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My invention relates broadly to high frequency
oscillation systems and more particularly to an
arrangement for obtaining locked synchronism,
that is, a constant phase difference between two

& oscillations established by separate generators.

My invention relates chiefly to circuit arrange-
ments in which the synchronizing arrangement
is applied to a receiving system in which the con-
trolling oscillation is produced by the received

18 signal, and in which the oscillations from the
local generator is combined with the receiver in
order to assure an improved operation.

One of the objects of my invention is toc pro-
vide a system for synchronizing the operation of
a local source of oscillations with respect to a
source of controlling oscillations for maintain-
ing a constant phase difierence between the con-
trolling oscillations and the locally generated
oscillations.

Another object of my invention is to provide a
circuit arrangement for interconnecting a de-
tector circuit arranged to receive signal oscilla-
tions with an oscillation generator circuit for
establishing a selecting path for synchronizing
current therebetween with means in the path for
maintaining a constant phase difference between
the locally generated oscillations and the controll-
ing oscillations.

Still another object of my invention is to pro-
vide a circuit arrangement for a radio receiving
system including a circuit for reproducing modu-
lating signaling energy and a local generator of
oscillations with a path therebetween constituted
by a device having a suitable time constant for
selecting a synchronizing current and maintain-
ing a constant phase difierence between the con-
trolling oscillations and the locally generated
oscillations.

still another object of my invention is to pro-
vide a signal receiving circuit having a pair of
pbranch circuits each including a detector in com-
bination with a signal observing eircuit and a
local generator of oscillations with connections
between said generator and one of said detectors
for establishing a path for synchronizing current
therebetween, and selective circuits interconnect-
ing the other of said detectors with the signal
observing circuit.

Still another important object of my inven-
tion is to provide in the phase difference control
arrangement itself means to protect this arrange-
ment from electromagnetic disturbances of every
kind eventually received together with the con-
trolling oscillation; said protection is quite neces-
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sary if the controlling oscillation proceeds from
a wireless signal, '

Other and further objects of my invention will
be understood from the specification hereinafter
following by reference to the accompanying draw- €90
ings, in which:

Pigure 1 diagrammatically illustrates a circuit
arrangement of the synchronizing system of my
invention; Fig. 2 shows a modified form of circuit
embodying my invention; Fig. 3 is a theoretical g5
diagram explaining the principles of my inven-
tion; Fig. 4 shows a homodyne receiver in which
the synchronizing system of my invention is em-
ployed; Fig. 4a shows a modified form of coupling
circuit for the second detector and the amplify- 70
ing valve employed in the circuit of Fig. 4; Figs.

5, 6, 7, 8 and 9 are diagrams showing various
types of signals which may be received employing
the synchronizing system of my invention; Fig. 10

is a vector diagram showing the manner in which 78
the receiving circuit of Fig. 4 operates to receive
at the same time two signals having the same
frequency but differing in phase; and Fig. 11
shows the circuit arrangement in the case of a
receiving circuit for signal oscillations including
a heterodyne generator.

The term “synchronism” herein is used to de-
fine the constant phase difference between a con-
trolling oscillation and the locally generated
oscillations. The controlling oscillation and one
of the oscillations produced by the local genera-
tor are respectively represented by

S sin(@rf t4+¢) and H sinQrfii4-¢1)

My invention is directed to a system having
circuit conditions in which the angular differ-
ence
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86

80

V= rfit+¢1) — 2nf i+ ¢) 6]

will remain at all times as constant as possible. 96
If an accidental cause temporarily affects this
angular difference by an error of Ay, this error is
automatically annulled before it attains a great
value. The invention consists in the obtainment

of this automatic correction by controlling the 100
proper frequency of the local generator by a cur-
rent whose value depends directly, and exclu-
sively, upon the angular difference y.

For simplifying the explanation of the invention
the angle v has been used to designate the differ- 105
ence of phase. -

Fig. 1 shows the manner in which the loca
generator is placed in synchronism with the con-
trolling oscillation. The grid of the detecting
valve 1 is simultaneously affected by the con- 110
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trolling oscillation, for instance a signal wave,
which enters it from circuit 2, and by the oscilla-~
tion of the local generator 3. These two oscilla-
tions, when superposed in' the detector 1, will be
mutually modulated. The plate circuit of the
detecting valve thus carries on the one hand high-
frequency currents and on the other hand a low-
frequency current. The high-frequency currents
are blocked by a low pass filter 4—5. The low-
frequency current passes through a resistance 6
and becomes continuous when in synchronism,
for f=f1 where f is the frequency of the con-
trolling oscillations and fi is the frequency of the
locally generated oscillations. With certain types
of signals, this latter condition requires a special
construction of the filter 4—5, as will be described
in detail hereinafter. The control of the local
generator 3 is obtained by causing the frequency
to this generator to depend upon the current
(which is continuous when the circuits operate in
synchronism) which passes through the resist-
ance 6. This can be variously effected as for
example by supplying the plate circuit of the

