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This invention relates to modulated-carrier
signal receivers of the homodyne type and
particularly to such recelvers in which the lo-
cally-generated oscillations are controlled, both

B as to frequency and to phase, with respect to the
carrier wave of the desired received signal.

In a modulated-carrier signal receiver of the
homodyne type, locally-generated oscillations of
the frequency of the carrier wave of the desired
signal are heterodyned with the desired received
signal to reproduce the desired modulation signal.
If the frequency of the locally-generated oscilla-
tions differs slightly from that of the carrier
wave of the signal to be reproduced, audible beat-
frequency signals result, producing intolerable
distortion. Prior art homodyne receivers, there-
fore, commonly have been provided with an ar-
rangement responsive to the desired recelved
signal for maintaining the desired frequency of
the locally - generated oscillations. However,
such prior art synchronizing arrangements are
relatively sensitive to varlations in amplitude of
received signals, rendering reception unsatisfac-
tory under certain conditions of operation.

Furthermore, even though the frequency of
the locally-generated oscillations is exactly main-
tained at the desired value, considerable distor-
tion in the reproduction of the received signal
and a considerable reduction in the volume of
the reproduced signal may result, due to an im-
proper phase relationship between the signal-
carrier wave and the locally-generated oscilla-
tions. It has been determined that there is a
critical phase relation between the desired re-
ceived carrier wave and the locally-generated
oscillations at which there is little or no distor-
tion in the reproduced signal. Distortion, due to
improper phase relation between these two waves,
increases rapidly with departure from this criti-
40 cal or optimum value, while the volume of the
reproduced signal simultaneously decreases
rapidly. While some prior art homodyne re-
celvers have incorporated in the system, for
maintaining the desired frequency of the locally-
generated oscillations, an arrangement the pur-
pose of which is to maintain a constant phase
angle between the desired received signal and
the locally-generated oscillations, as mentioned
above, the operation of such systems of phase
control have been materially affected by the am-
plitude of the received signals. Obviously, with
such an arrangement and under such conditions,
a phase control. arrangement is almost entirely
ineffective. )

Furthermore, such systems of the prior art have
been ineffective to maintain the critical or opti-
mum phase displacement even under normal con-
ditions of reception, the operation of such recelv-
ers thereby being not entirely satisfactory due to
distortion caused by improper phase relation be-
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tween the two high-frequency waves. It Is,

therefore, highly desirable to provide a modu-

lated-carrier signal receiver. of the homodyne
type in which the frequency of the locally-gen-
erated oscillations is maintained at the correct
value even though the amplitude of the received
signals varies over relatively wide limits and in
which there is also provided an additional ar-
rangement for maintaining the phase relation-
ship between the locally-generated oscillations
and the desired signal-carrier wave substantially
at the optimum value for all values of amplitude
of received signals within the synchronizing
range of the receiver.

Furthermore, there are present in the detector
of most homodyne receivers undesired compo-
nents of detection of the signal to be reproduced,

which are not properly homodyne detection com-
ponents and which usually result in a faulty re-
production. However, these undesirable compo-
nents are reduced materially if a square-law de-
tector is utilized in the receiver. - Square-law de-
tectors, however, have a disadvantage in that no
automatic amplification control or A. V. C. source

- is available without the use of additional tubes.
1t is, therefore, further highly desirable to pro-
vide a receiver of the homodyne type comprising
a square-law detector in which the above-men-
tioned critical or optimum phase relationship is
maintained and in which an automatic amplifi-
cation control source is provided without the use

_of additional tubes. There are also some com-
ponents of detection, which are undesirable for
homodyne reception, which are not eliminated
by a detector of the square-law type. These
additional undesired components may be elimi-
nated by the use of a balanced detector system.

It is, therefore, an object of the invention to
provide an improved modulated-carrier signal
receiver of the homodyne type in which one or
more of the above-mentioned disadvantages of
homodyne receivers of the prior art are elimi-
nated. .

It is a further object of the invention to pro-
vide a modulated-carrier signal receiver of the
homodyne type including an arrangement for
controlling the phase of locally-generated oscil-

" Jations with respect to the desired received car-
rier wave independently of the amplitude of re-
ceived signals.

In accordance with the invention, a modu-
lated-carrier signal receiver of the homodyne
type comprises means for selecting a desired
modulated-carrier signal and a local oscillator
for generating oscillations of the frequency of
the carrier wave of the signal to be reproduced.
The receiver also includes means responsive to
the frequency.of the carrier wave of a desired
received signal, which is preferably relatively in-
sensitive to variations of its amplitude, for main-
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taining the locally-generated oscillations in syn-
chronism with the first-named carrier wave.
There is also provided additional means respon-
sive to the phase difference between the carrier
wave of the signal to be reproduced and the local-~
ly-generated oscillations for maintaining the
above-mentioned phase difference within prede-
termined limits for all values of amplitude of
the recelved signal within the synchronizing
range of the receiver. The receiver additionally
includes means for combining the modulated-
carrier signal to be reproduced with the locally-
generated oscillations to derive the modulation-
frequency components of the desired received
signal.

In the preferred embodiment of the invention,
the phase difference is maintained substantially
at the optimum value to minimize distortion and
to provide maximum volume of, the reproduced
signal. Also, in a preferred embodiment of the
invention, the receiver comprises a balanced de-
tector system of the square-law type, thereby to
eliminate undesired components of detection.
There is preferably provided, with thi$ last-men-
tioned modification of the invention, means, in-
cluding the above-mentioned additional means
for maintaining the desired phase relationship,
for controlling the amplification of the receiver
in response to the amplitude of received signals.

For a better understanding of the invention,
together with other and further objects thereof,
reference is had to the following description
taken in connection with the accompanying
drawing and its scope will be pointed out in the
appended claims.

