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1

This invention is directed to ultra-high-fre-
quency oscillation generators. "While being sub-~
ject to a variety of applications, the invention is
especially suited for use in a wave-signal receiver
of the superregenerative type and will be partic-
ularly described in that connection,

As is well understood in the art, a superregen-
erative receiver essentially comprises a regenera-
tive circuit which has positive and negative values
of conductance during alternate operating inter-
vals. The conducfance wariations are usually
controlled by a periodic quench voliage of rela-
tively low frequency and for stable operation the
circuit conductance, integrated over a period of
time long with reference to the period of the
quench voltage, has a positive value, During
negative-conductance intervals, transient oscilla-
tions are produced in the regenerative circuit
which build up exponentially during each such
interval and attain a maximum amplitude deter-
mined by the amplitude ‘of the signal which ini-
tiates the oscillations. 'The initiating signal may
ke a received signal or, in the absence of received
signals, may be supplied by the noise signals

inherent in the regenmerative circuit. In either -

case, the oscillations generated in one negative-
conductance interval :are suppressed -or damped
during the next succeeding interval of positive
conductance. Thus, the receiver .may be con-
sidered as an oscillation generator having an in-
terrupted, as distinguished from a continueus,
operation and producing transient oscillations
which vary in accordance with the exciting signal.
Such a recever -has two outstanding characteris-

ties: (1) the regenerative .circuit has an exceed- ¢

ingly high gain so that received signals are am-
plified to an unusually high:degree, and (2) in the
usual installation the receiver radiates an output
signal termed “a quiescent signal” in the absence
of received .signals.

When .receivers -of the type under considera-
tion -are to be:operated :at ultra-high frequencies,
certain -difficulties -are encountered -in their con-
struction. For example, .conventional oscillatory
circuits which ‘have been utilized in prior art ar-
rangements do not permit optimum operation to
be reslized. This results from the fact that in-
herent -circuit .reactances, such as interelectrode
capacitances and electrode-leéad inductances, rep-
resent appreciable reactances -at ulira-high fre-
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quencies which have a pronounced effect on the
operating characteristics of the oscillator and, in
the usual case, impair its operating character-
istics.

Also, in some installations it is desirable fo
prevent the receiver from transmitting its quies-
cent signal during operating intervals when no
sienals are being received. 'To obtain this result,
it has been proposed that a radio-frequency am-
plifier or buffer stage be interposed between the
regenergtive circuit and its receiving antenna.
At the frequencies involved, a very practical buffer
stage for this purpose is the cathode-input or
grounded-grid amplifier, wherein the input and
output circuits are effectively shielded without
the necessity of elaborate neutralizing circuits.
In the prior arrangements such a buffer stage has
been coupled capacitively or inductively to the
regenerative circuit. However, the inherent re-

actances of the output circult of the buffer stage

in these arrangements reflect undesirable react-
ance components into the regenerative circuit
and difficulty has been experienced in providing
efficient coupling between the buffer and regen-
erative circuits.

Tt is an object of the present invention, there-
fore, to provide an improved ultra-high-frequency
oscillation generator which substantially avoids
the above-mentioned limitations of prior art ar-
rangements.

It is another object of the invention to provide
an improved ultra-high-frequency oscillation gen-
erator which makes effective use of its inherent
circuit reactances.

1t is a further object of the invention to pro-
vide an improved ultra-high-frequency oscilla~
tion generator especially adapted to be included
in a superregenerative receiver in cascade with
a buffer stage.

An ultra-high-frequency oscillation generator,
in accordance with the present invention, com-
prises an electron-discharge device having anode
and cathode electrodes and an intermediate con-
trol electrode maintained at a fixed reference
potential. 'The generator includes resonant-
circuit -means having a voltage-divider tap cou-
pled to the control electrode of the electron-
discharge device and a phase-shifting network
including -at least .one element which is serially
connected with the resonant-circuit means be-
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tween the anode and cathode electrodes of the
clectron-gischarge device. The phase-shifting
network, in conjunction with the resonant-cir-
cuit means, provides input and output circuits for
the electron-discharge device effective to feed
back energy from the output circuit to the input
circuit with such phase as to support sustained
oscillations at an operating frequency corre-
sponding substantially to the resonant frequency
of the resonant-circuit means.