" generator 3 from the point 7, for it is a known

fact that the frequency of such a generator will
depend, to a small degree, but sufficient for the
purpose of operation of the system of my i--
vention, upon the potential at which its plate is
supplied. To obtain the synchronism, that is, to
place the generator 3 in step with the controlling
oscillation received from circuit 2, it is simply
necessary to properly tune the main condenser 8
and the auxiliary condenser 9, this being facili-
tated by the use of a telephone 11 connected at
a suitable point of the circuit of detector valve 1,
for observing the beats due to the interference
of the two oscillations. As the resonance point
is approached when regulating the condensers 8
and 9, the musical note produced by the beats be-
comes proportionally lower in piteh, and the
note is no longer heard when the two oscillations
are in synchronism, in which case the indicator
on the milliammeter 10 will suddenly come to a
position of rest. The synchronism is more stable
when the current shown by the milliammeter 10
returns to the value observed before the signal
is received from circuit 2. Under this condition,
the two oscillations exciting the grid of the valve
1 will now be in quadrature. This adjustment is
effected by slowly regulating the auxiliary con-
denser 9 until the pointer of the milliammeter 10
returns to the initial position.

As shown in Fig. 2, the modulation of the con-
trolling oscillation received from circuit 2, by

the oscillation of the local generator 3, may be

effected in a double grid valve 12 one grid of
this valve being actuated by the controlling
oscillation and the other one by the local oscilla-
tion. In this modified arrangement, the fre-
quency of the generator 3 is controlled in the
manner described in Fig. 1 by supplying its grid
from the point 7 in the filter circuit 4, 5 and 6.

The synchronizing system of my invention will
be understood by reference to Fig. 3. The proc-
ess for the synchronism is as follows (Fig, 3):
The modulation of the contrélling oscillation and
the locally generated oscillation produces in the
plate circuit of the valves 1 or 12, firstly, high
frequency currents which are blocked by the
filter 4—5, and secondly, a low-frequency cur-
rent having the form

J=Jo+kS cos ¢ 2)
in which Jo represents the permanent current

indicated by the milliammeter 10 before the sig-
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nal wave is produced at 2 and kS cos ¢ is the
detected current produced by the controlling
oscillation; %k is a constant depending chiefly
upon the characteristics of the detecting valve;
S is the amplitude of the controlling oscillation,
for instance, the carrier wave of the signal;
¥ the angular difference shown by the equation
(1). The current J, which serves to maintain

‘the synchronism of the generator 3, may be

termed the ‘“‘synchronizing current”. This cur-
rent can be represented by a segment 13—15 in
Fig. 3, which is the sum of a segment 13—14
representing the permanent current Jo and a
segment 14—15 which is the projection, upon
a fixed sector 14—16, of a vector 14—17 whose
length is kS and which makes the angle ¢ with
the preceding. According to the definition of
this angle (Equation 1) and in conformity to the
graphic representaticn of sinusoidal currents,
the vector 14—17 will turn with reference to the
fixed vector 14—16 with an angular speed of
2x (fi—f). The conventional direction adopted
for this rotation is for instance shown by the
arrow 18 when the frequency f1 of the local gen-
erator exceeds the frequency f of the controlling
oscillation. Since the frequency f1 of the gen-
erator depends upon the potential of the point 7
in the filter system and hence upon the syn-
chronizing current, two consequences will result:
firstly, each value of this current situated be-
tween the limits 13-—19 and 13—16 requires a
certain adjustment C of the tuning condensers
8—9 in order that the frequency fi of the gen-
erator 3 will be exactly equal to the frequency f
of the controlling oscillation; for one of these
adjustments the current J for which f=# is for
instance the one represented by the segment
13—15. Secondly, if from any accidental cause
the synchronizing current is modified, and hence
the potential of the point 7 changed, the fre-
quency of the generator will differ slightly from
that of the signal, and the vector 14—17 will
turn with reference to the fixed vector 14—18.
Let it be supposed for instance that when the
synchronizing current is reduced, this will di-
minish the frequency ji, and inversely. Under
these conditions, if the corresponding vector is
momentarily in the position 14—20 correspond-
ing to a setting (y4-Ay) erroneous of Ay, the syn-
chronizing current represented by the segment
1321 will be too small, so that the frequency
f1 of the generator becomes less than that of
the signal. The vector 14—20 now automatically
turns in the contrary direction to the arrow 18,
and it returns to the proper position 14—17.
When repeated for any other difference Ay, this
reasoning leads to the same result, and shows
that the position 14—17 is a position of stable
equilibrium for the aforesaid adjustment C of
the condensers 8--9. The synchronism is thus
automatically maintained, as by definition, the
vectors 14—16 and 14—17 representing the two
oscillations will maintain a constant relative
position. This synchronism is more stable when
the tuning condensers 8—9 are given the par-
ticular capacity Co for which the synchronizing
current J is equal to the permanent current Jo
as’ shown by the milliammeter 10 before pro-
ducing the signal wave at 2. By means of this
adjustment of the condensers, the two oscilla-
tions are in quadrature

