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This invention relates to means for receiving 
Waves modulated in phase or in amplitude and 
includes means for causing said receiver to be 
Sensitive to the reception of said waves irrespec 
tive of the nature of the modulation thereon and 
irrespective of the fact that the nature of the 
modulation on Said Waves may change in chair 
acter from time to time due to causes encoun 
tered during the transmission of said signals. 
More in particular this invention relates to a 

type of receiver wherein an automatic correction 
is produced to compensate for the type of multi 
path transmission fading distortion in which the 
signal modulation is distorted from an ampli 
tude modulated wave to a phase modulated wave, 
or vice versa. 
In my novel receiver a modulated Wave is de 

tected by two demodulators, one of which is pri 
marily responsive to phase modulated waves and 
the other to Waves modulated in amplitude. A 
differential voltage is produced by means de 
Scribed more in detail hereinafter in the outputs 
of the two demodulators and is utilized to actu 
ate a phase shifting device which adjusts the 
phase of the filtered carrier utilized for demodul 
lating purposes So that the audio detectors which 
render the signal for recording purposes are re 
ceptive to the type of modulation coming in at 
the particular time. 
In an alternative arrangement, the differential 

voltage operates a switching device which 
Switches the receiver output used for signal pur 
pOSes from a phase modulation detector to an 
amplitude modulation detector. 
In Crosby U. S. applin. Ser. No. 719,643, filed 

April 9, 1934, Patent #2,019,446 dated October 29, 
1935, I have disclosed a receiver which resembles 
the present receiver to the extent that in said 
receiver of Said prior application the demodul 
lator is caused to respond to the particular type 
of modulation predominant on the received wave. 
For example, if a phase modulated wave has been 
distorted So that it has the Semblance of an am 
plitude modulated wave, the receiver of the prior 
disclosure Will amplify and demodulate the Wave 
and render the signals. Conversely, if an ann 
plitude modulated wave has been transmitted 
and has been distorted during transmission . So 
that it takes the character of a phase modulated 
wave, said receiver will receive, amplify, demod 
ulate and record the same. This is accomplished 
by Switching or reversing the nature of the de 
modulator at a rapid rate. 
The receiver of the present invention has the 

advantage that it is capable of automatically 

(C. 250-20) 
choosing the condition of reception. Which is 
best at all times and automatically adapts itself 
to Such reception. In the receiver of Crosby, 
applin. Ser. No. 719,643, Patent #2,019,446, there 
might be a case where the modulation would re- 5 
main undistOrted for long intervals during which 
the switching device of said prior receiver would 
be operated unnecessarily. Consequently, the 
Said Switching device might impair the signal to 
noise ratio. To illustrate this point, let the fol- 0 
lowing example be taken. If the signal were be 
ing received as pure amplitude modulation and 
the Switching device were in operation, the am 
plitude modulation signal and noise would be 
present one half of the time, so that their output 5 
Would be halved. The other half of the time, 
the phase modulation noise WOuld also be pres 
ent. Thus, the receiver output might consist of 
one unit of signal as compared to two units of 
noise. In the receiver of the present invention, 
When pure amplitude modulation is received, the 
automatic adjustment makes the receiver recep 
tive only to amplitude modulation, so that one 
unit of signal and One unit of amplitude modu 
lation noise only is present. Consequently, an 25 
improvement of two to one in the signal noise 
ratio is effected in the present receiver, as con 
pared to receivers known heretofore. The same 
is true where the Wave received is modulated in 
phase only. 30 
The novel features of my invention have been 

pointed out with particularity in the claims ap 
pended hereto, 
The nature of my invention and the manner 

in which the same is carried out will be under- 3 
stood from the following detailed description 
thereof, and therefron, when read in connection 
with the attached drawings throughout Which 
like reference numerals indicate like parts in so 
far as possible, and in which: -. 40 

Figure 1 illustrates a receiver including signal 
amplifying means, a detector from which the 
amplified signal may be obtained, and a pair of 
differential detectors which control the connec 
tion between the detector from which the signal 45 
is obtained and the receiver in a manner that 
is primarily responsive to that type of modula 
tion on the signal wave when it reaches the re 
ceiver; - 

