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PEASE MODULATON DETECTOR 

Murray G. Crosby, Riverhead, N.Y., assignor to 
Radio Corporation of America, a corporation of 
Delaware 

Application April 3, 1943, Serial No. 481,691 

14 Claims. (C1. 250-27) 
My present invention relates to phase modula 

tion detector circuits, and more particularly to 
improved forms of a phase modulation detector 
of the piezo-electric crystal type. 

In the past I have disclosed various circuits 
for utilizing the inherent properties of a simple 
Crystal filter to convert phase modulation of car 
rier energy into amplitude modulation for detec 
tion. For example, in "Communication by Phase 
Modulation,' Proceedings of the I. R. E., for 
February 1939 (pages 126 to 136), I have shown a 
crystal filter phase modulation translating net 
work, and have explained the operation thereof 
On the basis of over and under-neutralization of 
crystal holder capacitance. 

It is one of the main objects of my present 
invention to provide improved and modified types 
of crystal filter phase modulation (“PM' here 
inafter for brevity) detectors, in each type, or 
form, of circuit the basic functioning being con 
sidered as involving the application to each of 
a pair of Opposed rectifiers the resultant of 
crystal-filtered carrier-energy and modulated 
carrier energy in normal phase quadrature rela 
tion at resonance. 
Another important object of my present inven 

tion is to detect PM wave energy by a process 
which involves passing the PM energy through a 
piezo-electric crystal filter to secure substantially 
unmodulated carrier energy, applying the unfil 
tered PM wave energy to a pair of opposed recti 
fiers, shifting the relative phase between the 
filtered and unfiltered energy to quadrature rela 
tion for the resonance condition, and applying 
the filtered energy to the rectifiers thereby to 
cause each rectifier to rectify its respective vector 
resultant energy. - 
Another object of my invention is to provide a 

PM wave energy detection network for PM. Wave 
energy or AM (amplitude modulation) Wave 
energy, the network being capable of providing 
automatic frequency control (AFC) voltage, sub 
stantially pure carrier energy for carrier exalta 
tion, and modulation signal voltage. 
Yet another object of my invention is to pro 

Wide a device for controlling the selectivity of a 
Crystal filter circuit feeding opposed rectifiers of 
PM carrier wave energy. 
Other objects of my invention are to improve 

generally the construction and operation of PM 
or AM detectors of the crystal filter type, and 
more especially to provide such detectors in a 
simple and economically-manufacturable form. 
The novel features which I believe to be char 

acteristic of my invention are set forth with par 

ticularity in the appended claims; the invention 
itself, however, as to both its Organization and 
method of operation will best be understood by 
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reference to the following description, taken in 
connection with the drawings, in which I have 
indicated diagrammatically several circuit or 
ganizations whereby my invention may be carried 
into effect. 

in the drawings: 
Fig. 1 shows one embodiment of the invention, 
Fig. 1d graphically shows the phase shifting 

characteristic of the crystal, 
FigS. 2a and 2b show vector relations between 

the filtered and unfiltered signal energy for the 
unmodulated and modulated states respectively, 

Fig.2c vectorially explains the manner of phase 
detection from another viewpoint, 

Fig. 2d shows the vector relations between the 
filtered and unfiltered signal energy for a condi 
tion of off-tune, or off-resonance, 

Fig. 3 shows a modification of the circuit of 
Fig. 1, 

FigS. 4 and 4a show two further modifications, 
Figs. 5 and 5a illustrate two additional modif 

cations. 
Referring to the accompanying drawings, 

wherein like reference characters in the differ 
ent figures designate similar circuit elements, 
there is shown in Fig. 1 one form of a detector 
circuit which embodies the features of the pres 
ent invention. The detector network is provided 
with an input transformer f whose primary cir 
cuit 2 is resonated to the center, or mean, fre 
quency of the applied modulated carrier wave 
energy. Since the present invention is not in 
any way concerned with the source of the signal 
energy, the circuits prior to the primary circuit 
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2 are not shown in the drawings. The signals 
applied to the input transformer may be PM, Or 
AM, signal waves. Those skilled in the art are 
fully aware of the various networks which could 
be employed prior to circuit 2. Particular refer 
ence is made to my aforementioned publication 
for a more specific disclosure of such prior net 
works, where the receiver is of the PM type. 

