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o0 arrangement for synchronizing two radio fre- and voltage output of the apparatus illustrated 20
quency waves even though the principal wave - in Fig. 1; Fig. 4 represents a modification of the
may be varying in frequency. | . apparatus of Fig. 1 arranged to minimize the ef-

Still another object is to provide an arrange- fect of stray or external fields on the operation of -
ment for controlling the amount of regeneration the apparatus; Fig. 5 is a circuit diagram of an

05 f a regenerative amplifier in order to obtain the electrical apparatus in which two radio frequency 25
maximum regeneration without producing oscil- waves are maintained in synchronism; Fig. 6
lation. | is a circuit diagram of a regenerative amplifier

A further object of my invention is the employ~ - in which the degree of regeneration is controlled
ment of electric beam devices in connection with  in-accordance with my invention: and Fig. 71is a |

50 amplifying apparatus oi the superheterodyne circuit diagram of a.'superheterodyne -amplifier 30
tyne. | | R including a schematic representation of an elec-

Other and further objects and advantages of tronic beam device for producing amplification
my invention will become apparent as the de- 1In sccordance with my invention. ) |
scription proceeds. - S - Referring now more in detail to the drawings

59 In carrving out my invention in its preferred in which like reference characters designate like 35
form, I employ an arrangement for producing a  parts 'thraugho-ut, in Fig. 1, I have represented
stream of electrified particles and means for a type oI apparatus illustrating a, simple form
deflecting the stream in response to variations in of my invention. In this form of my invention,
voltage. Preferably, the electrified stream Is pro- the apparatus 1s. employed for measuring the

40 Juced in an exhausted envelope containing an phase angle between two voltages E:1 and Es ap- 40
anode and containing a cathode from which the plied at the terminals Il and {2, respectively.
electrified particles issue. The apparatus is ar- The apparatus includes means. for producing a
ranged so that the intensity of the electrified stream of electrified particles, the i_n,tensity of
stream varies in response to one of two voltages, which varies in response to variations in the mag-

45 the phase angle between which must be deter- nitude of the voltage Ei, means for deflecting the 45
mined, and the stream is deflected in response to stream of electrified particles in response to vari-
the other of the two voltages. A pair of collect- ations in the magnitude of the voltage Ez, and
ing plates is provided to intercept the stream of means for determining the average intensity of - =
electrical particles on either side of their mean the electric stream on either side of its mean o

50 path so that variations In phase relationship be- path. - | | ST o0
tween the two control voltages produce varia- .. The apparatus may take the 'fﬁrm_-df an en- - -
tions in the amount of charge collected by the velope 13 containing & cathode 14 and an anode
plates, and consequently, variations in the poten- . 15, here shown as consisting of a metallic band =
tin] difference between the two plates. - | deposited on the inner surface of the envelope

65  The potential difference produced between the 13. Preferably, & focusing element 16 is also 85
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My invention relates to electric beam appa-
ratus and concerns particularly phase angle and
power factor responsive apparatus, methods of

measuring phase angle, and methods of con-

trolling electrical apparatus in response to vari-
ations in phase angle in which electric beam or
cathode ray devices are employed.

It is an object of my invention to provide an
improved device and method for measuring phase
angles and power factors at high frequencies.

Oiher objects of my invention are the pro-
vision of arrangements for controlling high fre-
quency apparatus in response to variations in
rhase angle. |

One of the chjects of my invention is also the

provision of an arrangement of electric beam ap-
paratus in which the effects of stray fields upon
the electrified beams are overcome.

Another cbject of my invention is to provide an

two plates is utilized to energiz_e an indicating
device in the case of phase-angle measurements, .'

‘or to control the desired apparatus where appa-

ratus is to be operated or regulated In response
to variations in. the phase angles. B
The features of my invention which I believe
to be novel and patentable will be pointed out in
the claims appended hereto. A better under-
standing of my invention, itseil, may be obtained
by referring to the following description taken 10
in connection with the accompanying drawings
in which Fig. 1 is a circuit diagram of a phase- -
angle responsive device arranged in- accordance
with my invention and in which an electronic