Figure 2 is a modification of the arrangement 50 
of Fig. 1; however, in Fig. 2, automatic means is 
provided for rendering the detector sensitive 
or responsive to that type of modulation being 
received at the particular instant only; While 
Figures 3 to 5 inclusive, are vector diagrams 55 
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2,115,860 3 
Shift due to modulation. The resultant voltages 
fed to the detector grids are E3’ and E4' which 
are decreased and increased in amplitude, re 
Spectively. Es also shifts with modulation in the 
Opposite direction to that shown in Fig. 4. Hence, 
the resultants E3' and E4' are increased and de 
Creased, respectively. In this manner the phase 
deviations with modulation (which are fast 
enough. So that time constant circuit 2 does not 
allow the automatic tuning control to correct for 
then) produce amplitude modulations on the 
resultants. The envelopes of these amplitude 
modulations are 180 degrees apart in phase so 
that after detection the push-pull transformer 
6 adds them in-phase in the coupling tube 

OutputS. 
When amplitude modulation is applied to the 

signal voltage, Es, the amplitudes of the resulti 
ants E3 and E4 are modulated also. The enve 
lopes of the amplitude modulations will be in 
phase So that the parallel connection transformer 
f5 will give the output. 
The automatic tuning circuit functions in a 

manner similar to the detection of phase modul 
lation but due to the time constant circuit, f2, 
Only slow changes of phase furnish controlling 
energy. The normal phase relation (or mean 
phase relation when phase modulation is applied) 
of the detector grid voltages is as shown in Fig. 3. 
When the frequency of the energy fed to the 
Carrier filter, unit 5, varies, due to the extreme 
selectivity of the carrier filter, the phase of the 
Output changes. The detector grid voltages are 
then as shown in Fig. 5. The filtered carrier has 
shifted in phase and the resultants E3' and E4' 
are no longer balanced With respect to amplitude. 
With the detector grid voltages unbalanced, their 
plate currents will be unbalanced and there will 
be a differential voltage across resistors is and . 
This differential voltage is fed via line 27 and the 
time constant circuit 2 to the grid of modulator 
tube M. A variation in the grid voltage of modul 
lator M causes a variation in its plate impedance. 
The modulator's plate impedance is coupled to 
the high frequency oscillator tuning by means 
of a capacitive, inductive, resistive, or network 
Coupling Such as a transmission line of wave 
filter. Hence, a variation of the modulator plate 
impedance causes a variation in the tuning of the 
high frequency oscillator. By virtue of the coln 
trolling action of the voltage on the grid of the 
modulator, the variation of the high frequency 
OScillator tuning is held to a value just sufficient 
to restore the detectors to the balanced condition 
as portrayed in Fig. 3. When this balanced con 
dition is obtained, the intermediate frequency 
energy is properly tuned through the carrier 
filter. • 

In order to combine the detector outputs in the 
two manners described above, the differential 
potentials produced by the differential currents 
in 10 and í i are impressed as shown on the 
control grids of a pair of differential couping 
tubes 3 and 4. The anode electrodes of tubes 
f3 and 4 are connected as shown in push-pull or 
differential relation, by way of the primary wind 
ing of transformer 6. The anode electrodes of 
tubes 3 and 4 are also connected in parallel 
as shown by way of the primary winding of trans 
former 5. 

If the signal is coming in as a true amplitude 
modulation, or as a simulated amplitude modu 
lation, energy varying at signal frequency will 
appear in the primary winding of 5 and be in 
duced in the Secondary winding of 5. If the 

Signal is coming in as true phase modulation, or 
Simulated phase modulation, energy character 
istic Of the phase modulations on the signal will 
appear in the primary Winding of the transformer 
f6 and will be induced in the secondary winding 
of transformer 6. Thus, if the outputs of these 
two transformers are detected as they are by 
demodulators í 7 and í 8, the differential currents 
acroSS 9 and 20 may be utilized to operate a 
polarized relay 23, including a SWitch Sito con O 
nect the receiver output including the tube 24, 
transformer 25 and telephone or other indicator 
jack 26 to the output of í 3 and 4, either by way 
of the transformer 5 or by way of the trans 
former 6, dependent upon whether the ampli 
tude nodulations or the phase modulations on 
the unfiltered carrier predominate. 

