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My present invention generally relates to car--A 
rier-exalted receivers, and more particularly to 
a system for receiving phase modulated (PM), or 
amplitude modulated (AM) carrier waves with 
carrier exaltation. ’ 

Carrier-exalted reception should come into 
more and more general use in all wave bands in 
which multiepath fading distortion is encoun 
tered. This includes the present AM broadcast 
band of 550 to 1600 kilocycles (kc.) in which 
fading distortion is experienced in a region about 
50 to 100 miles from the transmitter due to in 
terference between the sky wave and the ground 
wave. Such fading causes a cancellation of the 
carrier frequency, leaving the sidebands to beat 
together and cause unintelligible distortion. This 
distortion is severe, and is responsible for the 
“fading wall” which limits the night-time cov 
erage of a broadcast station in the 550 to 1600 
kilocycle band. Carrier-exalted reception is very f 
effective in removing this distortion. 
Another wave band affected b-y multi-path dis 

tortion is the band from 1.5 to about 25 megacy 
cles (me). This band is used for point-to-point 
communication, or for short-wave broadcasting. 
The multiplicity 4of paths is caused by unequal 
numbers of ricochets of thesignal between the 
ionosphere and the earth. The distortion that 
results is the same type that is experienced in 
AM broadcast reception, except that it is present 
at all times instead of ‘just at night. Hence car 
rier exaltation is even more important inthis 
band. 
When carrier exaltation is applied to certain 

known forms of AM receiver circuits, it is a sim 
ple matter to convert them to phase modulation 
reception by inserting a 90° phase shifter either 
in an unfiltered signal energy circuit or in a. 
filtered carrier circuit. Phase modulation then 
becomes the most economical transmission to use 
because of its advantages at the transmitter. 
Carrier-exalted reception is especially advanta 
geous in plane-to-ground communication where 
the band from 1.5 to 20 megacycles is used, and 
where the decreased weight of a phase modulation 
transmitter relative to other` types of transmit 
ters is of importance. In addition, the elimina 
tion ofthe carrier-fading distortion would be 
realized. ` It has been found that in the presence 
of strong noise, use of carrier exaltation gives V 
improved reception. This improvement is ap 
parently due to the elimination, brought> about 
by the carrier exaltation, of the beats which oth 
erwise occur between the individual noise com-v 
ponents. In particular, carrier-exalted reception 

gives an improved signal-to-noise ratio in the 
presence of strong man-made noise of the im 
pulse type. In the case of this type of noise 
carrier-exalted reception appears to provide an 
elimination of low-frequency noise components, 
which improves the overall character of recep 
tion. 
In-my Patent No. 2,397,840 dated April 2, 1946, 

I have disclosed a novel detection network for 
PM, or AM, wave energy. The detection network 
utilizes a piezo-electric crystal filter element to 
provide substantially unmodulated carrier ener 
gy. Automatic frequency control (AFC) Voltage 
is, also, provided by the network in response to 
a, shift in mean frequency of applied signal waves 
from a predetermined desired reference or center 
frequency. In my application Serial No. 489,924, 
filed June 7, 1943, I have shown a carrier-exalted 
receiver system utilizing some of the principles 
of the type of detection described in said Patent 
No. 2,397,840. 
In said application Serial No. 489,924 there is 

disclosed and claimed -a compact carrier-exalted 
receiver circuit which is capable of receiving ei 
ther PM or AM signal waves with a minimum of 

" tubes; the circuit being readily adapted to vari 

40 

cus types of receiving systems. In the latter ap 
plication there is provided a receiving circuit em 
ploying a converter to reduce the mean or carrier 
frequency of applied> PM or AM carrier waves. 
There'is further provided a multi-grid'detector 
tube of the type shown‘in-my U. S. Patent No. 
2,063,588, granted December 8, 1936, which has 
the signal waves applied to one grid thereof, and 

, a piezo-electric crystal filter network providing 
filtered carrier energyfor a second grid of the 
detector tube. AFC voltage is derived from a 
balanced rectifier circuit connected to the crystal 
filter network‘forfcontrolling the effect of a re- 
actance-simulation tube on the oscillator section` 
of the converter. i 

It is one of the main objects of my present in 
vention to improve and simplify the carrier 
exalted receiver circuit of my ,aforesaid applica 
tion Serial No. 489,924'with a view towards pro 
viding a carrier-exalted'adapter for any receiver 
system, the adapter being capable of confinement 
in a single transformer can. , 