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

In the drawing, Fig. 1 is a schematic circuit
diagram of the alternating current circuits of an
oscillation generator in accordance with the in-
vention; Fig. 2 is a vector diagram utilized in ex-
plaining the operation of the Fig. 1 arrangement;
wig, 3 represents a modification of the Fig. 1 ar-
rangement; Figs. 4¢ and 4b are schematic cir-
cuit diagrams, while Fig. 5 is a vector diagram,
utilized in deseribing a particular operating
characteristic of the oscillation, generators of
Figs. 1 and 3; Fig. 6 is a further modification of
the Fig, 1 arrangement; and Fig. 7 represents
a complete superregenerative receiver including
an oscillation generator in accordance with the
invention.

Referring now more particularly to Fig. 1, there
are represented the alternating current circuits
of an oscillation generator, adjustably tuned for
operation over a desired range of ultra-high fre-
quencies. This generator comprises an electron-
discharge device, specifically a triode vacuum
tube 19, having anode and cathode electrodes and
an intermediate control electrode which is
srounded so as to be maintained at a fixed refer-
ence potential. Tube (0 is selected of such con-
struction as to have a control-electrode lead of
negligible inductance. A resonant-circuit means
including a capacitive-type voltage divider hav-
ing a tap coupled to the control electrode of tube
{8 constitutes the frequency-determining circuit
of the generator. This resonant-circuit means
includes a variable inductor {1 tuned by series-
connected condensers {2 and (3. The common
terminals of condensers {2 and 13 are directly
connected to the control electrode of tube 1{8.

The generator also comprises a phase-shifting
network including at least one reactance element
of a first type serially connected with resonant
circuit 14, 12, 13 between the anode and cathode
slectrodes of tube 10 and at least one reactance
element of a second type effectively connected be-
tween the control electrode and one of the anode
and cathode electrodes of tube 0. As illustrated,
this phase-shifting network comprises an in-
ductor {4 coupling one terminal of the frequency-
determining circuit with the cathode of tube 18
and 2 condenser 18 connected between the con-
trol electrode and cathode of tube 18, This phase-

shifting network is series-resonant at a frequency
substantially different from the operating fre-
quency of the generator and, in conjunction with
the frequency-determining circuit thereof, pro-
vides input and cutput circuits for tube {9 effec-
tive to feed back energy from the output circuit
to the input circuit with such phase as to sup-
port sustained oscillations at an operating fre-
quency corresponding substantially to the reso-
nant frequency of the frequency-determining
circuit. The output circuit, coupled between the
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anode and cathode electrodes of tuke {3, includes
rescnant f’h\,uit 1, 12, 123, while the inpud
ca' coupled Letween the mtl*or‘xp and

cmoﬂe:, ineludes condenser §38 I
cufnut circulv for feeding m T oene
ocutput to the input circuit.
considering thie operation of the described
arrengement, let it be assumed that the circuls i
cscillating, producing circuisting currenls in
resonant circuit {4, {2, 13, The resulting veltaze
cp csbablished across condenser 1%
JMat is in phase 0*3p0r1t10n to the v
ed across condenser {2 and ut

sgd-back vel The fezd-back
duces a
t4, {5 which is represented by vector iz 2.
The phasze-shifting network is series-rescnant at
o frequency much less than the cperating fre-
guency of the generator so that a voltage & of
relatively large magnitude and leading the cur-
rent through the phase-shifting network by 59 de-
grees is produced across inductor 14, A smaller
voltage ec which lags the current by 90 degrees
is established scross condenssr {5, The veclor
sum of the voltages e1 and ec represents the driv-
ing voltaze eo of the phase-shifting network.
Thus, it will be seen that the voltage ec bebwen
the cathode of tube {3 and ground, or effectivcly
between the cathode and control elecirodes of
the tube, is in phase opposition to the driving
voltage e» and, hence, is in phase with the voli-
age ep. Therefore, the voltage variations of the
anode and cathode electrodes, referred to the
grounded control electrode, are in phase, which
is the proper phase relation requived to support
sustained oscillations at a frequency corresrond-
ing substantially to the resonant frequency of the
circuit t1, 42, 3.

