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Continuation of abandoned application Serial No.'
681,096, July 2, 1946, which is a division of ap-
plication Serial No. 218,064, July 8, 1938, now
Patent No. 2,406,370, dated August 27, 1946.
This application July 15, 1950, Serial Ne. 174,028

1

This invention relates, generally, to novel elee-
tron discharge tube apparatus and circuits adapt-
ed for reception ang detection of electromagnetic
énergy and for remote object detection, and op-
erating at frequencies of the order of 108 or more
cycles per second. The bresent application is a
continuation of our application Serial No. 681,086,
filed July 2, 1946, and abandoned July 17, 1850,
which is a true division of application Serial No.
218,064, filed July 8, 1938 (Patent No. 2,406,370).

Application Serial No. 516,012, filed December 29,

1943 (Patent No. 2,406,371), is also a division of
said application Seria] No. 218,064.

The principal object of the present invention
is to provide a novel electronic apparatus adapted
for receiving or detecting high frequency signals.

Another object of the. present invention lies in
the production of improved superregenerative re-
ceivers for high frequencies, and particularly such
receivers operating on the velocity-modulation
principle,

A still further object of the invention is to pro-
duce methods and means for detecting objects
at a distance by the alternate transmission and
reception of radio waves intercepted by such ob-
Jjects or by the use of superregenerative apparatus.

Ofther objects and advantages will become ap-
parent from the specification, taken in connection
with the accompanying drawings wherein the
invention is embodied in conerete form.

In the drawings,

Fig. 1 is a longitudinal cross-sectional view and
schematic circuit diagram of a preferred embodi-
ment of the present invention, and

Fig. 2 is a similar view of another form of the
invention.

In PFig. 1, there are shown two resonant cireuit
members or cavity resonators | and 2 of the type
disclosed in U. S. Patent No. 2,242,249, issued May
20, 1941, on application Serial No. 214,452 which
was filed June 18, 1938. Resonators | and 2 and
their. associated apparatus ‘comprise two inter-
coupled velocity-grouped electronic circuit means,
the princinles of operation of which are described
in U. 8. Patent No. 2,242,275, issued May 20, 1941,
on application Serial No. 168,355 which was filed
October 11, 1937. An electron emitter B, such as
an activated-oxide surface heated by a filament
6, is connected with a battery 7 for accelerating
the electrons from emitter § into the resonator
system. Resonator i is provided with a pair of
Spaced grids 8 and 9 in the path of these elec-
trons. Resonator 2 has a pair of spaced grids !4
and 15 also in the path of the electron stream.
Resonator [ is also. shown provided with a cou-
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bling loop {0 and a connected antenna 102. An
opening 26 in resonstor | may be used with or
in lieu of antenna 102 for receiving energy. A
coupling loop {6 in resonator 2 is coupled to a
similar lcop {1 in rescnator | by coupling concen-
tric transmission line 13, whereby the resonators
i and 2 are electromagnetically coupled together.
Resonator 2 is provided with g coupling loop 101
coupled to an antenrg (03, Antenna {03 or
opening 28{ in rescnator 2 (or both) may be used

for radiating electromagnetic energy from reso--

nator 2.

Beyond resonator 2 there is shown a detector

alrangement having two spaced parallel grids 21
and 22 placed near the exit grid 15 of resonator
2, but at an angle with respect to grid 15. This
structure is claimed in the above-mentioned ap-
plication Serial No. 516,012, Patent No. 2,406,371,
A plate 23 is placed near the grid 22 on the side
opposite grid 5.
indicated about at right angles to the surface of
grid 18. The surface of plate 24 is provided with
fins 26 or other means for preventing secondary-
electron emission from plate 24.  Plates 23 and

A second plate 24 is placed as

24 are connected to a push-pull transformer 2§

which delivers its output to a telephone or other
receiver 27.

Between the emitter 5 and the grid 8 there is '

located a control grid 37 connected to an oscil~

lator 39 of comparatively low frequency. Be-

tween resonators 1 and 2 there ig a tubular elec-
trode 38 connected to a -second low frequency
oscillator 39’.

