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The present invention relates to high frequen-
cy oscillation circuits, and particularly to a novel
method of and apparatus for producing ultra
high. frequency oscillations.

One of the objects of the present invention is
to provide an ultra high frequency oscillator

which depends for its operation upon the time

of travel of electrons between the elements of
the tube.
In accordance with the principles of the present

~ invention, there is provided an oscillation gen-
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eration circuit comprising a tube having two fila-
ments and a ring-like or cylindrical anode be-
tween them. A strong magnetic field functions
to influence the electrons emanating from one
filament {o travel to the vicinity of the other fila-

ment; consequently the electrons pass "through

the ﬁeld of the anode. The ring-like anode and
magnetic field thus act as electron lenses, mak-
ing each filament lie in the focus of emission
from the other. In this way, the time taken for
the electrons to travel from one filament to the
other is substantially independent of the path
taken by the electrons. It has been found that

under these conditions, the tube is in unstable

equilibrium and capable of producing push-pull
oscillations between the filaments, at any fre-
quency to which the filaments are tuned, up to

the point where the time of travel of the elec-

trons becomes appreciable compared with the
time of one cycle of oscillation.

A better understanding of the invention may be
had by referring to the following detail descrip-
tion which is accompanied by drawings, wherein:

PFig. 1 illustrates schematically an oscillator
circuit embodying fthe principles of the present
invention;

. HWig. 2 illustrates another embodiment mth sev—
eral refinements over that of Fig. 1; |

- Figs. 2a and 2b illustrate cross sectional views
of details for obtaining more concentrated beam
focusing of the electrons;

- Pig. 3 illustrates diagrammatically how the sys-

tem may be cascaded; |
Fig. 4 schematically illustrates one way in
which the oscillator may be used for receptwn of

radio waves; and

Fig. b 111ustretes a modification wherem the
electron discharge device of the invention is pro-

vided with grids.
Referring to Fig. 1, there are shown two sources

of electrons, namely filaments F1 and F2, one on.

~ each side ef-an anode G in the form of a shield

55

with a hole in the center thereof, the filaments
being axially aligned with the axis of the hole

ical path of the electrons.

"anating from the opposite filaments.

(CL. 250—36)

in the anode. The elements of the tube are sub-
jected to a linear magnetic field between poles
Ni, N2, which fleld is co-axial with the electrode
system 1, G, Fa. For directing the ‘emission of
the electrons more or less in a cone toward the
hole in-the anode G, there are provided suitable
shields Si, Sz in back of the filaments. A source
of energy P supplies a high positive potential to
the anode G with respect to the filaments.

The motion of the electrons emanating from
the filaments F1, Fq2 will, with the exception of
those that move axially, have a projected or com-
ponent motion at right angles to the axis of the
system, and also at right angles to the magnetic
fleld. This projected motion, which in its origin
was intended to be linear, is transformed into a
circular motion by the magnetic field. The total
motion of an electron will therefore describe a
curve or helix,

As the group motion of the emitted electrons
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is represented by a cone expanding toward the

shield G, the helix will also be expanding. The
electrons, however, are kept from striking the
anode and are directed through the hole thereof
by the magnetic field which tightens up the hel-
Due to the minuteness
of the size of an electron and their tremendous
number, there is no effeet on the operation of
the system by collisions between electrons em-
An analo-
gous situation takes place in Barkhausen and
magnetron circuits wherein electrons function
under similar conditions.

While the electrons are travelling tewards the
anode G, they are subjected to an accelerating
force from the electromotive force on the anode.
After passing through the hole in the anode and
towards the other filament, the accelerating force
changes to a retarding force as the electrons now
travel away from the anode. Their motion is con-
sequently slowed down and the magnetic field
therefore exerts a greater and greater influence
on the curvature of their path the helical spiral
is tightened up and the electrons which were di-
verging from one another on the launching side
of the anode are now converging toward the op-
posite filament. This phenomenon of changing
a diverging beam into a converging beam is
known as electron focusing. |

Oscillations are produced in the following man-
ner, The electrons arriving at the filament op-

