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This invention relates to the art of Wave en 
ergy modulation and in particular to a modula 
tion scheme which includes means for correc 
tion of distortion caused by inherent phase mod 
ulation of wave energy being modulated in an 
plitude at signal frequency. 

In the usual type of amplitude modulated 
wave energy transmitters, care is taken to pre 
vent, amplitude distortion rising in the signal due 
to non-linearity in any of the signalling equip 
ment and against frequency discrimination, etc. 
In amplitude modulated Wave transmitiers of 
some types, means is also provided to eliminate 
hum in the modulated wave energy caused by 
fluctuations in filament heating or electrode 
charging potential sources. However, quite of 
ten there may be distortion due to undesired si 
multaneous phase modulation which causes a 
distortion of the amplitude modulated Wave 2n 
ergy that goes out of the transmitter unrecog 
nized and undetected. The primary object of 
the present invention is to provide a method of 
and means for detecting this simultaneous phase 
modulation and to provide a method of and 
means for correcting this undesired simultaneous 
phase modulation at the transmitter. 
Warious methods may be used to accomplish 

detection of the undesired phase modulation 
after the amplitude modulation of the wave en 
ergy has been limited out and to feed the audio 
output of the phase modulation detector back to 
the transmitter to excite or energize a phase 
modulator in the proper phase relation to com 
pensate or correct or buck out the simultaneous 
undesired phase modulation which occurred in 
the transmitter during the amplitude modulation 
process. There are many circuits for detecting 
phase modulation and circuits for phase modu 
lating the wave energy in a transmitter and I do 
not limit the present invention by any particu-. 
lar method of or means for derinodulating phase 
modulated wave energy or for phase modulating 
wave energy because any suitable phase modu 
lated wave energy demodulator and any suit 
able phase modulator may be used in combina 
tion to produce the desired result. For exam 
ple, I may impress the amplitude modulated wave 
energy with the incident phase modulation from 
any point in the transmitter following the mod 
ulator stage on the circuits of a phase modula 
tion receiver of the type disclosed in Crosby 
United States applications #588,309 filed Jan 
uary 23, 1932, now Patent #2,081,577 dated May 
25, 1937; #618,154 filed June 20, 1932; and 

(C. 79-7.5) 

tS16,803 filed June 13, 1932, now Patent #2,065,- 565 dated December 29, 1936. 
The voltage components in the output of said 

receivers, characteristic of the incident phase 
Enodulation in the amplitude modulator may be 
brought back to a selected stage in the modiu 
lator and used to phase modulate the wave 
therein in a sense to oppose and balance or com 
pensate out the said incident phase modulation. 
To accomplish this modulation, I may use 
a phase modulator of the type disclosed 
in Goldstine applications #654,372 filed Jan 
uary 3, 1933, now Patent #2,067,081 dated 
January 5, 1937; #679,916 filed July 11, 1933, 
now Patent #2,067,082 dated January 5, 1937; 
#710,239 filed February 8, 1934, now Patent No. 
2,111,587 dated March 22, 1938; and Crosby ap 
plications #588,309 filed January 23, 193, now 
Patent #2,081,577 dated May 25, 1937; #690,330 
filed September 21, 1933; and Usselman United 
States applications it 637,923 filed October 15, 
1932; 630,179 filed August 24, 1932, now Patent 
#2,058,928 dated October 27, 1936; and Usselman 
Patents #2,036,165 dated March 31, 1936; 
#2,048,900 dated July 28, 1936. 
As Stated above, I do not limit my invention to 

the particular type of phase modulated wave de 
modulator or to a particular type of phase modul 
lator or to the point at which the amplitude mod 
ulated wave with the incident phase modulation 
is derived from a transmitter or to the point at 
which the component characteristic of the in 
herent phase modulation derived at the output 
of the demodulator is returned to the transmit 
ter for modulation purposes. However, I do 
have a preferred form of incident phase modula 
tion correction circuit to be used with my am 
plitude modulated transmitter. 
One method of accomplishing the primary obs 