In the operation of this system, the electrons
of the beam in passing through the grids 8 and 9
of resonant circuit member | are alternately ac-

celerated and decelerated, as explained in Patent-

No. 2,242,275, As a result of the changes "in
velocities of the electrons of the beam .and of
their subsequent passage through the ﬁeld-free
drift space between grids 9 and 14, they arrive

at the grid 14 of resonator 2 in groups-or bunches-
distributed in time at the frequency of oscillation:

of the resonator system. Resonator | may there=
fore Le termed an “electron-grouping ecireuit.”
Energy is transferred from the electrong to the
electromagnetic field within resonator 2, and this
resonator 2 is thereby excited to a state of oscil-
lation and may be termed an “electron-beam-
excited circuit.” Some of the energy of the oscil~
lation frequency is transmitted from resonator 2
to resonater | through feed-back coupling loop
{8, transmission line {3 and coupling' loop 1{.
Thus, the resonator { is maintained in a state of
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oscillation, and the electron beam is accordingly
continuously acted upon and bunched.

Assuming that a modulated carrier frequency
is received by resonator | through either hole 20
or antenna 102, or both, the electrons of the beam
are velocity-modulated and grouped in the man-
ner discussed above. These electrons then travel
through grids 14 and 13 and encounter grids 21
and 22. The electrons emerging from grid {5
have varying velocities, depending upon the am-
plitude of oscillation in the resonators | and 2.
Some of the electrons pass through grids 21 and
29 and hit plate 23. Other electrons (that is, the
slower ones) are reflected from grids 21 and 22
to plate 24, in a manner which will now be de-
scribed more fully. The two grids 2i and 22 are
parallel and close together. A potential differ-
ence is established between grids 24 and 22 by
the battery 30, maintaining grid 22 negative with
respect to grid 21. The resultant field between
grids 21 and 22 acts like a flat mirror so far as
the slower electrons leaving grid 15 are concerned.
These slower electrons, on entering the field be-
tween grids 21 and 22, have their motion opposed
by this field and are deflected toward plate 24.
The faster electrons are deflected or refracted
somewhat, but nevertheless penetrate the field
between grids 21 and 22 and hit plate 28. The
slower electrons are not able to penetrate this
field, but bounce to the left, as in ordinary optical
reflection, to be received by plate 24,

In the structure comprising resonators | and 2,
all the electrons leaving the grid {5 have sub-
stantially the same velocity when the system is
not oscillating. As the amplitude of oscillation
increases, the electrons vary in velocity. For
larger amplitudes of oscillation, the extremes of
electron velocity are more widely separated. Thus
the number of electrons flowing to plates 28 or
28 corresponds to the amplitude of oscillation of
the resonators. The potential difference between
grids 21 and 22 is adjusted either so that most of
the electrons are reflected toward plate 24 or so
that most of them are permitted to pass to the
plate 23. The precise difference of potential be-
tween grids 24 and 22 giving the most sensitive
or the most efficient detector action, as may be
preferred, can be found by experimental adjust-
ment of battery 30. The detector characteristic
of this system is analogous to that found in ordi-
nary vacuum tube circuits.

Since practically all the electrons emerging
from grid 15 eventually strike either plate 23 or
plate 24, any increase in current reaching one of
these plates is accompanied by a decrease in cur-
rent reaching the other plate. Hence, the cur-
rent produced by electrons reaching plate 23 is
one hundred eighty electrical degrees out of
phase with the current produced by electrons
reaching plate 24. Accordingly, the currents
from plates 23 and 24 are appropriate to the op-
eration of any push-puil apparatus usually used
with push-pull detectors, such as transformer 26
and receiver or other utilization device 21.

The grid 87, the electrode 38 and the oscillators
39 and 39’ are used to control the operation of
the system for starting and stopping or varying
the amplitude of oscillation. As is described in
1. S. Patent No. 2,281,935, issued May 5, 1942, on
application Serial No. 326,150 which was filed
March 27, 1940, an alternating voltage applied
to grid 37 or to electrode 38 accomplished ampli-
tude modulation of the amplitude of oscillation
of resonators | and 2. If this voltage is made
sufficiently high, the oscillation of the system

10

15

20

25

30

35

40

4]

70

76

4

can be stopped during part of every modulating
cycle. The frequency of oscillators 3% and 3%’
may be of any desired value up to about 107 cycles
per second, or even higher if the frequency of
the resonators | and 2 is higher than 108 or 10°
eycles per second. Ordinarily, the frequencies of
oscillators 39 and 39’ will be well within the fre-
quency range of ordinary triode oscillators.
Either grid 31 or electrode 38 or both may be used.
Ordinarily, only one will be required, although
in some instances it will be convenient to use both
operating at the same or different frequencies.

