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1

‘This invention relates to electron discharge
devices and oscillating circuits of the magnetron
type and has for its object the provision of an
improved tube construction having numerous
advantages such as simplicity for manufacturing
purposes, readily accessible and conveniently
detachable external tuning means operable
throughout a. wide range of frequencies and im-
proved relatively high power output, efficiency
and operating life resulting from such features
as an improved fluid cooling means, improved
dielectric loss characteristics in the seals and
minimized destructive bombardment of the
envelope and seals by electrons escaping from
the electronically active regions of the device.
. It is a further object of the invention to pro-
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vide an improved oscillating circuit in which

the improved tube finds useful application.

The features of the invention desired to be
protected are pointed out in the appended claims.
The invention itself, together with its further
objects and advantages, will best be understood
from the following description taken in connec-
tion with the accompanying drawings in which
Fig. 1 represents a cross sectional view of an
illustrative magnetron discharge device embody-
ing the invention; Fig. 2 represents a cross sec-
tional view taken in the direction of the indicated
arrows along a plane through the line:2—2 of
Fig. 1 and vertical to the drawing; Figs. 3 and
4 represent similar cross sectional views of an
alternative. embodiment of the invention in a
magnetron discharge device; Fig. 5 illustrates an
oscillator employing discharge devices of the
type shown in Figs. 1-4 and certain other features
of the invention; while Pigures 6 and 7 represent
alternative constructions for oscillators or simi-
lar devices of the type exemplified in Figure 5.
In .the drawings like numerals have been used
to designate like parts throughout.

. Referring now to Figs. 1 and 2 it will be seen
that the device comprises generally an hermeti-
cally sealed envelope (, preferably of thin
steel tubing, within which there are mounted

a pair of magnetron anodes 2 and 3, a thermionic’

cathode 4 and a pair of magnetic pole pieces
5 and §. 'The anodes 2 and 3 are provided with
juxtaposed cylindrical faces defining a general-
ly cylindrical chamber about and concentric
with the. axis of cathode 4 and the magnetic
pole pieces 5 and 6 are so arranged as to estab-
lish, when suitably energized, a magnetic field
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parallel with the axis of the cathode within the .

cylindrical space defined by the anode - faces.

As will be well understood by those skilled in: the
art to which the invention pertains, the im=
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position of a relatively high positive potential
on the anode with respect to the cathode will,.
in the presence of a sufficient magnetic field, es-
tablish a rotating electron space charge in the
region defined by the anode faces and that such.
space charge will induce high frequency oscilla-.
tions in the magnetron and its attendant cir-
cuits.

The magnetic pole pieces & and 6 may be
formed of any suitable magnetic material such
as non-permanently magnetic soft iron or, if
permanent magnets are desired, they may be
of any suitable permanently magnetizable ma-
terial such as the class of alloys of aluminum,
nickel and cobalt generally known as Alnico.
Alloys of this type are described for example,
in Tokuschichi Mishima Patents 2,027,994 to
2,028,000, inclusive, and are further deseribed in
W. E. Ruder Patents 1,947,274 and 1,968,569, If
non-permanent magnetic pole pieces are desired,
any suitable means for magnetizing them may be
provided externally of the envelope such as a
pair of solenoids (not shown) juxtaposed to the
envelope surface. In that event, the thickness
of the-enevelope | may be minimized in order
to increase its magnetic reluctance thereby
minimizing its shunting . effect which tends . to
reduce the magnetic flux passing through the
pole pieces. If, on the other hand, the pole
pieces are permanent magnets thus providing
an internal rather than external magnetizing
force, the envelope will advantageously tend to
minimize the magnetic reluctance of the useful
magnetic circuit and consequently minimize the
value of the required force. In that event its
thickness may be maximized to the extent con-
sistent with other design factors.