In the drawing, Fig. 1 is a circuit diagram,
partly schematic, of a modulated-carrier signal
receiver of the homodyne type incorporating the
invention; while Figs. 2a-2f, inclusive, illustrate
certain of the operating characteristics of the
receiver of Fig. 1 to aid in an understanding of
the invention.

Referring now more particularly to Pig, 1 of
the drawing, there is shown a modulated-carrier
signal receiver of the homodyne type comprising
an antenna-ground circuit 10, (f coupled to a
radio-frequency amplifier 12 through a tunable
selector circuit including a variable condenser
3. The radio-frequency output of amplifier -12
is coupled through transformer {4, I5 to the in-
put circuit of a balanced detector comprising
square-law detector tubes i6, 1T connected in a
balanced circuit. There is also provided a local
oscillator for generating oscillations of the fre-

quency of the carrier of the signal to be received.

comprising an oscillator tube I8, 'a frequency-
determining circuit comprising an inductance {9
and an adjustable’ tuning condenser 31 coupled to
the input grid of tube 18, and a feed-back in-
ductance 19’ coupled to an anode grid of tube I8,
these grids comprising the oscillator electrodes
of this tube. The inductance {9’ also is coupled
to inductance 19, the condenser 31 being con-
nected for unicontrol with condenser 13. An out-
put from oscillator 18 is coupled from inductance
19, by means of inductances 20, 21 coupled there-
to, to the input circuits of detector tubes 16 and
11 with opposite polarity. The homodyne audio-
frequency output of detector tubes 16 and (7 is
coupled with .additive polarity to the input cir-~
cuit of & low-pass filter 22 through a transformer
including primary windings 23, 24 and a sec-
ondary winding 25. ' The low-pass filter 22 may
be of any type and is preferably designed to have
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a high attenuation at 10 kilocycles, the frequency
of interfering signals developed from a channel
adjacent the channel of the desired recelved sig-

-nal. The audio-frequency components of modu-

lation are further amplified in audio-frequency
amplifier 26 and are reproduced by loudspeaker
21 in a conventional manner. Unidirectional
potentials for tubes 12, 16, 11, and (8 are sup-
plied from suitable sources indicated as +B and
+4-Sc¢ in a conventional manner.

The components- of the receiver which have
50 far been described are well understood in the
art, rendering a detailed description of the oper-

ation thereof unnecessary. In general, however,

desired signals Intercepted by antenna 10, i1 are
selected by selector means including variable con-
denser {3, are amplified in radio-frequency am-
plifier 12, and are applied in the same polarity to
each of the detector tubes 16 and I1. Local oscil-
lations generated by oscillator tube 18 of ‘the
frequency of the carrier wave of the desired re-
ceived signal and bearing a predetermined phase
relationship to the desired recelved signal, as
will be explained hereinafter in more detall, are
coupled with opposite polarity to detector tubes
16 and 11. The audio-frequency modulation sig-
nal developed in detector' tubes 16 and 7 is
passed by low-pass filter 22, amplified in audio-
frequency amplifier 26, and reproduced by sound
reproducer 2T in a manner well understood in
the art. .
Coming now to the parts of the system com-
prising the present invention, transformer 14, 15
is provided with an additional winding 30 for the
purpose of applying to a negatively blased grid
of tube 18, preferably an electrode additional to
the oscillator electrodes of this tube, the desired
received signal in order to provide synchroniza-
tion of the locally-generated oscillations with

" the carrier wave of the desired received signal

through the inherent interelectrode or electronic
coupling within tube 18. Transformer {4, 15, 30
thus comprises means for coupling the carrier-
signal selecting means.comprising variable con-

“denser i3 to the additional electrode of tube I8

to maintain the locally-generated oscillations in
synchronism with the carrier wave. There is
also coupled to primary winding 4 an additional
winding 32 across which are connected in series
a resistor 33 and a condenser 34. Elements 32, 33,
and 34, together with primary winding 14, shunt-
ed by a condenser 35, comprise a two-terminal
dead-end filter for passing a wide band of fre-
quencies in & manner fully described in the co-
pending application of Harold A. Wheeler, Serial
No. 203,598, filed April 22, 1938, now Patent
2.167.137, dated July 25, 1939. The provision of
this broad-band selector renders the provision of
a tunable selector at this point of the receiver
channel unnecessary. . :

While the incoming signal, applied to oscillator
i8 by means of winding 30, serves to maintain
the frequency of the locally-generated oscilla-
tions exactly equal to the frequency of the car-
rier wave of the desired received signals for set-
tings of variable condenser 3{ which are close to
the correct setting, it is necessary also to provide
an additional means for maintaining the phase
of the locally-generated oscillations at the opti-
mum relationship with respect to the carrier wave
of the received signal. This phase control is pro-
vided by the control system 40 including a phase-
discriminator circuit including diodes 41 and 42
to which the Incoming signal is applied in the
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same phase through inductances 43 and 44 and
to which an output voltage of oscillator (8 is ap-
plied to one of the diode rectifiers with one phase
and to the other of the diode rectifiers with op-
posite phase by means of a coupling circuit com-
prising a condenser 45 and an inductance 48 in-
ductively coupled to inductances 43 and #4 and
included in the anode circuit of tube 18. The
phase-discriminator circuit is thus jointly re-
sponsive to voltages derived from the signal-car-
rier wave and from the oscillator. Equal load
resistors 48 and 49 are provided for diodes 41 and
42, respectively. The differential resultant uni-
directional output voltage of diodes 41 and 42 is
applied through & filter circuit including series
resistors 51, 52 and shunt condensers 83, 54, and
§5 to bias the input circuit of a control vacuum
tube 56, the purpose of which is to adjust the
phase of oscillator {8 to the desired value. A
series-connected resistor §7 and blocking con-
denser 58 are connected between the anode and
control grid of tube §6. The anode circuit of tube
56 is connected in shunt to the frequency-deter-
mining circuit 19, 3 and its grid-anode coupling
is such that, by proper proportioning of resistor
57 and condenser 58, it simulates a shunt induct-
ance across the circuit 19, 31 variable in magni-
tude in accordance with the control - potential
applied to its control electrode. :

Before considering the operation of the por-
tions of the circuit of Fig. 1 constituting the
present invention, it is desirable first to consider
the fundamental principles of operation of a
homodyne receiver. The components of rectifi-
cation of such a receiver may be obtained by
substituting the sum of the received signal volt-
ages and the voltage of a local oscillator for e in
Equation 1 following, which is the equation for
the anode current of any homodyne detector
tube:

iy=A0+Axe+Azez+Aae3+ ... Aner )

In which
ip —detector output current,
Ao to An =coeflicients depending upon the

detector tube characteristic,
e—=es-t+ei-f-eo=the input voltage to the detector.

