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Radio Corporation of America, a corporation 
of Delaware. 
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12 Claims. (C.250-20) 

This application concerns new and improved 
frequency and phase modulation receivers of the 
back-to-back type. In my novel receiver there 
are two branches which feed phase or frequency 
modulated wave energy to detectors - with their 

The normal 
procedure in this type of receiver is to provide 
outputS Connected in push-pull. 

two branches which convert the frequency or 
phase modulation on wave energy into corre 
sponding amplitude modulations on wave energy, 
with the modulation envelopes 180 degrees apart 
in phase. This phase difference of the modula 
tions is produced by the converting systems 
which convert the frequency or phase modula 
tion on the Wave energy to amplitude modula 
tion for detection. In the novel receivers of the 
present application the reversal of phase of the 
modulation is accomplished in frequency con 
verting or changing detectors which reverse the 
direction of the phase or frequency of the Wave. 
energy. This makes it possible for each branch 
of the back-to-back receiver Systems for con 
verting the phase or frequency modulation to 
amplitude modulation to be substantially iden 
tical, yet the detected outputs will be 180 de 
grees out of phase the same as in the prior re 
CeiWerS. 
phase relation of the envelopes is desirable for 
different reasons, an important reason being that 
unwanted amplitude modulations on the phase 
or frequency modulated wave are cancelled in 
the detector outputS. 
An advantage gained by the use of this method 

of reversing the polarity of the modulation is 
that the two branches of the receiver may utilize 
identical converting systems for converting the 
phase or frequency modulation to amplitude 
modulation for detection. This helps to obtain 
a more accurate back-to-back balance since it 
is easier to produce two identical systems for 
converting the frequency or phase nodulation 
into amplitude modulation than it is to provide 
two systems which convert in a like manner but 
with reversed characteristics to get the 180 de gree phase relations between the amplitude 
modulation envelopes desirable in the differential 
output of the detector system. 
The principle upon which this system is based 

is that by heterodyning the incoming signal with 
oscillators tuned to Opposite sides of zero-beat 
with the signal, instantaneous beat frequencies 

55 

will be produced Wherein the deviations in phase 
or frequency at signal frequency will be in op 
posed. Sense or phase Or angular relation... For 
instance, in the case of frequency, modulation 

assume as an example a 450 kilocycle intermedi 
late-frequency which is to be heterodyned to 100 
kilocycles. In the system of this invention two 
frequency, converting, detectors are arranged 
with one of the beating oscillators tuned to 350 
kilocycles and the other to 550 kilocycles. The 
beat produced by the first oscillator is 450 kilo 
cycles minus, 350 kilocycles or i00 kilocycles, and 
that produced by the second oscillator would be 
550 kilocycles minus 450 kilocycles or 100 kilo 

cy outputs of the same frequency and identical 
I. F. amplifiers and selector circuits can be used. 
NOW, if the frequency shifts (in accordance. With 
signals) to 451. kilocycles, the first oscillator 
beating with this shifted signal wave will pro 
duce - a - beat frequency equal to 451 kilocycl?s 
minus 350 kilocycles...or 101 kilocycles, and the 
second oscillator beating with the shifted signal 
Wave will produce a beat frequency equal to 550 
kilocycles minus .451 kilocycles, or 99 kilocycles. 
Note that the direction of frequency shift of one 
of the resulting intermediate frequencies is in 
one direction, and the other in the other direc 
tion, in other Words, the modulation of one I. F. 
is reversed with respect to the modulation of 

As is known in the art, the 180 degree the other I. F. A phase shift (which may be con 
sidered as a Small frequency shift) is reversed 
in the same manner. 

...: 'This broad, principle as outlined above is ap 
plicable to various types of phase or frequency 
modulated Wave demodulators. The application 
thereof to three types of receivers will now be 
described by reference to the attached drawings 
wherein the three figures show. three frequency 
or phase modulated receivers wherein identical 
systems for converting the original modulations 
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cycles. Thus we have two intermediate frequen 
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to amplitude modulations with opposed modula 
tion envelopes are shown. 