The described oscillation generator is particu-
larly suited tc take advantage of the inherent re-
actances associated with vacuum tube 8. These
reactances include the self-inductances of the
electrode leads conventionally utilized for mal-
ing circaxt connections to the tube and the in-
herent interelectrode capacitances. The circuit
srrangement of Fig. 3 is a modification of the
Fig. 1 generator demonstrating the manner in
which sueh inherent reactances may be con-
veniently utilized.

In Fig. 3 the terminals 20, 21 and 22 are in-
tended to designate the terminal prongs which
are coupled by way of electrode leads 23, 24 and
25 to the anode, confrol electrode, and cathode,
respectively, of tube 18. In this embodiment of
the invention, the inductive reactance of the de-
scribed resonant-circuit means includes variable
inductor 1 as well as an inductor 26, represented
in broken-line construction since it consists of the
self-inductance of the anode-electrode lead 23.
The tuning capacitance of the resonant-circuit
means again includes condenser I3 serially con-
nected with a condenser 12’, shown in broken-
line construction since it comprises the anode-
control electrode capacitance of tube 13. In like
manner, the inductor 14’ of the phase-shifting
network is provided by the self-inductance of the
cathode-electrode lead 25, while the condenser
{5’ consists of the interelectrode capacitance of
the control electrode and cathode of tube 13. This
circuit will be seen to be the full electrical equiv-
alent of that of Fig. 1 and its operation will be evi-
dent from the foregoing description. The advan-
tage of the Fig. 3 arrangement resides in its effec-
tive use of the inherent circuit reactances which

u;._\b

the

-

current ﬂa"' in phase-shifting netwoll

75 otherwise may materially impair the operating



%472,598:

efficiency of the circuit. While inductor 14’ has
been, represented: as the inherent inductance of
cathode lead 28, an external inductance may also
be included in the: cathode circuit, supplemens-
ing the inherent, inductance thereof, where the
inherent inductance is insufficient to: provide the

desired. resonant frequency of the phase-shifting

network.

The: description thus far has taken into. con-
sideration only the inductive and. capaeitive re-
actances of the input, cireuit of tube. 0. Tt will
be appreciated that the tube has.a predetermined;
input. conductance, that is, the eonductance be-
tween its cathode and control electrodes. Where
the input conductance constitutes an appreciable
impedance element.of the input civeuit, thephase~
shifting network: 14, k5 has the form represented
schematically in Fig. 4q, where the resistance
33 represents the inpubt conductance. In accord-
ance with well-known transformation theories,
the circuit of Fig. 4¢ may be reconstructed as
llustrated in-Fig. 4b where the condenser 15’% and,
resistor 38’ replace elements 15 and 30 of Fig. 4a.
Through appropriate selection of elements §5/*
and 28, the characteristics of the schematic cir-
cuits of Figs. 4a and: 4b-are identical.

The phase relations of the voltages established
in the generator circuit, where the rhase-shift-
ing network is as represented in Fig. 4b, are illus-
trated by the vector diagram of Fig, 5. Current
fiow through the phase-shifting network produces.
voltage er across inductor 4, voltage ec’ across
condenser 15, and voltage er across. resistor 307,
the latter being in phase with the current ¢ fow-
ing through the network. The addition of velt-
tage vectors ec’ and er shows the voltage ex estah~
lished between the cathede and control electrodes
to have a phase angle with reference: te vector er
which is different fram 180 degrees. The driving
voltage eo” of the phase-shifting network may he
determined by the vector addition of the vectors
e1and ex. It will be apparent:that since the cath-
ode~control-electrode voltage ex should: preferably
be in phase opposition. to: the driving voltage of
the phase-shifting network, it is desizable to in-~
troduee an additional phase displacement to com-
pensate for the effect of the input conductance
of tube 8. To this end, a time-delay network
31 is included in the phase-shifting network of
the generator, as illustrated in Fig. 6. In this
representation, time-delay network 381 is inter-
posed between inductor 44’ and the: feed-back
cendenser 3. The circuit of Pig: 6 is otherwise
tire same as that of Fig. 3 and corresponding com-~

ponents.are-identified by the same reference chan-

acters. The required time-delay network 3! may
readily be constructed by enclosing a coil, such
as a signal choke, within a grounded: metal foil.
This construction effectively constitutes a trans-

mission-line section and- is propertioned to: effect.