- posite the one from which they originate, have,

upon their arrival, lost all their velocity due to a

retarding force to which they have been subject-

ed since their passage through the hole in the
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anode G . They will, therefore, much in the same
fashion as in the case of a returning electron in
a Barkhausen or in a magnetron tube, form s
cloud around the fllament with a subsequent ef-
fect of cutting off emission from this filament.
The cloud represents a negative charge which
greatly or entirely neutralizes the gradient around
the filament as produced by the positive electro-
motive force on the anode shield G. In other
words, the electrons arriving at a fllament op-
posite the one from which they have emanated,
will cause the emission of the nearest fllament to
be interrupted or decreased because of the ac-~
cumulated space charge. This space charge will

disperse and the action will be repeated in the

opposite direction. Thus, the time of travel or
velocity of the electrons, plus the time required
for the space charge to disperse, will determine
the frequency of oscillation. The push-pull func-
tioning of the system may perhaps be explained

by making an analogy to the difficulty of trying to

balance an egg on end. If there is the least un-

~ balance, the disturbance will increase or regen-

wii
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erate because the system is intrinsically unstable.
In the present invention push-pull tuning is made
correct and to coincide with the direct current

voltage and the magnetic field adjustment which

determines the transit time of the electrons, and
thus the push-pull tuning is synchronized with
the electron transit time.

Returning to the consideration of the con-
vergence effect, it will be noted that this is spheri-
cal or, as has been previously expressed, conical.
The convergence effect, of course, is not that of a
full sphere, although it is possible to make. the
angle of the cone large enough to exceed the two
dimensional convergence of a cylinder. A three
dimensional convergence effect will, of course,
cause hetter emission cut off than a two dimen-
sional effect.

It is preferred that the two filaments be con-
nected together to form a tuned circuit in order
to transmit to external circults the oscillating
power generated within the system. The elec-

trons, however, in their oscillatory motion, may

find sufficient radiation resistance so as to radlate
directly, in which case one may simply mount the

tube directly in the focus of a mirror M which has

its axis parallel with the axis of the tube in order
to obtaln radiation.

Fig 2 shows an arrangement which has been
used with good results. The location and ap-
proximate dimensions of the elements of the tube,
which were enclosed in a UX852 envelope, are
shown. In this figure the fllament leads, which
are energized from sources of energy | and 2, and
the lead from the anode ring G are enclosed in
tubular shields 3, 4, and 5 respectively. A sliding
tuning element 6 is shown shunted across the fila-
ment shields 3 and 4 for aiding in filament tuning*
The anode shield 5 is shown grounded for radio
frequency currents through a condenser 7. With
the arrangement indicated in this figure. it was
noticed upon varying the voltage applied to the
anode, that the frequency of oscillation is deter-
mined for lower anode voltages to a greater ex-
tent by the length of the tuning circuit, while at
the higher voltages the anode voltage and mag-
netic field seem to be the factors determining the
frequency. This is evidenced by sharper tuning
effects at high anode voltages and magnetic

flelds, by varying the latter factors than by vary- -

ing the tuning circuit. |
From the tests made, indications are that the

filaments oscillate 180 degrees out of phase with

2,140,024

respect to each other while the anode Is at zero
radio frequency potential.

As indicated in Figs. 2a and 2b, and in accord-
ance with the principles of the present invention,
the phenomenon of changing a diverging beam
into a converging one may be accomplished sim-
ply by electrostatic means alone. In the present
case the space circuit over which the electrons
travel is made to behave in similar manner in
two directions of the axis (back and forth).

10

These flgures only indicate diagrammatically and

by way of illustrating the p*inciples involved,
simple arrangements of an all electric, two-way
focusing scheme. The systems shown in these
figures are considered to be more efficient than

. that of Fig. 1 bec& 1se of their high convergence

effect.

Inasmuch as the system of Fig. 1 can be looked
upon as elther a double acting split plate mag-
netron or as & double acting Barkhausen arrange-
ment, it can be equipped with symmetrical tun-
ing circuits, which in itself is a great advantage.
Higher frequencies may be obtainable with the
tube of the system operating in a manner similar
to a Barkhausen-Kurz or a Gill-Morell oscillator.