o

¥=5

and the vector 14—17 has the. particular posi-
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tion 14—23. It is evident that for this adjust-
ment, 8 small error such as Ay will cause the
greatest variation of the synchronizing current,
and hence the most powerful correction. If on
the contrary to what has been arbitrarily sup-
posed, a reduction of the synchronizing current
occasioned an increase of the frequency f1 of the
generator, the practical result would be the same,
and all of the above considerations as to the rep-
resentative vector 14—17 would now apply to
the symmetrical vector 14—22. These remarks
justify the preceding assertions, namely, that in
order to afford synchronism between the local
generator and the signal, it is simply necessary
to bring the condensers 8—9 into the immediate
vicinity of the tuning, or more precisely, between
the two values Ci1 and Cz corresponding respec-
tively to the limits 13—16 and 13-—19 which the
synchronizing current J may assume. ‘These
limits are the extreme amplitudes of the beats
shown by the milliammeter 10. When this syn-
chronism has been thus obtained, it is made more
stable by operating the auxiliary condenser 9
until the milliammeter 10 shows the same current
Jo as in the absence of the signal wave., Then the
normal phase difference is

T

2

and the variations in the amplitude of synchro-
nizing current J are directly proportional to the
small variations in said phase difference.

Fig. 4 shows the application of the synchroniz-
ing system of my invention to a signal receiving
system. This signal, when collected by the an-
tenna or a line wire circuit 24, first passes
through the usual devices, such as the resonators
25 and an amplifier 26. The frequency may be
changed, if desired, by heterodynes (not shown)
and the energy supplied to the input circuit of
valve 27. 'The plate circuit of the valve 27 com-
prises an inductance 28 and g resistance 29,
shunted by a small capacity 30; these three ele-
ments are permanently adiusted so that the con-
trolling oscillation will have at the point 32 in
the output circuit of valve 27 a phase in quadra-
ture with the one which it had at the point 31.
By a suitable choice of resistance 29 and coil 28,
the amplitude of the signal wave at point 32 is
made several times larger than the amplitude at
point 31. The point 32 is connected to the cir-
cuit 2 of the detector valve 1 described in Fig.
1. The condensers 8—9 are carefully adjusted
so that the conirolling oscillation and the local
oscillation which interfere in the valve 1 will be
practically in quadrature, this result being ob-
tained when the current in the milliammeter 10
gives the same reading as the reading it indicated
before the receiver was tuned to the signal wave.
A second detector valve 33 is provided for the
recording of the signal or for the operation of the
telephone 11 through amplifier 36. According to
the preceding arrangements, the signal wave and
the local oscillations from oscillator tube 3 will
now be mutually modulated in phase, and thus
the plate circuit carries a current which is an
exact reproduction of the telephone signals or
of the dots and dashes produced by the telegraph
key at the transmitting station. A filter 34 ar-
ranged for the proper range of frequency. such
as a frequency of 4000 in the case of telephony,
transmits this current to the transformer 35 and
to the amplifying valve 36 supplying the tele-
phone 11. Since the amplification at the point
32 is several times greater than that of the point

3

31, the detector valve 1 will assure the synchro-
nism as long as the fading does not cause the
disappearance of the reception itself which is as-
sured by the second detector valve 33. An au-

tomatic corrector for the fading may be connect- -

ed in the plate circuit of the valve 33, and it is
controlled by the mean current supplied by mod-
ulating the local oscillation by the carrier /oscil-
lation. If the receiving is of a telegraphic nature,
the transformer 35 will be replaced by suitable
interconnecting means, for instance the resist-
ance 57 and the biasing source shown in Fig. 4a.
I have shown the modified coupling arrangement
of Fig. 4a connected between the second detector
valve 33 and the amplifying valve 36 between ter-
minal points 53, 54, 55 and 56 igidicated in Fig.
4. The transformer 35 is eliminated and resist-
ance 57 connected in lieu thereof between ter-
minals 53 and 54. The battery 58 with adjust-
able tap 59 thereon is connected with the grid
of amplifying valve 36 through terminal 55 as
shown. With this eircuit connection the receiver
may be used in telegraphic reception.

In the simplified receivers, such as those used
for radio broadcasting reception, the filter 4, 5,
6, may be replaced by a condenser 4, in parallel
with the resistance 6; such an arrangement will
be illustrated in 50, 51, Fig. 11. The principal
advantage of the present method is that it com-
prises, in the interior of the synchronizing de-
vice, & means of selection considerably more ef-
fective than any filter or resonator which might
be placed externally to the said device. The said
selection protects the synchronism against the
strongest atmospherics, and against the action
of side oscillations even when their frequencies
are very close to the carrier frequency. This re-
sult has never yet-been obtained; it is indispensa-
ble in order to synchronize a locally generated
oscillation on a radio wave pertaining to a signal.