‘beam apparatus is represented partially in sec- 15' |

tion: Fig. 2, parts a to g, inclusive, are CUrves rep-
resenting graphically the operation of.the appa-
ratus illustrated in Fig. 1; Fig. 3 1s another curve
representing a relationship hetween phase angle
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employed, as well as a erid or beam intensity
controlling element 7. The envelope 13 is suf-
Hciently exhausted to bermit the emission of

electrified particles from the cathode 14,

the type of apparatus
known as a eathode ray tube and I prefer to utilize

~ a stream of electrified particles, known as “cath-
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ode rays”, which are generally understood to be 3~

stream of electrons, but my invention is not
Iimited to this particular type of apparatus.
In the form of apparatus Hlustrated, I have

shown the heating filament | 8 energized by a

source of current 19 for the burpose of facilitating -

the emission of electrons from cathode i4. The
apparatus includes, in addition to the Just men-
tioned elements of an ordinary cathode ray tube,
& palr of collecting plates 20 and 2f. These are
mounted, preferably, in the end of the envelope {3
away irom the cathode 14 on either side of the
mean path of the electronic stream issuing from
{4 through the focusing element 6.
In the type of apparatus illustrated, the axis 22
of the mean electron path is normally approxi-
mately along the longitudinal axis of the en-
velope 3. |

The plates 20 and 21 may be arranged with a
slight gap between them in g transverse direction
intersected by the axis 22 of the mean path of the
electronic stream but, preferably, the plates 20
and 21 are mounted as shown slightly overlapping
with their adjacent ends spaced in g longitudinal
direction to avoid electrical contact between the
blates. In this manner any given ray or portion
of the electronic beam must fall upon either plate

20 or plate 21 and the electronic beam can have no

Dosition at which it, or a portion of it, passes be-
tween the collecting plates instead of impinging
upon at least one of them as would be the case if
the collecting plates 20 and 2i were placed in
the same plane and s paced apart transversely.
One obtains therefore the effect of infinitesimal
transverse spacing along the lower
plate 20. Any desired means for deflecting the
electronic stream may be employed, such as elec-

tromagnetic defiecting coils or electrostatic de-

. llecting plates, for €Xample, but, for the sake of

50
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-Hlustration, I have shown a pair of

deflecting
plates 24 and 25 connected to the termingls (2
through suitable leads.

In order to cause the electrons emitted by the
cathode {4 to be projected longitudinally through
the envelope 13, a source of current 26 is pro-
vided for producing the requisite potential dif-
ierence between the anode 15 and the cathode (4.
The focusing element, 16 is connected to a point at

" Intermediate potential in the current source 26

60
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1 a manner well understood by those skilled in
the art. 'The collecting plates 20 and 2{ may, if

desired, be joined by a resistor 27 having its mid- |

point 28 connected to the anode 15 to permit
charges accumulated by plates 20 and 21 to leak
off. The plates 20 and 2{ are connected to the
terminals 29 and 30, which S€rve as the output
terminals of the device, and the midpoint 28

- of resistor 27 may also, if desired, be connected to

70

an output terminal 31. A suitgble voltage-re-

Sponsive device 32, preferably one drawing little

Or no current in order to avoid disturbing the

potentials of the plates 20 and 21, is connected be- |

tween the oufput terminals 29 and 2 0. .
Although the apparatus may be arranged to

operate with the electric beam or stream of elec-

trical particles, either in the form of g narrow

edge 23 of

2,024,979

shaft or a flat sheet deflectable in its direction of
thickness, obviously greater output may be ob-
tained by arranging the apparatus to emit a flat
sheet of electrical particles. Since the drawings
represent partial sections cut: by planes parallel 5
to the direction of deflection, the flat sheet beam

symbol “O” being the neutral axis, -\
tances from the neutral axis O represent the in-

| produced - by
variations in the voltage E; when the voltages E;
and E: are in the same phase relationship,
Iream being a function of Ei. In Fig. 2p, the
horizontal line 33 represents the average value of 28
the beam current and the horizontal line O rep-
resents zero values of beam’ current. It will be
seen that the beam current does not reverse in
direction but merely Huctuates in amplitude.
The variations in amplitude are produced by the 30
variations in voltage between the grid 1T and the |
cathode 14 designated by the symbol E;.

