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Murray G. Crosby, Riverhead, N. Y., assignor to
Radio Corporation of America, a corpora,tlon of

Delaware

Application January 21, 1935, Serial No. 2,639

24 Claims.

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- -

5 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 char-
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-
15 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 demodu-
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. appln. Ser. No. 719,643, filed
April 9, 1934, Patent #2,019,446 dated October 29,
1935, T have disclosed a receiver which resembles
the present receiver to the extent that in said
receiver of said prior application the demodu-
40 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 sec 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 am-
plitude modulated wave has been transmitted
and has bheen 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.
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
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This is accomplished -

(Cl. 250—20)

choosing the condition of reception which is ’

best at all times and automatically adapts itself
to such reception.
appln. Ser. No. 719,643, Patent #2,019,446, there

might be a case where the modulation would re- :

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-
lowing example be taken. If the sighal 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
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
improvement of two to one in the sighal noise
ratio is effected in the present receiver, as com-
pared to receivers known heretofore. The same
is true where the wave received is modulated in
phase only.

. 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- :

stood from . the following - detailed description

thereof and theréfrom, when read in conneétion’

with the attached. drawings throughout which
like reference numerals indicate like parts 1n S0
far as possible, and in which:

Pigure 1 illustrates a receiver 1nclud1ng s1gna1,‘
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
is obtained and the receiver in a manner that

In the receiver of Crosby,"
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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
of Fig. 1; however, in Fig. 2, automatic means is
vrovided 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

50
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: utlllzed in. 111ustrat1ng the operation of the re-
. ceivers in -the prior figures.

o I

20

-~ drawings.
‘ceiver of Fig. 1 which shows a Specific: embodi-

The general operation of my devme will be"’

pomted out briefly. first :in connection with the
Reference -will’ be made to ‘the-re-

ment in which a switch S at the input of the

audio” a,mphﬁer 24 from which the signal “for -
- ‘recording -purposes is obtained is automatically
©U10:

connected to .-the output of transformer {6 the

“input of which is connected in push-pull relation
to-the anodes of a pair of differentially connected -
detectors when the received wave is modulated:in:

phase either intentionally or in a manner to.
simulate phase modulation; due to distortion dur=
ing transmlssmn When -the wave received -is
amplitude - modulatlon _or ~simulates amplitude

~modulation due to-distortion, the said detector .
" from which the signal ‘for recording purposes is. .-
obtained is connected in-a. manrner described latér, -
by the’ switch o the: secondary winding .of trans- .

S - former 15, the primary winding of which is con~-
: nected iti parallel with: the anodes and cathodes

.28

" of ‘said: differentially connected detectors.
‘this .manner, the amplifier from. which the re-

In

- -corded energy is-obtained is' caused to-respond to

30

35

‘that type of modulation which is-strongest:.
More in: detall the -signal coming: in.on “the
gntenna -1 is fed. to a superheterodyne receiver

consisting of a'radio frequency amplifier -and de- .

modulator:2; & high. frequency oscillator 3 and-an

Tintermeédiate . frequency: amplifier -4 “The -high
frequency: oscillator 8.is.of the automatlc “frequen= .
¢y -controlled: type, whose frequency is partially

dependént upon tumng of the circuits:thereof-and
partially dependent uponthe nature: -of the energy

rr*supphed thereto by way: of: the automatic fre-

40"

50

. - energy is-supplied from the output: of the inter-
" " mediate ‘frequency: ‘amplifier. 4“to: the primary. -
W1nd1ng ‘6f ‘a-transformer-T, the secondaty winds -
ing of which is connected in parallel between the -
.6ontrolr grids and: cathodes of ‘tubes 8:and 9807
© that unfiltered carrier energy is ‘supplied in phase -
to_the control grids of the differential detectors 8 -

..o and 9 as indicated by-the vector-Es of Fig. 3. -The .