An important object of this invention is to pro 
vide in conjunction with a piezo-electric crystal 
iilter type of .discriminator-rectiñer circuit,'a sim 
ple diode rectifier functioning to produce carrier 
exalteddetection of PM or AM carrier waves. 
A further object of my invention is to provide 

a-_compact and simple form of adapter, employing 
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a minimum number of 

a carrier-exalted PM or AM wave receiver. 
Still other objects of my invention are to pro 

vide circuits which may be employed either for 
carrier-exalted AM reception, carrier-exalted PM 
reception, or for balanced PM reception, thereby 
to improve the efficiency and reliability of PM-AM. 
receivers; and more especially to provide an eco 
nomical system for PM reception or for carrier- l ` 

exalted AM reception. 
Still other features and objects of my inven 

tion will best to be understood by reference to the 
following description, taken in connection with 
the drawing, in which I have indicated diagram 
matically a circuit whereby my invention may be 
carried into effect. 

Referring now to the accompanying drawing 
there is shown only the crystal filter network and 
demodulator, since my application Serial No. 
489,924 shows the remaining circuits adapted to 
cooperate with those disclosed herein. For this» 
reason general reference will be made tothe 
omitted cooperating circuits of my last mentioned 
application. The> input transformer T may be _, 
supplied withsignal energy> from the output cir 
cuit of a pentagrid converter tube which may be 
of the GSA'T type. Its circuits are very well 
known. The converter functions to reducey the 
carrier', mean or center frequency of applied' PM, 
or AM, carrier wave energy in conventional man 
ner. 
circuits prio-rV to the converter is immaterial to 
this invention. The collected PM, or AM?, carrier 
waves may be in the meg‘acycle (mc.) or in thel 
kilocycie (kc.) ranges.l Prior to the converter the 
collected waves may be heterodyned, either one or 
more times, until the mean or center frequency 
of signal energy' at the signal input grid of the 
ñnal converter is equal, forv example, to 450 kc. 
This is a suitable intermediate frequency (I. F'.) 
value of the usual superheterodyne receiver'. 
Whether the wave energy at the converter in 

put grid is PM- or AM, the treatment thereof ac 
cording to my invention is in- some respects the 
same. It may be desired first to reduce the mean 
or center frequency of the received signal ̀ energy 

tubes not exceeding threev 
in number, to convert a standard AM receiver tov 

The specific nature ofthe signal receiver` 

CH 

550 kc., so that the applied 450 kc. signal energy 
may be reduced to the proper 100 kc. value. 
The signal wave energy appearing across sec 

ondary winding 8' is passed through a crystal 
filter to provide substantially unmodulated car 
rierV energy. The filter consists of piezo-electric 
crystal P tuned to 100 kc. The inter-electrode ca 
pacitance ofr the crystal filter is neutralized by 
shunt condenser Cn. The input and output elec 
trodes of the crystal P may be separate metal  
electrodes, or they may be metallic coatings pro 
vided on the opposite faces of the crystal. My 
aforesaid Patent No. 2,397,840 has described the ` 
functioning of the general type of crystal filter 
network and its. associated opposed rectiñers 
shownherein. The ñltered carrier energy output 

 of crystal P is transmitted through condenser I2 

20 

to the anode I4 of a detector tube I5 of the diode 
type. Condenser I'2 is large, and has substantial 
ly no effect on the prase of the filtered carrier Y 
energy' transmitted therethrough. 
The cathode Iî6 of diode I5 is connected to 

ground through a current indicator I1 whichY 
functions visually to indicate the magnitude of 
space current of diode I5. The indicator I'I may, 
therefore, be employed as a mean for visually in 
dicating the carrier intensity of received signals, 
i. e. as a tuning indicator. The loadv resistor I3 
is connected from the anodeV |14' to ground, and 
is traversed by the diode space current. In addi 

y tion to ñltered carrier energy, there is applied un' 
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to a lower value. »ThereaftenA it is- desired> to ' 
vderive from the energy of reduced frequencyy sub-v 
stantially unmodulat‘ed carrier> wave energy and 
to employ it in carrier-exalted PM or' AM detec 
tion». Preferably AFC~voltage is alsol obtained. 
These functions are accomplished in the follow 
ing manner. ` l . ~ 