‘The apparatus may either be -so arranged that

& relatively fine electronic beam is produced and

the beam impinges upon either plate 20 or plate 85
21, or it may be arranged in such a manner that
a relatively broad beam is produced which im-
pinges partly on plate 20 and partly on plate 21.
The operation will Orst be explained when the
construction is such as to produce the former 40
condition. . N | |

The apparatus may also either be arranged in.
such. the plates 20 and 21 ge-
cumulate the charges deposited thereon by the

- electric beam 22 so that the potentials of the 45

20 and 2{ are dependent ‘upon the time
integrals of the beam currents falling on eifher
plate, or the apparatus may be so arranged that
the charges leak off substantially as quickly as |
deposited. In the former- case, the resistor 21 50
would be omitted or made of very high resistance
Lo permit charges to leak off slowly after a read-

ing; in the latter case, a somewhat lower value

of resistance would be employed. In either case,

thﬁe potential difference between plates 28 and 21 55

will depend upon the phase variations in beam in-
tensity and deflection as will now be explained.
The symbols “V2” and “v,” refer to the potentials
of the plates 20 and 21, respectively, with respect
to the anode 15. | s _
If the plates 20 and 21 are connected as shown
through the two halves of 5 resistor 271 to the
anode 15, the beam current will flow back to the
anode [5 through the resistor 27 so that the volt-

age drops V2 (Fig. 2¢) and V: (Fig. 2d) will be 65

60
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mately in wave shape the curve of 2b during the
positive half cycle of Ez and drop to zero during
the negative half cycle of Ez as shown in curve 2¢C.
Similarly, the voltage Vs wiil follow the shape of

curve 2b during the negative half cycle of voltage

Ez and drop to zero during the positive half cycle
as indicated in Fig. 2d. - '

When the voltages E1 and Ea are in quadrature -

with E: lagging, variations in beam current will
lag 90 degrees behind those shown in Fig. 20 and

will follow the curves shown in Fig. 2e. The

voltages Va and Vi likewise will follow the por-
tions of the curve 2e occurring during the posi-
tive and negative half cycles, respectively, of the
voltage E:2 so as to follow the curves shown in
Figs. 2f and 2¢. It will be apparent from Inspec-
tion of the figures that, when the the voltages Ei
and Ea are in phase, the average value of V2 is
ereater than the average value of V3 but, as the
voltages get out of phase, the difference between
V. and V3 will gradually fall until the average
values of Vz and V3 are equal at 90 degrees phase
shift, as shown in Figures 2f and 2¢g. The differ-
ence between the average values of voltages V2
and V3 may be designated by the symbol “Vi”
which is also the difference in voltage between

- plate 28 and plate 21.
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In o similar manner, if the apparatus is ar-

ranged to accumulate electric charges on plates .-

20 and 21, the voltages V2 and V3 will depend upon
the integrated beam currents and will be pro-
portional to the areas under the curves of Figs. 2¢
and 2d or Figs. 2f and 2¢, respectively. Con-
sequently, whether resistor 27 has extremely high.
resistance or relatively low resistance, the po-
tential difference Vi between plates 20 and 21
will depend upon the phase relationships between

E:1 and E:.

Fig. 3 represents'the variations in values of V1

with variations in phase relationship between E1
and Ea. ~ It will be seen that Vi is a maximum
when Ei1 and Ez are in phase and falls to zero
when Ei1 and E: are in quadrature, and reverses
and increases to & negative maximum when K
and E: become 180 degrees out of phase. The
voltage-responsive device 32, consequently, may
be calibrated so as to read directly the phase
angle between voltages E1 and Ez for any given
average value of E1. ‘Owing to the fact that the
curve V1 has a relatively large slope near the value
90 degrees, my apparatus forms a particularly
sensitive instrument for the measurement of
phase angles near 90 degrees or quadrature.

The explanation of the operation which has
just been given has been primarily with reference
to a construction of the electronic beam device
producing a relatively fine electronic beam, but,
in general, the operation will be similar when the
arrangement is such that a relatively broad beam
is produced. The operation with the relatively
broad beam will be referred to more in detail in
connection with the description of the balanced
arrangement of Fig. 4 in which are illustrated
electron beam devices 13 and 13’, each arranged
to produce & relatively broad beam 39 or 35°.