The pole pieces 5 and 6 may be welded or
brazed to the envelope or fastened thereto by
any other suitable means. Alternatively, they
may be supported from the rings 7T and 8 here-
inafter to be described or affixed by means of
a bolt 9 as in the case of pole piece 6. Moreover,
they are preferably shaped to conform to the
contour of the envelope in order to minimize
air gaps and thereby to minimize the magnetiz-
ing force necessary to establish the deSIred‘
magnetic field.

For the purpose of providing forced cooling of
the anodes 2 and 3 and adjacent structures when
the discharge device is operated at a high-power
output level, there may be provided a set of fluid
coolant channels such as U-shaped tubes 10-and
i1 of copper tubing which are built into exter-
nally accessible recesses 12 and (3, respectively,
in-the anode structure. The outer connections
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to these tubes are, of course, accessible external-
ly of the envelope and may be made. through
the center conductors of the co-axial output lines
hereinafter to be described.

The cathode 4 may comprise any suitable con-
struction. For example, as shown it is comprised
of a helical coil {4 which may be of any suitable
metallic wire such as tungsten ang which.may be
coated Wit a suitable thermionically emissive
coating as is well known in the art. Alternatively,

it may be left bare of coating and operated as:
an uncoated thermionic filament. The coil 14-is-

supported on a rod 15 having end shields 16 and

i1 which serve to enclose further the-cylindrical

space charge chamber defined-by the epposing:
anode surfaces.
{# is conductively connected to the shield- 1T and
therethrough to rod 15, core 18, and externally
accessible terminal (8, while the other-is like-

wise connected through an intermediate connec- ¢
tion 29 to tube-2( leading: to-an externally acces~.

sible terminal 22. The entire cathode’ structure
may:be supported by the concentric tubular con-
struction 2% shown as- projecting through. the
envelope | and into a cylindrical cavity-in the
pole piece 5:° The construction 23 is comprised
of a sectionalized outer cylinder 24, the inner
metallic tube 21 and the central metal core or

rod 18 which forms-a conductive support for the:

cathode &  Outer cylinder 24 comprises metallic
cylinder- 25 affixed to the pole piece § and enve-
Jope Ias by brazing, cylindrical collar 28-welded
by means of an end flange 27 to a similar flange
28-on cylinder 25, cylindrical glass seal 28; cylin-
der-38, cylinder-3{ having an end flange 32 brazed
to a similar end flange 38 on cylinder 39 with
annular shaped’terminal 22-in between the-two,
eylindrical glass cylinder 3% and-cup-shaped col-
lar 35.. The cylinder 24 constitutes an hermeti-

cally sealed structure by virtue of the brazing at 4

the metallic joints and. suitable glass to metal
seals at.the glass to metal joints: Tubse 21 -is sup-
ported by brazing to the juncture of cylinders 38
and 3l and terminal 22 while core 18 is supported
by. brazing to collar §5, a metallic washer 36 fur-
nishing additional support. Terminal {8°is pro-
vided on the end of the collar 35 for afiording &
suitable and convenient external contact for the
cathode lead.

As. will be understood by those skilled in the &

art, there is, in devices of this nature, a tendency
for. electrons to escape from the space charge
rotating in the cylindrical region between the
anodes and to migrate to other parts of the tube
under. the influence of the various electric and
magnetic fields. In particular, the electric field
due-to the high freguency voltage on the anodes,
can act in conjunction with the magnetic field
to. produce electron paths closely following the
anode surfaces. These escaping electrons unless
stopped will continue along the anode surfaces
until. they strike -the glass seals, hereinafter to
be described, and heat them to the melfing point
whereupon they destroy the device. This phe-
nomenon is not only destructive of the discharge
device-as a whole but generally impairs its effi-
ciency.