The plate of the priorconverter lor other tube 
(not shown) is connected to a positive point +B 
of a suitable direct current source through the 
primary winding 8 of transformer T. If desired, 
the’transiormer may be ofthe iron core type. 
Shuntl condenser 9 tunesLwinding 8- to the fre 
quency of the signal energy impressed on the cir 
cuit 9-8’. This may be a beat frequency which 
maybe lower or higher than that of the signal 
.energy applied to the input ofv a final converter 
tube,Y andi maybe assumed to- be a frequency of 
100km. There will therefore bedeveloped across 
tuned primary circuit 9--3_ signal energy whose 
mean frequency is that. of the resonant frequency 
ofl the circuit. The passband of transformer’T 
should be sufficiently wide to. pass allV the’ side 
band. components. in the case of AM or PM carrier 
energy; Of course, in the case mentioned above 
by way of illustration, the converter tube will 
be provided with a local oscillator section produc 

` ing local oscillations'of‘a suitable frequency, er g. 
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ñltered signal' energy to the anode I4. This is ac 
complished through switch S which may be con 
nected either to the contact> designated “AM” or 
that marked “PM,” depending upon whether AM 
or PM signals are being received'. `'I‘he ‘Y‘PM” con 
tact is connected to the lowerY end of winding 8’ 
through condenser I3. The “AM” contact is con 
nected by series-arranged resistor I9 and con 
denser 23- to the lower end of winding 8’. Hence, 
either AM or PM wave energy in unfiltered form~ 
may be applied to diode rectifier I5, and operation 
of switch S determines the general phase relation 
of the unfiltered signal energy relative to the fil- , 
tered carrier energy at diode I5. ~  f 

The diode detector tube I5 functions to de 
modul'ate either PM signal waves or AM signal 
waves.> The elements I3 and lil-_20 may be' ad 
justed properly to phase Vthe modulated carrier 
wave energy applied to anode I4' so that thereo-`>` 
tiñed voltage acrossfload resistor I8 will corre 
spond to the modulation components of the orig-1 
inally-modulated signal energy for either AM’ or 
PM detection; In other words, if there is trans 
mited through condenser I2 to the anode I4 they v 
filtered carrier of AM signal energy, then with 
switch S on the “AM” position there will be si 
multaneously applied to anode I4 through con-` 
denser 2@ and resistor Iii unfiltered AM signal 
energy which has its phase properly adjusted for 
AM detection.` The carrier energy transmittedY 
through condenser I2 will be substantially-»un 
modulated, andv its phase willy be substantially 
the'same as the phase of the carrier of the AM 
signal energy transmitted through condenser 2i) 
and resistor I9. With this. in-phase relation be 
tween the energies applied to- the tube. iii-the lat-v 

, ter will function tol provide across output resistor 
I3 the desired modulation signal components. 
The values of condenser 20 and resistor I9 are 
so chosen as to attenuate the unfiltered AM signal 
waves, including their sideband components, but 
so as not substantially to affectv the phase of the p 
carrier. Hence, selective fading effects are over. 
come., due to the adjustment of the relative-v> am-.á 



plitu'de's of the AM carrier and sideband com 
ponents at the anode of diode I 5. In other words, 
the effect of attenuatingthe AM signal energies 
prior to application to diode I5 is to exalt or aug 
ment the carrier relative to its sidebands. If de 
sired, the filtered carrier passing through con 
denser I2 may be ampliñed for further carrier 
exaltation before being impressed on diode I5. 
Assume,.now, that PM signal energy is trans 

mitted to transformer T. In that case the phase 
modulated carrier energy applied to anode III 
must be adjusted to be substantially 90° out of 
phase, i. e. to be in phase quadrature, with the 
filtered carrier energy, by moving the switch S 
to the contact point “PM.” This phase quadra 
ture relation is required for providing a resultant 
AM wave at diode I5 whose variations correspond 
to the phase variations of the PM wave. Con 
denser I3 is suñiciently small to impart a sub 
stantially 90° phase shift to the PM Wave trans 
mitted therethrough. The ñltered carrier of the 
PM wave passed through condenser I2 suffers no 
phase shift, and due to the action of the crystal 
in removing phase modulation from it, is similar 
in phase and wave form to the carrier generated 
at the-transmitter. The vector sum of the fil 
tered carrier and the unfiltered signal voltage at 
any instant increases with the degree of de 
parture of the phase of the unñltered Wave 
energy from the quadrature relation. Hence, at 
the anode I 4 there will be provided a resultant 
AM voltage whose vector length` i. e. amplitude, 
is proportional to the instantaneous phase devian 
tions of the PM signal wave with respect to the 
normal quadrature phase relation of the unñl 
tered PM carrier. The diode I5 is now readily 
capable of detecting the received energy as it has 
been changed into an AM signal wave. 
The action of the’detector tube I5 will, there 