The assemblage shown in Fig. 1 will operate
alternately as a simple velocity modulation appa-
ratus for transmission of radio waves and for the
detection thereof. It will also operate as a super-
regenerative receiver. For best results the as-
semblage is placed in a suitable parabolic or other
reflector as described in application Serial No.
185,382, filed January 17, 1938, which matured
into U. S. Patent 2,415,094 on February 4, 1941.
Also, a shield &’ is ordinarily used between the
transmitter antenna 183 and the receiver an-
tenna (082.

Either grid 37 or tube 38 is used with its corre-
sponding oscillator 39 or 39’ adjusted so that
during part of the low frequency oscillation cycle
of oscillator 39 or 39’ the resonator system will
oscillate strongly and during another part of the
cycle it will oscillate weakly. Itis characteristic
of veloecity modulation apparatus of the present
type, one form of which is called the “klystron,”
that it is comparatively sensitive to the effects of
incoming signals when oscillating weakly but
relatively insensitive when oscillating strongly.
Yor effective radiation strong oscillations are de-
sired. The adjustment of voltage on grid 37 or
tube 38, whichever is used, is made such as may
be required to nearly stop oscillations during part
of each low frequency cycle of oscillator 39 or 39’.
During other parts of the cycle the system can
operate with less restriction and at some parts of
the cycle without any restriction.

Thus, the system transmits pulses of high fre-
quency radiation, the pulses being at the fre-
quency of the low frequency oscillators 39 or 3¢’,
and in between pulses of radiation the system is
prepared to receive radiation. If the transmitted
radiation encounters a suitable reflecting body or
object some radiation will be returned to the sys-
tem where it will be received and detected during
the reception part of the low frequency cycle.
In this mode of operation, the system operates
alternately as a detector and as an oscillator.

Fyrthermore, it may operate as a superregen-
erative detector if adjusted properly. During
superregenerative operation, oscillator 39 or 39’
is adjusted so that, during part of its low fre-
quency oscillation cycle, the resonator system will
gain oscillatory strength, and during another part
of the cycle, the oscillations will be made to die
down; that is, will be “quenched.” The adjust-
ment of voltage on grid 87 or electrode 88, which-
ever is used, is such as required to nearly or com-
pletely stop oscillations during part of each low
frequency cycle. During other parts of the cycle,
the system operates in an oscillating condition.
The conditions for superregeneration are, in gen-
eral, fulfilled if the oscillator is allowed repeatedly
o build up self-sustained oscillations for a period
shorter than the time required for the oscillator
to reach full oscillation and then is stopped. The
amplitude reached before oscillation is stopped is
then sensitive to incoming signals. This ampli~
tude hence corresponds to the modulation enve-
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lope.of the received signal. The amplitude:of
oscillation. of the resonators-is detected by the
detector arrangement already: described, so that
the output:signal supplied to receiver: 27 will be
the  modulation envelope of: the signal received
by antenna {02 or through hole 20,

The above-described use of the application:as
a superregenerative detector-for modulated waves
does not require the use of antenna {03 or open-
ing 201 so that these features of Fig. 1 may be
omitted when using the apparatus solely for re-
ception of modulated waves.

The present apparatus may be used as an ob-
ject-detecting system in another manner. For
such a system, antenna 103 or opening 281 (or
both) are also used. As described above, the
combination of the two resonators | and 2, and
their feedback coupling (3 servesas an oscillator,
and the oscillations thereby produced may be
radiated by the antenna 103.or the opening 20f
or both toward a distant object whose presence
and tas will ' be seen) velocity are to be deter=
mined. ‘

‘Radiation leaving the apparatus by way of an-
tenna- 103 and opening 20f will be returned by
reflection from the distant object and will be re-
ceived by antenna 102 and opening 201. The re-
turned radiation will produce an electromagnetic
field in resonator | whose phase relation relative
to the normal bunching field therein is deter-
mined by the distance to the distant object. This
received signal will combine ‘with the steady os-
cillation of the system and will. add to or sub-
tract from the amplitude of the steady-oscilla-
tion depending upon the phase of the received
signal relative to the oscillation of the system.

