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My invention relates to high frequency electric dis-

charge devices and pertains more particularly to mag-

netron devices adapted for being electronically tuned.

Heretofore, magnetron devices have been provided
which included uninterrupted or smooth-walled cylindri-
cal anodes. In some of these devices the anode com-
prised a hollow cylinder surrounding a cathode and the
uninterrupted or smooth wall was defined by the inner
surface of the cylinder. In others, the cathode was cy-

lindrical and hollow and surrounded a.cylindrical anode, -

the outer surface of which defined the uninterrupted or
smooth wall of the anode. This latter type has been re-
ferred to as an “inversed magnetron.” 1In both: of these
types of magnetrons the essential feature is the uninter-
rupted or smooth active wall of the anode, regardless of
whether it constitutes the inner or outer surface of a
cylindrical member. Additionally, this feature - distin-
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guishes these types from magnetrens including split or

divided anodes, such as those comprising a pair-of semi-

cylindrical sections or an interdigital array of anode seg-
“smooth-

ments. Thus, as employed herein, the term,

“walled anode” means an anode which is either internal or
external of the cathode element and defines an active sur-
face which is uninterrupted or non-divided as distinct -

from split-anodes or interdigifal anodes empleyed n other.
forms of magnetron devices. |

the rotating electrons, the oscillation period cerrespend-_
ing to the transit time of an electron orbit. The fre-
quency produced, i.e., the Larmor frequency, is approxi-

also to a certain extent on the anode voltage, which

latter fact permits electronic variation or the tuning' of

the frequency. Appreciable tuning ranges are attainable

of the order of 10% to ecither srde of the center fre-_ YU

quency.

Various advantages are afforded by smeeth-walled_

- anode magnetron oscillators. Particularly advantageous
is their mechanical simplicity, as well as the operational
requirement of only a moderate magnetic field. It has
been found, however, that the practical utilization of
such devrces is limited by the fact that, in operation, the
~ cathode must be operated in the saturated state, which
limits electron current. Prevalent theory does not pro-

vide a full explanation of this requirement, but it may -

be presumed that the potential distribution within the
discharge space must not differ too much from the po-

tential distribution prevailing in the absence of the elec- -
This prevents the use of cathodes which are in- |

trons.

tended to function in the space-charge limited state, such
‘The space charge estab- -

as the oxide-coated cathodes.
lishing itself about these cathodes would substant1ally
adversely affect the potential distribution.

o 40
The operating frequeaey of magnetrons 111cludmg_
smooth-walled anodes is that of the resonance motion of

mately proportional te the magnetic field, but depends-_ |

- type. ) .
| Another eb]ect of my mventlcn is tc increase ‘the prac-'-
| trcal applications of magnetren devices of a smeeth- :

“action structure,”
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current at a fixed value requires rather complicated means .

of automatic regulat1on the effectiveness. of whlch is

quéstionable, especially in the case of a magnetren with

an external anode. In such a device, the emissive cath- -
‘ode becomes heated, under the influence of electron
‘bombardment, in a manner which- is"difficult to control,
especially ‘since ‘the electrons retum to thc cathode at

a velocity greater than zero.

The present invention contemplates the prowswa of

magnetrons with a smeeth—walled or non-divided anode,

which anode may be intérnal or external of the cathode '

and which magnetrons are not. subject to ‘the above-

‘mentioned limitations heretofore encountered i in smocth— R

walled or non-divided anode magnetmns o

Thus, a primary -object of my invention is te prcmde |
_a new and improved electric discharge device. adapted

for electronic tuning over a substantial frequency range.

Another object of my invention is to provide a mew
and improved rnagnetren of the smeeth-walled anede

walled anode type. . | -
Further objects and advantages ef my mventron will

become apparent. as the following description preceeds |

and the features of nevelty which characterize my in-

~ vention will be pointed out with particularity ‘in -the
claims annexed to and forming part of this specification.

- In carrymg out the eb]ects of my invention I provide
magnetron devices each of which includes two functional
and cocperatrve structures which shall heremafter be
referred to as the °

‘emitter stricture”. and -the “inter- L
which structures &are coakial and
adapted for being mounted in the same magnetic | ﬁeld o
The emitter structure eomprlses a. magnetmn-dlede in- o

‘cluding a ceamally arranged €missive cathode. and cen- |

trol element, the purpose which structure is to. preduce_.f )
| *electrons which will commence. retatmg in.the magne- =~ -~
‘tron-diode under the influence of a magnetic_field-and
“then be. drrected or injected into the mteractlen striie- e
- ture in a predetermmed centrelled manner."

This inter- -

| _'_?actmn structure comprises: a - magaetren mcludmg & Ll

45

5

60

the intéraction structure.
~ circuits are provided Whrch can: be- erther intérnal or
external of the evacuated centamers enclesmg the de- R
vice. - - - ' S
For a better uuderstandmg ef my 1nvent1en reference T

may be ‘had to the accompanying drawmg in. which:-.

“smooth-walled anode and. which, instead .of an. emissive .- o
cafthode, includes a non-emissive or- cold electrode ele-
ment to which a petentlal is applied apprcachmg thatof - -
‘the emissive cathode in the emittér structure. .-The inter- .0 -
action from the viewpoint of energetics between the.elec-
trons and the high frequency fisld takes place mamly 111--;',.
With these - devices | resonant -

Figure 1 is a fragmentary schematic illustration of-f'i_{'__-?