To prevent, or at least minimize this action,
there: may be provided 2 pair of annular sup-
pressor- disks. 27 and %8 extending around. the
periphery of.the envelope: Such disks may, for
example, be formed of a. suitable.conductive ma-
terial preferably one which is non-magnetic and
which does nhot give rise to substantial:secondary
emission’ of electrons when bombarded by elec-

As shown, one end of the coil .
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trons. I have found disks of molybdenum satis-
factory for the purpose. The disks may be
mounted on insulating bushings 39 and 46 of
quartz or like material. The bushings may in
turn be mounted by means of nut and bolt struc-
tures 41 on the metallic rings T extending around
the periphery of the envelope | and being welded
or otherwise rigidly attached thereto:. -Upon be-
ing struck by escaped electrons the disks 37 and
38 will charge negatively until they repel subse-
quent escaped electrons and prevent them from
reaching the glass seals. The effectiveness of
these suppressor disks 37 and 28 has been found
to: be most- satisfactory in that in all the dis-

“charge- devices: made thus far there have been

no seal failures which could be attributed to

- electronie: bombardments.

In order to provide a sealing structure in which

" the eléctrical field stresses created in the dielec-

tric materials such as -glass, by the oscillating
fislds-are: minimized; the connections to: the re-
spective -anodes are preferably-Brought cut oppo~
site ends of* the: envelope: where they may be
conveniently - connected to: eoncentric line: con~
structions hereinafter tobe:déseribed. With sueh:
an.arrangement the seal structure'shown becomes,
possible. It comprises the vitreous seal members
42 of glass or:like dielectric-material bonded: by
suitable. glass to metal sealing methods-to metal-
lic collars-43 and- 44 and cylindrical members 45
and 46 supporting the ancdes 2 and 32, respeec~
tively. The cylinders 4% and 45 will, of  course;
be brazed or otherwise: hermeticaily and rigidly:
attached to cylindrical recesses in the respective
anodes. The entire. structures comprising the
collars 43 and 44, the members 42; the cylinders

.45 and 46, and the respective anodes may be

fabricated. as units- after - which' the units-are
positioned within the envelope with the eylin-
drical surfaces of the coliars: 43-and 44 support-:
ing the. entire structures and positioning-it in
alignment with. the axis.of the envelope: Within
the concavity. formed by the seal” construction
the U-shaped copper tubes (§ and' {1 may be

' supported by any suitable means such as by braz-

ing to the anodes. They are shown. as being fitted:
jnte. cylindrical recesses. in- the: anodes to facili-
tate- supports. : '
The foregoing seal construction advanta-
geously permits improved dissipation-of heat de-
veloped in the dielectric seal members by reason
of the fact that the seals are made as large as
the envelope diameter and contact the heat:dis-
sipating metal surface of envelope 1 overa maxi-
mum area. Moreover, the heat energy developed
within.the dielectric as well as the electric fields .
therein are distributed more uniformly through
the entire volume of the dielectric by virtue of
the concentric. relation of the inner and.outer:
conductors of the .coaxial output line hereinafter
to be described.. By way of contrast, it may be
noted that in certain conventional types of seals
wherein the output power of the device: is con-
ducted.. through the seal by two parallel nomn-
concentric wires or. like conductive rods' (lecher
wires): passing through a glass seal, the electric
stresses and dielectric losses in the glass are con-
centrated in a narrow region between. the two:
parallel wires. thereby intensifying the destruc-
tive -effects on.limited portions of the dielectric.
Moreover, it. will be noted that the inverted dome:
shape: of the seal permits sliding tuning mem.
bers:to approach relatively close to the anode of
the device thereby permitting effective tuning to

higher frequency and thiroughout a greater range
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of frequencies in the ‘manner hereinafter.more
fully:to be described. ' For additional cooling, air
‘may be blown through the :center of the con-
centric conductors to cool the seals, the out-
wardly concave -surface. of the’ glass. advanta-
geously d1rect1ng ‘the ‘outward :flow. of air and
insuring rore effective:cooling ‘contact between
the dir and glass than would be the case with an
outwardly convex. siirface. . That :is.to say, the
coolmg air naturally follows the concave surface
in-close. contact therewith; whereas with a con-
vex surface it ‘would- tend to-be deflected awidy
thereby tending to make only point contact. -

