductance and to . 
one terminal of Said inductive reactance, a utili 
zation circuit connected with Said amplifier and 
frequency multiplier, means for applying carrier 
Wave energy to be modulated to Said first named 
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inductive reactance, and means for varying said 
variable reactance at signal frequency. 

4. In a phase modulation system, an inductive 
reactance, a variable reactance and resistance in 
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Series in shunt with said inductive reactance, 
a Second inductance inductively coupled to said 
first named inductive reactance and conduc 
tively connected to one terminal thereof, an 
amplifier connected to the free terminal of said 
Second inductance and to a point between said 
resistance and Variable reactance, a utilization 
circuit Connected with said amplifier, means for 
applying carrier wave energy to be modulated to 
said first named inductive reactance, and means 
for varying Said variable reactance at signal fre 
quency. 

5. In a phase modulation system, an inductive 
reactance, a variable reactance and resistance in 
series in shunt with said inductive reactance, a 
Second inductance inductively coupled to said 
first named inductive reactance and connected to 
a point between said variable reactance and re 
sistance, an amplifier connected to the free ter 
minal of Said Second inductance and to one ter 
minal of Said first named inductive reactance, 
a utilization circuit connected with said ampli 
fier, means for applying carrier Wave energy to 
be modulated to said first named inductive reac 
tance, and means for varying said variable reac 
tance at signal frequency, 

6. In a phase modulation system, an inductive 
reactance, means for impressing voltages to be 
modulated in phase on said inductive reactance, 

3 
a variable reactance and a resistance in series in 
shunt to said inductive reactance, a second in 
ductance inductively coupled to said first named 
inductive reactance, an amplifier having input 
terminals, a circuit connecting Said resistance 
and Second inductance in Series between Said 
input terminals to impress voltages from said first 
inductive reactance on said amplifier, and means 
for varying said variable reactance at signal fre 
quency to thereby vary the phase of Said voltages 
impressed on Said amplifier at signal frequency. 

7. In a phase modulation system, an inductive 
reactance, means for impressing Voltages to be 
modulated in phase on said inductive reactance, a 
Variable capacitive reactance and a resistance 
in series in shunt to said inductive reactance, a 
second inductance inductively coupled to said first 
named inductive reactance, an amplifier having 
input terminals, a circuit connecting Said resist 
ance and Second inductance in Series between 
said input terminals to impress Woltages from 
Said first inductive reactance on said amplifier, 
and means for varying said Variable capacitive 
reactance at Signal frequency to thereby vary the 
phase of Said voltages impressed on Said ampli 
fier at signal frequency. 

8. A system as recited in claim 7 wherein said 
circuit connecting said resistance and second in 
ductance in Series between said input terminals 
includes phase reversing means whereby the phase 
of the voltages impressed from said first inductive 
reactance on said amplifier may be reversed. 

WALTER, WAN B. ROBERTS. 
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