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Patented Sept. 16, 1941 2,256,199 

UNITED STATES PATENT OFFICE 
2,256,199 

MEANS FOR ELMINATING PHASE AND FRE 
QUENCY MODULATION 

Clarence W. Hansell, Port Jefferson, N. Y., as 
signor to Radio Corporation of America, a cor 
poration of Delaware 
Application August 12, 1939, Serial No. 289,728 

(C. 250-20) 12 Claims. 

This application relates to a new and in 
proved system for and method of reducing or 
eliminating components of phase or frequency 
modulation from an amplitude modulated car 
rier wave, in such a manner that the amplitude 
modulation components thereof are retained un 
affected by the reducing or eliminating process. 
My invention, as applied to amplitude modul 

lated Waves and currents, is analogous in Some 
respects to amplitude limiting, which has been 
applied to phase and frequency modulated waves 
and currents with very beneficial results. The 
effects of limiting in the case of reception of 
phase and frequency modulated Waves have been 
studied at considerable length, and a considerable 
amount of material pertaining thereto will be 
found in publications. 
Whereas, in the reception of phase or fre 

quency modulated Waves it is customary to emi 
ploy limiting amplifiers, or instantaneous volume 
control, in order to eliminate all amplitude modu 
lations before final detection, my present inven 
tion contemplates eliminating all phase or fre 
quency modulation before final detection. 

In describing my invention reference will be 
made to the attached drawing wherein: 

Figure 1 illustrates diagrammatically the es 
sential elements of a receiver arranged in ac 
cordance with my invention, While; 

Figure 2 illustrates a modification of the air 
rangement of Figure 1. 

Figure i shows a block diagram of a radio re 
ceiving System made up of elements for carrying 
out definite functions each of which is Well known 
in the radio art. These elements as arranged 
comprise the principal elements included in one 
form of my invention. In Figure 1, I have shown 
a receiving antenna. A for picking up amplitude 
modulated radio energy and for delivering this 
energy to a first unit 10 of a receiver. This unit 
includes a heterodyne detector by means of Which 
received currents may be beat down to a lower 
or intermediate frequency of a value which is 
readily controllable, just as in any superheter 
odyne receiver. The first receiver unit should 
preferably include high frequency selective cir 
cuits, high frequency amplification, output or in 
termediate frequency amplification and any other 
desirable features commonly used in superhetero 
dyne receivers. 
The output of the first receiver unit 9, which 

is at an intermediate frequency of Say F1, is 
applied to two separate heterodyne detector's 4 
and 6. One of these detectors, say 4, is Supplied 
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quency say F2, which is lower than the frequency 
F1. The other detector, 6, is supplied by fre 
quency multiplier 20 with beating energy of a 
frequency which is a harmonic or multiple of F2, 
Say 2F2, which is higher than F1. The unit 8 
includes an oscillation generator of the constant 
frequency type, and, if desired, a frequency mul 
tiplier to permit the constant frequency oscillator 
to Operate at a frequency lower than F2, while the 
unit 20 includes any means for producing wave 
energy which is a harmonic or multiple of the 
energy from 8. The output of one of the pair of 
detectors, Say 4, is then at a frequency of F1-F2 
and the output of the other detector, is, is 
2F2-F1. 
The outputs of the pairs of detectors are com 

bined in a single side band modulator 24 consist 
ing of a balanced modulator and band-pass filter 
of the type commonly used in carrier current wire 
line telephony and in long wave transoceanic 
telephone transmitters. The balanced modulator 
24 may be of the Carson type, modified and im 
proved to include present day refinements. In 
this balanced modulator the applied waves cancel 
or are shunted out leaving the components result 
ing from the modulation process. Alternatively, 
the modulator may be of the types described in 
my United States Patents Nos. 1838,763 or 
2,163,680. The output from the balanced modiu 
lator 24 contains frequencies equal to the sun 
and difference of the input frequencies from the 
two detectors. 
The difference frequency is equal to 