Filg. 3 Indicates how the system of the inven-
tion may be cascaded. Instead of allowing the
electrons to return to their original filament after
having arrived at the second filament, it is pro-
posed to have the electrons continue their jour-
ney towards another positive shield, whereupon
they are finally permitted to return after having
passed through their second positive shield. The
arrows show the direction of the magnetic field.
The electrons here cascade from one section of
the device iInto the next section, the purpose be-
ing to get synchronization between the two sec-
tions so that their outputs may easily integrate.
After having left the filament at one end of the
device, the electrons are focused together as
toward the second filament as in the simple case
already described in connection with Pig. 1.
There is, however, nc fllament at the second
converging point. This filament is replaced by
a. Shield O with a small hole throuech which the
electrons may pass.
shield the electrons emerging through the hole
act as a source of emission. This emission then
spreads toward a second anode and is thereafter
focused toward another hole. Where the series
of cascades terminate the electrons are finally
focused toward a second fllament where they may
furn around and go through the whole cascade
in the oopposite direction.

Mg, 4 illustrates diagrammatically, the appli-
cation of the oscillator to a radio recelving cir-
cuit. In this floure the two fillaments are sup-
plied in parallel from a common fllament supply
source, and the energizing leads 8 for the fila-
ments are enclosed within a metal tube 9. ¥or
receiving the radio waves there is provided an

~antenna 10 which is coupled to the filament tun-

ing circuit by means of connections {1, 12 which
extend from stravs 13 and 14 surrounding the
tube 9 to tans 15 and (6 on antenna {0, these
faps being so spaced as to match the impedance
of the antenna. The two terminals of the inter-
electrode space, which are the filaments ¥; and
¥, receive voltage excitation from the incoming
signal which signal is detected in the anode cir-
cuit.

It is to be understood that the invention may
be employed in both transmitting and receiving
circuits and is not limited to the precise struc-
ture shown in the drawings, since various modi- *

On the other side of this-
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the external circuit.

3,149,024
fications may be made without departing from

the spirit and scope thereof. For example, if

desired, the electron discharge device of the in-

vention may be used as an amplifier, and if used
as an oscillator in a transmitter may be anode
modulated in Heising fashion. Also an auxiliary
grid may be placed in the vicinity of each cath-

- ode for improving the action of the device, each

grid being maintained preferably at a negative
potential with respect to its associated cathode.

Such an arrangement is disclosed in Fig. 5,
_wherein the grid may be connected to a suitable

‘modulation circuit.
‘may, If desired, coincide with the axis of the tube.

The centers of the grids

In devices in general based upon pendulum
action of electrons (like the Barkhausen. mag-
netron, ete.) the electrons are originally acceler-
ated by the anode. If the other electrodes carry
insufficient potential to attract the electrons to
such a degree that they (the other electrodes)
become bombarded, the electrons will describe a
to and fro motion. ' Since electrons are electric
charges, they cause opposite charges to be dis-
tributed over the electrodes. As the electrons
move, the charges on the electrodes vary. The
change in charge on the electrodes then causes
electric currents to fiow in the external circuit
connected to the electrodes. This is the way in
which the electron motions induce currents in
If the external circuit is
resistively loaded, not only by its own circuit loss,
put, by useful load, the current produced in the
external circuit produces an ohmic voltage drop
which is such that it varies the electrode poten-
tial in opposition to the electron motion. ‘This
is - simply Leniz law applied to thermionic de-
vices. It can therefore be seen that the electrons
sre retarded as they perform work in the exter-
nal circuit; their motion is attenuated. We have
so far considered only the moticn of one electron.
If the elecirons move about at random, it is easily
understood that the motion of one cancels the
effect of the motion of another and no work is

periormed in the external circuit. Their motion

is then not attenuated. It is, therefore, neces-
sary that the electrons be organized into groups.
'This is done in various ways. In the conventional