‘quéncy controlled energy supply line 21. Energy
‘from the output: of the intermediate ‘frequency

amplifier” & is. supplied tc- s unit §; including a
carrier filter circuit preferably of’ the-crystal type,
an amplitude” hmlter or- automatic! volume; con-’
trol, and whete desired;-a- phase shifter. = -

The filtered and: limited energy-is: fed from the

‘Voutput of & to the primary winding: of a trans-
“former §; the:secondary winding: of whichcon-:

nects thecontrol grids: ‘of the differential detector

tibes 8 and & in. push—pull relation, o that -
-stripped or filtered ‘carrier, energy is applied from

5in phase ‘opposition. to the control grids ef 8 and
9. -a§ has:been illustrated in. Fig. 3 by vectors Ei
and Es.. At the same ‘time, ‘unfiltered carrier

. “resultant voltages are represented: by the vectors

‘B3 and Es when the intermediate frequency ob=

‘tained by beating oscillations froin-3 with-the re=-
‘ceived wave, is; at the-peak of the filter in 8.
- the frequency of the oscﬂlator 3°or received: signal
C ,should change; the: vectors-of. Fig. 3 may shift .
‘to'the position: Ei”
to the: phase: change -of Ei and 2" as effected by -

and: Es” shown . in-Fig. 4 due

the crystal filter.
and Ei’ aré no-longer: equal:

Now, the resultant voltages Es’

these currentsproduce voltages:-which:act through

the time constant unit 12 and modulator M to:
“shift the frequency developed: by- -8:in the: direc~

RiE

tion: necessaly to put the beat frequency back to

If-

‘Differential currents
are: developed: through. resistances #0 and i and ©

2,115, 360

the resonance flequency of the ﬁlter circuit in 5 )

“‘and the frequency of the intermediate frequency.

amplifier 4. - The time constant of the line 27T+

condenser and resistance {2 and modulator M in-
put is such.that it responds to frequency changes
but not to signal modulations. A change of fre-

"quency ‘in the opposite direction acts in a sénse

oppositely to that indicated in Fig. 4. - The modu- o

latorM may include a thermionic modulator tube’

having its input connected by resistance -and
capacity to the control circuit 2T, and its anode
coupled to. a reactance L in’ turn coupled to-the
reactance I in a circuit of the thermionic gener-
ator of the unit 3.. The reactance I. determmes

“in part the frequency of the’ oscillations gener-

ated by the oscillator in 8. -The condenser in-the
time  unit {2 also serves the purpose of keeplng

the  audio’ voltages from reaching the high fre-:"
In setting forth - - -
207

quency oscillator .circuits in 3.
the operation of the frequency. control circuits the

10

modulating pot entials may be-and have been dis- -+
regarded.. The device operates as indicated ona. =

change of fxequency Jirrespective of the type -of
modulation: “on -the wave and irrespective  of
whether the change resulted from a change in the

25

osc1llatmns from 3or of & change in the recelved S

wave,

the differential detectors- 8- and 8 and the time
constant device: 2 and modulator M-have been

“described in detail and claimed in Crosby U. S.

application, Ser. No. 616,803; filed-June 13, 1932
Patenb'#2,0_65,565: dated December 29, 1936..

As described-in Crosby U. 8. application #6 16,-.
803, Patent #2,065,565 dated-December 29; 1936, "
when the unfiltered energy from § is'applied co-

phasally to-the control grids of the:tubes in the

‘differential: detectors, and the unfiltered energy is
“appliedin - phase quadrature (90° or 270°) ‘the
‘energy so- combined may be detected to produce
an output characteristic of phase modulations on ™
- the unfiltered carrier when the detector outputs -* "
are added differentially by the push-pull connec~ . .-

tion. - The -same- arrangement will .give: output

The frequency control devzce and in partmular L ’

30

" energy whiely varies in’ amplitude:in aceordance ./ ‘
with: amplitude  modulations’ on -the  unfiltered -

carrier etc:; when'the detector outputs are added”

in parallel by connecting: the outputs in- parailel.