Since 3F2 is a constant, it can be seen that when 
the frequency of F1 is varied or modulated, then 
the difference frequency in the output of the bal 
anced modulators 24 varies twice as much in 
cycles per second. As will be seen later, the dif 
ference frequency has all of the frequency varia 
tion present in the output of the balanced modu 
lator. Consequently, the unit 24 includes a 
band-pass filter and the band-pass filter is so 
designed and the relative frequencies so chosen 
that the difference frequency, with its phase and 
frequency variations, is eliminated or rejected 
by the band-pass filter which follows the bal 
anced modulator, in the single side-band modu 
lator System. Thus, we eliminate the effects of 
all variations in the phase or frequency of F. 
The Sum frequency in the output of the bal 

anced modulator is equal to: 

by an oscillator 8 with beating energy, of a fre- since F2 is constant we allow this component of 



2. 
frequency to pass through the band-pass filter 
and from it has been eliminated all components 
of phase or frequency modulation or variation. 
This result is accomplished because the outputs 
from the two heterodyne detectors 4 and 6, 
which are added together in the single side-band 
modulator, contain equal and opposite phase and 
frequency modulations or variations, which bal 
ance out to zero in the output of the single side 
band modulator. - 
On the other hand, assuming that all the detec 

tors and the balanced modulator are linear de 
vices, which they normally are, the amplitude of 
output from the single side band modulator. 24. 
will be proportional to the amplitude. of the car 
rier wave picked up by the receiving antenna A. 
Therefore, amplitude modulations of the carrier 
wave will be faithfully reproduced in the output. 
of the single side-band modulator, except for 
changes in wave form due to frequency selective 
circuits which would be alike in character for any 
amplitude modulation receiving equipment. 
The arrangement of Figure.1 may be modified. 

as shown in Eigure. 2 by: making the unit. 245 a. 
heterodyne detector, instead of a single side-band 
modulator, if we choose the frequencies F2 and 
2F2 so that both lie above, or both lie below. the 
frequency F1. Then the difference between the 
output frequencies of units 4 and 6 will be con 
stant in spite of variations in F1 and all the fre 
quency variations. will appear in the sum of the 
outputs from units f4 and 6, which is rejected 
by the frequency selective circuits in the Output 
of the heterodyne detector. - 
A desirable feature of my novel method and 

means is that since the side-band, or the beat 
frequency, selected is of a frequency of unvarying 
phase or frequency irrespective of phase or fre 
quency. modulation of the received amplitude 
modulated wave, it is not necessary to provide 
means for retuning the receiver in the event the 
signal carrier, drifts within relatively. Wide limits. 

In practicing my invention it will be necessary, for obtaining best results, to choose input and 
output frequencies from the two heterodyne de 
tectors 4 and 6 so that none of their output 
frequencies lie within the pass band of the filter 
in the output of the single side-band modulator, 
or heterodyne detector, 24. In other Words, the 
frequency relations must be chosen to give a mini 
mum of interference to the normal amplitude 
modulation of the carrier in the output of the 
single side-band modulator. This can be done 
readily by one skilled in the art. 
One promising field for application of my in 

vention is in long distance short wave telegraph 
communication. My system, by eliminating ef 
fects of relative frequency changes between the 
transmitter and the first heterodyne oscillator 
of the receiver, can eliminate the need for passing 
received beat note signals into a keyer unit, for 
keying output of a constant frequency oscillator, 
in order to obtain a constant frequency for trans 
mission over a wire line. In my System the in 
termediate frequency oscillators are the only 
oscillators which must have constant relative fre 
quency in order to hold a constant beat note out 
put from the receiver. There, oscillators. being 
close together in the same receiver, may easily be 
made to hold sufficiently constant relative fre 
quencies. - 

Although I have shown a...preferred receiver ar 
rangement, it will be understood that all con 
ponents of phase or frequency modulation may 
be reduced or eliminated by other means. We 

10 

2,256,199 
may, for example, employ a limiter and phase or 
frequency modulation detector, at the intermedi 
ate frequency, for deriving phase or frequency 
modulation energy and use the energy so obtained 
to frequency modulate the first beating oscillator 
in a direction to act degeneratively upon the 
phase and frequency modulation of the inter 
mediate frequency carrier. See my application 
Serial No. 111,050, filed November 16, 1936, now 
Patent #2,205,762 dated June 25, 1940. Then, 
We may take another portion of intermediate fre 
quency energy from the intermediate frequency 
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circuits, ahead of the limiter and apply it to an 
amplitude modulation detector. Thus, we may 
accomplish almost the same result as in the sys 
tem of Figure 1. 
What I claim is: 
1. The method of demodulating amplitude 

modulated wave energy and limiting the effect 
of extraneous phase and frequency modulation 
of said wave energy which includes the steps of, 
beating said wave energy with oscillatory ener 
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gies of a first and second harmonically related 
frequencies and combining the energies resulting. 
from said beating action to obtain a resultant of 
constant phase and frequency for demodulation. 
purposes. 