It will be sufficient for the purposes of this 
application to assume that the detector circuit is 
employed in a PM receiver of the superhetero 
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dyne type, and that the carrier frequency of the 
transmitted PM wave energy will be some prede 
termined frequency in the high frequency band. 
For example, the band below 25 megacycles. (mc.) 
is particularly desirable for the radiation of PM 
signals. In the Superheterodyne form of recep 
tion, a local oscillation circuit is employed to re 



duce the mean frequency of the received PM 
carrier energy to an intermediate frequency 
(I.F.), and it is the PM signal energy at the I. F. 
mean value which is applied to the primary cir 
cuit 2. Hence, the circuit 2 is resonated to the 
I. F. nean value of the incoming PM wave energy. 
If desired, an amplitude modulation limiter stage 
may be employed prior to the circuit 2. The 
modulation signal output of the detector will then 
be truly representative of the phase deviations of 
the carrier, and not of the amplitude variations 
of the latter. 

Considering, now, the detector circuit per se, 
it is first pointed out that the circuit comprises 
a pair of opposed rectifiers 3 and 4. These rec 
tifiers are shown as of the diode type, since such 
rectifiers are simple in construction. However, 
the present invention is in no way limited to the 
particular types of tubes shown, nor, indeed, to 
the above-mentioned specific frequencies which 
have been specified. . . The anode of rectifier 3 
is connected to one end of the secondary wind 
ing 7 of input transformer . . . The last-men 
tioned connection includes in series a piezo-elec 
tric crystal P and a resistor 8. 
The crystal P is located between a pair of me 

tallic electrodes in the usual fashion, and the 
crystal is tuned to the mean frequency of the ap 
plied signal energy. That is to Say, the crystal 
P is tuned to the resonant frequency of the input 
circuit 2. The electrodes of the crystal may, if 
desired, be metal coats on the opposite faces. 
The resistor 8 may be shunted by an adjustable 
condenser 8, and the function of the latter Will 
be explained at a later point. The anode of rec 
tifier 4 is connected to the opposite end of the 
secondary winding 7 through a path comprising 
the capacity. 9 arranged in series with resistor 0. 
-Resistor iO is shunted by variable condenser 0'. 
The right-hand terminal of condenser 9 is con 
nected by lead if to the right-hand crystal elec 
trode. Between the midpoint of Winding 7 and 
the lead if there is connected a resonant circuit 
which comprises the coil 12 shunted by the ad 
justable condenser 3. Normally, the resonant 
circuit 2-3 is tuned to the mean frequency 
value of the applied FM signal energy. The Out 
put load resistors of the circuit are designated by 
numerals 4 and 15, and these resistors are con 
nected in series between the cathodes of diodes 
3 and 4. The cathode end of resistor 5 is estab 
lished at ground potential, and each of resistors 
f4 and 5 is shunted by a carrier bypass con 
dense. 
connected by lead 6 to the midpoint of the sec 
ondary winding 7. 
A second path connects the anode of each 

rectifier to the respective end of winding 7. 
Thus, condenser 5 connects the anode of diode 
3 to the upper end of winding 7, while the con 
denser 6 connects the anode of diode 4 to the 
lower end of winding T. Modulation signal en 
ergy may be taken off from the cathode end of 
resistor. 4. Furthermore, that same point of the 
output resistor may be tapped for AFC voltage 
in order to control the frequency of the local 
oscillator, as is well understood. Where AFC 
voltage is taken off from the cathode end of re 
sistor 4, a modulation voltage filter, schemati 
cally represented by numeral T, is inserted in 
the AFC output line. Substantially pure, or 
filtered, carrier energy is taken off from lead 8. 
The filtered carrier energy will have a frequency 
equal to the mean value of the applied PM signal 
energy. Such filtered carrier energy may be 
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2,897,841 
utilized for carrier exaltation detection in the 
manner disclosed in my U. S. Patent No. 
2,063,588, granted December 8, 1936. In such 
case, the pure carrier energy is fed to a separate 
phase modulation, or AM, detector. It is not be 
lieved necessary to show the demodulator in Such 
case, since those skilled in the art Will readily 
understand that it can be a second PM detector 
whose input is taken from the input circuit 2 of 
Fig. 1. If desired, the filtering of the energy ap 
plied to crystal P may be such as to leave modul 
lation from Zero to about 200 cycles on the 
carrier. In explaining the functioning of the circuit 
shown in Fig. 1, it is first pointed out that the 
condenser 9 is adjusted so as to neutralize the 
capacity between the metal electrodes of crystal 
P. Referring to Fig. 2d, there is shown the vector 
relations existing between the retarded and un 
retarded voltages insofar as they affect, the op 
posed rectifiers 3 and 4. The PM signal energy 
which passes through the crystal. P. is stripped of 
its modulation side bands, so that there is applied 
to the anode of each of rectifiers 3 and 4 virtually 
unmodulated carrier energy. The vector Ep rep 
resents this crystal-filtered carrier energy ap 
plied to the rectifiers. The path from the crystal 
to the rectifier 3 is through resistor 8, while the 
path from the crystal to the rectifier 4 is through 
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filtered carrier and of signal components. 