This is because the output -of both. tubes. adds
cumulatively:.in" the’ output’ circuit, so that-the

quency

output: energy waxes and wanes at s1gna1 fre- 50

The ‘manner . in: Wthh my receiver 1esponds . »
either to phase or amplitude modulation will now. -

be described. In describing this operation - 1ef-

_erence will be made to Figs. 3, 4 and 5. .
Referring to Fig.-3, Ei and Ea- replesent the S
_filtered carrier: voltage fed to-detectors 8.and'§ .-.
- s represents: the % 7

These volt- 60 , - ‘

vias differential transformer §:
signal-voltage fed vig transformer 1.:

ages.combine fo:form resultant Bz to:one detector:
- tube and resultant Ei to the other detector tube:
The 90. degree phase relationship between Es.and | -
-the voltages Er and HFais producpd by means -~

This 90 degree ..~
5 65

of:the phase shifter in unit &
relation is maintained, excépﬁ for the: sudden

phase deviations:due to phase modulation, in'this
position by means. of the: automatic- tuning con~- = .2
“trol which, in- turn, holds:the: mtelmedlate fre- o

guency in tune with the:carrier filter.

“When phase modulation:-is applied, Es shlfts in b
. phase’to: the position. Es’ in Fig. 4:  The filtered . -
carrier. voltages ¥ and: Es do-not shift-in-phase .
" since: the carrier-filter-removes the side-bands. i3
'due to modulatlon and: consequently tne phase'i., S

55
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shift due to modulation. The resultant voltages
fed to the detector grids are E3’ and E+ 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 Es’ are increased and de-
creased, respectively. In this manner the phase
deviations with modulation (whieh are fast
enough so that time constant circuit 12 does not
allow the automatic tuning control to correct for
them) 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
16 adds them in-phase in the coupling tube
outputs,

When amplitude modulation is applied to the
signal voltage, Es, the amplitudes of the result-
ants E3 and Es« are modulated also. The enve-
lopes of the amplitude modulations will be in-
phase so that the parallel connection transformer
15 will give the output. )

The automatic tuning circuit functions in a
manner similar to the detection of phase modu-
lation but due to the time constant circuit {2,
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 B, varies, due to the extreme
selectivity of the carrier filter,.the phase of the
cutput changes. The detector grid voltages are
then as shown in Fig. 5. The filtered carrier has
shifted in phase and the resultants Es’ and E’
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 18 and §4.
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 modu-
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 or 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 con-
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 combme the detector outputs in the
two manners described above, the differential
potentials produced by the differential currents
in 10 and il are impressed as shown on the
control grids of a pair of differential coupling
tubes 13 and {4. The anode electrodes of tubes
i3 and 14 are connected as shown in push-pull or
differential relation, by way of the primary wind-
ing of transformer (6. The anocde electrodes of
tubes i3 and {4 are also connected in parallel
as shown by way of the primary winding of trans=
former 15. :

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 15 and be in-
duced-in the secondary winding of 15, 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

{6 and will be induced in the secondary winding
of transformer 18.. Thus, if the outputs of these
two transformers are detected as they: are by
demodulators {7 and {8, the differential currents
across 19 and 20 may be utilized to .operate a
polarized relay 23, including a switch S to con-
nect the receiver output including the tube: 24,

3

10

transformer 25 and telephone or other indicator

jack 26 to the output of i3 and 14, either by way
of the transformer {5 or by way of the trans-
former {8, dependent upon whether the ampli-
tude modulations or the phase modulations on
the unfiltered carrier predominate,

Resistors 21 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 15 and 16 so
that when the armature is:in one position the
receiver output is connected to the amplitude
modulation cutput transformer 15 and when
the armature 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-
mission so that it resembles a phase modulated
wave predominantly, the relay will connect the
tube 24 to the transformer 8, 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 18.