The voltage es, applied to the detector tube,
representing the desired signal, may be expressed
by Equation 2 as follows:

es=Es (1+4+m cos at) cos wol 2)
Where

E,=rpeak voltage of the carrier wave of the desired
signal, . .
m=modulation factor of the desired signal,

2 —=modulation frequency of the desired signal, and

2x
@, frequency of the carrier wave of the desired
5, received signal and of the local -oscillator.

The voltage éi, representing an undesired sig-
nal applied to the detector tube, may be expressed

by Equation 3 as follows:
ei=E: (14+n cos bt) cos wil 3

Where,

E,;=peak voltage of the carrier wave of the undesired ’

signal,
n=modulation factor of the undesired signal,

b _modulation frequency of the undesired signal,
5. and ‘

w; _frequency of the carrier wave of the undesired
25 signal

‘pansion contains

3

The oscillator voltage eo applied to the detector
may be expressed by Equation 4 as follows:

eo#—Eo cos (wol+¢) 4)

Where »

Eo—peak voltage of the oscillator, and
¢=phase angle between the carrier wave of
the desired signal and the oscillator

voltage. ’

When Equations 2, 3, and 4 are substituted in
the right-hand member of Equation 1, the ex-
direct-current. fexrms, high-
frequency terms, and audio-frequency terms.
Only those terms representing audio-frequency
currents are capable of developing audie-fre-
quency voltages in the detector load circuit:
When all other terms are rejected, the expansion
of the first three terms of Equation 1 produces
Equation 5 representing the audio-frequency
plate current: .

i=A;[E.*m cos at+

2m2
E‘4m cos 2at

22
+ En cos bt+—E;jiﬁcos 2bt

+E,E; cos {(w,—wl

+ E—’52E—'.m cos (wo—wi+a)t

-*.'—E—'Q&m €08 (we—wi—a)!

+E'—21?—'.n cos (w, —w;i+b)t

+—E—'-2—-mn cos (w, —w;i—b)i

+E0E6 cos (“’ot —w;t +¢)

+—E—"§§-"n c08 {wot —wit+bt+¢)

+F-"2£‘n €08 {wol —wit —bt+o)

+E,E,m cos ¢ cos at ] (5)

1t will be noted that the first nine terms of the
right-hand member of Equation 5 are independ-
ent of Ko, the oscillator voltage. 'They may be
called the products of ordinary detection, and
appear for both desired and undesired signals.
The second term of Equation 5 is at double the
original desired modulation frequency and repre-
sents distortion. The third and fourth terms
of Equation 5 are respectively at the fundamental
and second harmonic frequencies of the modula~
tion of the undesired signal wave and represent
interference. The fifth to twelfth terms, inclu-
sive, of Equation 5 are not ordinarily in the range
of frequencies reproduced by the audio-frequency
amplifier and loud-speaker. If, however, the
desired and undesired signals are on adjacent
broadcast channels, the fifth and tenth terms
represent the beat response at 10,000 cycles and
the sixth, eighth, and eleventh terms or, alterna-
tively, the seventh, ninth, and twelfth terms,
depending on whether the interfering signal has
a carrier frequency above oOr below the desired
signal, represent additional interferences below
10,000 cycles. i

The last term’ in Equation 5 depends on the
product of the desired signal voltage Es, the
modulation factor m, and the oscillator voltage
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the system; that is, Equation 5

4

Eo and is, therefore, the desircd product of homo-
dyne detection. By making E, large relative to
Es and ¢ equal to zero, the last term of Equation
5 becomes greater than the first nine terms,

© thereby materially reducing the percentage of

both the distortion and the interference.

The foregoing are the fundamental principles
upon which the operation of the simple homo-
dyne receiver is based: that is, by making the
oscillator voltage E, sufficiently large, the har-
monic output is decreased and the ratio of the
amplitude of desired signal components to un-
desired signal components is increased, since the
former is produced mostly by homodyne detec-
tion and the Iatter by detection of the ordinary
type.

In the foregoing analysis, the terms beyond the
third term of Equation 1 were not considered.
The fourth term contributes no audio-frequency
components. The fifth term Aset, however, con-
tributes, in addition to the fundamental of the
modulation frequency, harmonics up to and in-
cluding the fourth. It is thus indicated that for
a detector to supply components resulting in a
minimum of distortion, the cocfficients A4 to An
of its characteristic should be negligible. A
Square-law detector fulfills thig condition since
its anode current is ideally represented by the
first three terms of the right-hand member of
Equation 1. For this reason detector tubes (5
and I7T are preferably of the square-law type,

An improved detector circuit is provided by
the use of the balanced detector system of Fig, 1.
In the ideal case, that is, with a perfectly bal-
anced square-law detector system, all except the
last four terms of Equation 5 are eliminated by
cancellation in the push-pull output circuit of
becomes:

i=2EoFi cos (wol —wit-1-)
+E-Ein cos (wol —wit+-bE4-¢)
+EoEin cos (wot—wit~bt+¢)
J-2EoEsm cos ¢ cos at (6)