lead fi and resistor f0. It will, therefore, be seen 
that the filtered carrier energy at the output 
-electrode of crystal P is applied in like polarity, 
or in parallel, to the anodes of the respective 
diode rectifiers. 3 and 4. The passage of the 
filtered carrier energy through resistors 8 and 6 
to the respective detector input electrodes is ac 
complished without phase shift since the cou 
pling is totally resistive except for the effect pro 

The effect of 
condensers 8' and 0' is compensated for by de 
tuning 2-3 as will be described later. 
The unfiltered PM signal energy which passes 

to each of rectifiers. 3 and 4 through condensers 
5 and 6 respectively is shifted 90 degrees in phase 
by virtue of the capacity feed to the respective 
detector input electrodes. Furthermore, since 
these energies are taken from the opposite ends 
of the winding 7 they are applied to the Opposed 
rectifiers 3 and 4 in polarity opposition. It will 
be noted that the midpoint of Winding is ef 
fectively at ground potential with respect to radio 
frequencies, because the lead 6 connects the 
midpoint to ground through resistor f3. The 
vectors E6 and E5 denote the Voltages applied to 
rectifiers 4 and 3 respectively, and it Will be seen 
that these vectors are in phase quadrature with 
the crystal-filtered carrier energy. This phase 
quadrature relation of the two voltages at each 
rectifier results from the fact that the unfiltered 
signal energy is applied to the rectifiers 3 and 4 
by condensers 5 and 6 respectively which are suf 
ficiently small to effect a 90 degree phase shift, 
and are, also, of substantially equal capacities so 
as to produce equal phase shifts both of the un 

The 
condensers 5 and 6 are non-selective to phase or 
frequency variations of the unfiltered carrier, 
and, accordingly, permit all signal components to 
pass to the rectifiers 3 and 4. The crystal P, 
however, effects no phase shift at the carrier, but 
substantially removes the phase modulation of 
the signal, thereby restoring the carrier substan 
tially to the phase and wave form which it had 
before modulation at the transmitter. The crys 
tal P is, of course, selective for frequencies off 
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resonance. This follows from the sharp selec 
tivity characteristic Of the crystal, as depicted 
ideally in Fig. 1a. 
The vector representing the resultant signal 

energy at each rectifier is also indicated in Fig. 
2a. Thus, the vector Eo' represents the resultant 
energy applied to rectifier 3. The vector. Elo rep 
resents the resultant energy applied to rectifier 4. 
Fig. 2d depicts the situation. When the mean fre 
quency. Value of the applied PM signal energy is 
instantaneously equal to the frequency of circuit 
2 and the frequency of the crystal P. The recti 
fied outputs of each rectifier will, therefore, be 
equal, and the effective voltage at the cathode 
end of resistor 4 will, therefore, be zero. In other 
Words, for the 'in tune' State no AFC bias is 
developed. - 