The receiver of Fig. 2 is identical with the re~ -

ceiver of Fig. 1 up to and including the detectors
{7 and 13 and the resistors 19 and 20, More-
over, the numbered parts up to and including the
parts referred to of the two ecircuits correspond.
In Pig. 2, however, the differential voltage from
detectors 17 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 differential voltage from
detectors {7 and {8 is fed by way of time con-
stant circuif 28, 29, in phase opposite  to the
screen grids of the modulator tubkes 31 and 32
which, as shown, are connected in a differential
phase modulation circuit including the elements
36, 24, 32 and 33. The-control grids of tubes 31
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 39 is so
set that the filler 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 31
goes down, the voliage on the screen grid.of tube
32 goes up, and vice versa, since these tubss are
connected as shown in push-pull relation to the
tubes 17 and 18. When the voltage on the screen
grid of one tube geoes down, that tube, for ex-
ample 3,
other modulator tube, for example 22, to furnish
the carrier energy: to the circuit 33. ' The phase
of the carrier energy in 23:will accordingly be de~-
termined, in part at least, by the phase of -the
carrier supplied to the control grigd of 32.  When
32 becomes inoperative, 31 supplies ehergy to the

becomes inoperative and- allows the
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‘“tubes 31 and 32.

10

14

20

tank circuit 33, thus we have the two tubes alter-
nately supplying energy to. the tank circuit 33,
and ‘this: energy shifts in phase: between 90° -as

the limiting phase relation, as: determined by:the
energy: supplied from 30 to the control. grids of

claimed  in Crosby application No. 690,330; filed
Sept. 21st, 1933, and Crosby application. No. 538,-
309;. filed Jan..23, 1932, Patent - No. 2,018,571,

~dated May. 25, 193T.
-The- carrier energy from the nmdula,tor al -
~32:is passed through a.phase adjuster 34. to the

primary winding of a transformer 3% and from
the secondary winding of transformer 35 to the
control grids: of tubes 3T and.38. Since the sec-
ondary winding of transformer 3% connects the
control grids of tubes. 37 and 38.in push-pull rela-
tion, the carrier-energy from 34 is supphed to
said control grids in phase-opposition. - The sup-

- pressor grids of tubes 37 and 38 are connected in

- 28

~parallel with the secondary winding of & trans- -
former 36, which is in turn coniected with the -
- matic switching or phase adjusting, as disclosed - -
in this application. For instance; the’ receiver -

output of the intermediate frequency amplifier 4.
The transformer 36 accordingly impresses un-

.. filtered and unlimited carrier energy in phase:on

- the suppressor gnds of tubes 37 and:38.

’ -modulated signal appearing across “the resistors

30

39 and 40 is passed from said resistors.tothe cou-
pling. tubes 41 and 42 and. thence to an 1ndxcat,01
mselted at a4,

Phase adJuster 34 may be adjusted to give

’ optlmum output of the audio detectors: 31 and 38.

=~ This adjustment is: such that-when: the mod-
.38

ulation is purely-one kind, the audio output will

be ‘maximum..” Thus if the modulation is pure

amplitude: modulation the transformer: {5 having

" .its’ primary winding cohnected: in parallel- with
* the arodes of tubes 13 and {4, will furnish the

output energy. . The differential transformer i6

will furnish no energy. - The secondary winding

" of transformer 15 suppliés: energy to-the “input

electrodes. of tube IT to thereby render tube {7

- ‘more. conductive and-cause more current to flow

thirough resistor 19.” This in turn lowers the volt-

.- age applied. to the screen grid electrode of phase

- 32,

age’in .circuit 33 will be:0° also.

modulator tube 3, so.that it becomes inoperative
or:less operative than the phase: modulator tube
Tube 32 accordingly supplies the energy to
circuit 33, ~Assumed that-the phase of.the car-

- rier-voltage fed to the grid of the tube 32-is: 0°,.

since tube 32 is-operative, the phase of the volt-
: “The phase ad-
juster 34 is:then adjusted for-normal ‘carrier ex-
alted -amplitude modulation reception in which
the filtered carrier is'combined by way of 32, 33,
34, 35 on the inputs of tubes-3T and. 38, either in
phase-or 180° out of phase with the unfiltered

” energy -supplied by way of 36 tothe- Suppressor

60

.grids of tubes 37 and 38. :
of . the amplitude: modulatlons on - the- recelved )

. carrier are produced-in the transformer 43,

“With the above ‘adjustments and cxrcult con--

-* stants left: the same, if the modulation on the

766

70

. -

carrier changes to phase modulation, the follow-. .

ing ‘circuit operation takes- place. - The differen-

tial. transformer. 16 will now be energized, while
the transformer 15 will not be energized. ~Con=:
sequently, tube 18 has its -control grid biased less
negative'and increased current flows in the anode .