fore', be to demodulate the PM signal energy, and 
provide dernodulation signal components across 
output resistor I8. In PM signal energy detec 
tion, carrier exaltation will also result since the 
condenser I3 attenuates the sideband compo 
nents of the PM signal wave. Such carrier-ex 
alted detection is of especial value in connection 
with AM and PMr reception in the frequency 
range below 30 megacycles, because in that range 
the effect of selective fading on the transmitted 
signal energy is to produce an apparent increase 
in percentage modulation which may result in 
distortion due to over-modulation. Further ad 
vantages of carrier-exalted reception have been 
recited heretofore in the description. 
vThe modulation signal voltage, whether for AM 

or 'PM reception, is transmitted through resistor 
capacitor ñlter 22--23 to any desired form of 
modulation signal voltage amplifier network. If 
the modulation frequencies are in the audio fre 
quency range, then the filter 22-23 will remove 
allI. F. currents, and the audio ampliñer will 
feed the amplified audio voltage to a final repro 
ducer. Automatic volume control (AVC) may be 
derived from the rectified voltage across resistor 
I8. The resistor 24 and condenser 2li’` provide 
AVC filter network to remove all alternating cur 
rentcomponents. The AVC bias magnitude will 
substantially follow the variations in carrier am 
plitude, since there is applied to diode I5 through 
condenser I2 substantially pure carrier energy. F' 
Hence, any variation in amplitude of suchA fil 
tere‘d carrier will produce a change in AVC bias, 
and «the latter may be applied to one or moreof 
the signal. transmission tubes prior to «trans 
former Tito controlt'he'gains of such tubes-in a 
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sense'to overcome the carrier amplitude varia 
tion. . 

Balanced PM detection-and AFC voltage -are 
provided bythe opposed rectiñers 26 andv 21. 
While these rectiñers are symbolically repre 
sented as separate diodes, it is preferred that the 
diodes be separate diode sections of a tube of the 
double diode type, such as a GHG type of tube. 
The load resistoi's'of the rectiñers 20 and 21 are 
denoted by numerals 26' and 21’ respectively. 
The cathode of rectiñer 21 is grounded, and each 
of the load resistors is suitably bypassed for 
alternating currents. The junction of the load 
resistors is connected to the junction of a pair of 
direct current return or isolation resistors 28 
and 29.  - . 

As explained in my aforesaid Patent No. 
2,397,840, the ñltered carrier energy at the output 
electrode of crystal P is applied in like polarity, 
i. e. in parallel, to the anodes of the respective 
rectiñers 26 and 21. As shown herein, this is 
done through respective circuits 30-40-4I, and 
4I-50-5I, which will be further described here 
inafter. The modulated, or unñltered, signal 
energy existing at the opposite ends of secondary 
winding 8’ is applied to the rectiiiers 26 and 21 in 
opposite polarity, or in push-pull, by virtue of the 
shunt coupling condensers 32 and 33 respectively.' 
Winding 8’ has its midpoint grounded, and par 
allel resonant circuit 60 connects the grounded 
midpoint of coil 8’ to the output electrode of the 
crystal P; that is, circuit 60 is connected between 
the output side of crystal P and ground; Circuit 
S0 may be tuned to crystal frequency, or may be 
somewhat detuned relatively thereto, and acts as 
a coupling circuit of finite impedance between the 
output of crystal P and the anodes of rectiñers 26 
and 21. The circuit 60 increases the “Q” of the 
crystal beyond what it would be if the resistance 
of circuit 60 were inñnite. As shown, circuit 60 
connects to lead 10 between the crystal P and 
rectiñer 21. Condenser 80 may shunt winding 
3’ to tune it to crystal frequency. 
As explained in my last-named application, 

` each rectifier 26 and 21v has applied to it filtered 
and unfiltered signal energy in phase quardature 
relation. This phase quadrature relation of the 
two voltages at each rectifier results from the 