“an electrode -arrangement of a magnetron device con- . -

structed in accordance with one embodiment of my in-

vention and wherein the anode of the inferaction struc- =

ture 1s extemal of the. cold cathode and. of a smaller- |

diameter than the positive electron element of the emlt-,- Rt

ter structure, |

6'5

Up to the present, cathodes of pure metal, such for _

example, as tungsten, have been used, the emission of
which can be adjusted as a function of the temperature.

0 -

However, and in addition to the fact that such cathodes

Flgure 2 is. a snmlar lllustratton whereln the ancde S

“of the emitter stmcture are of substantlally the same
| dialneter o h BRSO e o

Frgure 3'13 a Sl

. llar 1llustratlen of a medlﬁed ferm
_Wherem the pcsnwe element of the: em1tter structure 1s
frusto-conical; - | RO R

“Figure 4 1lltiStrates a. medlﬁcatlen whlch 1s smular
~ to that of Flgure 3 Biit Wherem the anode of the lnterac-f-*": [ i.} §

tion structure and. the pcsuwe electrode cf the. ermtter
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structure are physically connected as are the emissive

and non-emissive portions of the negative electrodes of

both structures; |

Figure 5 illustrates an embodiment which is similar
to that of Figure 4 but wherein the emissive and non-
‘emissive negative electrodes of both structures are physi-
cally separated: 3 P

Figure 6 is a fragmentary schematic illustration of a
modified embodiment of the present invention wherein
the cathode of the emitter structure comprises a cylinder
external of the positive element contained therein and
the anode of the interaction structure is internal and of
greater diameter than that of the positive element of the
emitter structure; SRR

Figure 7 illustrates a modification similar to that of
Figure 6 but wherein the positive electrodes of both

structures are of the same dia

1eter;

Figure -8 is illustrative of a modification wherein the

positive electrode of the emitter structure is frusto-conical
In configuration and separated from the anode of the
interaction . structure; - T |
Figure 9 illustrates a modification similar to that of
Figure 8 but includes positive elements in both the
emitter and interaction structures which are physically
connected: o o
Figure 10 illustrates an embodiment similar to Fig-
ure 9 but includes negative elements which are physically
separated; | o |
Figure 11 is a fragmentary schematic ‘1Hustration of
another embodiment of the present invention including a
double-ended magnetron construction; -- |
Figure 12 illustrates schematically another embodiment
including a double-ended construction; -
Figure 13 illustrates somewhat schematically one em-
bodiment of a magnetron oscillator constructed accord-
ing to the present invention and incorporating a double-
ended electrode arrangement; . .
Figure 14 illustrates somewhat schematically another

magnetron oscillator constructed in accordance with the

present invention; and o
Figure 15 illustrates somewhat schematically still an-
other magnetron oscillator constructed in accordance with
the present invention and including an external cathode
and a coaxial outlet end. : e
~ Figures 1 to 12 illustrate various electrode arrange-
ments alternatively employable in the new device. Fig-
ures 1 to 5, 11, and 13 disclose interaction structures
including external smooth-walled anodes or hollow cylin-
drical anodes containing a cathode or negative electrode

therein. Also, in these figures the emitter structures in-.

clude internal emissive cathodes and annular external
positive electrodes. Figures 6 to 10, 12, 14, and- 15,
comprise interaction structures wherein the cathode or
negative electrode element is a hollow cylinder and con-
tains therein a cylindrical anode of smaller diameter.
In these figures the emissive cathodes are annular or
define a cylinder and contain a non-emissive positive
electrode element. In all the figures the elements hav-

ing idnentical functions are denoted by the same nu-

merals. It is to.be understood from-the outset that the
electrode arrangement of each of the Figures 1-12 1is
adapted for being contained and suitably supported in
an evacuated envelope with suitable leads sealed therein

for making electrical connections with the various elec-

trode elements and suitable heating means for rendering
the cathode emissive. Additionally, each of these de-
vices is adapted for being supported between the pole
pieces of a suitable magnet thereby to provide a magnetic
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In the electrode arrangements of Figures 1-5 wherein
the smooth-walled anode is external of the cathode, the
emitter structure 1 comprises a cylindrical emissive cath-
ode 4 and a coaxial positive electrode 5 of annular con-
figuration. The interaction structure designated 2 com-
prises a central cylindrical conductor 6, which might be
thought of as a non-emissive extension of the cathode

4, and a cylindrical smooth-walled anode 7. In order to
obtain resonance oscillations, a potential must be applied
to the anode 7 such that it will be just attained or reached

by the electrons in the case of the given magnetic in-
duction (“critical” values of the anode voltage and of
the magnetic induction). The positive electrode 5 of
the emitter structure is provided with such a dimension,
configuration and potential that the cylindrical potential
surface 8 constituting an extension of the anode 7 will
assume a potential lower than that of the anode 7.
Under these conditions electrons emitted by the cathode
4 cannot attain or be collected on the positive electrode