The said selection is based entirely on the fact
that by combination with the locally generated
oscillation, the controlling oscillation S sin
(2rft+e€) is linearly transformed in the detector
into a current of the same form kS cos y. It can
be likewise proved that if such a transformation
is correctly realized for the controlling oscilla-
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tion, it will necessarily be so for all other received

oscillations. Under these conditions, the con-
trolling oscillation, synchronized on the locally
generated oscillation, is transformed into a cur-
rent the frequency of which is null; in the same
way, the side oscillations of the same signal are
transformed linearly into low frequency sinu-
soidal currents; the oscillations due to the statics
varying at random are transformed into currents
whose intensities have the same probability of
being positive or negative. Such a method of
transformation is well known, since it is used
each time that the frequency of a signal is low-
ered. in a -superheterodyne receiver; the means
permitting the exact realization of the said linear
transformation are also well known, and I have
already published two demonstrations thereof;
one applied to the ordinary detector of Fig. 1, and
the other to the bi-grid detector of Fiz. 2. But it
is the first time that the said transformation has
been used to render the frequency of a received
oscillation null, in order to allow it, after selec-
tion, to synchronize a locally generated occilla-
tion.

Given the said linear transformation as it is
resumed by the Formula (2) and explained by
Fig. 3, the selection of the synchronizing current
kS cos ¢ produced by the detection of the con-
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4

trolling oscillation is now evident; in fact the
said current may be isolated by a low-pass filter
4, 5, 6 (Figs. 1 and 2), since its frequency is null;
whereas the frequencies of the undesired cur-
rents produced by the detection of interfering
waves are not null. An excellent selection can
also be obtained by the simple aperiodic circuit
50, b1 (Fig. 11); it can be proved that in combi~
nation with the homodyne reception of an oscil-
lation, such an aperiodic circuit placed in the
output of the detector protects the current whose
frequency is null, deduced from the said oscilla-
tion, exactly in the same way as in principle it
could be protected by a resonator having the same
time constant as the said circuit, but which would
be tuned on the frequency f of the oscillation and
placed in the input of the detector. In fact, the
continuous synchronizing current kS cos ¢ entire-
ly passes through resistance 50, whereas the un-
desired currents, negative or positive at random,
caused by the combination of the atmospheries
with the locally generated oscillation, produce in
condenser 51 in accumulative effect inversely
proportional to the square root of the time con-
stant of circuit 50, 51; consequently the protec-
tion insured to the synchronizing current is pro-
portional to the said square rcot.

The advantage of selecting the controlling os-
cillation after its frequency is annulled results
from the fact that it is possible to construct very
easily a low-pass filter having an extremely nar-
row band, or an aperiodic circuit having a very
large time constant. Consequently, the present
method allows in principle to increase so far as
it is necessary the selection of the synchroniz-
ing current—i. e. the protection of synchronism
from statics and interfering waves.

In practice, the minimum value that can be
given to the band of the low-pass filter, or the
maximum value of the time constant of the ape-
riodic circuit, are only limited by the stability of
the carrier frequency or pilot on which the local-
ly generated oscillation is to be synchronized.
The said frequency always varies slightly, these
variations bheing due for instance to the propaga-
tion through the ether. If the maximum rate of
the variations affecting f is Af, 1. e. if the said
rate represents a variation of Af cycles in one
second, then the extent of the band of the circuit
4,5, 6 or 50, 51, must be at least equal to Af, and
its time constant at most to

_1
2. Af

Such a band proceeds from zero to about thirty
cycles for the very short waves.

As a consequence of the excellent selection in-
sured by the low-pass filter or by the aperiodic
filter, the influence of the statics and interfering
waves is completely eliminated, even when in the
transmitting station the amplitude of the car-
rier wave or pilot, destined to control the locally
generated oscillation of the receiver, is systemat-
ically weakened in regard to the side band os-
cillations of the same signal.

The main feature of the present invention, now
clearly stated by the preceding explanations, may
be summarized as follews: the said invention
concerns systems whose object is to maintain a
substantially constant phase difference between
a local oscillation and a controlling oscillation,
i. e., those systems where the frequency of one of
the said oscillations is automatically controlled
by a variable physical quantity depending from