Since the cathode ray device has been found to
respond very rapidly to variations in voltage, this

device may be used for measuring phase angles -

of very high frequency waves, such as those en-
countered in radio frequency apparatus. Obvi-
ously, the apparatus may serve also as & power
factor meter if one of the voltages Ei1 or E:2 1s

made proportional to the current variations in a-

circuit in which the power factor is to be meas-

ured. This may be done, if desired, in a manner

similar to that described hereinafter in connec-
tion with Fig. 6. . - N

1In some cases, it may be desirable to guard the
apparatus against the effects of external mag-
netic or electrostatic fields. This may be done, b5
if desired, by employing the balanced arrange-

ment disclosed in Fig. 4. An external electro-

static field in the direction of the arrows 34,
shown in Fig. 4, or an electromagnetic field per-
pendicular thereto would tend to deflect the beam 10
22 of Fig. 1 in addition to the deflection produced
by the voltage Ez so that, where a stray field of
great strength is present, accuracy of the read-
ings might be impaired. The effect of the de-
flection produced by an external or stray field 15
may be compensated for by employing two bal-
anced electronic beam devices 13 and 13’.. The
two devices are arranged symmetrically, that is,

the corresponding deflection plates 24 and 24’

connected to one of the terminals 12 are located 20

- on the sides of the tubes 13 and 13’ away from

each other, and the- other two corresponding

deflection plates 25 and 2%’ connected to the
" other of the terminals 12 are located toward each

other. In a similar manner, the corresponding 25

- collecting plates 20 and 20’ are away from each

other and the corresponding collecting plates 2}
and 21’ are toward each other. : -
The arrangement illustrated in Fig. 4 is pri-

‘marily of value where the apparatus is adjusted 30

to produce wide beams 35 and 3%’. If it be as-
sumed that the direction of the stray field 34 is
<uch as to deflect both beams 35 and 35" down-
ward, then the amount of electric charge depos-
ited by the beams 35 and 35’ upon collecting 33
plates 20 and 21’ will be decreased, whereas the
amount of charge deposited upon plates 21 and
20’ will be increased. Since, however, plates 20
and 20" are electrically connected and plates 21
and 21’ are also electrically connected, the total 40
amount of charge deposited upon plates 20 and
20’ and likewise upon plates 21 and 21’ or the
total currents to terminals 29 or 30 will remain
unchanged so that the potential difference be-
tween terminals 29 and 30 and the magnitude 45
of the voltage V1 will be substantially unaffected
by the stray field 34. | |

The operation of each of the tubes ilustrated in
Fig. 4, adjusted to produce wide beams, is substan-
tially the same as that of the tube in Fig. 1, ad- 50
justed to produce a very narrow beam. Although
reversals in polarity of the voltage Ez in'Fig. 1
will cause the beam 22 to shift entirely from one
collecting plate 20 or 21 to the other, a similar
operation is obtained with a broad beam which il
falls upon both coliecting plates 20 and 21 and
merely changes the relative amounts of charge
deposited upon plates 20 and 21 as the beam is
deflected. That is, whereas in the former case
the entire beam current flows either to one col- 60
lecting plate or the other depending upon the -
polarity of the voltage of the deflecting plates. 24
and 25. in the latter case, beam current flows to
both plates but the net beam current or the

~ excess of beam current flowing to one plate over 65
that flowing to the other still fiows to one col-
lecting plate or the other, depending upon the

polarity of the deflecting plates. The voltage Vi,
which is the.potential difference between parts 29
and 30, depends, of course, on the excess current 70
or the algebraic-difference between the currents

flowing in the two portions of resistor 21 and not -

alone upon the absolute current in either portion.
Curves 2¢ to 2¢ apply rigorously to the case
where beam 22 is very narrow. However, if the 75




4

beam is broadened,
and Vi will merely be modified and the ultimate
resultant operation will be qualitatively the
same, although it may be that a slight modifica-
tion of the shape of calibration curve (Fig. 3)
would take place. The curves V2 and V3 will then
‘vary with values of Ez as well as with values of
Ibeam as previously explained.
previous case, the difference between Va2 and V3
will be greatest when the voltages E; and E are
In phase or 180 degrees out of phase as indicated
by curve Vi in Fig. 3 and the voltages V2 and Vs
will be equal when the voltages E1 and Ez are in
quadrature. :

My invention is not limited to use as a phase
indicator or a simple phase-responsive device but,
Includes arrangements in which an op-
controlled in response to variations in
relationship. For example, in Fig. 5, I
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36 represent a portion of
a radio frequency generator which is to serve as
- the principal wave source with which g second
snej In synchronism. The
windings 37 and 38 and the dischapeatieac? il
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ST’ are provided and g phase-responsive device is
connected thereto to control the frequency-vary-
ing means in response to the phase relationship
vetween the two waves Erand Ez2. A satisfactory
arrangement, for reasons which wiil be explained
hereinafter, is for example, to have the .resistor
41 of Fig. 5 connécted to the terminals 28 and 30
However, my invention Is not limited
to this precise arrangement. |