In explaining the operation of this circuit, there 
are two separate conditions which must be con 
sidered. One is the case of the demodulation of a 
phase modulated signal, and the second is the 
case of the detection of slow frequency variations 
to obtain AFC potentials. These two cases rep 
resent tWo different degrees of modulation that 
are acted upon by the crystal filter in different. 
manners. For the case of the relatively rapid 
modulation represented by the phase modulations 
of the signal, the filter acts as a device which 
selects the carrier from the side bands, and pro 
vides the equivalent of a synchronized local car 
rier free of modulation. When an unmodulated 
carrier is received there are delivered to each of 
diode rectifiers 3 and 4 voltages, one a filtered 
carrier from crystal P without phase change, and 
the other an unfiltered carrier substantially 90 
degrees different in phase from the filtered car 
rier. When the received carrier is phase-modu 
lated the filtered carrier remains as before, but 
the unfiltered signal energy is supplied to the 
rectifiers 3 and 4 in phases differing from the 90 
degree, or quadrature, relation to an extent de 
termined by the degree of phase modulation. If 
the degree of phase modulation is small, a rela 
tively small direct current voltage is built up 
across rectifier output resistors 4 and 5 due to 
the signal voltage increasing on one of the recti 
fiers and decreasing on the other. The greater 
the degree of phase modulation the greater the 
combined voltage of the unfiltered signal energy 
and the filtered carrier from crystal P on one of 
the diode rectifiers, and the less the sum of such 
voltages on the other rectifier. The polarity of 
the direct current voltage drop across the load re 
sistors 4 and 5 of the opposed rectifiers depends 
On the direction of the phase change of the re 
ceived signal energy. - - - , , ' ,' 

For the case of the relatively slow variations 
in frequency of the incoming signal, the crystal 
filter acts as a retard circuit having an output 
phase which varies with the frequency of the 
input. For this case, the circuit acts like a very 
narrow-band frequency, modulation discrimina 
tor. The solid curve in Fig. 1a shows the “fre 
quency WS. phase shift' characteristic of crystal 
P. At Fe, the center frequency, the crystal pro 
vides Zero phase shift. 
The vector diagrams of Figs. 2a, 2b, and 2e show 

the conditions for the case of phase modulation 
detection. The filtered carrier, which is repre 
unfiltered modulated signals, represented by vec. 
tors E5 and E6, vary in phase to produce differen 
tially modulated resultants Eo and Eo' which are 
fed to the opposed detectors. The manner in 
which the modulated signal varies in phase with 
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sented by vector Ep, remains fixed in phase. The ''' 

.75 

elements. 

- 3 
respect to the filtered carrier is shown in Fig.2c. 
A condition of -modulation in one direction is 
shown in Fig. 2b. The unmodulated condition is 
shown in Fig. 2d. 
The vector diagrams of Figs. 2a and 2d show 

the conditions for the case of AFC detection. Fig. 
2a shows the “in-tune' condition which is ef 
fected when the applied signal carrier frequency 
is in the middle of the crystal filter character 
istic. The diagram of Fig. 2d shows the relations 
for an 'off-tune' condition. It will be noted that 
the carrier (or crystal output) phase shifts for 
the off-tune condition. This phase shift is 
brought about by the phase characteristic of the 
crystal, which is similar to that of an ordinary 
resonance circuit, as shown in Fig. 1a. The mag 
nitude and sense of phase shift of the filtered car 
rier energy are respectively dependent on the 
amount and direction of frequency departure of 
the modulated carrier energy at circuit 2 relative 
to the predetermined frequency Fe. The latter 
is, of course, the resonant frequency of crystal P. 
The signal energy passing through condensers 5 
and 6 will not shift in phase in response to carrier 
frequency departures from Fe. This follows from 
the fact that condensers 5 and 6 are non-selective 

Hence, and as shown in Fig. 2d, the 
resultant vector voltages Eo and Eo' will vary 
in relative magnitude depending on the extent 
and sense of the aforesaid frequency departure. 
These relative variations in Eo and Eo' are trans 
lated into corresponding direct current voltage 
variations across load resistors f4 and 5, and the 
differential of these direct current voltages is used 
as AFC bias after filtering at . It is seen that 
the carrier phase for the off-tune condition is no longer in its proper quadrature relationship 
with the unfiltered signal so that it night be 
thought that the detection of phase modulation 
would be impaired. However, this off-tune con 
dition is never allowed to exist to any appreciable 
degree, since the AFC circuit functions to correct 
the tuning and maintain it in the in-tune condi 
tion represented by Fig. 2d. - 
Winding 7 has its midpoint grounded, as point 