‘5. Instead, an axial component of the electric field is

established which attracts or directs the electron cloud

- which is rotating in the emitter structure toward the
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field which is. always substantially parallel to the - axis

of symmetry designated 3 in Figure 1 and thus substan-
tially perpendicular to .the electric- fields extending be-
tween the positive and negative electrodes. As 15 well

known, this arrangement of magnetic and  electric fields

Is necessary to provide the rotational movement of.elec-

trons required for operation of a magnetron.- - . .-

70

interaction section 2. In the interaction section 2 the
electrons circulate as if they had been emitted by the
central conductor or nonemissive cathode 6. Notwith-
standing their axial velocity component, such electrons

-enter a phase of energetic exchange with the radio high-

frequency electric field and finally fall on to or are cr:'ﬂ-
lected on the inner surface of the anode 7. The density

of the current which enters the interaction structure de-

pends upon the axial componnet of the electric field pre-
vailing in the transition zone between the two sections;
however, this current is independent of the available
emission of the cathode as long as it is less than the
saturation current. Thus it becomes possible to utilize
cathodes of very high emissivity, such as the oxide-coated
cathodes. | | |
The schematic 1llustrations of Figures 1 to 4 illustrate
various alternative arrangements for obtaining the  de-
sired potential on the potential surface 8. In the case
of the arrangement shown in Figure 1, the cylindrical

positive electrodes 5 and 7 are both maintained at the

same potential level, however, the diameter of the elec-
trode S is larger than that of the electrode 7. Addition-

-ally, these elements are physically disconnected or non-

integral. _ |
~In the structure of Figure 2 the cathode 4 and non-
emissive electrode 6 can be identical to that of Figure

1 and the diameters of the outer positive electrodes 5

and 7 can be the same, as shown. However, in this
structure and for desired operation, the positive electrode

S operates at a lower potential than that of 7, in order

fo provide the desired axial component whereby clec-
trons emanating from the emissive portion 4 cf the cath-
ode and rotating are caused to enter the interaction struc-
ture or, in other words, between the electrode 6 and
the anode 7. In this embodiment also, the electrodes 5
and 7 are physically disconnected as illustrated. |
In Figure 3 is shown a structure including an emissive
cathode 4 in the emitter structure 1 and a cold or non-
emisstve negative electrode 6 in the interaction structure
2. In this arrangement the positive electrode 5 is frusto-

~conical in configuration and the smooth-walled aiode 7

1s cylindrical and equal to or smaller than the smallest
diameter of the frusto-conical electrode 5. The electrode

5 operates at a potential less than or equal to that of
the anode 7. Thus, the potential surface indicated by

the dash lines and designated 8 is less than the potentixi
of the electrode 7, whereby an axial component is ef-
fected for directing the rotating electrons axiaily into tic
interaction structure. In this embodiment the inter-elec-

trode region between the elements 4 and 5 is constricted

- at the end adjacent the anode 7 which is also effective
75

for directing electrons toward the interaction structure.




. 5
Also the electrodes $ and 7 are physreal_y dtseennected
while the electrodes 4 and 6 can be integral. .

In those arrangements wuerein the two posmve ele-
ments, namely, the positive element 5 and the smooth-
walled anode 7, are maintained at the same D.C. poten-
tial level, they can be electrically connected and thus
converted into a single dual-purpose electrode structure,
as shown in Figure 4. In this arrangement the electrons
emanating from the cathode 4 find themselves, upon
emanation, in a . high frequency field. However, in this
case it is still possible advantageously to ufilize the con-

cepts of the emitter structure and interaction structure,

since the high frequency field begins to exert a notice-
able influence on the electrons only in the narrow or
constricted part of the outer electrode arrangement which
constitutes the smooth-walled anode poriion 7 of the de-
vice wherein the space field is negligible and the elec-
trons approach closer the inner surface of the anode.

In the arrangements. of Flgnres 1 to 4, the central con-
ductor 6 or non-emissive negative element of the interac-

tion structure 1s physrcally and eleetrlcally connected to

the cathode 4. However, as seen in. Figure 5, the cath-
ode 4 and element 6 can be separated both physically

and electrically, either to enable application of different -
25

potentials. which may improve, under certain circum-
stances, the potential distribution in the device, or 10
enable separation of the two elements with respect. to
the high frequeucy voltages. The last-mentioned reason
may be decisive in the case where the anodes or posi-

tive elements of boih structures. are 1ntereenneeted :

Thus it will be seen that in this. manner the schematic
arrangement of Frgure 5 can snnply be derived by IIlOdl-
fying that of Figure 4.

"2;9}' 53, 7'1‘??4
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tion structure.

Tkl ralirl

lower than that of the mteraenen anode ’7"’ thus fo pre-r
vide. the desired potential distribution for affording in-

jection or axial drreetten of electrons 1nto the mteraetton o
- structure. |

In the arrangement of thure $ the positive eleetrede N
5’ of the emitter section 1 comprises a tapered or coni- -

cal elernent ‘the major dlameter of which 1s not larger
than the dtameter of the 1nteract10n anode 7.