Resistors 2 and 22 match the impedance of 
the relay to the impedance of the detector out 
putS. Polarized relay 23 has its armature con 
nected to the input of the receiver output cou 
pling tube 24. The two contacts of the relay 
are connected to the high Sides of the second 
ary Windings of the transformers 5 and 6 so 
that When the airmature is in one position the 
receiver output is connected to the amplitude 
modulation output transformer 5 and when 
the arnaature is in the other position, the re 
ceiver output is derived from the phase modu 
lation transformer 6. Consequently, if an am 
plitude modulated signal is distorted during trans 
IniSSion. So that it resembles a phase modulated 
Wave predominantly, the relay will connect the 
tube 24 to the transformer SS, whereas if an 
amplitude modulated wave resulting from ampli 
tude modulation or distorted phase modulation is 
received, the tube 24 will be connected to the 
output of transformer 5. - 
The receiver of Fig. 2 is identical with the re 

Ceiver of Fig. 1 up to and including the detectors 
f7 and 18 and the resistors 9 and 20. More 
Over, the numbered parts up to and including the 
parts referred to of the two circuits correspond. 
In Fig. 2, however, the differential voltage from 
detectors - and 8 is utilized to operate a phase 
adjuster which automatically keeps the phase 
Of the filtered carrier at the proper adjustment 
to receive that type of modulation which appears 
to predominate. The differentiai voltage from 
detectors and 8 is fed by way of time con 
stant circuit 28, 29, in phase opposite to the 
Screen grids of the nodulator tubes 3 and 32 
which, as shown, are connected in a differential 
phase modulation circuit including the elements 
35, 3, 32 and 33. The control grids of tubes 3 
and 32 are connected as shown by way of a phase 
adjuster 30 to the output of the carrier filter and 
amplitude limiter 5. The phase adjuster 3 is so 
Set that the filter Synchronized carrier Wave 
reaches the control grids of the tubes 3 and 32 
to excite the same in phase quadrature, or in 90° 
phase shifted relation. As indicated above, 
when the voltage on the screen grid of tube 3 
goes down, the voltage on the screen grid of tube 
32 goes up, and vice versa, since these tubes are 
connected as shown in push-pull relation to the 
tubes it and 8. When the voltage on the screen 
grid of One tube goes down, that tube, for ex 
ample 3i, becomes inoperative and allows the 
other modulator tube, ior example:32, to furnish 
the carrier energy to the circuit 33. The phase 
Of the carrier energy in 33 will accordingly be de 
termined, in part at least, by the phase of the 
Carrier Supplied to the control grid of 32. When 
32 becomes inoperative, 3. supplies energy to the 
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2,115,860 
rier waves modulated in amplitude Which modu 
lation may be distorted during transmission to 
simulate phase modulation and automatic means 
connected with said System and energized by 
energy therefrom to alter the character of said 
system from an amplitude modulated wave receiv 
ing system to a phase modulated Wave receiving 
System. - 

5. In combination, a system for receiving and 
amplifying carrier waves modulated in amplitude 
which modulation may be distorted during trans 
mission to simulate phase modulation, Wave de 
modulating means connected at its input to the 
output of said system, and automatic means con 
nected with said System and With said Wave 
demodulating means and energized by Wave en 
ergy from said system to alter the character of 
Said demodulating means from an amplitude 
modulated Wave demodulating means to a phase 
modulated wave demodulating means. 

6. In combination a system for receiving carrier 
Waves modulated in amplitude which modula 
tion may be distorted during transmission to 
simulate phase modulation, automatic means con 
nected with Said System and energized by Wave 
energy therein to alter the character of said sys 
tem from an amplitude modulated Wave receiv 
ing system to a phase modulated Wave receiving 
System, and automatic means coupled to said 
system and energized by wave energy therein to 
maintain said System tuned to the Wave being 
received. 

7. Means adapted to receive a signal carrying 
carrier wave, the type of modulations on which 
may vary from time to time during transmission 
comprising in combination, a carrier wave re 
ceiver including den00ulating means, and means 
Connected with said receiver for varying the de 
modulation characteristic of said demodulating 
means as the type of modulation of said wave 
Varies. 