ject of the present invention and incidental ob 
jects, is to take a voltage from the crystal oscil 
lator of the transmitter, which voltage is free of 
phase modulation, and amplify it and multiply 
its frequency until it is of the same frequency as 
the output of the transmitter. Then by properly 
phasing this voltage from the crystal unit rela 
tive to the carrier of the modulated wave, which 
has been suitably limited as to amplitude to re 
move therefrom the amplitude modulation or 
has been passed through balancing means to re 
move the amplitude modulation, the phase mod 
ulated energy component may be obtained by 
combination of the voltages. As disclosed in the 
receiver applications referred to hereinbefore, 
combining of these voltages in phase quadrature 
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will produce a resultant which changes in ampli 
tude in a manner characteristic of the incident 
or undesired phase modulation on the limited en 
ergy obtained from the amplitude modulated 
transmitter output. The resultant energy vary 
ing in amplitude is then fed back in the proper 
phase or sense to a point in the transmitter and 
used to modulate the carrier wave being passed 
thereby in a sense to cancel the incident or un 
desired phase modulation of the transmitter. 
Preferably, this modulating energy is returned 
to an amplifier and/or frequency multiplier stage 
somewhere between the crystal unit and the 
power amplifier stage. 
In describing an embodiment of my inven 

tion reference will be made to the single figure 
of the drawing which shows, by means of rec 
tangles, the essential units of an amplitude nod 
ulator with an incident phaseM modulation cor 
rection circuit as Outlined above. 

Referring to Figure 1, 2 is a source of Oscilla 
tions of constant frequency which is to be am 
plitude modulated. A is an amplifier and if de 
sired, a frequency multiplier which increases 
the amplitude and, if desired, the frequency of 
the oscillations at the output of 2. 6 is an addi 
tional amplifier and, if desired, frequency multi 
plier, to further increase the amplitude and fre 
quency of the oscillatory energy in the output 
of 4. The phase modulation, in a proper Sense 
to correct the incident phase modulation pro 
duced in amplitude modulating the wave in the 
following stage, is also accomplished in the an 
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plifier and/or frequency multiplier in 6, as will 
appear more in detail hereinafter. Wave energy 
from the output of 6 is impressed upon an an 
plitude modulator 8 which is also connected with 
a source of modulating potentials i2. The out 
put of 8 is connected with a power amplifier 0 
which is, in turn, connected with a transmission 
line or aerial system or any load circuit. 
During the amplitude modulation procesS ac 

complished in 8 in accordance with potentials 
in 2 incident or accidental, undesired phase 
modulation may be accomplished. This phase 
modulation appears On the Wave energy Sup 
plied from the output of 0. To detect this 
phase modulation I may provide a phase mod 
ulation demodulator 4 having a pick-up de 
vice deriving energy from the output of 0. This 
pick-up device may comprise an antenna in the 
field of the antenna connected with 0. The 
phase modulated wave demodulator in 4 may 
take any known form and may, for example, be 
of the type disclosed in the receiver applications 
referred to above. The phase modulation de 
modulator includes a limiter and its output is 
supplied to the unit 6 to phase modulate the wave 
energy therein to eliminate incident or acciden 
tal phase modulations on the output of 0. 

If the output of 4 is linear and there is no 
phase shift produced in the process of demodu 
lating the phase modulation on the wave the 
demodulated output of 14 may be impressedi di 
rectly on 6. If there has been some phase shift 
then 4 is connected to 6 by Way of a phase 
adjuster of any known type such as a filter of 
the required characteristics so that the modu 
lating energy is of the proper phase. This meth 
od and means for phase modulating the wave 
energy in 6 may be as disclosed in the phase mod 
ulation applications referred to above. 
the demodulator in 4 is of the heterodyne type 
beating oscillations may be supplied from an 
amplifier and frequency multiplier f3 in turn 
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excited by wave energy of constant frequency 
from 2. The receiver, however, may have a sep 
arate source of Oscillations for beating purposes, 
or may make use of transmitter carrier wave en 
ergy from which modulation components have 
been removed. 

In operation, the output of 4 is made of suf 
flocient amplitude to just compensate or buck out 
the inherent phase modulation accomplished in 
8. The amplitude of the output of 4 may be 
regulated by regulating the input thereof or the 
amplification of the wave in the demodulator. 
The phase of the energy in the output f4 is ad 
justed in 6 to have a sense opposed to the 
inherent or accidental phase modulation accom 
plished in 8. w 
Although my invention is directed primarily 

to a means for compensating inherent phase 
modulation accomplished in the amplitude mod 
ulator it will be understood that my invention 
may be also used to buck out phase modulation 
occurring in any stage in the transmitter as a 
result from any cause, such as hum produced by 
filament heating and electrode exciting circuits 
or due to microphonics arising in tubes, or other 
disturbances. 
Another method of reducing the incident phase 

modulation is to have a phase modulation re 
ceiver and introduce a portion of the modulating 
potentials from f2 through a phase shifter to 
a phase modulator. The phase and amplitude 
of the Source of modulating potentials introduced 
into the phase modulation is adjusted until the 
Output of the phase modulation receiver gives a 
minimum output. Hum may also be introduced 
into the phase modulator at the proper fre 
quency, phase and amplitude to reduce the output 
of the phase modulation demodulator to mini 

I claim: 
1. The method of signalling by means of wave 

energy the amplitude of which is advertently 
modulated in accordance with signals and the 
phase of which is inadvertently varied during said 
modulation process which includes the steps of, 
limiting the amplitude of Said modulated wave 
energy, demodulating the amplitude limited wave 
energy to obtain voltages characteristic of said 
inadvertent phase variations, additionally modul 
lating said wave energy in accordance with said 
obtained voltage, and adjusting the phase of 
said obtained voltages SO that said additional 
modulations oppose Said original inadvertent 
phase variations. 