In this
case also the elements 5’ ‘and 7’ can be physwally dis-

connected but the potentials thereof can be almost the
‘same, whereby suitable potential distribution is provided

for directing electrons from the emitter into the interac-

- Additionally, in this arrangement the in-

terelectrode region between the cathode 4’ and eleetrede

5" 1s constricted ad]aeent the interaction structure for en- -

hancrng electron injection thereinto.
In Figures 9 and 10.the positive electredes of the

structures can be the same as those shown in thure 8

- except that they have been physically connected to pro- -

20 |

vide an integral structure. In the schematic illustration

‘of Figure 10 the external conductor 6’ of the interaction

structure 1s separated from the cathode 4’, which sepa-
ration has the purpose of uncoupltng the two structures
as regards high-frequency.

From all of the foregoing it W]ll be seen that my in-
vention contemplates and I .have provided various

‘smooth-walled anode magnetron electrode arrangements

~including an- interaction structure comprising a . coaxial:

30

._S_Ineeth—wa_lled cylindrical anode and a non-emissive neg-
ative electrode and means for injecting electrons rotating
in an emitter structure from the emitter structure longi-

= tudinally spaced from the interaction. structure 1nt0 the

For those devices in which the erntssrve eathede lies. -

outside or surrounds the positive element in the emitter

structure, the physteal considerations are quite snnll_a_r__
The purpose. is still the creation of such a potential dis--

tribution in the emitter struciure and mteraciion struc-
ture that the electrons produced in the emitter structure

will not attain or be collected on the positive electrode

thereof but instead will, under the influence of an axial
component of the electric field, be drawn toward or in-
jected into the interaction structure

adapted for providing the desired potential JdlStIlblltIOIl
in which figures elements corresponding generally to.those

of Figures 1-5, respectively, have been given primed nu-

meral desi gnatlens |

In ail of the Figures 6—-10 the emttter strueture 1’
comprises a positive electrode. 5° which has the configu-
ration of a solid revolution and a cathode or emitter 4’
which has the configuration of a hollow cylinder sur-
rounding the positive electrode 5°.
ture 2’ consists of a cylindrical eleetrede 6’ which sur-
rounds an anode 7’ and which, since it serves as a nega-
tive electrode, can be integral with the cathode 4’.

In the arrangement of Figure 6. both of the pesrttve
electrodes 5’ and 7’ are cylindrical. However, the in-

The structures il- -
lustrated schematically in Figures 6 through 10 are

The interaction struc-

35

interaction structure in a controllable manner. |
As seen in Figures 11 and 12, the entire electrode

structure of the device can be syrnmetrtcal with respect

to one plane and this preferably in such a manner that

an emitter structure which is located centrally will feed

or. inject electrons amally into two interaction structures
that will oscillate either in parallel or in push-pull fash-

40

ion. The devices of Figures 11 and 12 constitute -such '

- symmetrical arranﬂements, that of thure 11 having ex-

45

50

10",
- smooth-walled. cyhndrleal anode surfaces 11 and 11’ and

central NnoN-emissive eenduetors or leads 12 and 12,
are symmetrically arranged with respect to the emissive

ternal smooth-walled anodes, and .that of Figure 12 hav- |

__'_1ng internal smeeth—-walled anodes.

In the arrangement of Figure 11, the. enntter strueture
comprises an emissive cathode 9 and a positive electrode
consisting mainly of two frusto-conical sections 10 and
Two interaction structures comprising a pair of

- cathode 9. The two central non-emissive conductors or -

55

surrounds: the ermtter structure.

electrodes 12.and 12’ are physically electrically con- -
~ nected to the en

issive cathode 9 and the two anode sur- -
faces 11 and 11’ can be part of a .single element 13 that

An aperture 14 pro-.

- vided centrally in one side of the element 13 allows for

teraction anode 7’ which constitutes in this case the

smooth-walled anode of the device has a larger diameter.
Thus the potentials of the two positive electrodes §" and

7" can be almost the same and yet there 1s provided a
suitable axial component for directing electrons emitted.
from the cathode 4’ and rotating in the emitter structure
‘Thus, the. electrons are

into the interaction structure.
rotating in the desired manner befere they enter the
interaction space. - This af
where the electrens commence:- rotatlng in the 1nteraetten
structure.

In Figure 7 both of the pesmve eleetredes 5 and 7’ :
are cylindrical’ -and the latter provides the: requrred_

smooth-walled anode surface. As shown, these elements

have the same dlatneter
and, thus, adapted for applteatten of a potential to the
positive electrode 5" of the enntter strueture which is

‘ords better operatton than

However, they are separated _-

60

‘emissive cathode 15 is pmwded on beth sides thereof N
65

extension therethrough of a lead-in conductor conected
to the positive element 1nclud1ng the sections 18 and 1&'.

In this arrangement, as in those of Figures 3—-5 and 8-10, |

‘the interelectrode region between the elements compris-
* ing the emitter structure IS constrreted adjaeent the inter-
- action structure. o | - |

In the structure of Frgure 12 a hollew eyhndrtcal'

with external cylindrical negative elements 16 and 16" in
interaction structures. . Conical or tapered pesrtwe elec-