Since variation in distance fo the distant ob-
jeet will cause a corresponding variation-in the
phase of the received signal, the observed result
of the action of the system will be to produce an
undulating intensity of ‘amplitude of oscillation
in the resonator i as the distance of the appara-
tus to the distant object varies. By the action
of the detector described above, the signal pro-
duced in receiver 27 will also be of corresponding
undulating intensity, and will ‘have a frequency
corresponding to the velocity of ‘approach or re-
cession of the distant object from the appara-
tus.

In operating in this manner, the system op-
erates as o transmitter during the unquenched
portions of the quenching cycle. The resultant
amplitude of oscillation of the resonator system
depends upon the distance to the distant object,
and this amplitude will be periodically varied as
the distance to the distant object correspondingly
varies. 'The frequency of the signal heard in re-
ceiver 21 will, of course, be proportional to the
velocity of recession or approach of the object
detected. In this way the .system .operates to
detect the presence of moving objects and also
indicates the velocity of the distant object to-
ward or away from the apparatus.

Fig. 2 shows another form of the present in-
vention. In Fig. 2, three resonant circuit mem-
bers or resonators Ti, 12 and 13 are shown mu-
tually spaced and centered on the same axis. A
beam of electrons is projected from emitter §
through resonators T4 and 12 in succession, and
a. second beam of -electron is projected from a
seeond emitter 32 through the resonators 13 :and
72 in succession. Between the emitter 5 and its
‘adjacent resonator T1 is'a control grid 5T con-
nected to an oscillator 6i. A similar grid 58 is
located between emitter 32 and resonator 713, and
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is connected to an oscillator 62. A pair of: con=
ducting -tubtlar electrodes 63 and 64 are located
respectively between resonators T and: 12: and
between resonators 12 and 13. Electrodes §3 and
64 are connected to the respective. ends of: a
center-tapped secondary coil .65 of a transformer
whose primary winding 66. is connected to an:os-
cillator 67.

In Fig:. 2, the physical arrangement is such
that it is not convenient to use the detector
shown in Fig. 1. In place thereof, a third beam
of electrons is produced by a third electron emit-
ter 51 and is projected through resonator T2
transversely to the axis of the system, by way of
grids 52 and 53 in the walls thereof. - This heam
passes between the faces of resonator 12 contain-
ing grids 14 and 15 and leaves resonator 712
through grid §3. Thereafter, the beam is inter-
cepted by a plate 54 having an opening 5%, and
the portion of the beam passing through opening
55 impinges upon a plate 23 to which ‘is' con-
nected to receiver 27.

The operation of this transverse-beam detec-
tor is described in U. S. Patent No. 2,272,165,
wherein it is disclosed that the electron beam ‘is
deflected vertically with respect to horizontal
grids {4 and (5 by the alternating electric: field
therebetween. The deflection of the electron
beam is a function of the amplitude of oscillation
in resonator 72, and the detected signal received
from plate 23 by the receiver 27 is also a function
of the same amplitude. The plate 54 can be ar-
ranged with respect to the transverse electron
beam so that, with no oscillation in resonator 12,
substantially the entire cross-section of the elec-
tron beam will pass through opening 55, or so
that practically none of the beam goes through
under this condition. In either case, oscillations
developed in resonator 12 will cause a variation
in the number of electrons passing through open-
ing 55, such variation being a function of the
amplitude of oscillation.

The arrangement of Fig. 2 may be operated as
a system which periodically produces strong os-
cillations for the purpose of transmitting a strong
signal and thereafter has its osecillations damped
so that it will act as a sensitive receiver for re-
flected waves or other modulated received sig-
nals. Under this condition of operation, the two
electron beams from emitters 5 and 32 are ad-
justed to have substantially equal effect upon
resonator 72. A modulating voltage of any prac-
tical frequency is supplied to transformer 66
from oscillator &7 and. is thereby impressed in
opposite phase upon electrodes 63 and 64, so that
electrode 63 will increase in potential when elec~
trode 86 decreases in potential, and vice versa.