ed out above, and parallel resonant circuit 2, 3 
connects the grounded midpoint of coil 7 to the 
lead if which connects the output, electrode of 
the crystal P to the rectifiers. The circuit 2, 3 
is, accordingly, in effect connected between the 
output side of crystal P and ground. Circuit 2, 
f3 may be tuned to crystal frequency, or may be 
detuned relatively thereto, and acts as a coupling 
circuit of finite impedance between the output 
of crystal P and the rectifiers 3 and 4. The circuit 
2, 3 increases the 'Q' of the crystal beyond 
what it would be if the resistance of circuit 2.3 
were infinite. By detuning resonant circuit 
2-13 the phase of the filtered carrier energy can 
be shifted to a predetermined extent. This phase 
shift can be compensated by each shunt capacity 
8’ and 0'. Each of resistors 8 and to is, there 
fore, shunted by a respective compensation con 
denser. In this way, the selectivity of the crystal 
P may be improved without affecting the zero 
phase shift state of the filtered carrier energy. 
In other words, detuning the circuit 2-3 not 
only will cause a phase shift of the filtered car 
rier, but will also act to increase the selectivity 
of the crystal filter. If desired, resistor 8 and 
condenser 8' may be interchanged with condenser 
5, and resistor fo and condenser f) may be in 
terchanged with condenser 6. This would in no 
way affect the relative normal phase quadrature 
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relation between the retarded and unretarded PM nection leading to the upper-end of the secondary 
signal energy as depicted 

In Fig. 3. I have shown a 
arrangement in Fig. 1, wherei 

ig.2a. 
modi 

he resistors, 8 
and 6 are replaced by respective condensers 8 . 
and 10'. The unfiltered. PM signal energy in 
that case is derived from the primary circuit 2. 
Since at resonance the primary voltage bears a . 
phase quadrature relation with respect to the 
secondary voltage, it will be seen that the recti 
fiers 3 and 4 will have proper phase relations 
between the filtered and unfiltered signal energy. 
The numeral 8-designates an amplifier tube, or 
an amplitude limiter tube, whose plate:circuit.in 
cludes the resonant primary circuit. 2. The --B. 
energizing connection to the plate of aimplifier8 
is made to the midpoint of the coil of circuit 2. 
Therefore, the unfiltered signal energy trans 
mitted through condensers 5 and 6 respectively. 
will be in polarity opposition when applied to the: 
anodes of rectifiers 3 and 4. The selectivity...con 
trol circuit 2-13 is connected in the same man 
ner as shown in Fig. 1. The anode of each recti 
fier is connected to the junction of load resistors 
f4 and 15 through respective return resistors f4 
and 5'. - 
In the arrangement. of Fig. 4. the filtered car 

rier energy is derived from the primary resonant 
circuit 2. The unfiltered signal energy is shifted 
90 degrees by virtue of the magnetic coupling M. 
existing between the Windings of the input trans 

fication of the 
Winding of the input transformer. 

In the modification shown in Fig.25the urifil 
tered modulated, carrier energy, is derived by in 
ductive coupling:from the primary:circuit 2, and 
is applied to the rectifiers3.and 4 from the trans 

... former secondary circuit... Since the anode con 
...nections are made to the opposite ends of the 
secondary , whose midpoint is effectively, con 
nected to ground for radio frequencies, it: Will be 
seen that the unfiltered signal energy is applied 
to the opposed rectifiers in polarity opposition. 
The filtered carrier energy, however, is applied 

- to the diodes in like phase. The filtered carrier 
15. energy is taken off from the left-hand terminal 

of 3-f2. The filtered and unfiltered signal:en 
erges are both derived from the secondary circuit 
of the input transformer. However, the required 
90 degrees phase shift is secured in this modifi 

20. 