, the said phase difference; this variable physical

1,976,877

quantity may be a current, a difference of poten-
tial, or more generally, any physical quantity re-
sulting directly or indirectly from the interfer-
ence of the two oscillations and capable of con-
trolling the frequency of any one of them. ‘The
cbject of the invention is to protect the synchro-
nism against the interfering waves, side waves,
statics, which may be received together with the
controlling oscillation. To do this, the whole of
the received oscillations is combined with the
locally generated oscillation in an instrumentality
whose characteristic is curved, such as a detector.
This combination is managed in such a way that
each of the said received oscillations exclusively
produces (in addition to the high frequency terms
which are easily eliminated) a variable physical
quantity whose amplitude is as exactly as pos-
sible proportional to the amplitude of the said
received oscillation, and whose phase is equal to
the difference between the phase of the said os-
cillation and the phase of the locally generated
oscillation. The difference of phase between the
locally generated oscillations and the controlling
oscillation being practically constant, the variable
physical quantity, which results from the said
controlling oscillation, alone has a zero fre-
quency, i. e., is not oscillatory. All the other
variable physical quantities produced by the in-
terfering waves are sinusoids whose frequencies
are not null. If thus, between the detector from
which the whole of said physical quantities are
issued, and the local generator whose frequency
is controlled by that physical quantity which cor-
responds to the controlling oscillation, a device
is placed which is selectively responsive only to
non-oscillatory and very low frequency varia-
tions of the said physical quantity, the synchro-
nism will be sufficiently protected from all inter-
ferences.

The present process, therefore, permits the syn-
chronization of a locally generated oscillation on
a controlling oscillation belonging to a signal of
any type whatever. The said controlling oscilla-
tion may be the carrier wave or pilot 37 of a tele-
phonic signal comprising one or two bands 38, 39,
this carrier wave having either a normal (Fig. 6)
or a weakened amplitude (Figs. 8 and 9); or even
the wave of a telegraphic signal transmitted by
means of either marking waves (Fig. 5) or mark-~
ing waves and spacing waves (¥ig. 7) having un-
equal amplitudes. It is known that these two
types of telegraphic signals are equal to side os-
cillations accompanying a carrier wave, whose
amplitude is variable but preserves always the
same sign. In the present process of synchroni-
zation, the variations in the amplitude of the car-
rier wave have no effect whatever on the stability
of the synchronism, since the latter is regulated
so as to place the locally generated oscillation in
quadrature on the controlling oscillation.

The synchronized arrangement further pro-
vides for the simultaneous reception of two sig-
nals whose carrying oscillations have the same
frequency but differ in phase. The said signals
may be of the type comprising a carrier and
symmetrical bands, as shown in Figs. 6 and 8.
The two carriers of same frequency as shown by
the vectors Si1 Sz in Fig. 10 are in fact equiva-
lent to a single oscillation represented by the
resulting vector S and they are thus enabled
to synchronize the local generator, as above
stated. The local oscillation H produced by this
generator is sent through two phase-varying de-
vices, and said oscillation is thus converted into
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spectively in quadrature with the signal oscilla-
tions S:r-S2. Herein the auxiliary oscillation Hy
will serve to receive the signal S: and to elimi-
nate the signal Sz, and inversely for the auxiliary
oscillation Ha.

The signal sent out by the transmitting sta-
tion may further have the form: .

SI1+sin(2nFt4@) Isin(27fi4-¢)

and thus it will comprise a carrier whose fre-
quency is f and whose amplitude is modulated
with another frequency F. The receiver may
comprise any suitable arrangement as shown
for example in Fig. 4, in which the carrier is
modulated in the valve 33 by a local oscillation
H sin(2xft+¢), and thus the current from the
transformer 35 has the form:

S sin(@zFtt-&

3)

and the output end of this transformer may serve
as the starting point of a second arrangement
which is the same as the one first mentioned but
in which the local generator is synchronized with

‘the frequency ¥.

By means of the signals specified in Equation
(3) it is further possible to receive the carrier
whose frequency is f, to amplify and to select
such oscillation in - filters whose band is com-
prised between the frequencies f+F and f—F;
and then to detect such oscillation by means of
an ordinary detector. The detected current,
whose frequency is F, is then received by a device
which is synchronized with this frequency. This
method will prove advantageous when the fre-
quency f of the carrier is too unstable to allow
it to synchronize a local generator.

The synchronized local generator may be the
master oscillator of a transmitting station, and
the controlling current is supplied by a small
auxiliary generator or by the signal waves from
another transmitting station.

For the reception of signals, this synchronized
arrangement has numerous advantages which
have already been shown by theoretical exami-
nation. The syntonic action is improved, as the
filters such as 34, which are very readily con-
structed, will multiply the selection obtained in
the high-frequency circuits by the selection ob-
tained in the low-frequency circuits of the re-
ceiver.

The detection is made linear, and this im-
proves the reproduction of words and music, and
greatly reduces the drawbacks of fading.