The effect of a variation in the potential of
electrode 63 is to change the time of flight of
electrons in their course from rescnator 71 to
resonator 12, and also to cause the frequency of
oscillation of resonator 72 to vary slightly, an
effect which may be undesired. A corresponding
and opposite effect occurs as a result of the oppo-
site variation of the potential of electrode 64.
The effects of frequency change due to change
of time of flight of electrons passing through
electrodes 63 and €4 is neutralized by the oppo-
site directions of change of potential of the two
electrodes. That is, if the elecirode 63 is swung
positive with a resultan{ tendency to increase
frequency, the electrode 64 will be simultaneously
swung negative and its tendency will be to re-
duce frequency. The net effect will be that the
amplitude of ocscillation in resonator 12 will be
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varied ‘without any change in frequency. This
feature is claimed in our parent application Serial
No. 218,064.

The preferred mode of operation of Fig. 2 is
similar to that of operation of Fig. 1, in that the
system acts alternately as a transmitter and as
a receiver of radio signals. As explained before,
the ordinary “klystron” is a sensitive detector
when its amplitude of oscillation is small, but is
less sensitive when the amplitude is large. Ac-
cordingly, it can operate either as a detector or
as a transmitter satisfactorily by periodically
shifting the amplitude from one magnitude to
another. 'This is accomplished in Fig. 2 by the
action of either one of oscillators 61 or 62.
Either one or the other alone is sufficient, so if
one is used the other may be omitted. Assum-
ing the use of oscillator 62, for example, the
electron beam from emitter 5 and the coupling
of loops {1 and i6 between resonators Tl and 12
are adjusted so that, without the assistance of
the electron beam from emitter 32, the system
oscillates weakly and acts as a sensitive detector.
With the electron beam from emitter 32 added
at every positive half cycle of oscillator 62, the
system is adjusted so that it oscillates vigorously.
Then, the oscillator 62 is arranged so that its fre-
quency can be varied as desired by adjusting
knob 62/, and so that it impresses a potential on
grid 58 sufficient to substantially stop the elec~
tron beam from emitter 32 during alternate half
cycles of the output of oscillator 62.

In using the device of Fig. 2 as shown trouble
may be caused under some circumstances by the
electrons that pass clear through the “catcher”
72, and enter the “buncher” 7{ or 13 opposite
their point of origin. In many cases these elec-
trons will have a more or less random distribu-
tion in time, and should therefore cause little
trouble, but in case they do make trouble, these
electrons can be completely removed by setting
the two beams from the two “bunchers” Tl and
13, at a slight angle with respect to each other,
or by the use of magnetic or electrostatic de-
flecting fields in the spaces between the resona-
tors, so that the electrons from one beam do not
pass to the opposite “buncher” but are caught
by the walls of the device.

The operation of the system then develops as
follows: Energy is radiated by means of coupling
loop 10f and the antenna {63 connected thereto.
The radiated energy goes away from the oscilla-
tor and if a reflecting surface such as a remote
object, for example an aircraft, is present at a
practical distance from the system, some of the
radiated energy is reflected back to the system.
This reflected and returned energy enters resona-
tor TI through antenna 102 and is detected by
the transverse electron beam from emitter 51, in
the receiver 27. In the use of this system the
operation is substantially as described in appli-
cation Serial No. 185,382, except that there, sepa~-
rate detectors and transmitting oscillators are
used. In the use of oscillators and detectors in-
termittently started and stopped at constant
frequency there are, as mentioned in application
Serial No. 185,382, alternate regions in the radi-
ation field from which reflected signals vary from
zero to maximum. To avoid “dead spaces” in
the observed space the interrupting frequency is
frequency modulated at a lower frequency by
additional oscillators 74 and T4’ connected to
frequency-modulate oscillators & and 62, re-
spectively. Arrangements for accomplishing this
are shown in application Serial No. 185,382.