It will be understood that the resistors 47 of 10
Fig. 5 and 27 of Fig. 1 may, If desired, be re-
blaced by a single resistor connected between the
terminals 29 'and 36 or, if desired, may. also be
eliminated entirely. Likewise, if desired, the
voltage Vi may be amplified before ijts connection 15
to resistor 41. It has been found that the fre-
quency as well as the phase of '
generator of the discharge tube oscillator type
may be varied by varying the grig bias.
grid is maintaineqd slightly more
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circuit in order to produce regeneration. Any de-
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sired type of coupling, such as inductive, capaci-
tative, or conductive coupling, known to those
skilled in the art, may be employed. Or, as will
be understood by those skilled in the art, cou-
pling may also, in certain cases, take place by
virtue of the inherent electromagnetic or electro-

static induction between elements of the tube 39

or portions of the conductors forming the circuit.
In the form of apparatus here shown by way of
jillustration, the plate circuit of the discharge

tube 39 consists of the anode or plate 43, the

feed-back or regenerative coil 53, which is in
inductive relation with the secondary winding

38, the translating device 54, and the source of.

anode potential 55. The translating device 54
may be a pair of headphones of a radio receiving
set, the primary winding of a transformer con-

necting the one stage of a radio receiver to sub-

sequent stages, or any other suitable device as
will be understood by those skilled in the art.

In radio frequency circuits of the regenerative
type, the amplitude of the response obtained In
the tertiary or output circuit supplying the
translating device 58 may be increased by in-
creasing the coupling between the grid or the
secondary and the plate circuits, in the arrange-
ment illustrated, the coupling between the re-
cenerative winding 53 and the secondary wind-
ing 38. If the coupling is increased excessively,

however, the circuit may be set in oscillation so

that energy is radiated or transmitted by the ap-

paratus through the winding 37 and the appa-

ratus becomes ineffective as a radio receiver since

it tends to oscillate at its natural frequency in-

stead of reproducmg faithfully the wave form to
be received, which is applied to the winding 31.

The coupling between the secondary and tertiary

circuits may be modified by modifying the mu-
tual inductances between the primary and ter-
tiary windings 38 and 53, or by varying the grid
bias, or in any other suitable manner. The
method of controlling the degree of couplmg by
varying the grid bias, has been illustrated and

my invention will be described in connection with

an embodiment in which it is carried out in this
manner,

Maximum regeneration and a.mphﬂcation may
be obtained by permitting the power factor of
the secondary circuit, that is, of the current flow-
ing in the secondary winding 38, to become &
minimum without actually dropping to zero, at
which point oscillation ordinarily commences.
The power factor of the circuit obviously de-
pends upon the phase relationship between the
voltage and current in the winding 38 and the
angular relationship between these quantities is
referred to as the power factor angle. Accord-
ingly, an apparatus of the type illustrated in Fig.
1 may be utilized for controlling the amount of
regeneration of a circuit shown in Fig. 6. The

leads 11 of Fig. 1 are connected across the wind-

ing 38 and the leads 12 of Fig. 1 are connected
across the series impedance 52 in which the volt-

age drop Esz obviously varies with the current

flowing if the impedance 52 comprises resistance,
The impedance 52 may, of course, also be made

inductive or capacitative, in which case the leads

12 would be connected thereto through a phase
shlftmg network. Obviously, if desired, lea.ds i
and 12 may be interchanged in Fig. 6.

As previously explained, when the voltages E1
and E: of Fie. 1 are in quadrature, that is, when
the power factor of the secondary circuit of Fig.

- ing slichtly from the frequency of the incoming

s
6 is zero, the voltage Vi drops to zero, whereas,
as the power factor increases and the current
represented by the voltage Ez lags less than 90
degrees, the voltage Vi1 increases. The connec-

tions are such that, as the power factor increases §
indicating that the degree of regeneration is de-

creasing, the grid potential will be increased by

virtue of the increase in magnitude of the volt-
age Vi so that the coupling between secondary
and tertiary circuits will be increased. The con- 10
stants of the circuits may be so chosen ‘that any
desired coupling will be obtained for a given
power factor indication. However, if the cou-
pling tends to become {oo great so as to approach

the point at which the circuit would begin. to 15

oscillate, the power factor drops toward zero and
the voltage Vi becomes so small that the coupling

is decreased and the circuit is prevented from be-

ginning to oscillate. In this manner, the circuit
may be adjusted for maximum  regeneraiion 20

‘without danger that oscillation will take place.