the desired time delay in the phase-shifting net-
work so that the veltage ex of Fig. 5 ultimately
established between the control electrode. and
cathode of tube {0 is out of phase with the driv-
ing voltage e."” of the phase-shifting network.
Referring now te Fig. 7, there is represented a
complete signal-translating system, specifically,
a superregenerative receiver, including an. oscil-
lation generator in accordance with the present
invention., The receiver comprises an gntenna
system 4& coupled by means.of a coaxial transmis-
sion-line section 41 to the input eircuit of a rve-
peater or grounded grid-amplifying stage. This
stage Is provided by a.vacuum tube 42 having an
anode, an intermediate: control electrode main-
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tained: at. ground potential, and. a cathede;. The
input circuit of tube 42 includes a.cathode resistor
43, connected hetween the: cathode electzode; of
tube.42 and ground, to which the antenna. system:
is coupled. A source of space current, indicated
-+B,.Is coupled fo the anode electrode of tube: 42
through a resistor 44, a radio-frequency signal
choke 45 by-passed to ground by a condenser 4;
terminal prong 47 of the tube and its anode-elec-
trade lead: 48. Inductor 49, shown in, broken-bine
construction, represents the self-inductance of
lead. 48.

The regenerative civcuit, conventionaMy in-
cluded it a superregenerative receiver as. pointed

5 out above, is-in the form of an oscillation: gener-

ator of the type represented in Fig. 6 and cor-
responding components: thereof are identified. by
the: same reference characters. The inductive
reactance of the resonant-circuit, means includes
the variable inductor 4! provided by a single
turn of metallic ribbon which may he tuned in. &
well-known manner by & tuning plunger adgust-
able into and out of the plane of the induetor:
Inductor i I is directly: coupled hetween anoede ten-
minal 20 of tube: L0 and anode terminal: 4% of tubs
42. Hence, the inductive reactance of the reso-
nant~circuit- means also: includes. the self-induct-
ances: of the anode-electrode leads of the oscil
lator tube 8 and repeater tube £2. The tuning
capacitance of the resonant-circuit means corp-
prises the condensers 12° and (%, shewn in
broken-line construction since they comprise: tha
anode-control electrode eapacitances of tubes: §2
and 42, respectively.

Tube (6, in the arrangsment under considera-
tion, is provided with a pair of terminals 24, 21’
individually coupled: with its. comtrol electrode.
Terminal 21 is grounded. through a. condenser 54
representing a. short circuit at. any desived opey-
ating frequency of the oscillagion generator and
terminal 21’ is similarly grounded through. a com-~
denser 52. Condenser 52 consists of a grounded
metal foil surrounding the lead coupled to ten-
minak 2§ so that the contro! elecirede may be

5 grounded for radio-frequency signals while hay-

ing a required direct current path. The direct
curreat: paths of tube ¥ are completed by o
radio-frequency choke 54. and bias resistor 5%
coupled to.the cathode of tube i& as weilas.a grid

A blocking condenser §% is included
in: the phase-shifting network of the oscillation
generator, .

A quench-~frequency oscillator 68, coupled to e
input circuit of tube {8 through an isolating re~
sistor 51, supplies quench voltage for vorying the
conductapce of the osciilation gemerator circuit
in a.manner to provide superregeneration. While
oscillator 6% may be of any cenventional design
and construction, it preferably supplies a guench
voltage: of sinuseidal wave form having a frs-
queney: that.is low with reference to the operating
frequency of tube I8 but high with reference to
the highest modulation component of a received
signal to be translated: Condenser 52 in the ine~
pub circuit of tube {8, while grounding the con~
trol electrode thereof at the eperating fregusncy
of the receiver, presents a high impedance to the
dquench voltage.

A detector €1 is coupled to the rasonent-cir-
cuit, means. of tube {8 through a conductor 52 to
derive an output signal therefrom by detectine
the generated transient oscillations. Amn armpli-
fier 63, coupled to the output circuit of detector
61, supplies the output signal of the receiver to
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a suitable utilizing device (not shown), as indi-
cated by the arrow 64.