8. Means adapted to receive a signal carrying 
carrier wave, the type of modulation on which 
may vary from time to time during transmission 
comprising in combination, a tunable carrier 
wave receiver including demodulating means, 
means connected with said receiver and said de 
modulating means for Varying the demodulation 
characteristic of said demodulating means as the 
type of modulation of said wave varies, and means 
connected with said receiver for varying the tune 
thereof as the frequency of the received carrier 
wave varies. 

9. An all purpose receiver comprising in com 
bination signal receiving and amplifying means 
of the heterodyne type including a high frequency 
oscillator, a demodulator and an intermediate 
frequency amplifier, a filter having its input elec 
trodes coupled with said intermediate frequency 
amplifier, a pair of thermionic tubes, a circuit 
connecting the output of said filter in push-pull 
relation with like electrodes in said tubes, a cir 
cuit connecting the output of said intermediate 
frequency amplifier in parallel relation with like 
electrodes in said tubes, a transformer having a 
primary winding connected in parallel with the 
output electrodes of said pair of tubes, a second 
transformer having a primary winding connect 
ing the output electrodes of Said pair of tubes in 
phase opposition, a second pair of thermionic 
tubes one of which has its control electrode and 
cathode connected to the secondary Winding of 
said first named transformer and the other of 
which has its control grid and cathode connected 
to the secondary Winding of said Second named 

transformer, a pair of demodulator tubes, a Cir 

5 

cuit connecting the output of said filter in phase : 
opposition to like electrodes in said pair of de 
modulator tubes, differential modulating meanS 
and phase adjusting means in Said last named 
circuit, a circuit coupling the Output of Said Sec 
ond pair of tubes to said differential demodulat 
sing means, and a circuit connecting the output 
of said intermediate frequency amplifier in phase 
to like electrodes in said pair of demodulator 
tubes. · · 

10. The method of demodulating signal modu 
lated Wave energy the character of the modula 
tion of which may vary during transmission which 
includes the steps of, beating said Waves with lo 
Cal OScillations to produce a signal carrying beat 
note, Stripping all signal modulations from energy 
of Said beat note energy, combining said last 
named energy With original signal carrying beat 
note energy in phase quadrature to obtain a com 
pOnent, . COntrolling the frequency of the local 
Oscillations in accordance with said component, 

0 

5 

20 

combining energy from which all signal modula 
tionS have been removed in phase displaced rela 
tion with Original Signal carrying beat note ener 

phase of Said last energies as combined in ac 
Cordance With variations in the character of the 
rinodulations on Said Signal carrying beat note. 

11. An all purpose receiver comprising in com 
bination Signal receiving and amplifying means 
of the heterodyne type including a high fre 
quency OScillator, a demodulator and an inter 
mediate frequency amplifier, a filter having its 
input electrodes coupled with said intermediate 
frequency amplifier, said filter circuit having an 
Output, a pair of thermionic tubes, a circuit cou 
pling the output of said filter with like electrodes 
in Said tubes, a circuit coupling the output of - 
said intermediate frequency amplifier in parallel 
relation. With like electrodes in said tubes, a first 
transformer having a primary winding connected 
in parallel with the output electrodes of said pair 
of tubes, a second transformer having a primary 
Winding connecting the output electrodes of said 
pair of tubes in push-pull relation, a relay com 
prising a Second pair of thermionic tubes one 
of which has its control electrode and cathode 
connected to the secondary Winding of said first 
named transformer and the other of which has 
its control electrode and cathode connected to 
the Secondary Winding of said second named 
transformer, a Siginal coupling tube having a con 
trol grid, and a relay including two contacts one 
of which is connected to the secondary Winding 
of Said first transformer and the other of which 
is connected to the secondary winding of said 
Second transformer, said relay also having an ar 
nature differentially connected to the control 
grid Of Said last named tube. 

12. The method of receiving signal modulated 
Wave energy the character of modulation on 
Which may vary during transmission which in 
cludes the Steps of filtering said signal wave en 
ergy to derive therefrom a component from 
Which Signal modulations have been substantial 
ly removed, combining Said filtered component in 
displaced mean phase relation with signal car 
rying Wave energy and varying the said mean 
phase relation of said energies as combined, as 
the character of the modulation on the wave Varies. 