25 

cation by deliberately detuning the resonant cir 
cuit 3-2. The detuning is Sofiadjusted as to 
secure the 90 degrees phase retardation. Inci 
dentally, the crystal selectivity is increased upon 
detuning of the resonant: circuit. In other Words, 
with a circuit of the form shown in Fig.5:the net 
Work 2-3 not only functions as a phase:shifter 
element, but also acts as a control: element; over 
the selectivity of the crystal filter. w 

30 

former f. In this case, the crystal P is connected 
between the upper end of the primary winding of 
the input transformer and the midpoint of the 
secondary winding. The condenser 9, connected 
between the midpoint of the secondary winding 
and the lower end of the primary winding func 
tions to neutralize the crystal interellectrode ca 
pacity. The pure carrier energy is taken from 
the right-hand electrode of the crystal. Other 
Wise, the circuit functions in the same manner 
as described in connection with Fig.1. It is suf 
-ficient to point out in connection with this modi 
fication that the filtered PM signal energy is 
applied to the anodes of rectifiers 3 and 4 in like 
polarity by virtue of the connection of the crystal 
to the midpoint of the secondary winding. On 
the other hand, the unfiltered signal energy is 
first shifted 90 degrees in phase by the magnetic 
coupling M, and the phase shifted energies are 
applied in polarity opposition to the anodes of 
-the opposed rectifiers. It may happen that the 
circuit shown in Fig. 4 will give rise to second 
harmonics in the pure carrier energy taken off 
from the crystal P. This is brought about by 
full-wave rectified voltage, rectified from the sec 
ondary of transformer and appearing across 
f2, 3. 
In that case, the rectifiers 3 and 4 are reversed 

in connections to eliminate the full-wave connec 
tion, and cause the rectifier to conduct simul 
taneously instead of alternately, and thereby sup 
press the production of second harmonics. This 
is done by connecting the load resistors 4 and 
15 in the manner shown in Fig. 4a. The anode 
of rectifier 3 is connected to the junction of re 
sistors 4 and 5, while the cathode of diode 3.js 
connected to the upper end of resistor 14. In 
other words, the only change that need be made 
in the circuit of Fig. 4 is that indicated with re 
Spect to resistor f4 and its associated diode 3. 
The diode-resistor condenser is no longer across 
resistor 4, but takes the form of condenser 3 
inserted from the cathode of diode 3 to the con 

In Fig.5a there; is shown the modification 
which is required in Fig. 5 such as to suppress 
the presence of second harmonics in the filtered 
carrier energy. In this case the anode of diode 
4 is connected to the grounded end of load re 
sistor 15, while the cathodes will be connected to 

35 the lower end of secondary winding 7. The anode 
of diode 3: Will be connected to the upper end of 
resistor 4, and its cathodes will be connected to 
the junction of resistors A4; and 5. It will be 
noted that in both Figs. 4a and 5a the rectifiers 

40 are arranged to conduct simultaneously, rather 
than alternately when fed by the push-pull SeC 
ondary of transformer f. 
While I have indicated and described several 

systems for carrying my invention into effect, it 
45 will be apparent to one skilled in the art that my 

invention is by no means"limited to the particular 
Organizations shown and described, but that 
imany modifications may be made, without, de 

50. 
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parting from the scope of my invention, as set 
forth in the appended claims. 
What I claim is: 
1. A method of detecting modulated carrier en 

ergy which comprises removing substantially all 
the modulation from a portion of the energy, 
dividing the unmodulated energy into two por 
tions of like polarity relation, dividing the orig 
inal modulated energy into two additional por 

60 

tions of opposite polarity relation, displacing the 
relative phases between said two unmodulated 
portions and said two modulated portions to the 
extent of substantially 90 degrees at resonance, 

65 

70. 

separately combining in pairs an unmodulated 
portion and modulated portion in phase displaced 
relation, separately rectifying the resultant of 
each of the combined pairs, and combining the 
rectification products of the separate rectification 
steps in opposition. 

2. In a detector of modulated signalling energy, 
a signal input transformer having a primary res 
onant circuit tuned to the mean frequency of ap 
plied modulated signal energy, a secondary circuit 
including a piezo-electric crystal element tuned 

75 c 
to the said mean frequency, a first rectifier, means 
connecting the rectifier electrodes in circuit with   
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said crystal element thereby to have the crystal 
output energy applied thereto, a second rectifier 
in circuit. With the crystal element having said 
output energy applied thereto in like polarity, a 
common output circuit connecting said rectifiers 
in polarity opposition, separate connections from 
respectively separated points of the input trans 
former to the respective rectifiers for applying 
thereto unfiltered modulated signal energy, said 
Separated points being of opposite polarity, and 
means for producing a normal phase quadrature 
displacement between the crystal output energy 
and the unfiltered energy. -- 