Figure. 1 shows a frequency, modulated wave O 
receiver including means for beating the fre 
quency modulated wave with oscillations on op 
posite sides of the mean frequency of the modu 
lated wave, demodulating means of the sloping 
filter : type... and automatic frequency control 
means associated. With an oscillator, in the re 
ceiver. Figure 2 shows a receiving system re 

lure. 3. is a modification of the arrangement of 
Figure.2. v. . . . 

Figure 1 shows how this reversal of frequency 
or phase shift may be taken advantage of to 
produce a back-to-back frequency modulation 
receiver which uses converting filters having the 
Same slope instead of opposite. slopes. as used in 

Sponsive to phase modulated wave energy. Fig 
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2 
the conventional back-to-back frequency modu 
lation receiver such as disclosed in my United 
States Patent 2,071,113, issued February 16, 
1937. The signal is received on antenna, f, ampli 
fied in radio frequency amplifier 2, and converted 
to interinediate frequency by detector 3 wherein 
the amplified signal is mixed with oscillations 
from high frequency oscillator 4. Intermediate 
frequency band-pass amplifier 6 selects the de 
sired intermediate band of frequencies and feeds 
the Sane to two detectors 8 and 8. These two 
detector's cooperate With Oscillators and to 
convert the phase or frequency modulated first 
intermediate frequency Wave into two new waves 
of a Second intermediate frequency With the 
polarity or direction or sense of their frequency 
or phase modulations reversed. Oscillator 7 is 
tuned to one side of Zero beat with the signal 
carrying first intermediate frequency while os 
cillator is tuned to the other side of zero beat 
With the first intermediate frequency. For in 
stance, if the frequency from 6 is 450 kilocycles, 
may be tuned to 350 kilocycles and to 550 

kilocycles. The two sloping filters 9 and 9 con 
nected to 3 and 8' respectively, have the same 
direction of Slope as indicated by the curves, So 
that When fed frequency modulations of Opposite 
phase the resulting amplitude modulations will 
have envelopes of opposite polarity. That is to 
say, the filters 9 and 9' are made identical and 
adjusted so that the I. F. carrier frequency at 
Zero modulation is at the linear portion of the 
sloping part of their characteristics. When 
modulation is applied one I. F. increases, the 
other decreases, and such changes are changed 
in each filter to a corresponding amplitUde Varia 
tion. The amplitude modulations are detected 
in diodes and 8' which are connected in Series 
With the polarity of One of them reversed so as 
to combine the resulting detected outputs in 
phase. This reversal for differential output is 
obtained by grounding the cathode of one de 
tector, say 10’, and taking the added modula 
tion voltages from a point on the resistance ad 
jacent the cathode of the other diode 0. The 
detected and Combined outputs are fed to audio 
frequency amplifier and made available for 
utilization at jack 3. Control potentials for 
automatic frequency control are also taken from 
the dio de resistors and fed through time con 
stant circuit 2 to reactance tube modulator 5. 
Reactance tube modulators of the type involved 
here are well known in the art and have been 
disclosed in Several of my pending applications 
and in my patentS. 

Figure 2 shows how this method for reversing 
the direction of phase shift may be utilized in a 
phase modulation receiver. Unit 200 consists of 
the band-pass intermediate frequency amplifier 
of a Superheterodyne receiver, Such aS, for ex 
ample, unit 6 of Figure 1. The selected inter 
mediate frequency energy is fed from amplifier 
20 to detectors 2) and 20' which cooperate with 
oscillators 202 and 292' tuned to opposite sides 
of zero beat With the I. F. phase modulated Wave 
from 200 so as to reverse the direction of phase 
shift of the heterodyned outputs of one of the 
detectors 20 l and 20 í ". These two - heterody ned 
outputs are fed to the phase detector consisting 
of push-pull transformer 203, common leg trans 
former 24, and diodes 205 and 206 with their 
resistors 27 and 2 8. This phase detector is 
of a known type which detects the difference in 
phase between the two waves fed to the two in 
put transformers. Somewhat similar demodula 

circuit of Figure 3 

tubes 304 and 304. 