25 
gy to render the Signal and relatively varying the 
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13. The method of demodulating signal modu 
lated Wave energy the character of the modula 
tion of Which may vary during transmission 75 



which includes the steps of, stripping all signal 
modulation from a portion of the wave energy, 
combining said energy from which all signal mod 
ulations have been stripped in mean phase dis 

5 placed relation with original signal energy, and 
relatively varying the mean phase displacement: 
of said energies as combined in accordance with 
variations in the character of the modulations on . 
said signal carrying wave energy. . . 

10 - 14. In a system for receiving waves modulated in amplitude or phase and for automatically ad 
. justing said system to respond predominantly to 
...the particular type of modulation on said wave, 

15 
a wave absorbing and amplifying means, said 
amplifying means having an output circuit, a. 
signal demodulator comprising a pair of ther 
mionic tubes each having an anode, a cathode 
and a control grid, a circuit coupling said output 
circuit in push-pull relation to the control grids 

20 and cathodes of said tubes, a circuit coupling 
said output circuit in parallel with the control 

said circuits, and an additional means coupling 
said output, circuit to said phase modulator for 

grids and cathodes of said tubes, a filter in one 
of said circuits, a phase: modulator in one of 

modulating the phase of the energy reaching said 
detector control grids over said one of said paths 
in accordance with the character of the signal 

30 
energy in-said output circuit. . . . . 

15. In a system for receiving waves modulated 
in amplitude or phase and for automatically 
adjusting said system to respond predominantly 
to the particular type of modulation on said 
wave, a wave absorbing and amplifying means, 
said amplifying means having an output circuit, 
a pair of thermionic demodulator tubes each hav 
ing an anode, a cathode and a control grid, a cir 
cuit coupling said output circuit in push-pull 
relation to the control grids and cathodes of said . 

40 

45 

tubes, a circuit coupling said output circuit in 
parallel with the control grids and cathodes of 
said tubes, a filter in one of said circuits, a circuit 
connected with the output electrodes of said de 
modulator tubes, and means connected with the 
control grids of said tubes and controlled by the 
character of the modulation on the received waves 
for producing currents in said output circuit of 

teristic of the 
50 

said demodulator tubes predominantly charac 

received wave. 
in amplitude orphase and for automatically tun 

60 

ing said System to respond to said waves irre 
spective of frequency variations therein and for 
automatically adjusting said system to respond 
predominantly to the particular type of modu 
lation of Said wave, : wave absorbing and ampli 
fying means including a tunable circuit, said - . a carrier waves modulated in phase or amplitude, means having an output circuit, a signal demod 
tulator device comprising: a pair of thermionic de 
tector tubes each having an anode, a cathode and 
a control grid, a circuit coupling said output cir 
cuit in push-pull to the control grids and cath 
odes of said tubes, a circuit coupling said output 

. . . . named circuits, a circuit connecting the anodes 
of said tubes in push-pull relation, a frequency . 
control circuit coupling the anodes of said tubes 

70 to said tunable circuit, a pair of coupling tubes 
each having an anode and a control grid and 

... each having their control grid coupled to the an 
ode of a different one of said first named tubes, 
a circuit connecting the anodes of said coupling 

5 tubes in parallel, a circuit coupling the anodes of 

circuit in parallel with the control grids and cath 
odes of said tubes, a filter in one of said last 

predominant modulations on said 
16. In a system for receiving waves modulated 

lation of said wave. - 

2,115,860 
said coupling tubes in push-pull relation, a second 

phase to said first named output circuit, a circuit 
connecting like electrodes in said second pair of 
detectors in phase opposition to said first named 
output circuit, filtering means in one of said last 
two circuits, phase modulating means in the other. 

pair of thermionic detector tubes each having an 
anode, a cathode and a control grid, an output 
circuit connected with the anodes of said second 
pair of detector tubes, a circuit coupling like elec-3 
trodes in said second pair of detector tubes in 

10 
of said last named circuits, said phase modulat-, i. 
ing means comprising a pair of thermionic mod 
ulator tubes having their control grids connected 
in phase opposition by a circuit coupled to said: 
first named output circuit and their anodes con 
nected in parallelby a circuit coupled to the con 
trol-grids of said second pair of detectors, a sec 
-ond pair of coupling tubes, each having an anode 
and a control grid, a circuit coupling the control. 2 
grid of one of said last named coupling tubes to 
the circuit connecting the anodes of said first 
named pair of coupling tubes in parallel, and a 
circuit coupling the control grid of the other of 
said last named pair of coupling tubes to the 

: circuit connecting the anodes of said first named 
pair of coupling tubes in push-pull relation. . . . 