circuit, ‘of tube 18-and through the -resistance: 20.
This increase of .current: through ‘resistance 20
lowers the potential applied to the screen grid of

- tube 32, and causes the same to become inoper-

atlve, or -ab. least Iess opera,twe than tube 31

A modulator of the type just-
described ‘has - been . described- in" detail and

The de-—

_Signals characteristic’

2,115,360

Hence, since the phase of the carrier voltage .on

. the grid: of tube 81 is:90° from. that on the tube

32, the phase of the voltage in the circuit 33 will
be 90°, instead of 0. Thus; the carrier-has been

" shifted in phase 90° with respect to.the unfiltered.

signal-in 36 in the presence of phase modulations.
- on’ the-carrier wave,:so that audio. detectors 31
" and 38 are now receptive to the said phase modu— T
lations on the received ‘carrier; °

In. the circuit of Fig. 1,.the mechamcal telay

23 may be replaced by any system -of electron

tubes or gaseous discharge devices, such. as thy=
ratron and neon tubes, to effect the less mechani-
cal switching action between the output of  the
receiver ‘and the tube 24, - :

‘The circuit of Fig. 1 may also be arranged 50.°

10

:15""»,

that the relay 23 switches the phase of thecarrier

or signal between the two proper adjustments, e.

g. 0-and 90° to receive the tvvo types: of modu—‘ g :

lation.
All of the different cn'cults of my copendmg U

S. application #719,643 Patent: #2,019,446 dated "

October 29, 1935; may be utilized for the aute-" :

2

of Fig. 4 of copending application, S: N." 719,643 .-~

‘Patent #2,019,446 dated October 29, 1935, may

be-arranged so:that the coupled tubes 42 and 43

of said figure may be switched automatically -
B0

accordingly as the signal phase from one type of
modulation to the other :

The circuits of Figs. 1 and 2 have been glven‘
-for -purposes- of - illustration. only, and- obviously
many elements therein may be altered or sub-
stituted without departing from the. spirit of the:

present invention. For example, any. tube shown
therein may be replaced-by. tubes of other types,
so long as said tubes used for replacement have
the necessary elements to serve the purposes in
hand. Moreover, although I have shown several

35

40

sources of -potential;, it will be realized that the; .

said sources may be replaced by a smgle source
I claim:
1. In comblnatlon a system for demodulatlng

signal modulated carrier waves, the type of modu- .+

lation of which may vary during transmission

due.to natural causes, and automatic means-con-

nected with said system and energized by energy -

therefrom- to vary the demodulation: character- .
istic. of said system.as the type of said.- modula-

tion on said wave varies:. -~

2. Tn combination a-thermionic dev1ce for de— :
modulating signal modulated carrier waves, the =~ = -

type of modulation . of which ‘may vary during

transmission due to. -matural -eauses, signal re-.

ceiving ‘and- amplifying - means, -and automatic -

means connected withv'said:' device and with. said

_receiving :and amplifying means and energized

by energy from ‘the latter to vary the demodula-
tion characteristic of said device as. the- type of
moedulation of said wave varies. :

3. In coinbination a system for receiving and g

60

amplifying signal modulated carrier waves, the . =

type--of modulation- of - which may  vary -during

transmission due to natural causes,. thermionic
signal demodulating means connected at-its. in-
put to-said.- system, automatic means connected

65

with said system -and wrch said demodulating -

‘means energized by energy from. said system to.
:vary the characteristic of -said demodulatmg

means as the typeof sald: waves varies, and .
automatic means connected with said system and -
energized by carrier waves therein to maintain,

said device tuned to'said carrier: wave. S
4. In combination, a system for receiving:car-

B
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‘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 g system for receiving carrier
waves modulated in amplitude which modula-
tion may be distorted during transmission to
simulate phase mcdulation, 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 demodulating 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 cireuit
connecting the oufput 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 tc 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-
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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-

-ing means, and a circuit connecting. the output

of said intermediate frequency amplifier in phase
to like electrodes in said pair of demodulator
tubes. : o