Another way of operating the system shown in
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Fig. 2 is to use it as a superregenerative detector.
The modulating voltage impressed on electrodes
63 and 64 is made great enough to stop oscil-
lation in resonator 12 during part of the cycle
of the modulating signal. As is well known, a
superregenerative receiver is very sensifive to
incoming waves during the time when an oscil-
lating state is building up in the system, and, at
the same time, the average amplitude of oscil-
lation for radiating purposes may be moderately
large. The system thus operates in a manner
similar to that of Fig. 1, both as an object de-
tector for moving objects and as a receiver for
modulated waves, the energy being radiated by
antenna 103 coupled to resonator 72 by coupling
loop 10§ and being received by both antennas
192 and 104 coupled respectively to resonators
11 and 13 by respective coupling loops {0 and
105. In this mode of operation, grids 57 and 58
and oscillators 61 and 62 need not be used.

Operation of the system of Fig. 2 as a super-
regenerative detector may be accomplished in
another manner, by using one of the beams for
quenching the oscillations normally produced
by the other beam. In this mode of operation,
electrodes 57, 63 and 64 and their coupled oscil-
lators 61 and 67 may be omitted. For example,
the beam from emitter 5 may be adjusted so
that, with the beam from emitter 32 cut off,
oscillations in resonator 12 build up rapidly but
with the beam from emitier 32 added, the oscil-
lations are abruptly stopped.

This is accomplished by adjusting the acceler-
ating voltage supplied by battery 33 for the beam
from emitter 32 so that the electron current
from emitter 32 enters resonator 12 with its
radio-frequency component in phase opposition
to the radio-frequency component of the elec-
tron current from emitter 5. Oscillator 62 is
then adjusted to cut off the beam from emitter
32 each half cycle. 'This starts and stops oscilla-
tions in resonator 72 each quenching cycle, as
required for superregenerative operation.

In this mode of operation, the system of Fig.
2 also operates either as a superregenerative de-
tector for modulated waves or as an object-de-
tector and velocity for moving objects, as in
Fig. 1. ) )

In Figs. 1 and 2, if desired, only a single radi-
ating means supplied from either the electron
grouping circuit or the electron absorbing circuit
may be used both as transmitter and receiver.

Since many changes could be made in the
above construction and many apparently widely
different embodiments of this invention could be
made without departing from the scope thereof,
it is intended that all matter contained in the
above description or shown in the accompanying
drawings shall be interpreted as illustrative and
not in a limiting sense.

What is claimed is:

1. High frequency superregenerative receiv-
ing apparatus, comprising means for producing
an electron stream, a cavity resonator coupled
to said stream and excited by a received wave,
a second cavity resonator coupled to said stream,
means for intercoupling said cavity resonators
to produce self-sustained regenerative oscilla-
tions in said second resonator, means for detect-
ing changes in the amplitude of oscillations of
said second resonator, and means for periodi-
cally varying the current of said stream at a
periodicity less than the time required for said

5 second -cavity resonator to build up osecilla-

tions therein.
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2. High ‘frequency - superregenerative receiv-
ing apparatus comprising means for producing
a -stream of free electrons, receiving circuit
‘means 1nc1ud1ng a cavity -resonator - connected
to receive and responsive to a received wave for
varying the velocity of the electrons of -said
stream, means in the path of said stream for
detecting variations in the velocities of the elec-
trons-of said stream, an’ utilization device ‘con-
trolled from:said detecting:means and electrode
means between said stream-producing ‘means
and said detecting means ‘for periodically con-
trolling ‘said electron -stream -at a -periodicity
smaller than the time required for said receiving
circuit means-to build up-oscillations therein.

3. High frequency-superregenerative receiving
apparatus, ‘comprising means for ploducmg an
electron - stream, means ‘excited by a- recelved
wave for veloc1ty-modulat1ng said stream, means
for -extracting high frequency energy fro'm said
stream, means intercoupling said ' extracting
means and said modulating means to produce
self-sustained regenerative oscillations, ‘means
for detecting changes in the amplitude of said
oscillations, and means including an electrode
interposed between -said velocity-modulating
means and -said extracting means for periodi-
cally controlling said stream to prevent said
oscillations at a periodicity less than :the time
required for said oscillations to build up to full
amplitude.