The operation of the receiver of Fig. 7 is gen-
erally the same as that of any conventional super-
regerenative receiver and will be understood by
those skilled in the art. The circuit arrangement,
however, differs from those of the prior art in
that there is a direct coupling between the re-
peater or buffer stage 42 and the regenerative cir-
cuit of tube 0. This avoids the necessity of com-
plex coupling circuits and through the utiliza-
tion of a grounded grid tube 42, wherein the in-
put and output circuits are effectively shielded,
the arrangement is prevented from transmitiing
its quiescent signal in the absence of received
signals. Additionally, the inherent impedances of
tube 10 and those of the ocutput circuif of tube
42 are employed as elements of the frequency-
determining circuit of tube 10. '

In each of the several modifications of the
invention, the phase-shifting network is utilized
for coupling the resonant-circuit means to the
cathode of the oscillator tube. However, it wilk
be understood that the phase-shifting network
may, if desired, couple the resonant-circuit means
to the anode electrode of the oscillator tube.

While there have been described what are at
present considered to he the preferred embodi-
ments of this invention, it will be obvious to those
skilled in the art that various chenges and modi~
fications may be made therein without depatriing
from the invention, and it is, therefore, aimad in
the appended claims to cover all such changss
and modifications as fall within the true spirit
and scope of the invention.

What is claimed is:

1. An ultra-high-frequency osecillation gener-
ator comprising, an electron-discharge device in-
culding anode and cathode electrodes and an in-
termediate control electrode maintained at a fixed
reference potential, resonant-circuit means hav-
ing a voltage-divider tap coupled to said control
electrode, and a phase-shifting network inciud-
ing at least one element serially connected with
said resonant-circuit means hetween said anode
and cathode electrodes and providing in conjunc-
tion with said resonant-circuit means input and
output circuits for said electron-~discharge de-
vice effective to feed back energy from said out-
put circuit to said input circuit with such phase
as to support sustained oscillations at an operat-
ing frequency corresponding substantially to the
resonant frequency of said rescnant-circuit
means.

2. An ultra-high-frequency oscillation genera-
tor comprising, an electron-discharge device in-
cluding anode and cathode electrodes and an in-
termediate control electrode maintained at a
fizxed reference potential, resonant-circuit means
having 2 voltage-divider tap coupled to said con-
trol electrode, and a phase-shifting network
series-resonant at a frequency substantially dif-
ferent from the operating frequency of said gen-
erator and including at least one element seri-
ally connected with said resonant-circuit means
between said anode and cathode electrodes and
providing in conjunction with said resonant-
circuit means input and output circuits for said
electron-discharge device effective to feed back
energy from said output circuit to said inpub
circuit with such phase as to support sustained
oscillations at an operating frequency corre-
sponding substantially to the resonant frequency
of said resonant-circuit means.

3. An ultra-high-frequency oscillation genera-
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tor comprising, an electron-discharge device in-
cluding anode and cathode electrodes and an
intermediate control electrode maintained at a
fixed reference potential, resonant-circuit means
including a capacitive voltage divider having a
tap coupled to said control electrode, and a
phase-shifting network series-resonant at a fre-
quency substantially less than the operating fre-
guency of said generator and including at least
one element serially connected with said reso-
nant-circuit means between said anode and cath-
ode electrodes and providing in conjunction with
said resonant-circuit means input and output cir-
cuits for said electron-discharge device effective
to feed back energy from said output circuit to
said input circuit with such phase as to support
sustained oscillations at an operating frequency
corresponding substantially to the resonant fre-
quency of said resonant-circuit means.

4. An ultra-high-frequency oscillation genera-
tor comprising, an electron-discharge device in-
cluding anode and cathode electrodes and an
intermediate control electrode maintained at a
fixed reference potential, resonant-circuit means
having a voltage-divider tap coupled to said con-
trol electrode, and a phase-shifting network in-
cluding a reactance element of a first type seri-
ally connected with said resonant-cireuit means
between said anode and cathode electrodes and
a reactance element of a second type effectively
connected between said control electrode and one
of said anode and cathode electrodes, said phase-
shifting network providing in conjunction with
said resonant-circuit means input and output
circuits for said electron-discharge device effec-
tive to feed back energy from said output cirvcuit
to said input circuit with such phase as to sup-
port sustained oscillations at an operating fre-
guency corresponding substantially to the reso-
nant frequency of said resonant-circuit means.