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
ncte, 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,
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
modulations 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
cutput, a pair of thermionic tubes, a cireuit cou-
pling the output of said filter with like electrodes

in said tubes, a circuit coupling the output of -

sald intermediate frequency amplifier in parallel
relation with like electrodes in said tubes, a first
transformer having a primary winding connected
in parailel 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-
brising a second pair of thermioni¢ 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 hasg
its control electrode and cathode connected to
the secondary winding of said second named
transformer, a signal 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-
mature differentially connected to the control
grid of said last named tube. i

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 filtéring 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-
Iying wave energy and varying the said mean
phase relation of said energies.as’ combined, as

the character of the. modulation on ‘the wave

varies. )

13. The method of demodulating signal modu-
lIated wave energy the character of the modula-
tion of which may vary during transmission
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whlch includes the steps of, str1pp1ng -all signal

: modulatlon from -a portion of the wave energy,

c':f"- :

‘combining said-energy from which all signal mod-

-ulations have been: strlpped in:mean- phase dis~
-placed relation with - -original signal energy, -and
- rélatively varying the mean -phase dlspla,cement:

of -said ‘energies as ‘combinéd in ‘accordance with
variations in the chara.cter of the: modulatlons on

B 'sa1d signal carrying wave energy:-
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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,

Cas

‘a ‘Wwave:-absorbing and amplifying means, said

amplifying ‘means. having an output:.circuit, a
.signaldemodulator-comprising . & pair of ther-

.“mionic -tubes. ‘each: Thaving “an anode, a cathode

and ‘a control grid, a circuit coupling said output

“¢ircuit”in- push-pull relation to the control grids

90 and cathodes of said tubes, a. eircuit -coupling

- gaid circuits, and: an additional ‘means coupling -.
said. output”circuit to said: ‘phase ‘modulator- for. .

said output circuit in parallel with the .control
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 - B .
: ‘in amplitude or phase and for automatically ad= i

- justing -said system to respond predommantly ‘to-
‘the’ particular type of modulation on said wave,a
‘wave absorbing and amphfymg means, said ‘am-

Coan
- . "in-amplitude ‘or phase -and for -automatically

energy ‘in- said -output circuit. - -
15.7In ‘a System for recelvmg waves. modula,ted

B adjusting said system to respond predominantly

~to ‘the particular: type of modulation -on -said

wave, ‘a wave absorbing and amplifying means,

said amphfymg means having an output circuit,

‘a“pair of thermionic demodulator tubes each-hav-
ing an anode, 2 cathode and a control grid, & cir-

- cuit  coupling said output circuit -in push-pull

~“’relation to the control grids and cathodes of said -
.40

tubes, a - circuit couphng said’ output -circuit in
parallel with -thé control grids and ‘cathodes- of

:said tubes, a filber in one of said circuits; @ eircuit

- connected with the-output electrodes of said de-
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“~modulator tubes, and means conhected. with . the

control grids of said tubes and-controlled by the

-character of the: ‘modulation on'the received waves -
for producing ‘eurrents ‘in.said cutput circuit-of

said: demodulator -tubes predommantly charac-

~teristic-of the p1edom1nant modulatmns on sa1d
_received wave, )
77716, In g system for recelvmg ‘Waves- modulated E

" “in-amplitude or:phase and for automatically tun-
" 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 partictilar -type - of modu~--

- lation of ‘said wave,:wave absorbing and ampli~

60

‘fying means including & tunable -circuit; said

means: having. an-output ‘circuit, a signal demod-
ulator 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 ¢ircuit coupling said output
circuitin parallel with the:control grids and cath-

odes of said ‘tubes, a filter in one of said -last

. named. circuits, “a circuit connecting -the anodes

‘of said -tubes in push-pull relation, a frequency -

- control circuit coupling the auodes of ‘'said tubes

. each-having their control grid coupled to the an="

“to said tunable circuit, 4 pair of ‘coupling: tubes

each having ‘an-:anode and.a . control grid and

" ode. of a different one -of ‘said first named tubes,

48

_a circuit connecting the anodes .of said coupling'

tubes:in-parallel, a circuit coupling the anodes ‘of

"2,’1 15,360 L
said couphng tubes in push~pull’ relatmn & second s
_ pair:of thermionic -detector: tubes each having an