4. High frequency superregenerative receiving
apparatus comprising cavity resonator means re-
sponsive to a received wave, means for produc-
ing oscillations in said resonator means -com-
prising a source of electrons and means for pro-
jecting said electrons in energy-exchanging re-
lation to said resonator means, output means
responsive to the amplitude of oscillation of said
resonator means, and means including an elec-
trode ‘interposed between said cavity resonator
means and said output means for periodically
quenching said oscillations at a periodicity small-
er than the build-up time.of said osecillations in
said resonator means, said .quenching means
comprising a source of quench oscillations con-
nected to said electrode for varying the magni-
tude of the current of said stream.

5. Superregenerative receiver apparatus -com-
prising a velocity-modulation oscillation tube in-
cluding a cathode, -an accelerating electrode, a
velocity-modulator circuit; an energy-extracting
circuit separated from said modulator circuit by
a drift space, and a- detector electrode system
Dositioned beyond said extracting circuit, means
for maintdining an accelerating voltage between
said eathode and said accelerating electrode, and
an auxiliary oscillator -coupled to said tube to
vary the electron -beam current intensity perlod—
fcally to-interrupt the -oscillations of said tube.

*6.- Superregenerative-receiver apparatus com-
prising means for producing an electron stream,
‘s, ‘cavity resonator -means -posifioned to receive
and interact with said stream to produce high
frequency oscillations, detecting means position-
ed in the path of said stream and responsive to
the amplitude of said oscillations, and means for
periodically quenching said oscillations.

7. High frequency object detecting apparatus
comprising an electromagnetic oscillator, detec-
tor means for indicating the oscillating condi-
tion of said oscillator, means coupled to said
oscillator for transmitting radiation therefrom
toward a distant object and for receiving radia-
tion refiected by said distant object, means for
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alternately and regularly ¢hanging the condi-
tion of said oscillator from & sensitive detecting
condition to an efficient osecillating: condition, and
an alternating-current circuit coupled to said de-
tector means whereby the frequency of excitation
of said circuit indicates the velocity of approach
or recession of said object toward or away from
said apparatus.

8. High frequency object detecting apparatus,
comprising means for producmg an -electron
stream, means for varying the velocity of-the
electrons of said stream, receiving means coupled
to sdid velocity-varying means, meangs for ex-
tracting high frequency éenergy from said- veloc-~
ity-varied electron stream, tra,nsmxttmg means
coupled to said extracting means, means inter-
connecting said extracting ‘and varying means
whereby self-excited oscillations are produced in
said transmitting means, and means for causing
sald -extracting circuit to oscillate alternately
with strong and weak oscﬂlatlonS, Whereby said
apparatus is adapted to alternately serve as a
sensitive detector of waves radiated by -said
transmitting means and reflected from a distant
object and as an efficient oscxlla,tor to transmit
said radiations.

9. High frequency apparatus comprising means
for producing an electron stream, means respon-
sive to received emergy for periodically varying
the current of said electron stream means for
extracting high frequency energy from said
varied stream, means interconnecting said ex-
tracting and varying means whereby self-excited
oscillations are produced in said ‘extracting
means, means for radiating s portion of said ex-
tracted energy, and means for causing said ex-
tracting circuit to oscillate alternately with
strong and weak osclllatmns, whereby said -ap-
paratus is adapted to serve alternately as ‘an
efficient oscillator ‘to transmit radiations and as
8 sensitive oscillating detector of radlatlons re-
flected from a distant obJect

10, In a device of the character déscribed, an
oscillator having antennae means for rad1at1ng
and receiving €lectromagnetic energy, said oscil-
lator having means for settlng up "an exciting
electron stream for esta,bhshmg oscillations of
limited amplitude therein to operate the ‘device
as a sensitive recéiver, the amplitude of said oscil~
lationg being determined by the amplitude of
energy received thereby, additional oscillator
means for cyclically varying the electron stream
current for increasing the amplitude of oscilla=
tion of said oscillator at cyclically regular inter=
vals to operate the device as an efficient trans-
mitter of electromagnetm radiation, whereby a
portmn of the energy transm1tted while the de-
vice is an efficient transmitter may be received
by reflection from a remote object while the de-
vice is operating as an efficient receiver, and a
detector responsive to changes in amplitude of
oscillation of said oscillator.