The intensity of the aperiodic disturbances is
much reduced with reference to the intensity of
the signal. In the first place, the modulation
by a powerful local oscillation eliminates the sets
of disturbing waves whose phase, at the input end
of the valve 33, is in quadrature with the phase
of this local oscillation and thus the number of
the disturbances is reduced to one-half, on the
average, and the resulting improvement is sub-
stantially the same as if the power of the trans-
mitting station were doubled. In the second
place, the signals such as those represented in
Figs. 7, 8, and 9 allow the use of almost the whole
of the transmitted power for the lateral oscil-
lations which form the signals themselves, in-
stead of expending this power to no avail in the
oscillation carrying the signals. The advantage
thus obtained is the same as if the transmitted
power were multiplied by a number between 3
and 4. In the third place, by reducing by one-
half the width of the band occupied by the sig-

5

nal as represented in Fig. 9, and hence at the
same time the width of the band of the receiving
filter 34, the number of disturbances “is again
divided by two. Expressed as transmitted power,
the total gain thus realized will consequently
vary, according to the types of signals, between
2 and 14, approximately. During fading effects,
the actual gain is still greater, as the improve-
ments made in the detector operation which are
due to the local oscillation will afford a greater
benefit to the signal than to the disturbances
which have a greater intensity.

The signals represented in Figs. 7 and 8 are
to a certain degree secret and out of reach of un-
authorized reception, since their reception re-
quires an exactly synchronous local oscillation.
Such signals cannot be received by an ordinary
receiver as may be accomplished with the sig-
nals shown in Figs. 5 and 6, nor like the signals
shown in Fig. 9 which may be picked up by use
of a simple local generator whose frequency is ap~
proximately the same as that of the signal.

In Fig. 11, the oscillation enters at 40, where
it has a certain frequency fo; it interferes in a
first detecting valve 41 with the oscillation fur-
nished by a heterodyne generator 42 whose proper
frequency is (f1)o. In the circuits such as 43
which are supplied by the detector 41, the new
frequency f acquired by the controlling oscilla-
tion S.sin (2rfi+¢) is thus equal to the differ-
ence (f1)o—jfo or to the sum (f1) 0-fo; in all cases,
it depends upon the proper frequency (f1)o of the
heterodyne generator 42. This frequency (f1)o
will in turn depend on the one hand upon the tun-
ing of the condenser 44, and on the other hand
upon the characteristics of the generator, for in-
stance, upon the potential of the conductor 45
supplying its plate. In consequence, by modify-
ing this potential, one will thus modify the fre-
quency f of the control oscillation in the circuits
following the detector 41. In like manner, as in
Fig. 1, another detector 46 is operated simul-
taneously at 47 by the confrol oscillation and at
48 by the local oscillation whose new frequency
is f, and at 48 by a local oscillation supplied by
the synchronous generator 49. Due to the in-
terference occurring in the detector 46, the re-
sistance 50 which is protected by a low pass filter
or by a condenser 51, carries a synchronizing cur-
rent which can be read on the milliammeter 52
and is represented by the Equation (2),

In this manner, any change in the angle ¢ will
change the current J as well as the drop of po-
tential due to the flow of this current in the resist-
ance 50. These changes of potential act upon the
frequency (f1)o of the heterodyne 42, and through
the latter upon the frequency f of the control
oscillation. This result can be obtained by sup-
plying the plate circuit of the heterodyne 42 by
the conductor 45 connected at the top of the re-
sistance 50. In these conditions, the controlling
frequency f is made to depend upon the angle ¢,
and the synchronism is automatically main-
tained, as disclosed with reference to Fig. 1.

While I have described the synchronizing sys-
tem of my invention in certain of its preferred
embodiments, I desire that it be understood that
modifications may be made and that no limita-
tions upon my invention are intended other than
are imposed by the scope of the appended claims.

What I claim as new and desire to secure by
Letters Patent of the United States is as follows:

1. In a phase difference control system, a sig-
nal receiving circuit, a source of local oscillations,
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. & pair of detector circuits connected therewith

and operative upon the receipt of incoming sig-
nal oscillation, a signal observing device, selective
means interconnecting said signal observing de-
vice with one of said detectors, an interconnecting
path between said local source and the other of
said detectors, and & plurality of impedance €le-
ments in said path for selecting a synchronizing
current, means in the output of said path re-
sponsive to variations in said synchronizing cur-
rent to maintain the normal phase difference be-
tween the locally generated oscillations and the
incoming signal oscillations.

2. A phase difference control system compris-
ing a circuit for controlling oscillation, a circuit
for generating a local oscillation, an electron tube
detector connected with said circuits, in which
detector, the controlling oscillation is combined
with the local oscillation s> as to produce a de-
tected current utilized as a synchronizing cur-
rent, a low pass filter in the output of said elec-
tron tube detector to select said synchronizing
current, and means causing said selected cur-
rent to act upon the frequency of the local oscil-
lation.

3. A phase difference control arrangement uti-
lized as a homodyne receiver, comprising in com-
bination a circuit for a controlling oscillation
proceeding from signal waves, a local generator;
a first detector in which the controlling oscilla-
tion is combined with an oscillation produced by
the local generator, a low pass circuit selecting
the detected current, continuous at synchronism,
produced by the controlling oscillation, the band
width of this low pass circuit being in accordance
with the stability of the said controlling oscilla-
tion, and means whereby the said selected de-
tected current controls the frequency of one of
the two oscillations combined in the first detec-
tor to maintain these oscillations in locked syn-
chronism and approximately in quadrature, a
phase shifter whereby the controlling oscillation
and the local oscillation now synchronous are
brought into phase consonance, a second detector
in which these oscillations in phase consonance

are combined, a low pass circuit in the output of

the second detector, a band width of this circuit
being in accordance with the signal frequencies,
such as audio frequency, and an indicator actu-
ated by the signal.