Inasmuch as an undesired signal cn an adja-
cent channel produces in the detector output a
heterodyne frequency equal to the difference fre-
quency between the local oscillator and the un-
desired signal, represented by the first term of
Equation 6, a Iow-pass filter 22, designed to have
a high attenuation of 10 kilocyeles, is preferably
provided immediately following the detector.
Either the second or the third term of Equation
6 may contain interfering modulation-frequency
terms within the range of audio-frequency re-
production, if the interfering signal is on a chan-
nel adjacent to the desired signal, but, in this
case, the interfering signal component is within
the band of desired signals and may not be elimi.
nated by any means which does not also reduce
the response at the desired signal frequencies,
As a result of the discrimination ‘against unde-
sired signals provided by balanced homodyne de-
tection and by the low-pass filter 22, the selee-
tivity requirements of the radio-frequency chan-
nel of the receiver of Fig. 1 are greatly reduced
so that the single tunable selector circuit com-
prising variable condenser 13 is sufficient.

When (wo—wi) /2x is greater than the frequency
separation between adjacent channels, the first
three terms of Equation 6 represent components
above audibility and the equation reduces to:

¢p)

According to Equation 7, the output of a per-
fectly balanced square-law detector is propor-

i=2E.Esm cos ¢ cos at

2,231,704 ,
tlonal to the amplitudes of the signal-carrer and

local oscillator voltages and to the cosine of the
phase angle between them. When the phase an-
gle ¢ is zero, the output is a maximum and when
it is =/2, the output is zero,

Reference is now made to Figs, 2a-2/, inclusive,
the curves of which are al] plotted against values
of condenser 3! as abscissae, for a complete ex-
Planation of the operation of the circuit of Fig. 1.
In the absence of a synchronizing voltage on the
tube of oscillator 18, the variation of the oscil-
lator frequency as a function of capacitance C
of tuning condenser 31 is given by the dashed line
in Fig. 21. For the value Co of the condenser C,
the frequency of the -oscillator is assumed to be
fo. If, under these conditions, g synchronizing
voltage of frequency f, is applied to the grid of
tube 18 through inductance 30, the oscillator fre-
quency remains unchanged. Furthermore, as
tuning condenser 31 is adjusted within the limits
Co+AC and Co—AC, the oscillator frequency re-
mains at the desired frequency fo. This opera-
tion is indicated by the solid horizontal line in
Fig. 2a. Beyond the values Co+AC, however, syn-
chroniz.ation is not maintained and the full-line
curve of Fig. 2a becomes asymptotic to the dashed
line. The greater the synchronizing voltage ap-
plied through inductance 30, the wider the region
2AC over which synchronization is maintzineq al-
though, as compared to most synchronizing ar-
rangements of the prior art, the synchronizing
arrangement of the invention is relatively in-
sensitive to changes in amplitude of the desired
received carrier.

The diagrams of Fig. 2b illustrate the phase
relations which exist between several of the cir-
cuit voltages and the anode current as a func-
tion of the tuning capacitance C. The voltages
€2, €3, and ey, respectively, represent the radio-
frequency carrier voltage applied through in-
ductances 20 and 21 to the input electrodes of
detector tubes 16 and 11, the carrier voltage ap-
plied through inductances 43 and 44 to the phase-
control diodes 4f and 42, and the carrier voltage
applied from winding 39 to oscillator 18. These

- voltages all have the same phase which, for con-

venience, has been selected as the reference phase,
and is and e: represent, respectively, the anode
current of oscillator 18 and the voltage across
the frequency-determining circuit 19, 31 as de-
termined by tests of a typical circuit. As shown
by Fig. 2b when C=Co, the current s is in phase
with the synchronizing voltage es« while er is
opposite in phase to es.. As C is decreased by AC,
ia lags es by /2. The central portions of the
phase curves are approximately linear so that,
for these regions, the phase angles are substan-
tially proportional to variations in the value of
condenser 31. '

As will be explained more in detail hereinafter,
1t is necessary for the oscillator voltage ep, applied
to. the phase-discriminator circuit including
diodes 41 and 42, to be in quadrature with the
signal-frequency voltage e3, also applied thereto,
when the value of capacitance of tuning con-
denser 31 is C=C,. Since the anode current i, is
then in phase with said signal voltage es, the de-
sired phase relation for €p may be obtained by
allowing the current 4. to flow through a reactive
load circuit. This is provided by condenser 45
and inductance 46 adjusted to resonate below the
band of frequencies to be received by the receiver,
The resulting phase relation for the voltage ep
is also shown in Fig. 2b.

As explained above, the rectified output of a
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balanced homodyne detector is proportional to
the cosine of the phase angle at the detector be-

‘tween the locally-generated oscillations and the

carrier wave of the signal to be reproduced. - Fig.
2¢ depicts this variation in output resulting from
a phase deviation within the limits =+=/2, corre-

_sponding to values of tuning condenser 3{ of

Co+AC and Co—~AC, respectively, which would

‘exist if no control were present. Outside the re-

gion between Co+AC, the oscillator is unsyn-
chronized and modulation-frequency signals are
masked by beat-frequency slgnals developed be-
tween the signal-carrier wave and the local oscil-
lations.

Fig. 2d illustrates the variation of distortion as
a function of variation of capacitance C, primarily
due to lack of perfect balance.
that the maximum distortion is obtained for the
condition giving minimum volume and vice versa,
as shown by Fig. 2c. Tests indicate that phase
modulation in the oscillator also contributes ma-

terially to the production of the distortion indi-

cated by the curve of Fig. 2d.