In the arrangement of Fig. 7, I have illustrated
a form of my invention in which the phase-re-
sponsive apparatus is used fo form a superhet-
erodyne or beat frequency amplifier, that is, an 25 .
amplifier in which a local oscillator or hetero-

‘dyne circuit is used in connection with the in-

coming wave. Preferably, although not neces-

‘sarily, a broad focus electric beam device of the

type illustrated at 13 or 13’ in Fig. 4 is employed. 30
In this arrangement, the incoming wave is con-
nected to the terminals Il and corresponds. to
E; of the arrangements previously described, and
the local oscillator is conneécted across the de-
flecting plates 24 and 25 corresponding to the 39
voltage E2 of the arrangements previously de-
seribed. 'The. local oscillator is schematically
represented by means of an inductance %6 and a
variable condenser 51. The local oscillator need
not be described in detail since such devices are 40
well known in the art in connection with I'&dl()

circuits known as superheterodyne circuits.

Although I have illustrated the incoming wave
as being connected to the terminal 1 and the
local oscillator as being connected to the deflect- 49
ing plates 24 and 25 the reverse arrangement

-~ may also be employed, it being essental only that

one of the waves be connected to the terminals
{{ to modify the intensity of 'the electronic beam _
29 and the other of the waves be connected to o0
deflecting plates 24 and 25 to deflect the beam 22.

In the operation of the a,pparatus the loecal
oscillator E2 will be tuned to a frequency differ--
wave Fi. Consequently, the phase relationship 65
between the variations in intensity of the beam

22 and the transverse deflections of the beam

22 will vary and the potential difference between.
the deflecting plates 208 and 21 will vary in ac- a0
cordance with the curve Vi of ¥®ig. 3, which, of
course, represents only a half cycle of the va-
riation as previously explained. The frequency
of the wave Vi will depend upon the frequency
of the incoming wave E: and the frequency of 0 5
the local- oscillator Ez, and it has been found -

 that this frequency will be a frequency inter-

mediate to that of E1 and Ea2 as in connection

.with superheterodyne or beat frequency a,mph-
fiers of other types. 0

The output wave Vi of the amphﬁer may he
connected, if desired, to the primary winding 58
of a transformer, the secondary winding 598 of
which forms a part of the circuit of an interme-
diate stage ampliﬂer of the type well - known in 75
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connection with radio frequency circuits. Varia-
tions in amplitude of the Incoming wave E; result
in corresponding variations in the amplitude of

the voltage Vi which may, if desired, as already

explained, be further amplified by means of an
intermediate stage amplifier, but the amplitude
of the output wave Vi will be very much greater
than that of the incoming wave E; since very
small variations in potential between the cathode
{4 and the grid 17 may produce comparatively
great variations in the intensity of the elec-
tronic beam 22, and likewise very small varia-
tions in voltage between the deflecting plates 24
g,nd 25 may control the full energy of the beam
2.

-1 have herein shown and particularly described
certain embodiments of my invention and cer-
- tain methods of operation embraced therein for

the purpose of explaining its principle and show-
ing ils application, but it will be obvious to those
skilled in the art that many modifications and
variations are possible and I aim, therefore, io
cover all such modifications and variations as

fall within the scope of my invention which is

defined in the appended claims.
What T claim as new and desire to secure by

Letters Patent of the United States, is:

| 1. A device responsive to phase angle between .
two voltages comprising in combination with

means delivering two alternating-current voli-
ages having frequencies of substantially the same
order of magnitude, an exhausted envelope,
means therein for producing a stream of elec-
trical particles, means connected to one of said
voltage-delivering means for varying the intensity
of said stream in response to one of said volt-

.ages, and means connected to the other of said

voltage-delivering means. for deflecting said
stream to either side from a mean path in re-

sponse to the other of said voltages, a pair of

collecting plates intercepting said stream of
electrical particles on either side of the axis of
sald mean path, and means responsive to differ-

ence in potential between said collecting plates.