. ~ trodes 17 and 17’ of the emitter structure and cyhndrtcal |

smooth—walled anodes 18 and 18’ of the interaction struc- o

70

75

fure- ean, as seen, eomprtse a smgle conductive element

Due- to the cylindrical “arrangement of elements it is - -
‘possible to shorten the. eleetrede arrangement and thus’ t0
_effect considerable savings as regards the means of pro-

ducing the rnagnettc field, since in both cases, namely,

“that of the internal cathode, as well as the external cath-
ode, the extremrttes of the cathede, _w]:uch are not suﬁi- - |
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ciently heated for the production of electrons, may act
as cathode leads of the interaction structures.
~ As will be understood from the foregoing, the. inter-
action structure of any of the disclosed arrangements can
comprise part of a coaxial line which, by means of co-
axial seals, can pass thmugh the vacuum-tight envelope
of the device or wh1ch in other cases, can form a reso-
nating circuit that is entirely located in the envelope.
Additionally, the cathode, in the case where 1t is lo-
cated externally of the anode, need not form an entire
- or continuous wall cylinder. It can be made of indi-
vidual  emissive . elements arranged circumferentially
about the surface of a cyhndncal support. -
Iltustrated in Figure 13 is a magnetron oscillator in-
cluding a symmetrical electrode arrangement and - an
internal cathode.
envelope 19. Supported in the envelope 19 from a
conductive support lead 20, which is suitably sealed in
a side wall of the envelope 19, is a non-magnetic con-
ductive element 21. The conductive element 21 con-
tains a central opening shaped to provide a pair of frusto-
conical centrally located surfaces 22 and 22’ and a
smooth-walled cylindrical surface 23 and 23’ at either
end thereof. Extending centrally through the element 21
1s a fungsten filament 25, only the central portion 23a
of which is provided with a thin coating of barium oxide
to serve as a source of electrons. Thus the emissive por-
tion Z5a of the filament and the portion of the element

21 including the frusto-conical surfaces 22 and 22’ serve

to constitute an emitter structure designated 26, and the
outer ends of the element 21, including the smooth cylin-
drical walls 23 and 23’ in cooperation with the outer
non-emissive portions of the filament 25, constitute a
pair of interaction structures 27 and 27'. .- ..

In the arrangement just described, the 111ter11a1 diam-

8
in the cylinders 41 and 41’ by support leads 44 and 44’

" which extend through and are suitably sealed in the side

10

15
This device includes a vacuum-ticht ~

25
- 51 to the oscillator.

30
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eter of the positive electrode of the emitter structure be-

comes smaller starting from the center and moving in
the direction of the imnteraction structures, and as-a re-
sult thereof the electrons emitted by the emissive portion
25a of the cathode and which commence rotating in the
emitter structure are atfracted into the interaction struc-
tures wherein they set up the oscillations and then fall

onto or are collected by the surfaces 23 and 23’ of the.
The electrons which have not been captured or

anode.
collected by the anode and which escape by way of the
open ends of the latter element are repelled by a .pair
of reflecting disks 28 and 28’ mounted on the cathode
supports 24 and 24’, respectwely |

A magnet, the pole pieces N and S of WhICh are 1111_15-

trated, produce a.magnetic field which is substantially :

parallel to the longitudinal axis of the cathode. The two
interaction structures 27 and 27’ are adapted for oscil-

lating without phase displacement; thus the two lead-in

conductors 20 and 24’ of the filament carry the same

h1gh frequency potential with respect to the anode lead-

- 1n conductor 20. Thus, the resonating circuit is disposed
outside of the device and is constituted of a trifilar line
29 that can be tuned by means of the double-short cir-
cuiting, movable capacitive device 3¢. Behind the short-

circuiting device 30 the conductors, which no longer

age sources, the filament conductors being connected to
a source 31 through a variable resistor 32 and the anode
conductor and onc of the filament leads connectmﬂ' tha

filament to a potentiometer 33 which is energized by a G

source 34. The high-frequency power is transmitted to
a useful load 35 by means of a coupling loop 36.

Hlustrated in Figure 14 is a symmetrical device with

an extemal cathode contained in a vaeuum—tlght en-
ve10pe 40. In this arrangement the interaction structures
comprise hollow smooth-walled cylinders 41 and 41’ which

wall of the envelope 40.
cathode structure comprises a plurality of wire-like or
emissive filamentary elements 45 which, for example, can
constitute thoriated tungsten wire. The elements 45 are
stretched between the adjacent edges of the cylinders 41
and 41" and correspond in position to the central portion
of the anode conductor which constitutes a pair of ta-
pered or conical portions with the smaller ends joined.

* A magnet, the pole pieces N and S of which are illustrated

in Figure 14, produces a magnetic field which is sub-
stantially parallel to the longitudinal axis of the anode
conductor 43. The leads and the support leads are con-
nected to four conductors 46 and 46" and 47 and 47'.
The pairs of conductors 46 and 47 on the one side and
46’ and 47" on the other side form each a Lecher system
and inasmuch as the two interaction sections can oscillate
in parallel, the two external conductors 46 and 46’ carry
the same alternating potential with respect to the internal
conductors 47 and 47’. The two Lecher lines are tuned
by means of a movable short-circuiting device 48 common
to both. Due to the different direct or continuous po-
tentials of the conductors, the short-circuiting is effected
by three capacitors 49. A loop 50 couples a useful load
Behind the short-circuiting device
where the four conductors are free of any high-frequency
voltages, a heating-voltage source 52 is connected to the
conductors 47 and 47’ through a variable resistor 53
which enables adjustment of the temperature of the cath-
ode filaments, and thus controls the emissivity thereof.
The anode voltage which is applied to the conductors
46" and 47’ is tapped from a potentiometer 54 which is
energized by a source 55.