` fact that the unfiltered signal energy is appliedI 
w., to the rectifiers by condensers 32 and 33 which 
are Suniciently small to effect a 90° phase shift, 
and are also of substantially equal capacities so> 
as to produce equal phase shifts both of the un-l 
filtered carrier and of signal components. Thel 
condensers 32 and 33 are non-selective to phase 
or frequency variations of the unñltered carrier, 
and accordingly permit all signal components to 
pass to the rectifiers 2li and 21. The crystal'P, 
however, effects no substantial phase shift of the 
filtered carrier wave at modulation frequencies, 
but by its inertia effect substantially removes' the 
phase modulation of the signal thereby restoringV 
the carrier substantially to the phase and wave 
form which it had before modulation at the 
transmitter. vThe crystal P _due to its sharp selec 
tivity is, of course,` selective against frequencies" 
ofi’ resonance, but will nevertheless pass a band 
of' frequencies varying overa narrow-range.' ' 

„ Circuit 60 which, as heretofore lndicated,_is 
employed to control and improve-the “Q,”`orîse' 
lectivity, of crystal ñlteriP may introduce 're-` 
actanc'e into the circuit of the crystal tendin'gto 
change'somewhat the phaseof the nltered carrier: 
output from the crystal.V Theiñltered output'on. 
its Way 'to rectiñer26 4pas-sesl through a network 
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consisting .of variable condenser 30 in Vassociation Y 
With condenser 40 and resistor 4l. This network 
may be designed to compensate for such phase 
change. Similarly, a network consisting'of vari 
able condenser 3l Vin association with condenser 
5l! and resistor 5l may similarly compensate for 
dephasing effects of circuit 80 on filteredenerey` 
supplied to rectifier 21. 
of circuit Eil, Which` may be effected to increase 
the “Q” of crystal P, cause a change from the 
desired normal phase quadrature relation between 
the filtered carrier .and unfiltered signal wave, 
then condensers 33 and 3i may be adjusted to 
compensate for the dephasing so as to restore the 
normal phase quadrature relation. 

V The rectiiiers 2S and 2l function to rectify the 
respective resultant vector voltages of these afore 
said quadrature-related energies. When the ap` 
plied signal energy at transformer T is unmodu 
lated, i. e. has a frequency and phase correspond 
ing to the predetermined reference characteristics 
of crystal P, then the respectiveresultant vector 
voltages applied to rectifiers 26 and 2l are equal, 
each of them being the sum of the filtered carrier 
voltage from crystal P without phase change and 
of an unfiltered carrier voltage substantially 90° 
different in phase from the filtered carrier. Ac 
cordingly, the differential direct current voltage 
output of the rectiñers is substantially zero, since 
the voltages across resistors 25' and 2l’ are equal 
and of opposite polarity. 
However, when the received carrier is phase, 

modulated, and as described more fully by aid of 
vector diagrams in my Patent No. 2,397,841 dated 
April 2, 1946, the filtered carrier remains as be 
fore, but the unfiltered signal energy is supplied 
to the rectiñers 25 and 21 in phases differing from 
the 90°, or quadrature, relation to an extent de 
termined by the degree of phase modulation. If 
the degree of phasemodulation is small, a rela 
tively small direct current voltage is built up at 
the cathode end of resistor 26’ due to a compo 
nent of the signal voltage adding to the filtered 
carrier voltage at one of the rectifiers and sub 
tracting from it at the other. The greater the 
degree of phase modulation the greater the sum 
or vectoi1 voltage of the unfiltered signal energy 
andV the filtered carrier from crystal P on one of 
the rectiiiers and the less the sum of such volt 
ages on the other rectifier. The polarity of the 
direct current voltage drop across the load re 
sistors 26’ and'21' of the opposed rectiñers de 
pends on thedirection of the phase change ofthe 
received signal energy. . ` ' f 

The direct current potentials across resistors 
26' and 2l', described above as derived by rectifi 
cation of a PM Wave, follow one another in fre 
quency and polarity to accord with the modula 
tions of the received carrier wave. Accordingly, 
audio or other modulation signals may be taken 
olf at the cathode of diode 26. Assuming that 
the modulations will be at audio frequency, I 
have shown an audio frequency output switch 80' , 
which may be alternatively connected with diode 
I5 for AM, or exalted-carrier PM, reception, or 
with rectiñers 26 and 21 for balanced PM re 
ception. 
The circuits of rectiñers 25 and 2l are also 

preferably employed kfor the derivation of AFC 
potentials. The crystal P can respond to fre 
quency changes over a, limited range, and, in par 
ticular, to slow frequency changes such as may, 
for example, result from local oscillator drift in 
a superheterodyne receiver. As to such frequency 
changes within the band of frequencies passed by 