4. In a receiving circuit for signal oscillations
including a local heterodyne generator, a first
detector simultaneously actuated by the signal
and by said heterodyne generator in such man-
ner that said detector will supply a control oscil-
lation whose frequency is due to the superposi-
tion of the frequency of the signal and the fre-
quency of the heterodyne, a local generator of
synchronous oscillations, a second detector si-
multaneously actuated by said control oscillation
and by said synchronous generator, a circuit in-
terconnecting the second detector with said local
heterodyne generator and providing a selecting
path for synchronizing current whose ‘amplitude
is determined by the difference of phase between
the control oscillation and the oscillation pro-
duced by said local synchronous generator, to
maintain constant this difference of phase.

5. The method of equalizing the frequencies
and controlling the phase difference of two sinu-
soidal oscillations, the amplitudes of either or
both of which may be variable, which comprises
combining the two sinusoidal oscillations to pro-
duce a variable physical entity which is sub-
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stantially a sinusoidal function of fhe said phase
difference, selecting this physical entity and uti-
lizing this selected entity to maintain a normal
phase difference between the two oscillations.

6. A syi.em for maintaining two oscillations
in locked synchronism, which comprises, a detec-
tor in which these oscillations coact, so as to
transform one of these oscillations into a detected
current approximately proportional to the pro-
jection of the vector representing the said oscil-
lation upon the vector representing the other
oscillation, a device selectively responsive to the
action of this detected current, continuous at
synchronism, and means whereby the response
of said device controls the frequency of one of
said oscillations.

7. A method of maintaining a locally generated
oscillation in locked synchronism with a received
oscillation which may be accompanied by other
received oscillations, such as side band oscilla-
tions and disturbing oscillations, which comprises
combining through a linear detection the locally
generated oscillation with the whole of the re-
ceived oscillations, in such a way that the ampli-
tude of the detected current produced in any one
of these received oscillations is approximately
proportional to the projection of the vector rep-
resenting the said received oscillation upon the
vector representing the locally generated oscilla-
tion, selecting the detected current produced by 105
the received oscillation which is to be maintained
in locked synchronism with the locally generated
oscillation, and utilizing the said selected current
to control the frequency of one of the two said
synchronized oscillations."

8. A system for maintaining two oscillations in
locked synchronism comprising a device in which
the oscillations coact, means whereby this co-
action transformers one of the said oscillations
into a current whose amplitude is approximately 115
proportional to the projection of the vector rep-
resenting this oscillation upon the vector rep-
resenting the other oscillation, this amplitude be-
ing approximately constant when the locked syn-
chronism is obtained, means selectively responsive
to the action of the said current, and means
whereby said response controls the frequency of
one of said oscillations.

9. A system for maintaining in locked syn-
chronism two oscillations, comprising an electron 125
tube detector in which the two oscillations are
mutually modulated, means whereby this mutual
modulation transforms one of the said oscilla-
tions into a detected current whose amplitude is
approximately propcrtional to the projzction of 130
the vector representing this oscillation upon the
vector representing the other oscillation, & circuit
constituting a path for continuous and low fre-
quency currents, for selecting the said detected
current, and means in the output of said circuit 135
whereby the selected current controls the fre-
quency of one of said oscillations to maintain the
two oscillations in locked synchronism.

10. A system for maintaining in locked syn-
chronism two oscillations, the proper frequencies
of either or both of which may admit slight varia-
tions, comprising g detector in which the two
oscillations coact, means whereby this coaction
transforms one of the said oscillations into a
detected current whose amplitude is approx-
imately proportional to the projection of the
vector representing this oscillation upon the
vector repressnting the other oscillation, a cir-
cuit constituting a selecting path for said de-
tected current, the width of the band of this 150
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current extending from zero to a value in ac-
cordance with the said variations of frequencies,
and means in the output of said circuit whereby
the selected detected current controls the fre-
quency of one of said oscillations.

11. A system for maintaining two oscillations
approximately in quadrature, the proper fre-
quencies of which may be slightly variable, com-
prising a local generator acting on the frequency
of one of said oscillations, & detector in which
these oscillations are mutually modulated, means
whereby the amplitude of the detected current
thus produced in the output of the detector by
one of the said oscillations is approximately pro-
portional to the small changes in the phase dif-
ference of the two oscillations with respect to
the quadrature, a resistance in parallel with a
condenser in the output of the detector, the time
constant of said resistance condenser being in
accordancz with :the rate of the said small
changes in the phase difference, and a connection
leading from a point adjacent said resistance to
said local generator, said connection acting on
the frequency of the local generator to maintain
the two oscillations approximately in quadrature.