IMustrated in Figure 15 is a non-symmetncal device
with an external cathode and a coaxial outlet end. In

- this arrangement the envelope of the device consists of

40
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carry any high-frequency potential, are connected to volt-
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are supported by support leads 42 and 42’ sealed in the

side wall of the envelope 40. In this structure the posi-
- tive electrode or conductor 43 can be identical to the
.anede arrangement of Flgure 12 and is amally supported

two cylindrical parts 60 and 61 for

emitter structure.

reactive character of its closing impedance.

1ed of a non-ferro-
magnefic material, such for example, as copper, with a
cylindrical part 62 made of glass and two spherical caps
63 and 64 likewise made of glass enclosing the extremities
of the arrangement. A plurality of thin metallic annular
sealing elements 65 seal, without any substantial me-
chanical strain, the glass elements to the metal elements,
thus to complete the envelope structure.

 In this device the emitter structure consists of a central
positive electrode element 66 and a surrounding series
of emissive wire-like or filamentary elements 67 formed,

for example, of thoriated tungsten wire and stretched

between and circumferentially spaced about and secured
to, the edges of the cylindrical parts of elements 60 and
61. The mentioned positive electrode element of- the
emitter structure is a cylindrical stem of small diameter
which is supported by and suitably sealed through the
cap 63. The interaction structure of this device con-
sists of the cylinder 61, which carries cathode potential,
and a smooth-walled cylindrical anode 68, the diameter
of which is larger than the positive element 66 of the
The anode 68 is held and supported
by the glass entrance seal 64. Two annular elements
69 and 70, which coact with cylinders 60 and 61, and

which thus carry the cathode potential, prevent any es-

cape of electrons from the discharge spaces.

Externally of the tube, coaxial conductors 71 end 72
are connected to the outlet end of the anode 68 and to
the cylindrical part 61 of the envelope so that they, thus,
form with the interaction structure a single coaxial line.
The latter structure goes to the load circuit and can have
more or less high Q, depending upon the more or less
A heating
voltage source 73 is connected through a variable in-
termediate resistor 74 to the parts 60 and 61 of the en-
velope. The two anodes or positive elements 66 and
68 can, as a matter of principle, carry the same potential

70 since the difference of their diameters already insures the

'The emissive portion of the
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desired potential distribution whereby electrons emanating
from the emissive cathode in the emitter siructure and
caused to rotate therein are directed axially or injected
into the interaction structure. However, in order better
to regulate the electron current entering the interaction
structure, I tap the two voltages separately from a po-
tentiometer 75 which is energized by a source 76. The
magnet producing the. required magnetlc field includes

pole pieces N and S, which pole pieces are centrally -
bored at 77 and 78, respectively, through Whlch the out-

ooing leads of the device extend.. .

While I have shown and described specific embod1-
ments of my invention, I do not desire my invention to
be limited to the particular forms shown and deserlbed
and I intend by the appended claims to cover all modifl-
cations within the spirit and scope of my invention.
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. interaction space, an annular emissive. cathode coaxial
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- 'What I claim as new and desire te secure by Letters ]

Patent of the United States is: .

1. A magnetron comprising an 1uteraet1en structure in-
cluding a smooth-walled cylindrical anode and a coaxial
cylindrical non-emissive. negative electrode eooperatmg to
define a straight cylindrical interaction space, an emissive

cathode coaxial with and longitudinally displaced rela-

20
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pouents for dueetmg retatmg electrons from said- 111ter-' S
_eleetreue region mte sald 111teraet10u spaee for rotatlonal :

movement therein,

‘5. A magnetron cempnsmg an mteraetron strueture : -

including an elongated annular cylindrical non-emissive
negative  electrode, an elongated  cylindrical anode co-

axially contained in said cylindrical negative electrode - S

and cooperating therewith to define a straight cylindrical

with and longitudinally displaced relative to-said inter-
action space, and an elongated positive electrode con-
tained in said emissive cathode and defining with said
emissive cathode an inter-electrode spaee longitudinally
displaced relative .to said interaction space and of pro-
gressively decreasing width in the direction toward said
interaction space adapted for having magnetically rotated
therein electrons emanating from said emissive cathode
and for directing rotating electrons from said inter-

electrode space into said interaction space for rotatrenal o

movement therein. -
6. A magnetron eemprlsng a coaxial pair of longi~

tudinally spaced. ueu-emrsswe annular eyhndrrcal uega—_"f

tive to said interaction space, and an elongated positive -

electrode coaxial with said other electrodes and deﬁuin:g
with said emissive cathode an inter-electrode space longi-
tudmally displaced from said interaction space and of

varying dimensions along the length thereof adapted for

having magnetically rotated therein electrons emanating
from said emissive cathode and for directing rotating elec-

trons from said inter-electrode space into said 1uteraet1011 |

space for rotational movement therein.