having 

2,204,342 
tors have been described in my prior applications 
and patents. See, for example, my United States 
Patent #2,065,565, dated December 29, 1936. In 
these detectors a phase quadrature relation at 
Zero modulations, between the voltages induced 
by 203 and 24 on the detectors 205 and 236, is 
maintained. Then if the phase shifts (due to 
modulation) this phase relation is changed and 
the change in the resultant voltage on the de 
tectors produces Variations in their Output Com 
mensurate with the extent of Such Variation. In 
this new system, however, if the wave from de 
tector 2 shifts in phase 3) degrees in the posi 
tive direction, the Wave froin detector 2 Will 
shift 30 degrees in the negative direction. The 
total phase difference will then be twice that 
existing on One Wave alone so that this receiver 
has a sensitivity which is twice that of the 
ordinary type of receiver which detects the phase 
difference between the phase modulated Wave and 
an unmodulated Wave. 
The detected output appearing across diode 

resistors 2 and 28 is fed to audio amplifier 29 
Which makes the output available for utilization 
at jack, 22. This same detected output is also 
used for automatic frequency control on the beat 
ing oscillators 292 and 22'. The control voltage 
is fed through time constant circuit 26, 25 and 
grid resistor 2 f4 to vary the control grid voltage 
of modulator reactance in tube 23. Reactance 
tube 2 obtains its reactive plate circuit by 
Virtue of the phase quadrature feedback through 
blocking condenser 208 and the phase shifting 
circuit consisting of resistor 209 and condense 
20. Oscillator 202' has reactance tube 20' con 
nected to it and Operates in the same manner as 
the other oscillator and reactance tube. If de 
Sired, the automatic frequency control to one of 
the beating OScillators may be omitted since to do 
so merely reduces the sensitivity of the control, 
but Sufficient control Will Still be available. Cor 
responding numerals primed have been applied 
to the control circuit for reactance tube 207’. 
Reactance tube modulators for controlling the 
frequency of an oscillator are Well known now in 
the art, and have been described in several of 
my prior applications, and it seems unnecessary 
to describe the same here. See, for example, my 
application Serial #165,056, filed September 22, 
1937, now Patent #2,156,374, issued May 2, 1929, 
my application Serial. ii.167,344, filed October 5, 
1927, now Patent #2,156,375, issued May 2, 1939, 
my application Serial #233,719, filed October 7, 
1938 and my application Serial #209,919, filed 
May 25, 1938. 

Figure 3 shows how the off-neutralized crystal 
filter type of phase modulation receiver is con 
nected to utilize this principle of reversing the 
polarity of phase modulation. The converting 

may replace the converting 
filters and diode detectors 9, 9', (), and O' of 
Figure 1. Detector 8 then feeds leads 3.0 and 
301 and detector 8' feeds leads 3 and 30'. 
Transformers 392 and 392 feed identical crystal 
filters 33 and 33 which feed the diode-driver 

Band-pass transformers 35 
and 395 feed diodes 306 and 306 from which 
the detected output and the automatic frequency 
control potentials are obtained. 
The crystal filters comprising piezo-electric 

Crystals 303 and 303 may be both over- or under 
neutralized. In any event, they are substantially 
identical and it is easier to produce two filters 

Substantially identical characteristics 
than two filter's having opposed characteristics. 
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4. 
amplitude modulations, and combining the en 
ergies passed by said paths. 

7. The method of demodulating phase or fre 
quency nodulated Wave energy which includes 
the steps of, beating said original phase or fre 
quency nodulated Wave energy with oscillations 
Of a frequency greater than the mean frequency 
of said original Wave energy to produce a first 
beat note modulated in phase or frequency, beat 
ing Said original phase or frequency modulated 
Wave energy With other Oscillations of a frequency 
less than the mean frequency of said phase or 
frequency modulated wave energy to produce a 
Second beat note, modulated in phase or fre 
quency, of a nean frequelcy Substantially equal 
to the mean frequency of said first beat note, 
paSSing Said beat motes through identical modu 
lation Converting baths, demodulating the en 
ergies paSSed by said baths, and differentially 
adding the deinodulation components to repro 
duce the signal. 