12. A system for maintaining approximately
in quadrature g locally generated oscillation and
a received oscillation proceeding from a Hertzian
wave whose frequency admits slight variations,
comprising in combination a dstector on which
‘the two said oscillations coact, means where-
by the amplitude of the detected current thus
produced by:the received oscillation is approx-
imately proportional to the small changes in the
phase difference of said oscillations with respect
to the quadrature, a circuit in the output of said
detector consitituting a path for said detected
current exclusively, the tims constant of this
circuit being in accordance to the rate of the
variations in the frequency of the Hertzian wave,
and means in the output of said circuit responsive
to the variations in the amplitude of said detected
current, to control the phase difference of said
oscillations.

13. A system for maintaining a locally gener-
ated oscillation in locked synchronism with a re-
ceived controlling oscillation, which may be ac-
companied by other received oscillations, such as
side bands oscillations and disturbing oscilla-
tions, which comprises, a detector in which the
locally generated oscillation coact with the whole
of the received oscillations, means whereby this
coaction transforms each received oscillation into
a detected current whose amplitude is approxi-
mately proportional to the amplitude of the said
received oscillation, and whose phase is equal to
the difference between the phase of said received
oscillation and the phase of the local oscillation, &
device selectively responsive to the action of the
detected current produced by the controlling
oscillation, and means whereby the response of
said device controls the phase difference between
the two said synchronized oscillations.

14. A phase difference control arrangement to
receive a signal produced by modulating a carrier
wave, comprising & local generator generating an
auxiliary oscillation, a detector on which the sig-
nal waves and the auxiliary oscillation coact so as
to transform the carrier wave into a detected cur-
rent the amplitude of which is approximately
proportional to the projection of the vector rep-
resenting said carrier wave upon the vector rep-
resenting the auxiliary oscillation, a circuit in the
output of said detector to select continuous cur-
rent, means in the output of said selective cir-
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cuit controlling the frequency of the local gen-
erator, and receiving means in the output of the
detector.

15. A method of maintaining locked synchro-
nism, 1. e. with substantially constant phase dif-
ference, between two electromagnetic oscillations
which may be accompanied by side-band and
disturbing oscillations, which comprises combin-
ing the two first named or synchronous oscilla-~
tions in a detecting device for the production of
& variable physical quantity, wh\ose magnitude
is approximately proportional to the projection
of the one on the other of the vectors represen-
tative of the two synchronous oscillations, said
magnitude becoming substantially constant on
the attainment of locked synchronism; causing
said physical quantity to act on a device selec-
tively responsive only to non-oscillatory and very
low frequency variations of said physical quan-
tity and utilizing the result of its action on
said selectively responsive .device to control
the frequency of one of the synchronous oscil-
lations.

16. A phase difference control arrangement for
the homodyne reception of a telegraphic signal
constituted by marking waves and spaces, which
comprises a local source generating a local wave
of constant amplitude and of the same frequency
as the said marking waves, a detector in which
each marking wave is combined with the local
wave and transformed by this combination into
a direct impulse whose intensity is varying as the
cosinus of the phase difference between the two
said waves, a device having a high time constant
in which the discontinuous succession of said im-
pulses produces an undulating current whose sign
is positive or negative along with the said cosinus,
means under the control of said undulating cur-
rent to maintain in quadrature the local wave
and the signal waves interfering in the detector,
and a phase shifter restoring the convenient
phase difference of said waves for the homodyne
reception of the signal.

17. A phase difference control arrangement for
the homodyne reception of a telegraphic signal
constituted by marking and spacing waves whose
phases are opposite and amplitudes unequal,
which comprises a local source generating a local
wave of constant phase and amplitude and of
the same frequency as the said signal waves, a
detector in which the marking and spacing waves
are combined with the local wave and respective-
1y transformed by this combination into impulses
of opposite directions and unequal amplitudes, a
device having a high time constant whereby the
succession of said impulses produces an undulat-
ing current whose sign is depending upon the
phase relation of the signal waves and the local
wave, means under the control of said undulat-
ing current to maintain in quadrature the local
wave and the sighal waves interfering in the de-
tector, and a phase shifter restoring the conven-
ient phase difference of said waves for the homo-
dyne reception of the signal.

18. A synchronizing system comprising a cir-
cuit receiving a first oscillation, a local source
generating a second oscillation, means whereby
the received oscillation is transformed into a syn-
chronizing sinusoidal current whose phase dif-
fers in a fixed quantity from the phase difference
of the two said oscillations, a device selectively
responsive to the action of said synchronizing
current, and means whereby said response con-
trols the frequency of one of said oscillations.

19. A phase difference control system compris-
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the phase difference of the two said oscillations,

said sinusoidal current whose frequency is null
at synchronism, and means whereby said response
controls the frequency of one of said oscillations.
HENRI JEAN JOSEPH MARIE .
+ DE REGNAULD pE BELLESCIZE.
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