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This invention relates to a new and improved
means for demodulating modulated waves. More
in detail the present invention relates to a de-
tector for use in signal modulated wave receiving
systems wherein an auxiliary carrier is combined
with the signal modulated wave to obtain or ren-
der the signal on the wave or to obtain energy
for control purposes such as for example auto-

matic frequency control of a tunable circuit in

the receiver. The auxiliary carrier may be ob-
tained from or produced by the received carrier
or may be generated locally by a self-excited
generator or by a generator excited by the re-
ceived carrier,

Receivers for demodulating signal modulated
waves which involve combining the received en-
ergy with an auxiliary carrier or carrier energy
free of the signals have been known heretofore
in the art. For example, Crosby United States
application No. 588,309 January 23, 1932, Croshy
United States application No.616,803 June 13,1932,
Crosby United States application No. 704,122 De-
cember 27,1933 and, Crosby United States applica-
tion No. 704,257 December 28, 1933 each show a
signal demodulating system whereinsignalenergy
is combined with carrier energy in various man-
ners to render the modulations on the signal en~
ergy. In all of these systems, except the last
one mentioned, a pair of differential detectors of
the triode type are employed and the carrier and
modulated wave energy are combined before the
demodulating action takes place.. The combined
energy is demodulated in the square law manner.
Each of these systems utilize, in addition to other
novel features, combining circuits preceding the
demodulating device. The demodulating device
-employs a pair of detectors arranged in such a
manner that one of the energies is applied in
phase opposition to like electrodes in the tubes
while the other energy is applied in phase to
like electrodes in the tubes. o

In the signal demodulating means of the pres-
ent invention, a multi-element .tube is utilized.
Preferably this tube is one of the pentode type
having carrier energy fed to one grid electrode
of the tube and signal modulated energy fed to
another electrode in the tube. By this means,
difficulties of combining the carrier and modu-
lated energies before detection are removed, since
the combination takes place within the tube dur-

1934, Serial No. 716,469
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ing detection. Hence, the present invention per-
mits the circuits preceding the detectors to be
simplified considerably and thereby improved.
Moreover, when the multi-element tube is used,
as in the present invention, to obtain the energy,
only a single tube is required to obtain the same
advantages with respect to demodulation distor-
tion and with respect to the reception of un-
wanted modulations.

The novel features of my invention have been
pointed out with particularity in the claims ap-
pended hereto as required by law. The nature
of my invention and the operation thereof will
be better understood from the following detailed"
description thereof and therefrom when read in
connection with the attached drawing in which
Figure 1 shows for purposes of illustration only
o, circuit arrangement including the essential ele-
ments of my novel demodulating system. Of
course I contemplate the use of any other ele-
ments known in the art which facilitate the re-
ception and demodulation of signal modulated
waves. Figure 2 is a curve illustrating the rela-
tion between the plate current and the voltage
applied to either of the grids in the demodulator, o5

Referring to the drawing, Figure 1 shows a
circuit wherein detectors of the type involved in
this invention are utilized.. 10 is the interme-
diate frequency amplifier of a superheterodyne
receiver adapted to receive signal modulated g,
waves. ‘'The unit (08, which includes an inter-
mediate frequency band pass filter and ampli-
fier, may derive its energy from a flrst detector
8, which is in turn energized on the one hand by
radio frequency energy from a radio frequency g;
amplifier § and on the other hand by oscillations
from a local oscillation source 4. The circuits
in the units 4, 6, 8 and {0 form no part of the
present invention, may be conventional, and need
no detailed description in this specification. The 4
energy from the output of the intermediate fre-
quency band pass amplifier in 10 is fed by way of
a transformer 19 to one grid electrode of the
signal demodulator 50 and by way of a trahs-
former 21 to like grid electrodes of the differen- 45
tial detectors 30 and 48. The intermediate fre-
quency energy from 0 is also fed to s carrier
wave filter 26. 26 may be replaced by a local
oscillator which may be tuned to produce a new
carrier synchronized with the received carrier. 5o
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'This oscillator may be held in synchronism by
the intermediate frequency energy supplied from
10 or it may be synchronized in any other known
manner to produce oscillations of the proper fre-
quency and phase. Energy from the output of
the unit 26 is fed to. the automatic frequency
control detectors 30 ahd 40 by way of trans-
former 22 which when connected as shown ener-
gizes like grid electrodes in the tubes 30 and
40 in phase opposition. When signal energy is
impressed as shown on transformers 22 and 21
differential currents will flow in the anode cir-
cuits of 30 and 40. —

Energy may also be supplied from the unit 26
by way of a phase shifter 60 and a transformer
32 to a grid electrode in the signal wave de-
modulator 50.