:anode, a “¢athode ‘and & control grid, an: ‘output

“eirctit. connected with the anodes of said. second
“pair .of detector tubes, a circuit-coupling like’ elec~ S
- trodesin said second: pair of detector: ‘tubes dn- L

phase to said first named output ¢circuit, ‘a ‘circuit

_conhecting like electrodes in: said second ‘pairef
- detectors in ‘phase opposition to ‘said first named.
“output circuit, filtering. means in-one of said lTast i

two circuiits, phase modulating means-in theother . - -
of said last named circuits; said phase ‘modulat- .-

first named output. circtiit and their anodes con-

‘nected:in parallel by a eircuit coupled to the con-
- trol.grids of said second :pair of detectors, a see-:_

.ond ‘pair of ‘coupling tubes, each having-an' anode

and a control ‘grid, a circuit coupling the control:
-grid of .ore of said last-named coupling: tubes to0 .
--the 01rcu1t connecting the anodes ‘of said’ first
named pair of coupling tubesiin parallel, and a-
-circuit coupling: the-‘eontrol grid- of the other. of
- said last’ named pair of -coupling :tubes fo ‘the.*
-circuit-connecting the anodes of said first named :
“pair-of couphng tubes in push pull ‘relation. -~

17.-In a system Tor receiving-waves: modulated

plifying means having an outpu.t circuit, 8 signal’
comprising & pair’ of’ thermlomc )
tubes each having an anode, a cathode” ‘and- e
-¢ontrol-grid, a cifcuit coupling said output ¢ir-

demodulator

cuit in ‘push-pull to thecontrol grids and cathodes
of said pair of tubes, a circuit coupling ‘said-out-

put-circuit-in parallel with the: control grlds and

cathodes of -said pair of tubes, a. filter in oné- of

~said circuits, an: output circuit connecting. the -
anodes of said tubes in parallel,:an: -output circuit
) onnectmg the anodes of -said tubes’in push-pull Ci
-re1at10n o rélay coupled to said output circuits,
8 couphng tube having input electrodes; :and "4

“ing means comprising ‘a pair of thermionic mod-. . :
ulator tubes having their control .grids connected
in phase ‘opposition by a circuit coupled ‘to said

30
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‘means - cooperating. with said - relay -and~ with:

said coupling tube input electrodés for coupling
the input electrodes of said coupling tube to one

-or the other of said output circuits. . .
18. In comblnatlon, a system for: receiving and* 5

demodulating. signal modulated -carrier waves, the

‘type of ‘modulation of Whlch ‘may vary-in trans-

mission -due- to natural causes, and -automatic

‘accordance with' varlatlons in the type of modu~
Jation of said wave.

19, In combination, a system for- demodula,tmg
“carrier waves modulated in phase or amphtude

the type of the modulation of which may vary in

'transmlssmn due to natural causes to. resemble

amplitude and phase modulation respectively,

-alitomatic means connected with said system for

varying the demodulation characteristic “of ‘said

‘means connected with said system for changing -
‘the -demodulation characteristic of said system in s

Ly

~t

0.

‘system as-the type of said modulation of said g3

wave varies, and automatic theans connected with

said system for tunmg said system to ‘the wave

to be received irrespective of variations in the‘

_mean frequency of said wave.
..20. In combination, -an -electron. dlscharge de-:
“nodulator device having input:and eutput. elec-
trodes ahd ‘having its input electrodes energized

0

by signal modulated carrier waves, the. type of -

“modulation of which may vary in transmission
“.due to natural- causes, and . €lectron ~discharge.’
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tube means having input electrodes and output
electrodes connected with said device 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 demodulating
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 automadti-
cally varying the demodulation characteristic of
said system as the modulation on said carrier
waves changes to simulate phase modulation,

7

23. In comhination, a tunable circuit for re-
ceiving carrier waves modulated in phase which
modulation due to natural ecauses may bhe
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,
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