2. The method of signalling by means of wave 
energy the amplitude of which is advertently 
modulated in accordance with signals and the 
phase of which is inadvertently varied in accord 
ance with Said signals which includes the steps 
of limiting the amplitude of said modulated wave 
energy, demodulating the amplitude limited wave 
energy to obtain voltages characteristic of said in 
advertent phase modulations additionally phase 
modulating said wave energy in accordance with 
said obtained voltages, and adjusting the phase 
of said obtained voltages so that said additional 
modulations oppose said original inadvertent 
phase variations. 

3. In an amplitude modulated transmitter sys 
tem, a source of oscillations, an amplitude modu 
lator coupled thereto to modulate the amplitude 
of oscillations from said source, a source of modu 
lating potentials coupled to said amplitude modu 
lator, an output circuit coupled to said ampli 
tude modulator, a phase modulator interposed be 
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tween two of said first named elements, an am 
plitude limiter excited by wave energy from said 
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amplitude modulator, a phase modulation de 
modulator excited by energy from said ampli 
tude limiter, and a circuit coupling the output 
of Said demodulator to said phase modulator to 
feed the output of said demodulator to Said 
phase modulator in Such a Sense as to oppose 
unwanted phase modulation of said oscillations. 

4. In an amplitude modulation system, a source 
of oscillations of constant frequency, a phase 
modulator having its input coupled to said source 
of Oscillations, said phase modulator having an 
output, an amplitude modulator having an input 
coupled to said phase modulator output, said am 
plitude modulator having an Output, a Source of 
modulating potentials coupled to saidi amplitude 
modulator, a power amplifier coupled with the 
Output of said amplitude modulator, said power 
amplifier having an output, a phase modulated 
wave demodulator having an input coupled to the 
output of said power amplifier, said phase modu 
lation demodulator being of the heterodyne type 
and being coupled by way of amplifiers and fre 
quency multipliers to said Source of oscillations 
and a phase adjuster coupling the output of Said 
demodulator to said phase modulator to supply 
potentials from said demodulator to said phase 
modulator of a phase such as to compensate un 
desired phase modulation in Said system. 

5. In an amplitude modulation wave trans 
mitter, means for amplifying and modulating 
the amplitude of wave energy and amplifying the 
modulated wave energy, said means inherently 
producing undesired phase variations of Said 
Wave energy, phase modulation receiving means 
including amplitude limiting means coupled to 
said first named means at a point following the 

3 
modulating means, and phase adjusting means 
coupling said phase modulation receiving means 
to said first named means to phase modulate 
Said wave energy in a Sense to oppose Said in 
herent phase variation. 

6. In an amplitude modulated transmitter sys 
tem, a source of oscillatory energy to be modul 
lated, an amplitude modulator coupled thereto 
to modulate said wave energy in accordance with 
signals, an output circuit coupled to said ampli 
tude modulator responsive to Said modulated wave 
energy, a phase modulator interposed between 
two of said aforesaid units, an amplitude limiter 
excited by modulated energy from said amplitude 
modulator, a phase modulation demodulator ex 
cited by energy from Said amplitude liniter, a 
phase adjustor coupled to said phase modulation 
demodulator, and a coupling between said phase 
adjustor and said phase modulator to supply 
modulating potentials from Said demodulator to 
said phase modulator in a Sense to oppose un 
Wanted phase modulation in said system. 

7. The method of signaling by means of oscil 
latory energy and modulating potentials which 
includes the steps of, modulating the amplitude 
of said oscillatory energy in accordance with 
said modulating potentials, said modulation proc 
ess inadvertently producing undesired modulation 
of the phase of said oscillatory energy, demodu 
lating the modulated oscillatory energy to obtain 
therefrom potentials characteristic of the un 
wanted phase modulations of said oscillatory 
energy and additionally modulating said Oscilla 
tory energy in accordance with said obtained po 
tentials and in a sense to oppose said undesired 
phase modulations thereon. 
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