The differential currents which will -appear in
the resistances 16 and I8 connected with the
anodes of tubes 30 and 40 may be utilized by way
of a time constant device 20 to control the in-
ductive value of a reactance 28 coupled as shown
to a reactance in one of the frequency deter-
mining circuits of the local oscillatlon generator
4. The currents in the time constant device may.
vary the reactance 28 in accordance with the
changes in the differential current in {6 and (8
by controlling the input of a modulator M which
in turn controls the inductive reactance of 28.
The modulator M may comprise a thermionic
tube T having its input electrodes coupled to the
time constant device 20 and its output electrodes
coupled to the reactance 28. Thus, i1n a manner
disclosed more in detail hereinafter, the frequency
of the intermediate frequency energy in 10 may
be maintained constant by varying the frequency
of the local oscillations in the proper direction
to offset a change in the frequency of the received
wave.

Thus the detectors 30 and 40 may be used to
obtain differential energy for automatic fre-
quency control purposes by differentially detect-
ing the signal and the carrier, or may be used to
translate the signal wave on the carrier by com-
bination of the signal modulated energy and the
carrier alone. A more complete description of the
manner in which the differential energy appear-
ing in the output of tubes 30 and 40 is used has
been given in United States application No.
616,803, filed June 13, 1932. Of course the signal
may be obtained from the output of the de-
tector 50.

The manner in which the detectors of the pres-
ent invention operate to eliminate undesired
modulation and to obtain energy for automatic
frequency control purposes and audio or signal
energy is contained in the following mathemati-
cal analysis;

Assuming a signal modulated in both amplitude
and phase given by

e=E,(1+m sin pt) sin (wt--¢ sin gf)___(1)

where m is the percentage amplitude modulation,
p the angular velocity of the amplitude modulat-

ing wave, ¢ the depth of phase modulation, g

the angular velocity of the phase modulating
wave, and w is the angular velocity of the carrier
wave,

Figure 2 shows a static characteristic of either
of the grids of the multi-grid detector of this
invention. That is, if either grid voltage is varied
according to the abscissa of Figure 2, the plate
current will vary according to such a curve,
Hence, the overall characteristic of the varying
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current in the output due to the two grids will be

represented by:

i=(kiE'{-ae;+bef+Ced+ . Yy
(sz°”+azez+bzez’+caezs+ I N ¢
where E’ and E’’ are the constant grid biases of
the two grids, e:1 and ez are the alternating cur-
rent voltages applied to the two grids and ki,
k2, a1, az, etc., are constants depending upon the
tube.
Multiplying (2) out gives:
i= (klsz’E”"‘l- sz”8181+k2E”blelz+
kE"ciedt . . . +KkE ae,+ ajaee;+
asbiete; - asciefe;— . + Kk E'be?+
abseiel+ b bele?-+ byciefet4 . . . 4
-klE’ cie + ajcieie3 - bicretet -
cicefet+ . .. )----(3)
Since the tubes are adjusted so that a: and az

are large compared to b, c¢1 and bz, c2 ete,, the
majority of the output current is given by:

i= 2 3T: 1= L P (4)

after the permanent direct current and radio fre-
quency terms have been eliminated.

In the receivers of the type portrayed in Figure
2, the alternating current voltage to one grid is
given by Equation (1) and the voltage to the

- other grid is either the filtered carrier or a locally

synchronized carrier given by:
. e— Ez sin (Wt+B) ____________ (5)
Hence, the detector output would be:

i=a,a,E Ey(1+ m sin pt) sin (wt+ ¢ sin qf)
sin (wt+B)___._(6)

which, simplified and with radio frequency terms
eliminated, reduces to:

alazElEZ(l—l—m sin pt)(cos (¢ sin gt) cos B+

sin (¢ sin g#) sin B)__(7)

Applying the Bessel function expansions trans-
forms (7) to:

E
=228 4 i in PO+ 27:8) cos 2at+
2]4(¢) cos 4qt) cos B+ (2Ji(¢) sin g+
2J:(¢) sin 3gf4- . .. )sin B____(8)
Simplifying and neglecting all terms involving
Bessel functions of a higher order than J2 (¢),
gives as the direct current terms:

alaZE‘Ez( Jo(#).cos B ________ 9

and as the alternating current terms (neglect-
ing above Js (¢)):

Id.c, =

a.c.=——alaZZEIE2(]a(¢)M sin pt) cos B}

(2J:(¢) sin qt+2Ji($) sin 3ge+ . . .) sin B+
(2J:(¢) cos 2qt-+2], (¢) cos 4qt+- . . .) cos B+
(2J:(¢)m cos 2gt sin pt+-
2Ji(¢)m cos 4qt sin p¢+ . . .) cos B+
(2J1(¢)m sin gt sin pt}

2J:(¢)m sin 3qt sin pt+ . . .) sin B__(10)

When it is desired to receive the amplitude
modulation component, the local carrier phase
is adjusted so that B is 0 or 180, 360, etc., degrees.
The alternating current output will then be

&[azEl Ez

Ia 0 (B=0) =" J(¢)m sin pt+2J:(e) cos gt+

2]4(¢) cos 4gft— . . )+
(2J:(¢)m cos 2qt sin pt+ -
2Ji(¢)m cos qt sin pt+ . .
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When it is desired to receive phase modulation
B is adjusted to 90 or 270, etc., so that
o (B=90°) =225 B2 1, (4) in gt
2J:($) sin 3gt+ . . )+
2Ji(¢)m sin gt sin pt+
2J(¢)m sin 3q¢ sia pt+ . . )-_(12)

Equation (11) indicates that when amplitude
modulation is being received, the detector out-
put contains: 1. The desired amplitude modula-
tion fundamental output. 2. The even harmonics
of the phase modulation component, 3. The
beats between the amplitude modulation funda-
mental and the phase modulation even harmonics.
The amplitude modulation fundamental is par-
tially dependent upon the depth of moduistion of
the phase modulation component since it is pro-
portional to Jo (¢). With no phase modulation
present, the detection of the amplitude modula-
tion is proportional to the percentage modula-
tion, m and free from harmonics.

Equation (12) indicates that when phase mod-
ulation is being received, the detector output con-
tains: 1. The desired phase modulation funda-
mental output. 2. The odd harmonics of the
phase modulation. 3. The beats between the am-
plitude modulation fundamental and the phase
modulation fundamental and odd harmonics.
The phase modulation fundéamental output is un-
affected by the presence of the amplitude modu-
lation component and is proportional to Ji(¢).
In the absence of amplitude modulation, only odd
harmonics of the phase modulation are present
in the detector output.

The automatic frequency control operates from
the direct current given by (9). The control is
arranged so that it functions to hold the local
carrier at a 90 degree phase position with respect
to the signal ecarrier, Consequently, for one of
the detectors 30 and 48 of Figure 1, B=(904-a)
and. for the other detector, B=(270+a), where
« is the change in phase caused by a departure
from synchronism. The 180 degree phase differ-
ence (90 to 270) is caused by the anti-phasal
transformer. 10. Substituting these values of B
in (9) for the two detectors gives the two detector

- control currents.
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7= 22087 (4) cos (90-+a)=
——-———a‘a22E‘E2J,,(¢) sina ... (13)
h=aiaE B J{¢) cos (270 a)=
Iffgﬂ‘?ﬁjo(¢) sina ... (14)

Since the control voltage from one of the de-
tectors is reversed, both currents add up with
the same sign, producing a positive controlling
voltage when the synchronism departure is in one
direction producing an « in one direction, and
a negative controlling voltage when the departure
is in the opposite direction producing an « in the
opposite direction. At the point of synchronism
« will be zero and no controlling voltage will
appear.

Any tube may be used for this type of detector

- as long as there are enough or more than enough

70
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elements to apply the required energies and uti-
lize the output.

In the case of the differential detectors, the
specific feeding of the grids shown need not be
adhered to. That is, the carrier energy might
be fed to the outer grids (outer from the filament)

3

or the carrier might be fed via the co-phasal
transformer and the signal via the push-pull
transformer.