25
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2. A magnetron comprising an interaction structure in-
cluding a smooth-walled cylindrical anode and a coaxial -

cylindrical non-emissive negative electrode defining a

515

straight cylindrical interaction space, an emissive cathode

coaxial with and longitudinally displaced relative to said

interaction space, and an elongated annular coaxial posi-

tive electrode surrounding said emissive cathode and de-

fining with said emissive cathode an inter-electrode space

longitudinally displaced from said interaction space and
‘of progressively deereasmg width in the direction toward

said interaction space adapted for having magnetically

40

tive electrodes, a smooth-walled anode comprising a
straight cylindri 1eal portion of a positive electrode ex-
tending coaxially in one of said negative electrodes and
~cooperating therewith to define oppositely dispesed stralght |

‘cylindrical interaction spaces, a plurality of emissive fila-
‘ments mounted between and circumferentially spaced =~
about the opposed ends of said cylindrical negative elec-
ircdes, and another portion of said positive electrode ex- -
{ending eeaxrally in the cylinder defined by said filaments

and shaped to define therewith to an inter-clectrode region -
of .decreasing width in the opposite directions toward said

interaction spaces for directing electrons into said inter- -~ - -

action spaces for rotational movement therein. _ |
7. A double-ended magnetron comprising a pair uf y

‘longitudinally spaced interaction structures.each including

a smooth-walled cylindrical active anode section of an -
elongated positive electrode and a non-emissive end sec-:

tion of an elongated coaxial negative electrode, and a co-

- axial emitter structure interposed between said. interaction

rotated therein electrons emanating from said emissive -

cathode and for directing rotating electrons from said

inter-electrode space into said interaction space fer ro-
tational movement therein. - -

3. A magnetron comprising an mteractron strueture n- -

cluding a smooth-walled cylindrical anode and a coaxial
cylindrical non-emisisve negative electrode cooperating
16 define a strarght cylindrical interaction space, an an-
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nular emissive cathode coaxial with and longitudinally -

displaced relative to said interaction space, and an elon-
gated positive electrode contained in said emissive cath-
ode and defining with said emissive cathode an inter-
electrode space longitudinally displaced relative to said
interaction space and of varying dimensions along the
length thereof and adapted for having mugnetieally ro-

tated therein electrons emanating from said emissive cath- -
60
eiectrode space into said interaction structure for rotation- -

‘ode and for directing rotating electrons from said inter-

al movement therein.

4. A magnetron comprising an 1uteractren structure in-
cluding a smooth-walled cylindrical anode and a coaxial .
cylindrical non-emissive negative electrode deflning a
straight cylindrical interaction space, an emissive cathode

coaxial with and longitudinally displaced relative to said

55

structures and including an intermediate emissive-section

of said negative electrode and an intermediate section of

said positive electrode together defining an inter-electrode

region adapted for having magnetically rotated therein -

electrons emanating from said emissive section, said in-

ter-electrode region being constricted at the ends thereof -

adjacent said interaction structures to provide an electro- :
‘static field having substantially oppositely drrect_ed axial
components for direeting rotating electrons from said in-

ter-electrode region into said mteraetmn structures for ro-f
tational movement therein. |

8. A magnetron comprising an rnteractmn structure in-

cluding a smooth-walled cylindrical anode and a coaxial

juou_euu_sswe_nugat_we_eleetro_.de an emissive cathode co-
axial with and longitudinally disposed relative to said

- interaction structure, and a frusto-conical, positive elec-

“with an_inter-electrode space adapted for having mag-

interaction space and an elongated.coaxial positive elec-

trode defining in cooperation with said emissive cathode

an inter-electrode region longitudinally displaced from
said interaction space and adapted for having magneti-

cally rotated therein electrons emanating from said emis-

sive cathode, only said inter-electrode region being con-
stricted at the end adjacent said interaction structure to
provide an electrostatic field having substantial axial com-

10
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trode surrounding said emissive cathode for defining there- -

.'netmally rotated therein electrons emanating from said
emissive cathode and eouperatmg with said anode and

-_elmsswe cathode for directing rotating. electrons from

said rnteruelectrede space 1nto said mteractren strueture

- for retattenal movement therein. .
65

9. A magnetron comprising an: 1nteraet10n strueture in-
:eludmg a smooth-walled cylindrical anode and an annu-
lar coaxial non-emissive nega‘uve electrode surrounding
said anode, an annular emissive cathode coaxial with and
longitudinally displaced relative to said interaction struc-

ture, and a tapered positive electrode coaxially contained - .

in said emissive cathode for defining therewith an inter--

electrode space of varying dimensions along the length
thereof adapted for having magnetreally rotated therein .
electrons emanating from said emissive cathode and an- =~ -
ode for directing rotating electrons from said inter-elec- -
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frode space into said interaction structure for rotatiqnal
movement therein. T | |