8. In a System for converting phase or frequen 
cy modulations on Wave energy into wave ener 
gies Correspondingly modulated in phase or fre 
Quency but of Opposite sense, means for produc 
ing OScillations of a frequency lower than the fre 
quency of Said Wave energy, means for beating 
Said phase or frequency modulated wave energy 
With Said lower frequency oscillations to produce 
a first phase or frequency modulated beat note, 
means for producing OScillations of a frequency 
higher than the frequency of said wave energy, 
and means for beating said phase or frequency 
modulated Wave energy. With said higher fre 
Cuency oscillations to produce a Second phase or 
frequency modulated beat note the modulations 
On Which are of a Sense opposite to the phase or 
frequency modulations on the first beat note. 

9. In a System for demodulating phase or fre 
quency modulated wave energy, means for pro 
Viding OScillations of a frequency lower than the 
frequency of said Wave energy, means for beat 
ing said phase or frequency modulated wave en 
ergy With said lower frequency oscillations to 
produce a first phase or frequency modulated beat 
note, means for providing oscillations of a fre 
quency higher than the frequency of Said wave 
energy, means for beating said phase or fre 
quency nodulated Wave energy with said higher 
frequency OScillations to produce a second phase 
or frequency modulated beat note the modula 
tions on which are of a sense opposite to the 
phase or frequency modulations on the first beat 
note, means for Converting the modulations on 
Said b8:at notes into corresponding amplitude 
nodulations and means for detecting the ampli 
tude modulations. 

0. In a System for demodulating phase or fre 
quency modulated Wave energy, two sources of 

2,204,342 
Oscillations one of which Supplies oscillations of 
a frequency greater than the mean frequency of 
Said Wave energy the other of Which Supplies OS 
cillations of a frequency less than the frequency 
of said WaWe energy, a first heterodyning de 
tector excited by said Wave energy and by oscil 
latory energy from that one of said sources which 
supplies oscillations of a frequency greater than 
the mean frequency of said Wave energy, a second 
heterodyning detector, excited by said wave en- 0 
ergy and by other Oscillatory energy from the 
other of Said Sources which Supplies osciliations 
of a frequency less than the meam frequency of 
Said frequency or phase modulated wave energy, 
a pair of differential detectors, and frequency 
discriminating circuits coupling each of said het 
erodyne detectors to said differential detectors. 

11. In a System for demodulating phase or 
frequency modulated wave energy, a first source 
of OScillations of a frequency equal to the mean 
frequency of said Wave energy plus a constant, a 
Second Source of Wave energy of a frequency equal 
to the mean frequency of said wave energy, minus 
Said Constant, a first heterodyning detector ex 
cited by said wave energy and by oscillatory 
energy from Said first source of a frequency equal 
to the mean frequency of said wave energy plus 
a constant, a Second heterodyning detector ex 
cited by Said wave energy and by oscillatory en 
ergy from said Second source of a frequency equal 
to the mean frequency of said wave energy minus 
Said constant, a pair of differential detectors, and 
Substantially equivalent frequency discriminating 
Circuit.S coupling each of said heterodyne de 
tectors to said differential detectors. 

12. The method of demodulating wave length 
modulated Wave energy which includes the steps 
of, beating said original wave length modulated 
Wave energy with the oscillations of a frequency 
greater than the mean frequency of said original 
Wave energy to produce a first beat note modu 
lated in Wave length, beating said original wave 
length modulated wave energy with other oscil 
lations of a frequency less than the mean fre 
quency of Said Wave length modulated wave 
energy to produce a Second beat note, modulated 
in Wave length, of a mean frequency substantially 
equal to the mean frequency of said first beat 
note, passing said beat notes through substan 
tially identical modulation converting paths, de 
modulating the energies passed by said paths, 
differentially adding the demodulation compo 
nents to produce a resultant characteristic of the 
Signal and controlling the frequency of both of 
Said OScillations used in said beating processes to 
produce Said first and second beat notes, in ac 
cordance with Said resultant. 

MURRAY G. CROSBY. 
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