- Also, in the case of the audio detectors, it is
immaterial which set of grids the two energles
are fed to. )

It would also be possible to apply the energies
to more than one element in accordance with the
principles described in Peterson et al. United
States -application No. 695,264 October 26, 1933.

The novel features of this invention are as
follows: 1. A multi-element detector wherein
medulated signal energy is fed to one grid and
carrier energy to another. 2. A differential de-
tector scheme for combining the modulated signal
energy with the carrier energy to obtain control
energy for maintaining synchronism between the
two energies. ‘ .

Having thus described my invention and the
operation thereof, what I claim is:

1. Signal demodulating means to be used with
a source of oscillations modulated in phase at
signal frequency comprising, a thermionic detec~
tor having its anode electrode arranged to be
connected with an indicating device, a circuit
coupling said source of oscillations to a control
electrode and the cathode of said detector, and a
second circuit including a filter which passes
energy of the mean frequency of said oscillations
only and a phase shifter in series connecting said
source of oscillations between an additional con-
trol electrode and the cathode of said detector.

2. Phase modulated signal demodulating means
to be used with a source of signal modulated os-
cillations including, a thermionic detector of the
pentode type having an anode electrode connected
with an indicating device, said detector having a
plurality of control electrodes and a cathode, a
circuit having an input coupled to said source of
oscillations and an output coupled to a control
electrode and the cathode of said tube, and a
second circuit including a filter and phase shift-
ing means having an input coupled to said source
of oscillations and an output coupled to another
control electrode in said tube.

3. In a signal modulated oscillation receiving
means, demodulating means, a tunable circuit
comprising a reactance which determines in part
the responsiveness of said demodulating means
to said oscillations, a thermionic tube having
input ' circuits coupled to said demodulating
means, said input circuits being responsive to
energy derived from demodulating said oscilla-
tions and an output circuit which may be con-

- nected with indicating means, a pair of thermji- i

onic detectors of the pentode type, a circuit for
applying oscillations from said demodulating
means in phase opposition to like grid electrodes
of said thermionic detectors, a circuit for apply-
ing oscillations from said demodulating means
cophasally to like electrodes of szid detectors
and a conircl device interposed between the out-
put of said pair of detectors and said reactance
in said tunable circuit.

4. In a signal modulated oscillation receiving
means, signal demodulating means, a tunable cir-
cuit the tune of which determines in part the re-
sponsiveness of said demodulating means to said
oscillations, a thermionic tube having a plurality
of input circuits coupled by separate paths to
said demodulating means and responsive to ener~
gy derived from said oscillations and an output
circuit which may be connected with indicating
means, a pair of thermionic detectors of the
multi~-control grid type, a filter circuit for apply-
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ing energy from said demodulaiing means in
phase opposition to like grid electrodes in said
pair of thermionic detectors, a circuit for apply-
ing energy from said demodulating means co-
phasally to like electrodes of said detectors, and
a circuit interposed between the output of said
detectors and said tunable circuit to control the
tune of said circuit by energy from the output of

- said detectors.
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5. In phase modulated oscillation receiving
means, oscillation amplifying and demodulating
means, a tunable circuit, the tune of which de-
termines in part the responsiveness of said re-
ceiving and amplifying means to said oscilla-
tions, a thermionic tube having a plurality of in-
put circuits coupled to said demodulating means
to be energized by energy characteristic of said
oscillations and an output circuit which may be
connected with indicating means, a pair of ther-
mionic detectors of the pentode type, a filter
circuit for applying energy characteristic of said
oscillations from said demodulating means in
phase opposition to like grid electrodes of said
thermionic detectors, a circuit for applying os-
cillations from said demodulating means cophas-
ally to like electrodes of said detectors and a con-

_trol device interposed between the output elec-

trodes of said detectors and said tunable circuit
to control the tune thereof in accordance with the
character of the energy in the output of said
detectors. i

6. In a signal modulated oscillation demodu-
lating system, a heterodyne receiver including a
local oscillator, a demodulator and an interme-
diate frequency amplifier having an output, said
Iocal oscillator including a tunable element to
determine the frequency of the oscillations pro-
duced thereby, g signal wave demodulator of the
pentode tube type having a plurality of control
grids, a cathode and an anode, a circuit coupling
the output of said intermediate frequency am-
plifier between a control grid electrode and the
cathode of said demodulator tube, and a filter
circuit and a phase shifter connected in series
between the output of said intermediate frequen-
cy amplifier and a second control grid and the
cathode of said demogulator tube.