11. High frequency ‘apparatus comprising an
oscillator having means for radiating and re-
ceiving electromagnetic energy, means for caus-
ing said oscillator to operate with oscillations of
limited amplitude whereby said oscillator is
adapted to operate as an efficient receiver of elec-
tromagnetic radiation, the amplitude of oscilla-
tion as a receiver being determined by the ampli-
tude of energy received thereby, means for peri-
odically increasing the amplitude of osecillation
of said oscillator whereby said oscillator is
adapted to operate as an efficient transmitter of
electromagnetic radiation, and a detector respon-
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sive to changes in amplitude of oscillation of said
oscillator, whereby a portion of the energy trans-
mitted while the device is an efficient oscillator
and received by reflection from a remote object
‘while the device is operating as an efficient re-
ceiver will indicate the presence of said object.

12. Ultra high frequency apparatus compris-
ing a resonator, means for producing first and
second streams of electrons and directing said
electron streams through said resonator, means
including said last-named means for producing
ultra-high frequency oscillations in said reso-
nator, and means for regularly quenching the
oscillations in said resonator, said last-named
means comprising means for modulating said sec-
ond electron stream at the frequency of said
oscillations and in phase opposition to said os-
cillations.

13. Ultra high frequency apparatus compris-
ing first and second aligned resonators, means
for directing an electron stream through said
first and second resonators, said first resonator
including means for imparting velocity modula-
tion to the electrons of said stream, said second
resonator including means for deriving oscil-
latory energy from said stream, said means in-
cluded in said second resonator being spaced an
appreciable distance from said means included
in said first resonator whereby said velocity
modulation results in arrival of said electrons at
said second resonator in bunches, means for
providing regenerative feedback from said sec-
ond resonator to said first resonator for render-
ing said apparatus self-oscillatory, means for
periodically interrupting the oscillations in said
first and second resonators at a frequency ap-
preciably lower than the resonant frequency of
oscillations in said resonators, means for inject-
ing weak oscillatory signals into one of said reso-
nators, and means responsive to average strength
of oscillations in one of said resonators for de-
tecting variations therein according to varia-
tions of the injected weak signals.

14. Ultra high frequency apparatus as defined
in claim 13, further including means coupled to
said second resonator for radiating energy there-
from at predetermined intervals.

15. Radio object detection apparatus compris-
ing a velocity modulation oscillator including a
cavity resonator, means for supplying thereto
direct current power to produce oscillations in
said resonator, means for directionally radiat-
ing an appreciable part of the energy produced
therein, and for introducing therein high fre-
quency energy reflected back from distant ob-
jects, and means for rendering said velocity
modulation oscillator alternately oscillatory and
quiescent.

16. Radio object detection apparatus as de-
fined in claim 15, including means responsive to
variations of strength of oscillations in said velo-
city modulation oscillator for detecting varia-
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12
tions of average strength of the energy reflected
back from distant objects.

17. Ultra high frequency apparatus compris-
ing a velocity modulation oscillation generator
ineluding a resonator, means for producing an
electron stream and directing it through said
resonator, means cooperating with said electron
stream producing means and said resonator for
imparting velocity modulation to said electron
stream for providing ultra high frequency en-
ergy-yielding bunches therein for energizing said
resonator; and means modulating said generator
at a frequency appreciably lower than the reso-
nant frequency of said resonator for rendering
said generator alternately oscillatory and quies-
cent, said last-named means including a de-
generative feedback quenching circuit acting
upon said resonator in response to said modulat-~
ing means for recurrently dynamically damping
out the oscillatory energy in said resonator at a
repetition frequency equal to said appreciably
lower frequency.

18. Superregenerative receiver apparatus com-
prising a velocity modulation cscillator includ-
ing first and second cavity resonators, feedback
coupling means between said second resonator
and said first resonator, means for producing a
stream of electrons and directing said electron
stream through said first and second cavity
resonators to produce high frequency oscilla~
tions therein, means for periodically interrupt-
ing the high frequency oscillations therein,
means for injecting oscillatory signals into one
of said resonators, and means responsive to the
average strength of oscillations in said reso-
nators.
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