For- the purpose: of perrmtting visual ohserva-
tion of: the cathode where ‘it may be desirable
to take ‘temperature. measurements thereof by
optical means, there may.be provided. a window
4T sealed ‘to a ‘metallic cylinder ‘48 by suitable
glass to' metal ‘sealing methods. Cylinder 48
may be welded to a cylinder 49 by means of an-
nular flanges 50 and 51 on:the respective cyl-
inders, the cylinder 49 being hermetically sealed
through “a ‘suitable’ hole ‘in envelope I. "~ ‘Alter-
natlvely, cylinder 48" ‘may be hermetxcally sealed
through such hole.:

The ' described device may be- hermetlcally
sealed ‘at  all points and may be evacuated in
known manner through ‘g cylindrical . tube 52
welded hermetically to a hollow thieaded. stud
53 JJikewise'.-hermetically: sealed: to -envelope 1.
Sealifig after evacuation: may be completed by
glass bead 54 sealed across-tube §52. A protective
cap:55, threadedly engaging stud 53 ‘may be pro-
vided to protect the structure from breakage:
~In-Figs. 3 and:4 there:is shown another em-

bodiment of:the ‘invention in a 'magretron type .

discharge - device employing . also.the: principles
of ‘construction  disclosed’ and: broadly -claimed
in:a .copending application: Ser.! Noi: 601,126 of
Donald-A. ‘Wilbur, filed June' 23;1945, for Elec-
tric Discharge Dévices, and assigned to the same
asSignee as the present application.  The char=
acteristic feature:lies ‘in the provision' of: addi-
tional andieléctrically neutral electrodes defin-
ing with the anodes, such-as the anodes: 2 and 3
of Figs..'1.and: 2, a ‘cylindrical -chamber within
which the rotating -electron space charge rotates.
Except for the provision of such additional elec-
trodes 56 'and 57 in Figs. 3-and 4 and the optional
omission ‘of  the :annular ‘rings T and 8 and an-

nular shields:3T-and 38 of Fig. 1; the construc- ~

tion shown in Figs: 3 and 4 is.identical with that
shown- in Figs. 1 and 2. Therefore, in the in-
terest of clarity, repetition of the deséription of
the:common features and enumeration: of those
features on the drawmg has been omltted in Flgs
3 and ‘4..: g

Referung now:to F1gs 3 and 4 it w111 be noted
that an additional-pair-of: electrodes 56 and 57
has been provided and that these electrodes de-
fine with the anodes 2 and 3 (corresponding to
those -of Figs. 1 and 2) 'a eylindrical chamber in
which the ‘electron space charge may rotate co-
axially with the.cathode 4. Anodes 2 -and 3 are;
of course, modified :in shape from that. shown
in Figs.-1-and 2 to permit the insertion of the
electrodes 56 and"§7.: The electrodes 56 and 57
may be conformed to the shape'of the envelope
I"and affixed thereto-as-by brazing, ‘welding or
any other suitable means. Preferably the elec-
trode 5§57 will be provided with a channel 58 pro-
viding a path for the outflow of gases.during the
evacuation process, -while the electrode 56 may
be providéd with a channel 59 aligned.with the
window 47 to permit visual observation of the
cathode, as hereinbefore . described. - ‘The, elec~
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trodes’ 56 ‘and 57 will, of coutse, be electrically
common with the envelope-{ and ‘will- be- con-
nected thereto at points which will assuine elec-
trically neutral potentials: with respect to' high
frequency voltages on the envelope i.'e. points
having zero high frequency voltage such as niodal
points of the standing wave set up in the. envelope
and its attendant 1esonant circuit durmg osc111a-
tion. :