1t is evident from Figs. Zc and 2d that the de-
sired setting of condenser 31 must be such that
the deviation of its capacitance from the value Co
is small and preferably zero. Since, in manually
varying tuning condenser 3t, it can only be ex-
pected that the oscillator will be brought to some
point within the range of synchronization and

ot necessarily to the exact point required for

optimum signal reproducfion, an automatic
means is required for decreasing the effective de-
parture of the value of condenser 31 from its de-
sired value. This is accomplished by means of
unit 40 of Fig. 1. The resultant unidirectional

voltage output developed by the phase-responsive "

circuit including diodes &1 and 42 is shown in Fig.
2e¢. By a method similar to that used for obtain-
ing the audio-frequency components, it may be
shown that the direct current in diode &1 is given
by Equation 8 as follows:

T2E?

a4y ®

+TE,E, cos t[/]

‘Where _
Az—the coefficient in
current,
E:;=peak voltage of the carrier wave of the signal,

Ep=peak anode voltage of the oscillator,
T—voltage transformation ratio of transformer
46, 43, 44, and
—phase angle between
In & similar way the direct current
is given by Equation 9 as follows:

the expression for diode

the above voltages.
in diode 42

9

Since these currents develop unidirectional
voltages in resistors 48 and 49 which are in oppo-
sition, the net unidirectional voltage output of the
two diodes is:

Ec=2RA2TE3Ep COS ¢ (10)

where R is the resistance of each of resistors 48
and 49. ) _

If ¥ is made *=/2 when the value of C=Co,, then
the voltage Eeis zero but assumes increasing posi-
tive or negative values for departures of C from
Co. Since ep is arranged to lag is by =/2, and ¢
is the angle between the oscillator and signal volt-
ages at the signal detector, Equation 10 may be
rewritten as Equation 11 as follows:

Ec=+2RATEEp sin ¢

2 2 2
i2=A2[—E2i+7i§£ ~TE,E, cos v |

11

It will be noted

5

The tube 56, blased by unidirectional voltage Ee,
therefore, supplies an increasingly larger effective
susceptance for phase correction as C departs
from Co. The action of this susceptance, sup-
plied by the control tube 56, is very similar to that
of the operation upon the frequency-determining
circuit of the local oscillator of the corresponding
tube of an automatic frequency control system of
a conventional superheterodyne receiver,

By way of illustration, if Ec is made negative,
due to an arbitrary setting of C=Co—AC1, the
negative susceptance which the control tube 58
supplies across the tuned circuit 19, 31 is less
than for C=Co. This reduces the resonant fre-
quency of the circuit 19, 31 plus the control tube
56. A similar change in tuning might have been
obtained by manually increasing the value of C,
which, as shown by Fig. 2b, brings the voltages

‘more nearly to the desired phase. The action

continues until the effective remaining depart-
ure—A’C1 is just sufficient to produce the voltage
—Eq required to shift “the equivalent effective
capacitance by an amount AC1—A’C1.

Pig. 2f shows this relationship. The dashed
diagonal line of Fig. 2f provides a means for trans-
ferring the values of A’C to the scale of abscissae
of Figs. 2a-2e, the value —A’C: on the scale of ab-
scissae being indicated in Fig. 2/. The vertical line
through —AC: represents the conditions in Figs.
2b-2f, inclusive, for the illustrative manual setting
alone. The vertical line drawn through —Ea
represents the conditions in Figs. 2b-2f, inclusive,
after the automatic control acts.

If the original manual setting had been for a
value of C=Co+AC1, the operation would have
been similar except that the developed voltage Ec
would have been positive and the shift in tuning
would have been in the opposite direction. In
other words, the phase of oscillator voltage input
to detectors 16, |71 remains nearly constant (0 or
~ radians) with respect to the signal-input volt-
age ez thereto, as the value of condenser 31 is ad-
justed between the limits Co=AC, which is the
range of synchronization. Specifically, for a set-
ting of condenser 3i corresponding to a value of

Co—ACY, it is seen that the actual variation of the’

effective value of condenser 31 from its desired
value is only —ACi, and that the distortion Is
only a small amount while the volume is near its
maximum value.

It is thus seen that the phase-controlling ar-
rangement of the invention is effective to reduce
the deviation of the uncontrolled phase differ-
ence between the desired received signal and the
locally-generated oscillations from its optimum
value by at least 2:1 for values of said uncon-
trolled phase difference displaced with respect to
the optimum value of the phase difference for dis-
tortionless reception, as shown by the phase dif-
ferences corresponding to —AC: and —A'Ci1 on
the curves of Figs. 2b-2f, inclusive, and that the
device is thus effective to maintain the controlled
phase difference substantially within the range of
+x/4 with respect to the optimum value for dis-
tortionless reception. In the preferred embodi-
ment of the invention, the above-mentioned re-
duction is much greater than 2:1, being at least
of the order of 10:1. It i{s seen from curve 2c,
therefore, that the volume output of the receiver
remains substantially ¢constant and, from curve
2d, that the distortion remains near the minimum
value over the operating range of the system.
Outside the range of synchronization, the phase-
control circuits exert no controlling influence on
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the circuit of the oscillator. In the reglon out-
side the range of synchronization, beat-fre-
quency signals are produced between the oscil-
Iator and the desired signal voltages and unsatis-
factory operation results.

It will be understood that various silencing ar-
rangements known to the prior art can be uti-
lized to silence the receiver while tuning and that
the automatic phase-control arrangement of the
invention can be made to be inoperative while
tuning the receiver.

Inasmuch as no satisfactory source of auto-
matic volume control is available in the balanced
detector of Fig. 1, the voltage developed across
diode load resistor 49 of the phase-discriminator
unit 40 is utilized as a control bias and is applied
to the input electrode of tube 12 and any other
similar stages that may be included in the re-
ceiver, thereby to maintain the signal input to
detectors 16 and 1T within a relatively narrow
range of amplitude for a wide range of received
signals, in a manner well understood in the art.