triode feedback circuit the throttling effect of the

grid produces this organization. In this case
electrons only flow intermittently, i. e., there are
no disorganized ‘electrons at any time. In elec-
tron pendulum devices such as Barkhausen, the
magnetron and the device of the present inven-
tion, electrons are always present in the inter-
electrode space. The efficiency of these devices
depends upon the degree to which these e'ectrons
may be organized. Thus for certain electric and
magnetic fields the electrons will oscillate but at
random and their oseillation gives no external
evidence. Organization is obtained when the
electrons begin to fall into groups. This group
formation is, for instance, produced by space
charges around the point where the electrons
furn around. When the anode voliage is ap-
plied, electrons are gccelerated toward it. Some
reach the anode on their first trip and the high
kinetic -energy they possess at the time of col-
lision is a great loss. Some miss the anode and
pass on. They are then retarded and will even-
tually come to a standstill and turn around.
Whenever traffic on a highway slows down, con-
gestion occurs; so with the electrons. Electron
congestions are equivalent to space charges and
space charges produce electric fields. Now, the
electrons which arrive first at the turning point

=

3

are kept there g little longer by the Iater arriving
or oncoming electrons and the later ones are made
to turn around a little sooner due to the negative
charge from the earlier arriving electrons. This
action thus promotes group formation or organ-
ization. The electrons can now perform work in
the external circuit and become attenuated in

their to and fro motion. The electrode potential

from a signal of course also has such organizing
effects. Thus if the device is adjusted so that
the electrons oscillate at the right frequency but

10

at random by having such a magnetic field that

the electrons largely miss the anode, the incom-
ing signal will produce organization and the elec-
trons will receive attenuated motion since (as a
group) they now act on the external circuit.
When the electrons are attenuated, the fleld con-
ditions are no longer correct to keep the elec-

trons from landing on the anode. This then in-

dicates both why the device works as a detector
and as an amplifier; as an amplifier because most
of the energy of the electron motion is already
given by the electric fileld. The signal to be am-
plified only needs to supply the organizing effect.

What is claimed is:

1. The method of producing high frequency os-
cillations which comprises projecting a stream of
electrons in one direction in conical fashion, caus-
ing said stream of electrons to first diverge and
then converge, projecting another stream of elec-
trons in an opposite direction in a similar man-
ner, and reversing the directions of travel of said
streams. | |

2. The method of producing high frequency
oscillations which comprises projecting from s
pair of reference points two streams of electrons
in opposite directions, applying a magnetic field
axially to the main direction of travel of said
streams of electrons, and causing each sftream to
converge at the point of origination of the other
stream. |

‘3. A high frequency oscillator comprising a pair

of relatively concentrated electron emitting ele-
ments and an anode with a central aperture lo-
cated between said elements, all within a single
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envelope, sald elements being axially aligned with

the axis of said aperture, a source of energy for
applying a positive potential to said anode with
respect to sald electron emitting elements, and
means for focusing the electrons around the elec-

tron emitting element toward which they are

travelling after having passed through the aper-

ture of said anode.
4. A high frequency electron discharge device

- comprising a pair of electron emitting elements
and an anode with a central apertfure located be-
tween said elements, all within a single envelope,

said elements being axially aligned with the axis

50
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of said aperture, a source of energy for applying

a positive potential to said anode with respect to

60

said electron emitting elements, and a magnetic .

field axially disposed with respect to the electron
emitting elements and the aperture of said anode
for influencing the electrons to travel in a heli-
cal path and for focusing the electrons around
the element towards which they are travelling
after having passed through the aperture of said

anode, whereby substantial electron emission cut-
- off is momentarily effected.

9. A high frequency oscillator combprising a
pair of relatively highly concentrated electron

emitting elements, a shield for each of said ele-

ments arranged to aid in directing the electrons
toward the other electron emitting element, an
anode with a central aperture located between

70
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- & positive. potential to sald snode with respect

-sald elements all within a single envelope, sald

3 RS _- e -elements being axially aligned with the axis of
.- saild aperture, a source of energy for applying

2 149,094

Bource of heating current, a lead extending from = .
- sald anode to sald first source of energy, a tubu- =
~lar shield surrounding each of sald pairs of
- leads and a tubular shield surrounding said anode .~
. lead, and an adjustable strap connected across 5 .