3. In a detector of phase modulated signalling 
energy, a signal input transformer having a pri 
nary resonant circuit tuned to the mean fre 
quency of applied signal energy, a secondary cir 
cuit including a piezo-electric crystal element 
tuned to the said mean frequency, a first rectifier, 
means connecting the rectifier electrodes in cir 
cuit With said crystal element thereby to have the 
crystal output energy applied thereto, a second 
rectifier in circuit with the crystal element hav 
ing said output energy applied thereto in like 
polarity, a common output circuit connecting 
said rectifiers in polarity opposition, separate 
connections from respectively separated points of 
the input transformer to the respective rectifiers 
for applying thereto unfiltered phase modulated 
energy, said separated points being of opposite . 
polarity, and a resonant circuit, normally tuned 
to said mean frequency, in circuit with the crys 
tal element, said resonant circuit including means 
for adjusting its frequency whereby the phase 
relation between the crystal output energy and 
the unfiltered energy may be varied. 

4. In a detector of phase modulated signalling 
energy, a signal input transformer having a pri 
nary reSOnant circuit tuned to the mean fre 
quency of applied signal energy, a secondary cir 
cuit including a piezo-electric crystal element 
tuned to the said mean frequency, a first rectifier, 
means connecting the rectifier electrodes in cir 
cuit with said crystal element thereby to have 
the crystal output energy applied thereto, a sec 
ond rectifier in circuit with the crystal element 
having Said output energy applied thereto in like 
polarity, a common Output circuit connecting said 
rectifiers in polarity opposition, separate connec 
tions from respectively separated points of the 
input transformer to the respective rectifiers for 
applying thereto unfiltered phase modulated en 
ergy, said separated points being of opposite po 
larity, Said Separate connections each including 
a condenser, and said separated points being on 
the primary resonant circuit to provide a normal 
phase quadrature displacement between said 
crystal output energy and the unfiltered energy. 

5. In a detector of amplitude modulated sig 
nalling energy, a primary resonant circuit tuned 
to the mean frequency of applied signal energy, 
a Secondary circuit including a piezo-electric 
Crystal element tuned to the Said mean frequency, 
a first rectifier, means connecting the rectifier 
electrodes in circuit with said crystal element 
thereby to have filtered output energy applied 
thereto, a second rectifier in circuit with the crys 
tal element having said filtered energy applied 
thereto in like polarity, a common output circuit 
Connecting said rectifiers in polarity opposition, 
separate connections from respectively separated 
points of the input transformer to the respective 
rectifiers for applying thereto unfiltered modul 
lated energy, and means for producing a normal 
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5 
tered energy and the unfiltered energy at reso 
lace. . . . . 
6. In a detector of phase nodulated or ampli 

tude modulated signalling energy, a signal input 
transformer having a primary resonant circuit 
tuned to the mean frequency of applied signal 
energy, a secondary circuit including a piezo 
electric crystal element tuned to the said mean 
frequency, a first diode rectifier, means connect 
ing the duode electrodes in circuit with said crys 
tal, element thereby to have the crystal output 
energy applied thereto, a second diode rectifier 
in circuit with the crystal element having said 
output energy applied thereto, a common output 
circuit connecting said rectifiers, separate con 
nections frpm respectively separated points of the 
input transformer to the respective rectifiers for 
applying thereto unfiltered phase modulated en 
ergy, said separate connections each including a 
condenser, and Said separated points being on 
the primary resonant circuit to provide a normal 
phase quadrature displacement between said crys 
tal output energy and the unfiltered energy. 

7. A method of detecting phase modulated or 
amplitude modulated carrier energy which com 
prises removing substantially all the modulation 
from a portion of the energy by crystal filtering, 
dividing the filtered energy into two portions, sep 
arately dividing the original modulated energy 
into two additional portions, providing a phase 
shift between the filtered and unfiltered original 
energies Such that the relative phases between 
said two filtered portions and said two unfiltered 
portions is substantially 90 degrees, combining 
the phase displaced portions in pairs, separately 
rectifying the combined pairs, and employing the 
differential resultant of the separate rectifica 
tions. 