While applicant does not wish to be limited to
any particular circuit values for the embodiment
of the invention described, there follows a set of
representative values which may be utilized in
the circuit of Fig. 1:

Tube 18 ________________ Type 6A8
Tubes 41 and 42 _________ Type 6H6
Tube 56 _____________ Type 6J7
Tubes 16 and 07T__________ Type 6J7
Inductance32.___________ 1.6 millihenries
Inductance (4____________ 1.6 millihenries -
Inductance 15 __________. 20 microhenries
Coeflicient of coupling be-

tween inductances {4

and 32________________ 0.8
Coefficient of coupling be-

tween inductances I4

and 15 ___________ 0.12
Capacitance 45___________ 30 micro-microfarads
Inductance 46___________. 10 millihenries
Inductance 43__._________ 5 millihenries
Inductance 44___________ 5 millihenries

Coefficient of coupling be-

tween inductance 46

and inductances 43 and

e 0.8
Resistor 48______________ 0.5 megohm
Resistor 49, _____________ 0.5 megohm
Resistor 2 _______.___ 1 megohm
Resistor 57 ____________ 50,000 ohms
Capacitance 58__________ 0.001 microfarad
Capacitance 55__________ 100 micro-microfarads
Inductance 19___________ 200 microhenries
Inductance 19’ __________. 200 microhenries
Inductance 20___________. 35 microhenries
Inductance 21 ___________. 35 microhenries
Coeflicient of coupling be-

tween inductance {9

and inductances 20 and

21 : _— 0.5

While there has been described what is at pres-
ent considered to be the preferred embodiment of
this invention, it will be obvious to those skilled
in the art that various changes and modifications
may be made therein without departing from the
invention, and it is, therefore, aimed in the ap-
pended claims to cover all such changes and
modifications as fall within the true spirit and
scope of the invention.

What is claimed is:

1. A modulated-carrier signal receiver of the
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homodyne type comprising, means for selecting
8 desired modulated-carrier signal, a local oscll-
Iator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintain-
ing said locally-generated oscillations in syn-
chronism with said first-named carrier wave,
additional means responsive to the phase differ-
ence between the carrier wave of the said signal
to be reproduced and said locally-generated oscil-
lations for maintaining said phase difference
within predetermined limits, and means for com-
bining the modulated-carrier signal to be repro-
duced and said locally-generated oscillations to
derive the modulation-frequency components of
said desired received signal,

2. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal and relatively
insensitive to variations of its amplitude for
maintaining said locally-generated oscillations
in. synchronism with said first-named carrier
wave, additional means responsive to the phase
difference between the carrier wave of the said
signal 1o be reproduced and said localiy-generat-
ed oscillations for maintaining said phase differ-
ence within predetermined limits, and means
for combining the modulated-carrier signal to
be reproduced and said locally-generated oscil-
lations to derive the modulation-frequency com-
ponents of said desired received signal,

3. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the said
carrier wave and substantially independent of
its amplitude. for maintaining the said locally-
generated oscillations in synchronism with said

carriér wave, additional means responsive to the =

bhase difference between the said carrier wave
and said locally-generated oscillations for main-
taining said phase difference substantially at the

optimum value for - distortionless reproduction,

and means for combining the modulated-carrier
signal to be reproduced and said locally-gen-
erated oscillations to derive the modulation-
frequency componenis of said desired received
signal.

4. A modulated-carricr signal receiver of the
homodyne type comprising, means for selecting
& desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintaining
said locally-generated oscillations in synchro-
nism with said first-named carrier wave, addi-
tional means responsive to the phase difference
between the carrier wave of the signal to be
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in a range of plus or minus »/4 radians with re-
spect to the optimum value of said phase difter-
ence for distortionless reception, and means for
combining the modulated-carrier signal to be
reproduced and said locally-generated oscilla-

‘tions to derive the modulation-frequency com-
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5. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, & local oscll-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be repro-
duced, means responsive to the frequency of the
carrier wave of a desired received signal for
maintaining said locally-generated oscillations
in synchronism with said first-named carrier
wave, additional means responsive to the phase
difference between the carrier wave of the signal
to be reproduced and said locally-generated oscil-
lations for reducing the deviation of the uncon-
trolled phase difference from its optimum value
py a ratio of at least two to one for values of
said uncontrolled phase difference substantially
displaced with respect to the optimum value of
said phase difference for distortionless reception,
and means for combining the modulated-carrier
signal to be reproduced. and said locally-gen-
erated oscillations to derive the modulation-
frequency components of said desired received
signal. i

6. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintaining
said locally-generated oscillations in synchro-
nism with said first-named carrier wave, addi-
tional means responsive to the phase difference
between the carrier wave of the signal to be re-
produced and said locally-generated oscillations

for reducing the deviation of the uncontrolled

phase difference from its optimum value by a
ratic of at least ten to one for values of said
uncontrolled phase difference substantially dis-
placed with respect to the optimum value of said
phase difference for distortionless reception, and
means for combining the modulated-carrier sig-
nal to be reproduced and said locally-generated
oscillations to derive the modulation-frequency
components of said desired received signal.

7. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator including a vacuum tube for generating
oscillations of the frequency of the carrier wave
of the signal to be reproduced, means for elec-
tronically coupling said selecting means to sald
vacuum tube for maintaining sald locally-gen-

_erated oscillations in synchronism with said first-

named carrier wave, additional means responsive
to the phase difference between the carrier wave
of the said signal to be reproduced and said
locally-generated oscillations for maintaining
said phase difference within predetermined
limits, and means for combining the modulated-
carrier signal to be reproduced and said locally-
generated oscillations to derive the modulation-
frequency components of said desired received
signal.

8. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator including a vacuum tube having oscillator
electrodes and an additional electrode, said oscil-
lator being provided to generate oscillations of
the frequency of the carrier wave of the signals
to be reproduced, means for coupling said select-
ing means to said additional electrode to main-
tain said locally-generated oscillations in syn-
chronism with sald carrier wave, additional

7

means responsive to the phase difference be-
tween the carrier wave of the said signal to be
reproduced and said locally-generated oscilla-
tions for maintaining said phase difference with-
in predetermined limits, and means.for combin-
ing the modulated-carrier signal to be repro-
duced and said locally-generated oscillations to

- derive the modulation-frequency components of

said desired received signal.

9. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be repro-
duced, means responsive to the frequency of the
carrier wave of a desired received signal for
maintaining said locally-generated oscillations
in synchronism with -said first-named carrier
wave, means for deriving a first voltage from
said oscillator and a second voltage from said
desired received signal, a phase-discriminator
means responsive jointly to said first and second
voltages for maintaining the phase difference
between the carrier wave of the signal to be
reproduced and said locally-generated oscilla-
tions within predetermined limits, and means for
combining the modulated-carrier signal to be
reproduced and said locally-generated oscilla-
tions to derive the modulation-frequency com-
ponents of said desired received signal.

10. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintaining

~said locally-generated oscillations in synchro-

nism with said first-named carrier wave, two
rectifiers, means for applying an output voltage
from said oscillator and a voltage derived from
said desired received signal to said rectifiers, one
of said voltages being applied in the same phase
to each of said rectifiers and the other of said
voltages being applied to one of said rectifiers
with one phase and to the other of said rectiflers
with opposite phase, means responsive to the
differential output of said rectifiers for malin-
taining the phase difference between the carrier
wave of the signal to be reproduced and said
locally-generated oscillations within predeter-
mined limits, and means for combining the
modulated-carrier signal to be reproduced  and
said locally-generated oscillations to derive the
modulation-frequency components of said desired
received signal. ‘

11. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintaining
said locally-generated oscillations in synchro~
nism with sald first-named carrier wave, means
for deriving a first voltage from said oscillator
and a second voltage from said desired received
signal, phase-discriminator means responsive to
said first and second voltages for developing a
bias voltage varying in accordance with the dif-
ference in phase between said first and said sec-
ond voltages, means for utilizing said bias to
maintain the phase difference between the car-
rier wave of the signal to be reproduced and said
locally-generated oscillations within predeter-
mined. limits, and means for combining the
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" a desired modulated-carrier

modulated-carrier signal to be reprocduced and
said locally-generated oscillations to derive the
modulation-frequency components of said desired
received signal, :

12. A modulated-carrier signal receiver of the
homedyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
reans responsive to the frequency of the car-
rier wave of a desired received signal for main-
taining said locally-generated oscillations in syn-
chronism with said first-named carrier wave,

two rectifiers, means for applying an output

voltage from said oscillator and 3 voltage derived
from said desired received signal to said rectifiers,
said voltages being relatively displaced 90 degrees
in phase under normal operating conditions of
sald system and one of said voltages being applied
in the same phase to each of said rectiflers and
the other of said voltages being applied to one
of said rectifiers with one phase and to the other
of said rectifiers with opposite phase, means re-
sponsive to the differential output of said recii-
fiers for maintaining the phase difference be-
tween the carrier wave of the signal to be repro-
duced and said locally-generated oscillations
within predetermined limits, and means for com-
bining the modulated-carrier signal to be repro-
duced and said locally-generated oscillations to
derive the modulation-frequency components of
said desired receiveq signal.

13. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
signal, a local oscil-
lator including a frequency-determining circuit
for generating oscillations of the frequency of
the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier

‘wave of a desired received signal for maintain-
" ing said locally-generated oscillations in syn-

chronism with said first-named carrier wave,
two diode rectifiers, means for applying an out-
put voltage from said oscillator and a voltage
derived from said desired received signal to said
rectifiers, one of said voltages being applied in
the same phase to each of said rectifiers and the
other of said voltages being applied to one of
said rectifiers with one phase and to the other
of said rectifiers with opposite phase, means re-
sponsive to the differential output of said recti-
fiers effectively varying the reactance of said
frequency-determining circuit to maintain the
phase difference between the carrier wave of the
said signal to be reproduced and said locally-
generated oscillations within predetermined
limits, and means for combining the modulated-
carrier signal to be reproduced and said locally-
generated oscillations to derive the medulation-
frequency components of said desired received
signal.

14, A modulated-carrier signal receiver of the

homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator including a frequency-determining circuit
for generating oscillations of the frequency of
the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintain-
ing said locally-genera;ed oscillations in syn-
chronism with said first-named carrier wave,
two diode rectifiers, means for applying an out-
put voltage from said oscillator and a voltage

derived from said desired received signal to said

rectifiers, one of said voltages being applied in

2,231,704

. the same phase to each of said rectifiers and the

other of said voltages being applied to one of
sald rectifiers with one phase and to the other
of said rectifiers with opposite phase, electronic
reactance means controlled by the differentia]
output of said rectifiers and coupled to said fre-
quency-determining circuit to maintain the phase
difference between said carrier wave of said sig-
nal to be reproduced and said locally-gcnerated
oscillations within predetermined limits, and
means for combining the modulated-carrier sig-
nal to be reproduced and said locally-generated
oscillations to derive the modulation-frequency
components of sald desired received signal.

15. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency

. of the carrier wave of the signal to be reproduced,

means responsive to the frequency of the carrier
wave of a desired received signal for maintaining
said locally-generated oscillations in synchro-
nism with said first-named carrier wave, two
rectifiers comprising a load circuit, means for

- applying an output voltage from said oscillator

and a voltage derived from said desired received
signal to said rectifiers to develop a bias voltage
varying in accordance with the phase difference
of said last-mentioned voltages, means for utiliz-
ing said bias voltage to maintain the phase dif-
ference between the carrier wave of the signal
to be reproduced and said locally-generated oscil-
lations within predetermined limits, means com-
prising said load ecircuit for maintaining the
volume of the reproduced signal within relatively
narrow limits for a wide range of received signal
amplitudes, and means for combining the modu-
lated-carrier signal to be reproduced and said
locally-generated oscillations to derive the modu-

lation-frequency components of said desired re- ..,

ceived signal.

16. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting a
desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintaining
said locally-generated oscillations in synchro-
nism with said first-named carrier wave, addi-
tional means responsive to the phase difference
between the carrier wave of the said signal to
be reproduced and said locally-generated oscilla-
tions for maintaining said phase difference with-
in predetermined limits, and means including a
square-law detector for combining the modyu-
lated-carrier signal to be reproduced and said
locally-generated oscillations to derive the mod-
ulation-frequency components of the desired re-
ceived carrier signal,

17. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintain-
ing said locally-generated oscillations in synchro-
nism with said first-named carrier wave, addi-
tional means responsive to the phase difference
between the carrier wave of sald signal to be
reproduced and said locally-generated oscilla-
tions for maintaining said phase difference with-
In predetermined limits, two vacuum-tube de-
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tectors, means for applying a voltage derived
from sald signal to be reproduced and a voltage
derived from the output of said oscillator to
each of said detectors, one of said voltages being
applied to both of said detectors in the same
phase and the other of said voltages being ap-
plied to one of sald detectors in one phase and
to the other of said detectors in opposite phase,
thereby to derive the modulation-frequency com-
ponents of said desired recelved signal.

18. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting
a desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be repro-
duced, means responsive to the frequency of the
carrler wave of a desired' received signal for
maintaining said locally-generated oscillations
in synchronism with sald first-named carrier
wave, additional means responsive to the phase
difference between the carrier wave of sald signal
to be reproduced and said locally-generated oscil-
lations for maintaining said phase difference
within predetermined limits, two vacuum-tube
detectors, means for deriving a voltage from said
signal to be reproduced and a voltage from the
output of said oscillator, sald voltages being sub-
stantially of the same phase and one of said
voltages being applied to both of said detectors
in the same phase and the other of said voltages
being applied to one of said detectors in one
phase and to the other of said detectors in op-
posite phase, thereby to derive the modulation
frequencies of the sald desired received signal.

19, A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting a
desired modulated-carrier signal, a local oscil-

- lator for generating oscillations of the frequency

of the carrier wave of the signal to be reproduced,
means responsive to the frequency of the carrier
wave of a desired received signal for maintain-

_ Ing said locally-generated osclllations in synchro-
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nism with said first-named carrier wave, addi-
tional means responsive to the phase difference
between the carrier wave of the sald signal to
be reproduced and said locally-generated oscilla-
tions for maintaining said phase difference with-
in predetermined limits, two square-law vacuum-
tube detectors, and means for applying a voltage
derived from the desired received signal and a

" voltage derived from the output of said oscillator

to each of sald detectors, one of said voltages
being applied to both of said detectors in the
same phase and the other of sald voltages being
applied to one of said detectors in one phase and
to the other of sald detectors in opposite phase,
thereby to derive the modulation frequencles of
sald desired received signal.

20. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting a
desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signals to be repro-
duced, means responsive to the frequency of the
carrler wave of a desired received signal for
maintaining said locally-generated oscillations in
synchronism with sald first-named carrier wave,
additional means responsive to the phase differ-
ence between the carrier wave of the said signal
to be reproduced and said locally-generated
oscillations for maintaining said phase differ-
ence within predetermined limits, a signal de-

9

tector, means for applying a voltage derived from
a desired recelved signal and a voltage derived
from the output of said oscillator to said detector
to derive the modulation frequencies of said de-
sired received signal, and a low-pass filter cou~

pled to the output circuit of sald detector to.

attenuate undesired signals appearing in chan-
nels adjacent that of the desired signal.

21. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting a
desired modulated-carrier signal, a signal-trans-
mitting channel including one or more amplifier
stages, a local oscillator including a tunable fre-
quency-determining circuit for generating oscil-
lations of the frequency of the carrier wave of
the signal to be reproduced, a tunable signal
selector included in said channel preceding the
first amplifier of said receiver, unicontrol tuning
means for said tunable frequency-determining
circuit and sald tunable selector, means respon-
sive to the frequency of the carrier wave of the
desired received signal for maintaining said
locally-generated osclllations in synchronism
with said first-named carrier wave, additional
means responsive to the phase difference between
the carrier wave of sald signal to be reproduced
and said locally-generated oscillations for main-
taining said phase difference within predeter-
mined limits, a detector in said signal-translat-
ing channel, and a low-pass filter in said signal-
translating channel at a point succeeding said
detector to eliminate undesired signals appearing
in channels adjacent to the channel of sald de-
sired recelved signal,

22. A modulated-carrier signal receiver of the
homodyne type comprising, means for selecting a
desired modulated-carrier signal, a local oscil-
lator for generating oscillations of the frequency
of the carrier wave of the signal to be repro-
duced, means responsive to the frequency of the
carrier wave of a desired recelved signal for
maintaining said locally-generated oscillations
in synchronism with said first-named carrier
wave, two rectifiers, means for applying an out-
put voltage from said oscillator and a voltage
derived from sald desired received signal to sald
rectifiers, one of sald voltages being applied in
the same phase to both of sald rectifiers and
the other of sald voltages belng applied to one
of said rectifiers with one phase and to the other
of sald rectifiers with opposite phase, means re-
sponsive to the differential output of sald recti-
flers for maintaining the phase difference be-
tween the carrier wave of the signal to be repro-
duced and sald locally-generated oscillations
within predetermined limits, two vacuum-tube
detectors, means for applylng a voltage derived
from sald signal to be reproduced and a voltage
derived from the output of sald oscillator to each
of sald detectors, said last-named voltage de-
rived from said oscillator and sald voltage de-
rived from sald signal to be reproduced being 90
degrees displaced In phase, and one of said volt-
ages applied to sald detectors belng applied to
both of sald detectors In the same phase and
the other of said voltages applied to sald detec~
tors being applied to one of sald detectors in
one phase and to the other of said detectors in
opposite phase, thereby to derive modulation-
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