5. An ultra-high-frequency oscillation genera-
tor comprising, an electron-discharge device in-
cluding anode and cathode electrodes and an in-
termediate control electrode maintained at a
fixed reference potential, resonant-circuit means
including a capacitive voltage divider having a
tap coupled to said control electrode, and 2
phase-shifting network including an inductor
serially connected with said resonant-circuit
means between said anode and cathode electrodes
and a condenser effectively connected hetween
said control electrode and one of said anode and
cathode electrodes, said phase-shifting network
providing in conjunction with said resonant-cir-
cuit means input and output cireuits for said
electron-discharge device effective to feed back
energy from said output circuit to said input cir-
cuit with such phase as +to support sustained
oscillations at an operating frequency corre-
sponding substantially to the resonant frequency
of said resonant-circuit means.

6. An ultra-high-frequency oscillation genera-
tor comprising, an electron-discharge device in-
cluding anode and cathode electrodes and an in-
termediate control electrode maintained at &
fixed reference potential, resonant-circuit means
having a capacitive voltage-divider tap coupted
to said control electrode, and a phase-shifting
network including an inductor serially connected
with said resonant-circuit means between szid
anode and cathode electrodes and a condenser
effectively connected between said contfrol eles-
trode and said cathode electrode, said phase-
shifting network providing in conjunction with
gaid resonant-circuit means input and output
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circuits for said wglectron~discharge device effec-
tive to feed back energy from said cutput circuit
to said input circuit with such phase -as to sup-~
port sustained oscillations at an operating fre-
quency corresponding substantially to the reso-
nant frequency of said resonant-circuit means.
7. An ultra-high-frequency osciilation genera-
tor ‘comprising, an electron-discharge device in-
cluding-an anode, g cathode ahd an intermediate

contro! electrode maintained gt a fixed Teference T

potential and having electrode leads for making
circuit connections thereto, resonant-circuit
means connected between said anode and cath-
ode electrodes so as to have an inductive react-
ance including the self-inductance of at least one
of said electrode leads and a capacitive reactance
including the interelecirode capacitance betwesn
said control electrode and at least one of said
anode and cathode electrodes, said resonant-cir-
cuif means having a voltage-divided tap coupled
to said confrol electrode, and a phase-shifting
network including at least one element serially
connected with said resonant-circuit means be-
tween said anode and cathode electrodes and pro-
viding in conjunction with said resonant-circuit
ns input and output circuits for said electron-
lischarge device effective to feed back energy
from said output circuit to said input circuit with
such phase as to support sustained oscillations at
an operating frequency corresponding substan-
tially to the resonant frequency of said resonant-
circuit means.

8. An uyltra-high-frequency oscillation genera-
tor comprising, an electron-discharge device in-
cluding an anode, a cathode, and an intermediate
control electrode maintained at a fixed reference
potential and having electrode leads for making
circult connections thereto, resonant-circuit
means connected between said anode and cathode
electredes and having a voltage-divider tap con-
nected to said control electrode, and 2 phase-
shifting network including the self-inductance of
the electrode lead and the interelectrode capaci-
tance o said control electrode of one of said anode
and cathode electrodes and providing in conjunc-
tion with said resonant-circuit means input and
output circuits for said electron-discharge device
effective to feed back energy from said output cir-
cuit to said input circuit with such phase as to
support sustained oscillations at an operating fre-
quency corresponding substantially to the reso-
nant frequency of said resonant-circuit means.