2. A device responsive to phase angle between
two voltages comprising in combination with

means delivering two alternating-current volt-

ages having frequencies of substantially the same

order of magnitade, an exhsusted envelope, an

anode and a cathode therein, means for main-
vaining a difference in potential between said
anode and cathode to produce an electrical field
causing a stream of electrical particles to travel
from said cathode through said envelope, a con-
trol grid, one of said voltage-delivering means
being connected to said cathode and said con-
trol grid to vary the intensity of said stream of

electrical particles in response to voltage, means

connected to the other of said voltage-delivering

means for deflecting said stream to either side
from a mean path in response to voltage, and

a pair of collecting plates Iintercepting said

stream of electrical particles on either side of

the axis of said mean path, and means responsive

to difference in charges collected by said collect-
ing plates. ' -

- 3. A device responsive to phase angle between

two voltages comprising in combination, a pair
of exhausted envelopes, means therein for pro-
ducing relatively broad streams of electrical
particles, means for varying the intensity of said
streams in response to one of said voltages, and
means for deflecting said streams in opposite di-
rections from their mean paths in response to the

other of said voliages; collecting plates, 2 pair
for each of said envelopes intercepting the stream
of electrical particles of said enveiope on either
side of the axis of.its mean path, and means re-
Sponsive to difference in potential between the 5
collecting plates in either of said envelopes, each
collecting plate of one envelope corresponding to

~ and being electrically connected to the collecting

plate on the opposite side therefrom of the other
envelope so that corresponding coliecting plates 19
Intercept deflected streams of electrieal particles
simultaneously, and the total charge collected by
a pair of connected plates is unvaried by deflec-
tion of both beams in a given direction in re-
sponse to an external field. | 15
4. A phase-regulated amplifier of the regen-
erative type comprising in combination, an elec-
tric valve having an anode, a cathode and a con-
trol element, an element for picking wup radio
Irequency waves to be amplified and connected 20
between said cathode and said control element to
form therewith a control circuit, a feed-back ele-

‘ment and an auxiliary current source connected B

between said anode and said cathode to forim
therewith an output circuit coupled to said con- 25
trol circuit by said feed-back element, and s
Dhase-responsive device controlling the coupling
between said control and output circuits, said
phase-responsive device being responsive to the
phase difference between the current and voltage 30
In said control circuit and being arranged to
reduce the coupling beiween said control and
output circuits as phase quadrature is approached
and to increase the coupling as the phase angle
becomes less than ninety degrees. 35
9. Phase-controlled apvaratus for synchroniz-
ing two alternating current waves in frequency
and phase comprising in combination, a phase-
responsive device for producing a voliage de-
pendent in magnitude and sign upon the phase 49
relationship of two alternating voltages applied
thereto, voltage-responsive means for accelerat-
Ing and decelerating one of said alternating waves
in response to positive and negative voltages, re-
spectively, the voltages produced by said phase- 45
responsive device being applied to said wave ac-
celerating and decelerating means, and means
for applying to said phase-responsive means volt-
ages bearing predetermined phase relationships
to said alternating current waves. | - B0
6. Phase-controlled apparatus for synchroniz-
ing two alternating current waves in frequency
and phase comprising in combination, a phase-
responsive device for producing a voltage de-
pendent in magnitude and sign upon the de- 55
parture from quadrature relation of two alter-

‘nating voltages applied thereto, voltage respon-

sive means for accelerating and decelerating one
of sald alternating waves in response to positive
and negative voltages, respectively, the voltages 60
produced by said phase-responsive device being
applied to said wave accelerating and decelerat-.
ing means, and means for applying to said phase-
résponsive means voltages respectively in phase
with one of said alternating current waves and 65
In quadrature with the other of said alternating
current waves. | S . |

7. A phase-responsive device comprising

+ Eombination, means for producing a local alter- 0
- nating voltage wave of a predetermined frequency, ‘"

Ineans for receiving an incoming alternating volt-
age wave to be amplified, an exhausted envelope,
means therein for producing a stream of elec-
trical particles, means for varying the intensity 5
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of said stream in response to one of said voltage tween sald plates thereby having a beat fre-
waves, and means for deflecting sald stream to quency intermediate to the frequencies of sald
either side from a mean path in response to the incoming wave and sald local wave, and follow-
other of said alternating voltage waves, & pair ing with greater amplitude variations in intensity
of collecting plates intercépting sald stream of of said incoming wave, - B
electrical particles on either side of the axis of L o

<aid mean path, the variations in potential be- \ GEORGE F. METCALF.
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