2. The method of demodulating amplitude 
modulated wave energy and eliminating the ef 
fect of extraneous phase and frequency modula 
tion of said wave energy, which includes the steps 
of, beating said wave energy with oscillatory en 
ergy of a first and second harmonically related 
frequencies and adding the energies resulting 

- from Said beating action to obtain the Sun of 
components thereof for demodulation purposes. 

3. The method of demodulating amplitude 
modulated wave energy and eliminating the ef 
fect of extraneous phase and frequency modula 
tion of said wave energy which includes the steps 
of, beating said wave energy. with oscillatory en 
ergy of a first and second harmonically related 
frequencies and combining the energies resulting 
from said beating action subtractively to obtain 
the difference of components thereof for demodu 
lation purposes. - 

4. The method of demodulating amplitude. 
modulated wave energy, and eliminating the ef 
fect of extraneous phase and frequency modula 

"tion of said wave energy which includes the steps. 
of, beating said wave. energy with oscillatory en 
ergy of a first and second harmonically related 
frequencies and adding the difference frequency. 
energy components resulting from said beating 
actions to obtain, a resultant of constant phase 
and frequency for demodulation purposes. 

5. A method as recited in claim 1, wherein-one 
of said energies of harmonically related frequen 
cies is of a frequency equal to twice the frequency 
of the other thereof. 

6. A method as recited in claim 1 wherein said 
energies of harmonically related frequencies are 
both of lower frequency than the amplitude-mod 
ulated, Wave energy. - - - - . . . . . . . 

7. A method as recited in claim 1 wherein said energies of harmonically related frequencies are 
both of higher frequency than the amplitude 
modulated Wave energy. - - 

8. The method of demodulating amplitude 
modulated Wave energy and reducing the effect 
of noise components thereon and simultaneously 
substantially, eliminating the effect of extraneous. 
phase and frequency modulation of said wave. 
energy, which includes the steps of, beating said 
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wave energy with oscillatory energies of first and 
Second harmonically related frequencies, deriv 
ing the difference frequencies from the energies 
resulting from said beating actions, intermodul 
lating said energies of difference frequency to pro 
duce resultant energy in which noise components 
are Symmetrically related with respect to a sig 
nal carrying component of constant frequency, 
and selecting said signal carrying component of 
constant frequency and a side-band for demodul 
lation purposes. 

9. The method of demodulating amplitude 
modulated Wave energy, reducing the effect of 
noise components thereon and simultaneously 
Substantially eliminating the effect of extraneous 
phase and frequency modulation of said wave en 
ergy which includes the steps of, beating said 
wave energy with oscillatory energy of a first 
frequency, beating said wave energy with oscilla 
tory energy of a second frequency harmonically 
related to said first frequency, combining the en 
ergies resulting from Said beating action to ob 
tain resultant energies of frequencies equal to the 
differences between said Wave energy and said os 
cillatory energies, intermodulating said energies 
of difference frequency to obtain modulated en 
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ergy wherein said noise components are sym 
metrically related With respect to One of said 
OScillatory energies, and selecting a component 
characteristic of said one oscillatory energy and 
a side-band for demodulation purposes. 

10. In a receiving System adapted to receive 
amplitude modulated Wave energy and eliminate 
any phase and frequency modulation on said wave 
energy, the combination of a pair of heterodyne 
detectors each having inputs and outputs, a pair 
of harmonically related oscillators coupled with 
the inputs of said heterodyne detectors, means 
for impressing modulated wave energy on the in 
puts of each of Said heterodyne detectors, and 
Wave Congoinent combining means having an in 
put coupled With the output of said heterodyne 
detectors and means for selecting a side-band 
and carrier from the output of said combining 
means for demodulation purposes. 

11. A receiving system as recited in claim 10 
wherein said COInbining means is a balanced 
modulator. 

12. A receiving System as recited in claim iO 
Wherein Said combining means is a heterodyne 
detector. 

CLARENCE. W. HANSEL. 