7. In a signal modulated oscillation demodu-
lating system, a heterodyne receiver including
a local oscillator, & demodulator and an inter-
mediate frequency amplifier having an output
circuit, a signal wave demodulator tube of the
multi-grid type having a cathode, a circuit cou-
pling the output of said intermediate frequency
amplifier to a grid electrode and the cathode of
said demodulator, and a circuit for applying un-
modulated oscillations of constant phase and of
a frequency equal to said intermediate frequency
to a second grid electrode and the cathode of
said demodulator tube.

8. In a phase modulated signal demodulating
means, a heterodyne receiver including a local
oscillator, a demodulator and an intermediate
frequency amplifier, said local oscillator includ-
ing a tunable element to determine the frequen-
cy of the oscillations produced thereby, a signal
wave demodulator of the pentode type, a circuit
coupling the output of said intermediate fre-
quency amplifier between a grid electrode and
the cathode of said demodulator of the pentode
type, a filter circuit and a.phase shifter connect-
ed in series between the output of said interme-
diate frequency amplifier and a second grid elec-
trode in said demodulator of the pentode type,
and a thermionie control device having input

2,063,588

electrodes and output electrodes, separate cir-
cuits coupling said input electrodes to said in-
termediate frequency amplifier and a circuit cou-
pling said output electrodes to said tunable ele-
ment.

9. Phase modulated signal demodulating means
comprising, a heterodyne receiver having a source
of local oscillations, a demodulator coupled there-
to and an intermediate frequency amplifier hav-
ing its input coupled to said demodulator said
intermediate frequency amplifier having an out-
put, said source of local oscillations including a
tunable circuit which determines in part the fre-
quency of the oscillations, a pentode detector tube
having a plurality of grid-like electrodes, a cir-
cuit coupling the output of said intermediate fre-
quency amplifier to a grid-like electrode in said
tube, a circuit including a phase shifter connected
with the output of the intermediate frequency
amplifier for applying unmodulated energy of
said intermediate frequency to a second grid-like
electrode in said tube, a pair of pentode detector
tubes each having a plurality of like electrodes, a
circuit connected to the output of said interme-
diate frequency amplifier and to like electrodes in
each tube of said pair of tubes for applying en-
ergy of a frequency equal to said intermediate
frequency in phase opposition to like electrodes
in said last named pair of tubes, a circuit con-
nected to the output of said intermediate fre-
quency amplifier and to like electrodes in each
tube of said pair of tubes for applying energy
from the output of said intermediate frequency

. amplifier in phase to like electrodes in said last
named pair of detectors, a filter in one of said i

two last named circuits and a circuit including a
time constant device coupling the output of said
last named detector tubes to the tunable circuit
in said oscillator.

10. In a signal modulated oscillation demodu-
lating means, a heterodyne receiver having a
source of local oscillations, a demodulator coupled
thereto and an intermediate frequency amplifier
coupled to said demodulator, said intermediate
frequency amplifier having an output, said source
of local oscillations including a tunable circuit
which determines in part the frequency of the os-
cillations generated, a pentode detector tube hav-
ing a plurality of grid like electrodes, a circuit

coupling the output of said intermediate fre- :

quency amplifier to a grid-like electrode in said
bentode tube, a circuit including a filter and a
phase shifter in series coupling the output of said
intermediate frequency amplifier to a second
grid-like electrode in said pentode tube, a pair of
pentode detector tubes each having a plurality of
grid-like electrodes and an anode, a circuit con-
nected with the output of said filter and with a
grid-like electrode in each tube of said pair of
tubes for applying energy from the output of said
filter in phase opposition to the last mentioned
grid-like electrodes in said last named pair of
tubes, a cireuit connected with the output of said
intermediate frequency amplifier and with g grid-
like electrode in each pair of said tubes for ap-
plying energy from the output of said intermedi-
ate frequency amplifier in phase to the last men-

- tioned grid-like electrodes in said last named pair

of detectors, a pair of impedances connected be-
tween the anodes of said pair of tubes, and a cir-
cuit including a time constant device coupling
said impedances to the tunable cireuit in said
oscillator. /