10
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8 to sald’ electron emitting elements, and means ected S .
- for influencing the electrons to travelin:a helical ' the tubular shields for said two pairs of leads =
.. -path and for focusing the electrons around the  for tuning: said oscillator, and a condenser, cne
- -element toward which they are travelling after = Dplate of which 1s connected to ground and the NN
- having - Dassed through the aperture ef said; . other of which is connected to sald tubular sh:leldi R
. 10 anode. - ;f;surreunding sald anode lead. .
s o 60 AL high frequency cscﬂlatcr comprising a . .10. A ‘high  frequency: esclllator compr:lsing a
- pair of electron emitting elements and an anode pair of electron emitting elements, a shield for
-------- with a central aperture located between said ele- . each of said elements arranged to aid in direct-
... . ments, all within a single envelope, said elements - ing the electrons toward the opposite element, =
.15 ‘being axially aligned with the axis of said aper- an anode with a central aperture located between
... ture, a source of energy for applying a positive :said:elements, all within a single envelope, &
.+ . .. potential to said anode with respect to said elec-  source of energy for applying a positive potential
.- tron emitting elements, and means for focusing = to said anode with respect to said electron emit-
... the electrons around the element toward which - fing elements, and a means for applying & mag-
-------------- 20 they are travelling after having passed through = netic fleld which is axially disposed with respect:
S R . the aperture of sald anode, said means compris- :to the electron emitting elements and the aper- .
------------- . 1ng ring-like shields on both sides of said anode. ' ture of said anode for influencing the electrons R
oooroisooooo000 and being provided with apertures to enable the: - to travel in a helical path and: for focusing the
SEEEERN .. electrons to: pass through them, and a source . electrons around the electron emitting element -
S 25 of energy for' applying negative potentia,ls to  towards which they ‘are' travelling : after having .
----------------- . said shields with respect'te said electrcn emlttmg- - passed through the aperture of said anode, a
o elements _______ pair of leads for each of said electron emitting
-------------- oA hlgh frequency escil.leter cemprismg a elements extending externally from said envelope =
.. pair of electron emitting elements and an anode to a source of heating current, a lead extending
EERRERES '-;30-5 w1tl1 a cent;ral aperture lcca,tecl between se,id: from said anode to said first source of energy,

ments_ being axially allgned ,with the axis_ ef |

sa1d aperture, a source ef energy for applying a: RS
. across the tubular shields fcr said fwe pairs

se1d electron emittmg elements and means fcr of leads for tuning said e:‘scilleter; and: a con- 3;

mcusing the electrcns ereund the element tg- . .denser, one plate of which is connected to ground -~

and: the other of which is connected to said tubu- S

30
- -a tubular shield surrounding each of said pairs
of leeds and a tubuler shielcl surrcunding sald% R

45
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'tunmg element ceupled tc said leads for 'tun'-

ing same.
8. A high frequency oscillator comprising a

‘pair of electron emitting elements and an anode

with a central aperture located between said
elements, all within a single envelope, said ele-

“ments being axially alighed with the axis of

said aperture, a source of energy for applying
a positive potential to said anode with respect
to said electron emitting elements, and means

for focusing the electrons around the element:

toward which they are travelling after having
passed through the aperfure of said anode, a
pair of leads for each of said electron emitting

elements extending externally from said envelope .

to a source of heating current, a lead extend-
ing from said anode to said first source of energy,
a tubular shield surrounding each of said pairs
of leads and a tubular shield surrounding said
anode lead, and an adjustable strap connected
across the tubular shields for said two pairs of
leads for tuning said oscillator.