10. A magnetron comprising an annular anode in-
cluding a pair of longitudinally spaced smooth-walled
cylindrical bores each at an end thereof, a coaxial nega-
tive electrode extending through said anode and including
an emissive central portion and non-emissive end por-
tions, said non-emissive end portions  corresponding to
the smooth-walled cylindrical bores of said anode and
defining therewith interaction structures, and a positive
electrode comprising a pair of hollow frusto-conical sec-
tions connected at the larger ends thereof, said last-men-
tioned electrode being positioned in said anode about said
emissive portion of said negative electrode for defining
therewith an inter-electrode space adapted for having mag-
netically rotated therein electrons emanating from said
emissive portion of said negative electrode and cooperating
therewith for directing rotating electrons from said inter-
electrode space into said interaction structures for rota-
tional movement therein. | - |
- 11. A magnetron comprising an elongated annular
negative electrode including an emissive central portion
and non-emissive end portions, a positive coaxial elec-
trode extending through said annular electrode and in-
cluding smooth-walled cylindrical end portions positioned
in said non-emissive end portions of said annular elec-
trode, and a pair of tapered portions connected at the

smaller ends thereof and positioned in said emissive por-

tion of said electrode, for defining therewith an inter-
electrode space of varying dimensions along the lengi_;h
thereof adapted for having magnetically rotated therein

electrons emanating from said emissive portion of said

0
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negative electrode for directing electrons longitudinally

outwardly from said interelectrode space into interaction
structures defined by the end portions of said coaxial
negative and positive electrodes. |

12. A magnetron comprising an envelope, an annular
anoce contained in said envelope, said anode including a
longitudinally spaced pair of smooth-walled cylindrical
bores each at one end thereof and a pair of frusto-conical
surfaces meeting at the larger ends thereof and centrally
disposed in said anode, a conductive support lead for
said anode sealed through said envelope, a filamentary
heater coaxially supported in said anode by a pair- of
conductive support leads sealed through said envelope,
and extending over the opposite ends of said anode, and

an emissive coating on said filamentary heater in the cen-

tral region of said anmode corresponding to said frusto-
conical surfaces. | |

13. A magnetron comprising an envelope, a coaxial
pair of longitudinally spaced non-emissive annular con-
ductors contained in said envelope, a plurality of emis-
sive filaments mounted between and circumferentially
spaced about the opposed ends of said annular conductors,
a pair of support leads connected each to one of said
annular conductors and sealed through said envelope, a
coaxial conductor extending through said annular con-
ductors, said annular conductors including smooth-walled
cylindrical end portions positioned in said non-emissive
annular conductors and a pair of tapered portions con-
nected at the smaller ends thereof and positioned in the
cylinder defined by said emissive filaments, said tapered
portions and said cylinder defining an interelectrode space
of varying dimensions along the length of said space for
directing electrons axially in the direction of said smooth-
walled end portions, and a pair of conductive support leads
sealed through said envelope and each connected to one
end of said coaxial conductor.
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14. A magnetron comprising an elongated annular
positive electrode, an elongated negative electrode con-
tained in said positive electrode, one end of said annular
positive electrode constituting a cylindrical smooth-walled
anode and cooperating with a corresponding cylindrical
non-emissive end of said negative electrode to define there-
with a straight cylindrical interaction space, the other
end of said negative electrode being emissive and coop-
erating with the other end of said positive electrode and
defining therewith an inter-electrode space of progressively
decreasing width in the direction toward said interaction
space adapted for having magnetically rotated therein
electrons emanating from said emissive end of said nega-
tive electrode and for directing rotating electrons -into
said interaction space for rotational movement therein.

15. A magnetron comprising an elongated annular posi-
tive electrode assembly including a cylindrical section and
a frusto-conical section, an elongated negative electrode
assembly contained in said positive electrode, said cylin-
drical section of said positive electrode constituting a
smooth-walled anode and cooperating with a correspond-
ing non-emissive section of said negative electrode as-
sembly to define an interaction space, the other section
ot said negative electrode being emissive and cooperating
with said frusto-conical section of said positive electrode
assembly to define an inter-electrode space adapted for
having magnetically rotated therein electrons emanating
from said emissive section of said negative electrode as-
sembly, whereby rotating electrons are directed from said
mter-electrode space into said interaction space for rota-
tional movement therein.

16. A magnetron comprising an elongated cylindrical
negative electrode, an elongated positive electrode con-
tained in said negative electrode, one end of said posi-
tive electrode constituting a cylindrical smooth-walled
anode and cooperating with a corresponding non-emissive
end of said cylindrical negative electrode to define a
straight cylindrical interaction space, the other end of
said annular negative electrode being emissive internally
and the other end of said positive electrode being conical
to define an inter-electrode space of varying dimensions
along the length thereof adapted for having magnetically
rotated therein electrons emanating from said emissive
end of said negative electrode and whereby said elec~
trons are directed from said inter-electrode space into
said interaction space for rotational movement therein.

- 17. A magnetron comprising an elongated cylindrical
negative electrode assembly including non-emissive and
emissive sections, an elongated positive electrode assem-
bly contained in said negative electrode assembly, one
section of said positive electrode having a cylindrical

‘surface constituting a smooth-walled anode cooperating

with said non-emissive section of said negative electrode

assembly to define an interaction space, the other end
of said positive electrode assembly being tapered and

positioned in said emissive section of said annular nega-
tive electrode assembly and cooperating therewith to de-
fine an inter-electrode space of varying dimensions along
the length thereof adapted for having magnetically ro-
tated therein electrons emanating from said emissive sec-

tion of said negative electrode assembly and whereby said

electrons are directed from said inter-electrode space into

- said interaction space for rotational movement therein.

65

- 2,869,012

References Cited in the file of this patent

_ . UNITED STATES PATENTS
2,585,741
 Muller . Jan. 13, 1959

Clogston ———————————___ Feb. 12, 1952




	Drawings
	Front Page
	Specification
	Claims