8. An ulfra-high-frequency oscillation genera-
tor comprising, an electron-discharge device in-
cluding an anode, a cathode, and an intermediate
control electrode maintained at a fixed reference
potential and having electrode leads for making
circuit connections thereto, resonant-circuit
means connected between said anode and cathode
electrodes so as to have an inductive reactance
including the self-inductance of said anode-elec-
trode lead and a capacitive reactance including
the interelectrode capacitance of said anode and
control electrodes and having a voltage-divider
tap connected to said control electrode, and a
phase-shifting network including the self-induct-
znce of said cathode-electrode lead and the inter-
electrode capacitance of said cathode and control
electrodes and providing in conjunction with said
resonant-circuit means input and output circuits
for said electron-discharge device effective to
feed back energy from said output circuit to said
input circuit with such phase as to support sus-
tained oscillations at an operating frequency cor-
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10
responding ‘substantislly to the resonant fre-
queney ‘of said resonant-cirenit means.

10, -Annltva-high-frequency oscillation genera-
tor .comprising, 4n electron-discharge device in-
cludling ‘an ‘anode, 4 cathode, snd an intermedi-
ate control electrode maintained ot o fixed refer-
ence potential and having a predstermined con-
trol electrode~tathode conductance, resonant-cir-
cuiit mean’ having i voltage-divider tap coupled
o said -control -electrode, ‘anid o phase-shifting
network hiaving @t least One elemeént serially con-
nected 'With ssaid resonant-circuit means between
seid anode mnd cathode -electrodes ‘and including
a‘time-delay netweilk For contpensating said con-
trol electrode<cathode vondusctance, said ‘phase-
shifting network proviffing in conjunction with
said resonant-circuit means input and output cir-
cuits for said electron-discharge device effective
to feed back energy from said output circuit to said
input circuit with such phase as to support sus-
tained oscillations at an operating frequency cor-
responding substantially to the resonant fre-
quency of said resonant-circuit means,

11. In a signal-translating system including a

5 repeater having an anode, an intermediate con-

trol electrode maintained at ground potential, a
cathode, and electrode leads for making circuit
connections thereto, an ultra-high-frequency os-
cillation generator comprising, an electron-dis-
charge device including an anode, a cathode, and
an intermediate control electrode maintained at
ground potential and having electrode leads for
making circuit connections thereto, resonant-cir-
cuit means having an inductive reactance coupled
between said anode electrodes of said repeater
and said electron-discharge device 50 as to include
the self-inductance of said anode-electrode leads
thereof and having a capacitive reactance includ-
ing the anode-control electrode capacitance of
said electron-discharge device in series with the
corresponding capacitance of said repeater so that
said contro] electrode of said electron-discharge
device is effectively connected to a voltage-divider
tap of said resonant-circuit means, and a phase-
shifting network including at least one element
serially connected with said resonant-circuit
means between sald anode and cathode electrodes
of said electron-discharge device and providing
in conjunction with said resonant-circuit means
input and output circuits for said electron-dis-
charge device effective to feed back energy from
said output circuit to said input circuit with such
phase as to support sustained oscillations at an
operating frequency corresponding substantially
to the resonant frequency of said resonant-circuit
means.

12, In a signal-translating system including a
repeater having an anode, an intermediate con-
trol electrode maintained at ground potential, a
cathode, and electrode leads for msking circuit
connections thereto, an oscillation generator for
operation over a predetermined range of ultra-
high frequencies comprising, an electron-dis-
charge device including an anode, a cathode, and
an intermediate control electrode maintained at
ground potential and having electrode leads for
making circuit connections thereto, tunable
resonant-circuit means having a variable induyc-
tor coupled between said anode electrodes of said
repeater and said electron-discharge device so as
to include the self-inductance of said anods-
electrode leads thereof and having a capacitive
reactance including the anode-control electrode
capacitance of said electron-discharge device in
series with the corresponding capacitance of said
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repeater so that said control electrode of said
electron-discharge device is effectively connected
to a voltage-divider tap of said resonant-circuit
means, and a phase-shifting network including
at least one element serially connected with said
resonant-circuit means between said anode and
cathode electrodes of said electron-discharge de-
vice and providing in conjunction with said reso-
nant-circuit means input and output circuits for
said electron-discharge device effective to feed
back energy from said output circuit to said in-
put circuit with such phase as to support sus-
tained oscillations at an operating frequency
corresponding substantially to the resonant fre-
quency of said resonant-circuit means.
BERNARD D. LOUGHLIN.
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