9. A high frequency oscillator comprising a
pair of electron emitting elements and an anode

. :ler shield surreunclmg sald anede leed

fdische,rge device cemprlsmg a pelr of electron PPN
L ] . : - - - . . . o T N O o - . 1 40 o
- emitiing elements and:an anode with & central =

aperture located between said elements, all with-

in a single envelope, said elements being axially
aligned with the axis of said aperture, a source
of energy for applying a positive potential to
said anode with respect to said electron emit-
ting elements, means including leads for heat-
ing said electron emitting elements, a receiv-
ing antenna, connections coupling said leads to
said antenna, and a utilization circuit including
apparatus for detecting the signal located be-
tween said anode and said source of energy.

12. In combination, an electron discharge
device having within a single envelope a hollow
cylindrical anode, and a pair of electron emitting
elements oppositely disposed with respect to said
anode, the latter being so arranged that there is
an unobstructed passage from one electron emit-
ting element to the other, an external source of
energy for applying a positive potential to said
anode with respect to said electron emitting ele-
ments, a tuned circuit coupled between said pair
of electron emitting elements and conductively
connected thereto, one terminal of said source
being connected to said anode and the other ter-

60

65

89 with a central aperture located between said ele- minal of said source being connected substan-
ments, all within a single envelope, said elements tially to the center of said tuned circuit, and a
being axially aligned with the axis of said aper- focusing coil for causing the electrons emanat-
ture, a source of energy for applying a positive ing from one of said elements to focus aroungd the
potential to said anode with respect to said elec- other electron emitting element.

70 tron emitting elements, and means for focus- 13. The method of producing high frequency 79
ing the electrons around the element toward oscillations which comprises projecting a stream
which they are travelling after having passed of electrons in one direction, causing said stream
through the aperture of said anode, a pair of to first diverge and then converge, and reversing
leads for each of said electron emitting elements the direction of travel of said stream in the same

756 extending externally from sald envelope to & order. 75
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14. The method of producing high frequency
oscillations which comprises projecting a stream
of electrons in one direction, influencing said

stream of electrons to first diverge, and then

converge, then diverge, and then converge, and
projecting another stream of electrons in an op-
posite direction in a similar msnner.

15. In combination, a high frequency electron

discharge device osciilator having o pair of
heated electron emitting elements, and an anode .

with & central aperture located between said ele-

ments, all within a sirgle envelope, & source of-

energy for applying a potential to said anode
which iIs positive with respect to the electron
emitting elements, g tuned circuit comprising an

Inductance and capacitance located between and

conductively coupled to said electron emitting

elements, and magnetic means adjacent said en--

velope for applying & magnetic field to the path
of travel of said electrons for influencing the
motion of said electrons. |

16. In combination, a high frequency electron
gischarge device having a pair of heated elec-
tron emitting elements, and an &anode with &
central aperture located between said elements,
ali within & single envelope, a source of energy
for applying a potential to said anode which is
positive with respect to the electron emitting ele-
ments, a tuned circuit comprising an inductance
located between said electron emitting elements,
and a coil adjacent said envelope for applying
a magnetic field to the path of travel of said elec-

trons for influencing the motion of said elec-

trons, g source of oscillations coupled to said
tuned circuit, and a utilization circuit coupled
to said anode.

17. A high frequency oscillator comprising a
pair of eleciron emitting elements and an anode

with a relatively wide central aperture located

between said elements, all within a single en-
velope, sald electron emitting elements having
an appreciably smaller emitting area than the
ares, of said central aperture of said anode, said
elements being axially aligned with the axis of
sald aperfure, a source of energy for applying &
positive potential to said anode with respect %o
said electron emitiing elements, and means for
focusing the electrons around the electron emit-
ting element toward which they are travelling
after having passed through the aperture of said

anode.

13. A high frequency oscillator comprising a-

pair of electron emitting elements, each so con-
structed and arranged as to emit eiectrons from
g stibstantially concentrated point, an anode with
8 relatively wide central aperture located be-
tween said elements, a reflecting shield iocated
hehind each electron emitting element for direct-

ing the electrons toward the element on the op-

posite side of said anode, and means for focusing
the electrons around the electron emitfing ele-
ment toward which they are traveling after
having passed through the aperture of said an-
cde, whereby substantial electron emlssmn cutb-
off is momentarily effected.