17. In a system for receiving waves modulated . . . 
in amplitude or phase and for automatically ad- . . . . 
justing said system to respond predominantly to 
the particular type of modulation on said wave, a 
wave absorbing and amplifying means, said aim 
plifying means having an output circuit, a signal 
demodulator comprising a pair of thermionic 
tubes each having an anode, a cathode and a control-grid, a circuit coupling said output cir 
cuit in push-pull to the control grids and cathodes 
of said pair of tubes, a circuit coupling said out 

25. 

30 

put circuit in parallel with the control grids and 
cathodes of said pair of tubes, a filter in one of 
said circuits, an output circuit connecting the . 
anodes of said tubes in parallel, an output circuit 
connecting the anodes of said tubes in push-pull 
relation, a relay coupled to said output circuits, 

: a coupling tube having input electrodes, and 4: 
means cooperating with said relay and with 
said coupling tube input electrodes for coupling 
the input electrodes of said coupling tube to one : 
or the other of said output circuits. 18. In combination, a system for receiving and 5 
demodulating signal modulated carrier waves, the 
type of modulation of which may vary in trans 
mission due to natural causes, and automatic 
means connected with said system for changing 
the demodulation characteristic of said system in 5. 
accordance With variations in the type of modu i 

19. In combination, a system for demodulating 
the type of the modulation of which may vary in 
transmission due to natural causes to resemble 
amplitude and phase modulation respectively, 
automatic means connected with said system for 
varying the demodulation characteristic of said 
system as the type of said modulation of said, 
wave varies, and automatic means connected with 
Said system for tuning said system to the wave 
to be received irrespective of variations in the -- 
mean frequency of said wave. ” ? - ? - 

20. In combination, an electron discharge de 
modulator device having input and output elec 
trodes and having its input electrodes energized 

70 

by signal modulated carrier waves, the type of . 
modulation of which may vary in transmission 
due to natural causes, and electron discharge. 75 
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tube means having input electrodes and output 
electrodes connected With Said de Vice and con 
trolled by the character of the modulations of 
the carrier Wave energy in Said device for vary 
ing the demodulation characteristic of Said de 
vice as the type of modulation of said carrier 
wave varies. 

21. In combination, an electron discharge de 
modulator System having input and output elec 
trodes and having its input electrodes energized 
by carrier waves modulated in phase which 
modulation due to natural causes may be changed 
during transmission to Simulate amplitude mod 
dulation, and means connected With the output 
electrodes of said demodulator and energized by 
said modulated wave for automatically varying 
the demodulation characteristic of said electron 
discharge demodulator system as the modulation 
on said waves changes to simulate amplitude 
modulation. 

22. In combination, a system for denodulating 
carrier waves modulated in amplitude which 
modulation due to natural causes may be 
changed to simulate phase modulation, and 
means connected with Said System for automati 
cally varying the demodulation characteristic of 
said System as the modulation on said carrier 
waves changes to simulate phase modulation, 

7 
23. In combination, a tunable circuit for re 

ceiving carrier waves modulated in phase which 
modulation due to natural causes may be 
changed to simulate amplitude modulation, a 
demodulator connected with said circuit, means 
connected with said circuit and demodulator for 
automatically varying the demodulation char 
acteristic of Said demodulator as the character of 
modulation on said Wave changes, and means 
connected with said circuit and said demodulator 
and energized by Wave energy therein to tune 
said circuit to the carrier Wave being received 
irrespective of variations in the frequency 
thereof. 

24. The method of receiving signal modulated 
wave energy the character of modulation on 
which may vary during transmission which in 
cludes the steps of, filtering said signalling wave 
energy to derive therefrom a component from 
Which signal modulations have been Substan 
tially removed, combining said filtered component 
with signal carrying Wave energy to demodulate 
the latter, and varying the mean phase relation 
of Said component and Wave energy as combined 
relative to a substantially phase quadrature rela 
tion as the character of the modulation on the 
Wave Varies. 

MURRAY G. CROSBY. 
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