8. In a detector of modulated signalling energy, 
a signal input transformer having a primary res 
onant circuit tuned to the mean frequency of ap 
plied signal energy, a secondary circuit including 
a piezo-electric crystal element tuned to the said 
mean frequency, means for neutralizing the crys 
tal inter-electrode capacitance, a first rectifier, 
means connecting the rectifier electrodes in cir 
cuit with said crystal element, thereby to have 
the filtered crystal output energy applied there 
to, a second rectifier in circuit with the crystal 
element having said filtered output energy ap 
plied thereto in like polarity, a common resistive 
output circuit connecting Said rectifiers, said 
rectifiers being arranged to suppress second har 
monics of the filtered energy, Separate connec 
tions from respectively separated points of the 
input transformer to the respective rectifiers for 
applying thereto unfiltered modulated energy, 
said Separated points being of opposite polarity, 
and said separated points being located on the 
transformer to provide a normal phase quadra 
ture displacement between said crystal output 
energy and the unfiltered energy. 

9. In combination in a signal transmission net 
work having a pair of input terminals and a pair 
of output terminals, a first path coupling one 
input terminal to its corresponding output termi 
nal, said path including a piezo-electric crystal 
element of a predetermined frequency, a second 
path in shunt with the first path and having a 
non-Selective characteristic with respect to sig 
nails, and a resonant circuit, tuned substantially 
to said frequency, in circuit with said two paths, 
said resonant circuit including means for adjust 
ing the frequency thereof thereby to control the 

phase quadrature displacement between the fil- 7s selectivity of said crystal element path. 



system, a pair of rectifiers connected in opposi 
provided with a common load circuit, a 
input circuit, adapted to haye applied 

frequency, and the impr - - - 
a highly selective path tuned to said frequency, 
said path having an input connection to said 
input circuit and at least two parallel output con 

s to respective ones-of said rectifiers, a 
of said input circuit to one rectifier, a second non 
selective path connected from a different point of 
said input circuit to the second rectifier, and said 
two points on saidi 
as to be of opposite 
nating currents. 

CO 

t oints on said input circuit being so chosen as to be of opposite polarity with respect to alter 
nating currents, and means common to said input 
circuit, and said rectifiers adapted to control the 
phase relation between currents flowing through 
said selective path with respect to currents flow 
ing through each of the non-selective paths. 
...12. In combination in a frequency-sensitive 
system, a pair of rectifiers connected in opposi 
tion and provided with a common load circuit, a 
selective input circuit adapted to have applied 
hereto alternating currents of a predetermined 

frequency, and the improvement which comprises 
a-highly selective path tuned to said frequency, 

ath having an input connection to said in 
it and at least two parallel output con 

3 9 
10. In combination in a frequency-sensitive 

lternating currents of a predetermined 
ment which comprises 

t circuit being so chosen 
larity with respect to alter 

on-selective path connected from a point 
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predetermined. lfrequency ------...--. 
selective paths, consisting of a condenser. 

13. In a frequency-sensitive system, a piezo 
electric crystal circuit adapted to filter substan 

opposite polarity, means adapted, to separately 
combine in pairs, each of the two filtered cur 
rents, and a corresponding modulated current in 
substantially, phase quadrature relation at-reso 
nance, at least two-rectifiers, connected in oppo 
sition and having a common output load circuit, 
and means adapted to apply to each respective 
one of said rectifiers the resultant of each of said 
combined pairs of currents. - 

14. In combination in a frequency-sensitive 
system, a pair of diode rectifiers connected in op 
position and provided with a common resistive 
load circuit, a selective input circuit, adapted to 
have applied thereto, modulated carrier currents 
of a predetermined frequency, and the improve 
ment which comprises a highly selective path 
consisting of a piezo-electric crystal tuned to said 
frequency, said path.having an input connection 
to one side of said input circuit and at least two 
parallel resistor-output connections to respective 
ones of said rectifiers, a first non-selective con 
denser path connected from said oneside of said 
input circuit to one rectifier, a second non-selec 
tive.condenser path connected from the opposite 
side- of said input circuit to the second rectifier 
and a parallel resonant circuit tuned to said pre 
determined frequency, connected between a poten 
tial point on said circuit intermediate said oppo 
site sides and said...resistor connections. 
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