11. In a signal modulated oscillation demodu-
lating means, a heterodyne receiver having a
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source of local oscillations, a demodulator cou-~
pled thereto and an intermediate frequency am-
plifier coupled to said demodulator, said interme-
diate frequency amplifier having an outpus, said
source of local oscillations including a tunable cir-
cuit which determines in part the frequency of
the oscillations, a detector tube having a plural-
ity of grid-like electrodes, a circuit coupling the
output of said intermediate frequency amplifier
to a grid-like electrode in said detector tube, a
cireuit including a filter and a phase shifter in
series coupling the output of said intermediate
frequency amplifier to a second grid-like electrode
in said detector tube, a pair of detector tubes 2ach
having a plurality of grid electrodes and an anode,
a circuit connecting the output of said filter to
like grid electrodes in the tubes of said last named
pair of tubes, a circuit connecting the output of
said intermediate frequency amplifier to like elec~
trodes in said last named pair of detectors and a
circuit including a time constant device coupling
the output of said last named detectors to the
tunable element in said oscillator.

12. Signalling means comprising a source of
oscillations modulated in phase in accordance
with signals, a detector tube having an anode
electrode arranged to be connected with an indi-
cating -device, said detector tube being of the
pentode type having a plurality of control elec-
trodes, a circuit having an input coupled to said
source of phase modulated oscillations, saic cir-
cuit also having an output coupled to a control
electrode in said tube, a source of oscillations of
substantially constant frequency and phase and
of a frequency equal to the mean frequency of the

. signal modulated oscillations, and.a second circuit

50

55

including a phase shifter having an input cotipled
to said source of oscillations of substantially con-
stant frequency, said seecond circuit having an
output coupled to another control electrode in
said tube. .

13. Signalling means comprising a source of os-
cillations modulated in phase at signal frequency,
a detector tube having an anode, a cathode and &
plurality of contro! grid electrodes, means ar-
ranged for connecting the anode and cathode of
said tube with a utilization device, a circuit cou-
pling said source of phase modulated oscillations
to a control electrode and the cathode of said
tube, a source of unmodulated oscillations of a
frequency equal to the mean frequency of said
first named source of oscillations, and a second
circuit including phase controlling means con-
necting said source of unmodulated oscillations
between another control electrode and the cath-
ode of said detector tube.

5

14. In a system for demodulating carrier waves
of substantially constant amplitude, modulated
in accordance with signals, wave receiving means
having an output circuit, a demodulator tube of
the pentode type having a plurality of confrol
electrodes, a cathode and an anode, a first cir-
cuit having an input coupled to the output of
said receiving means and an output coupled to
one of said control electrodes and the cathode of
said tube, a device in said first circuit for re-
moving the signal modulations from the carrier,
a second circuit coupling the output circuit of
said wave receiving means directly to another
control electrode and the cathode of said tube,
and an output circuit coupled to the anode and
cathode of said tube.

15. A system as recited in claim 14 in which
phase shifting means is included in one of said
first and second circuits.

16. A system as recited in claim 14 in which
said pentode includes a screening electrode be-
tween said anode and the cathode electrode and
in which said screening electrode is connected
to the cathode of said tube by way of a source
of potential.

17. In a system for demodulating waves modu-
lated at signal frequency, wave receiving means
having an output circuit, a pair of demodulator
tubes of the pentode type, each having a plu-
rality of control electrodes, a cathode and an an-
ode, and a utilization circuit connected with the
anodes and cathodes of said tubes, a first circuit
connecting like controi electrodes in each of said
tubes in push puall relation and to the cathodes
of said tubes, a coupling between said first cir?
cuit and said output cireuit, a second circuit con-
necting like control electrodes in said tubes in par-
allel and to the cathodes of said tubes, a cou-
pling between said second circuit and said out-
put circuit, and a filter which primarily passes
carrier wave energy in one of said first and second
circuits. .

18. A system as recited in claim 17 in which a
phase shifting device is interposed in one of said
first and second circuits.

19. A system as recited in claim 17 in which a
phase shifting device is connected in series with
caid filter in one of said first and second circuits.

20. A system as recited in claim 17 in which
each of said tubes has a screen-like electrode
between the anode and the other of the electrodes,
and in which said screen-like electrodes are con-
nected to the cathodes of said tubes by way of &
source of potential.

- MURRAY G. CROSBY.
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