18. A high frequency oscillator comprising 2
pair of electron emitting elements and an anode
with a relatively wide central aperture located
between said elements, all within g single en-
velope, said electron emitting elements having
an appreciably smaller emitting area than the
area of said central aperture of said anode, said
elementis being axially aligned with the axis of
sai¢ aperture, a2 source of energy for applving a
positive potential to said anode with respect 1o

S

saild electron emitting elements, and means for
focusing the electrons around the electron emit-
ting element toward which they are travelling
after having passed through the aperture of sald
anode, and a curved shield behind each electron
emitting element for aiding in directing the elec-

trons towards the other electron em!.tting ele-
ment.

20, A high frequency oscillator comprising 2
pair of electron emitting elements and an anode
withh a central aperture located between said
elements, all within & single envelope, said ele-

ments being axially aligned with the axis of

sald aperture, & source of energy for applying &
positive potential to said anode with respect to
sald electron emitting elements, 2 grid having a
central aperfure located between each electron
emitting element and said anode, and means for
maintaining each of sald grids at 2 negative po-
tential relative {o its associated electron emitiing

_ clement.

21. An oscillation generation . system compris-
ing within a single envelope a2 pair of heated
sources of electrons, an element permitting the
passage of electrons located between said sources,
g resonant circuit connecting saild sources to-
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gether, means for maintaining said element at a '

positive potential relative to said sources, said

resonant circuit being tuned to have its natural
irequency correspond substantially to the fre-
quency of electron oscillation between said

sourcees.
22. In combination in a receiver, g high fre-

quency electron discharge device having & pair

of heated electron emitting elements, and an
anode with a central aperture located hetween

said elements, all within & single envelope, &

30

source of energy for applying a potential to said

anode which is positive with respect to the elec-

tron emitting elements, a tuned circuit located
between sald electron emitting elements, and
magnetm means adjacent said envelope for ap-
plying a magnetic field to the path of travel of
sald electrons for influencing the motion of said
electrons.

23. In combination, a high frequency electron
discharge device oscillator having a peir of elec-
tron emitting elements, and an anode with & cen-
tral aperture located between said elements, all
within a single envelope, a source of energy for
applying a potential to said anode which is posi-
tive with respect to fthe electron emitting ele-
ments, a tuned circuit comprising an inductance
and capacitance located between and conduc-
tively coupled to said electron emitting elements,
and magnetic means adjacent said envelope for
applying a magnetic field to the path of travel of
said electrons for infiuencing the motion of sa,ici

" electrons.

24. In combination, a high frequency electron
discharge device having a pair of electron emit-

ting elements, and an anode with a central aper-

ture located between said elements, all within
a single envelope, a source of energy for applying
a potential to said anode which is positive with
respect to the electron emitting elements, &
tuned circuit comprising an inductance located
between said electron emitting elements, and a
coil adjacent said envelope for applying a mag-
netic field to the path of travel of said electrons
for infiuencing the motion of said electrons, a
source of oscillations coupled to said tuned circuit,
and a utilization circuit coupled to said anode.
29. An oscillation generation system compris-
ing within o single,envelope o pair of sources of
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celectrons, an element permitting the passage of
electrons located between said sources, a resonant
circuit connecting sald sources together, means

for maintaining said element at a positive poten-

tial relative to said sources, said resonant clrcuit
being tuned to have its natural frequency cor-
respond substantially to the frequency of electron
oscillation between sald sources. |

28. In combination in a receiver, a high fre-
gquency electron discharge device having a palr
of electron emitting elements, and an anode with

| ¥
g, central aperture located between said elements,
gll within a single envelope, & source of energy
for applying a potential to sald anode which Is
positive with respect to the electron emitting
elements, a tuned circuit located bhetween said
electron emitting elements, and magnetic means
acdjacent said envelope for applying a magnetic
field to the path of travel of said electrons for
influencing the motion of sald electrons. |

NILS E. LINDENBLAD.
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