Should slight detuning  
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8 
it,.the'crysta1 P'Íacts as series-connected induct 
vance and capacity. When the received frequency 
is exactly that of the crystal, it produces no ’phase> 
change and theV filtered carrier remains at 90° 
from the unfiltered energy passing‘through con 
densers 32 and 33 respectively. When, however, 
the incoming frequency changesfslowly toward 
one side of the pas-sband of the crystal, the ñltered 
output'changes in phase in a direction toward the 
phase of the current in one of condensers 32 and 
33, and away from the phase of the current in the 
other of such condensers. In this way there is 
produced increased energy on one of rectiiiers~26 
and 2l and decreased energy yon the other so as 
to create a direct current potential across rectifier . 
load resistors 26' and 21’. Upon change of the 
incoming frequency inthe opposite direction, the 
phase of the filtered output of the crystal changes 
in the opposite direction- therebydecreasing the 
energy on the rectiñer where it before was in> 
creased, and increasing the energy on the other 
rectiñer so as to produce a reversed direct current' . 
potential drop across resistors 26,’ and 2l’. 
This .frequency discrimination action is similar 

in certain of its aspects> to that described in my> 
Patent No. 2,363,652 dated NOV. 28, 1944. The 
direct current voltage output of the opposed rec. 
tifiers is utilized as AFC bias, after iilteringoff 
of modulation frequency voltages by resistor> 82 
and condenser 84, and maybe applied over'lead 
3d to a frequency control device ofthe reactance 
tube type. The reactance tube andA its associated 
circuits are of the well-known form, and are. 
shown in my aforesaid application Serial No. 
489,924. The AFC discrimination action is'the 
same for AM and PM signal waves. In explain 
ing the functioning of the reactance tube, it is 
pointed out that its plate to cathode impedance 
is connected in vshunt across the oscillator tank 
circuit of the converter tube. By suitable con 
nections to a phase shifter connected to the oscil 
lator circuit the plate to cathoder impedance of 
the reactance tube will function as ifV it was re» 
active, and the latter effect Will appear across 
the tank circuit; The magnitude of this simu 
lated reactance Will then be a function of the gain 
of the reactance tube. Obviously,'the direction 
and extent of vvariation of the reactive impedance 
of the reactance tubewill depend upon the varia 
tion in AFC biastransmitted over lead 34. This, 
of course, is the Well-known AFC action Which 
is familiar> to those skilled Vin the. art. Inv this 
case thev AFC circuit functions to maintain the 
mean frequencyof the signal energy applied'toV 
circuit S-iifsubstantially equal tothe predeter 
mined reference frequency which is the resonantY 
frequency of the crystal P for best operation of` 
the circuit. I . ' ‘ 

While I have indicated and described a system 
for carrying myY invention into effect, it will be 
apparent to one skilled in the art that my inven- v 
tion is by no means limited to the particular 
organization shown and described, butthat many 
modifications may be made Without'departing 
from the scope of my invention. - , 

What I claim is: ~ . ~ ' ' f 

1. In combination with a diode rectifier-circuit, 
means providing either amplitudemodulated lcar 
rier waves or angle Ymodulated carrier Waves, 
means for deriving from either of said waves the 
carrier thereof substantially free of modulation, 
means for applying the carrier energy to said 
rectifier, means for selectingxeither of said modu 
lated waves in a predetermined. .phase relation 
relative to the said modulation?free‘ carrier 
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energy, means applying the selected waves to 
said rectifier, and means for deriving from the 
rectifier circuit modulation signals corresponding 
to the modulation on the said selected Waves. 

2. In combination with a diode rectiiler circuit, 
means providing either amplitude carrier waves 
or phase modulated carrier waves, piezo-elehtrîc 
crystal filter means for deriving from either of 
said Waves the carrier thereof substantially free 
of modulation, means for applying the carrier 
energy to said rectifier, adjustable phase shift 
means for selecting either of said modulated 
waves in a predetermined phase relation relative 
to the said modulation-free carrier energy, means 
applying the selected waves to said rectifier, and 
means for deriving from the rectiñer circuit 
modulation signals corresponding to the modu 
lation on the said selected waves. 

3. In combination with a rectifier consisting 
of a single diode, means for applying to the diodel 
electrodes a phase modulated carrier wave, means 
for applying a modulation-free barrier derived 
from the modulated carrier wave to said diode 
electrodes in predetermined phase relation, and 
means for deriving modulation signals from the 
rectiñer output. 

4. In combination with a source of phase modu 
lated carrier waves, a pair of opposed rectiñers 
having a common output circuit, means includ 
ing a piezo-electric crystal filter having an input 
electrode coupled to said source, parallel output 
connections from the Ioutput electrode of said 
crystal to the respective rectiñers, separate means 
applying modulated carrier wave energy from 
said source to said opposed rectiñers in push 
pull relation, a rectifier circuit including a single 
diode, means connecting the crystal output elec 
trode to the diode anode for applying to the 
latter filtered carrier energy derived from the 
phase modulated carrier waves, and an additional 
phase~determining connection between said 
source and said diode electrodes for applying 
thereto phase modulated carrier Wave energy in 
predetermined phase relation to said filtered car 
rier energy. 

5. In combination with a diode rectiñer circuit, 
means providing either amplitude modulated car 
rier waves or phase modulated carrier Waves, 
crystal nlter means for deriving from either of r 
said waves the carrier thereof substantially free 

'l modulation, means for applying the derived 
carrier energy to said rectiiier, means for select 
ing either said phase modulated carriervwaves 
in a normal phase quadrature relation relative 
to the said modulation-free carrier energy or said 
amplitude modulated carrierv waves in in-phase 
relation to said fcarrier energy, said selecting 
means attenuating sideband components of the 
modulated waves, means applying the selected 
modulated waves to said rectifier, and means for 
deriving from the rectiiier circuit modulation 
signals corresponding to the modulation on the 
said selected waves. 

t’. In combination with a diode rectiñer circuit, 
means providing either amplitude modulated car 
rier waves or phase modulated carrier Waves, 
crystal filter means tuned to the carrier frequency 
for deriving from either of said Waves the carrier 
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thereof substantially free of modulation, means 
for applying the derived carrier energy to said 
rectifier with no phase shift, adjustable phase 
shift means for selecting either said phase modu 
lated waves in phase quadrature relation relative 
to the said modulation-free carrier energy or said 
amplitude modulated carrier waves in in-phase 
relation to said carrier energy, means applying ` 
the selected waves to said rectifier, means for 
deriving from the rectifier circuit modulation 
signals corresponding to the modulation on the 
said selected Waves, and means for deriving from 
the modulation-free carrier energy a variable 
direct current voltage for automatic volume con 
trol. 

7. In combination with a rectiñer consisting of 
a single diode, means for applying to the diode 
electrodes a phase modulated carrier wave, means 
for applying to said diode electrodes a modula 
tion-free carrier derived from the modulated car- 
rier Wave in phase quadrature relation, said _first 
means attenuating sideband components of the 
modulated wave, and means for deriving from 
the diode output modulation signals. 

8. In combination with a source of phase mod 
ulated carrier waves, a pair of opposed diode 
Vrectiiiers having a common output circuit, 
means including a crystal filter having an input 
electrode coupled to said source, parallel output 
connections from the output electrode of said 
`:crystal to the respective rectiiiers, separate con 
densive means applying modulated carrier wave 
energy from said source to said opposed rectifiers 
in push-pull relation, a diode rectiiier circuit, 
non-phase shift means connecting the crystal 
output electrode to said rectifier circuit for ap 
plying to the latter filtered carrier energy derived 
from the phase modulated carrier waves, and an 
additional phase determining connection between 
said source and said diode rectifier ¿circuit for 
applying thereto phase modulated carrier wave 
energy in phasel quadrature relation to said lil 
tered carrier energy, said phase determining con 
nection> including an element for attenuating 
sideband components. y 

9. In combination with a diode rectiiier, means 
for applying to the diode electrodes an angle 
modulated carrier wave, said means attenuating 
sideband components, means for applying a` 
modulation-free carrier derived from the modu 
lated carrier Wave to said diode electrode in pre 
determined phase quadrature relatîon, means for 
deriving from the rectiiier output modulation sig 
nals, and an additional means for deriving from 

" the rectiiier output a direct current voltage Whose ' 
magnitude is a direct function of the magnitude 
of said modulation-free carrier. 

MURRAY G. CROSBY. 
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