With : the electrode conﬁguratmn shown in
Figs. 3 and 4 it will be found that for'a given
fréquency of oseillation . (which is, of ‘course, al-
ways determined primarily by the inductive: and
capacitative .characteristics of the external: res-
onant cireuit. such’as the-resonant transmission
lines hereindfter to' be described), the angulai
velocity of the rotating space charge configura-
tion will be only half of that for the construction
of Figs. 1 and 2. According to the prevailing
view. of-the manner of operation of ‘magnetrons
of the ‘general type involved, this result:arises
from: the fact that the rotation of the:space
charge tends to synchronize with the high fre-
quency electromagnetic fields established in the
vieinity jof the gaps between the electrodes:by
the oscillations in the external resonant circuit.
With the greater number of gaps, a:smaller an-
gular velocity is required: to maintairi syn¢hro=
nization since the space charge passes across. the
face of -each electrode or anode in-a half cycle
of -the frequency oscillation. 'In accordance with
the principles set forth:in the-aforesaid Wilbur
apphcatmn Serial Number 601,126 the-angular

- velocity can be made still lower by decreasing the
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angular.extent of the faces of the anodes 2 and 3
and correspondingly increasing the angular:ex-
tent of the faces. of the electrodes 56 -and- 5T
Moreover the effects: desired can:also be accom-
plished w1th but a single neutral electrode: such - -
as the electrode 57.. In the-latter case the faces
of the anodes 2 and 3 will be extended angularly
to include the sectors shown. in the Flg 3 as oc- '
cupied by electrode 56. :

- As w1ll be. understood by . those sk111ed 1n the :
art to which the invention pertains, the advan~
tages.of construetmns such as are exemplified-in
the Figs: 3 and 4 will include a reduction of .de-
structive. and povver wasteful effects of cathode
back heating, - simplified magnetic energizing .
means and. the possibility of . constructions: ca-
pable of attaining higher oscillation frequencies.
The first, two. of these advantages may be at-
trlbuted pr1mar1ly to the faet.that the- values of
the ‘magnetic and unidirectional electric fields
requlred to energize the device may be reduced
in . proportion to-the. lowering of the angular ve-
lomty of-the space charge configuration. Ener-
gizing . fields of . such lesser value may be estab-
lished with s1mpler apparatus and- will; because
of their lower . value, tend to reduce electron ve=
locities which effect destructive back-heating .of
the cathode.. Conversely, constructions: capable
of attalmng higher oscillation frequencies become

. possible because the correspondingly higher an-

gular. velocities of- the space charge may be at-
tained before the values of the necessary -mag-
netic and unidirectional electri ic energleng ﬁelds
become prohibitively high. :

_Fig. 5 illustrates more or. less - schematmally
an oscillator circuit in which the-aforedescribed
devices.of Figs. 1 through 4 might find employ-
ment. For purposes of -simplified- explanation
the devices of Figs. 1 through 4 are shown with
certain details of construction omitted, for. ex-
ample, the cooling units and the- details of the
cathode: heatmg circuit. . However, Fig: 5: corre-\
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sponds-generally to a crogs: section: taken:galong
the-lines: 5—F5 of Fig: 1 in-a plane perpendicular
to-the drawing-except, of course, for the attached
ceaxial output lines presently-to be deseribed. In
view -of -this: correspondence, like numerals have
been-used to-designate corresponding parts.. For
example; the anodes-are designated .2 ‘and 3; the
magnetic pole pieces 5 and 6, the cathode 4; and
the collars 43 and 44, as in Figs. 1 and 2.

Referring now to Fig. 5;-it will be seen that
there have been provided on both ends of the
electrical: discharge device coaxial transmission
lines- comprising respectively inner  conductors
69 and 61, and outer conductors 62 .and 63.: Both
the-inner -and the: outer conductors are:provided
with: a: peripherally. extending series.of spring
fingers ‘64 and 65 respectively. FIingers: 65 re-~
siliently engage the inner surface of the respec-
tive collars 43 and 44 in order to provide .good
electrical contact ‘between the outer: conductors
62 'and’ 63 and the metallic: envelope 1. The
spring fingers 64 resiliently engage the inner: sur-
faces ‘of ‘cylinders 45 and-46 to form good €lec~
trical’ contact with the cylinders and conse-

quently with anodes 2 and 3. In ‘effect the con-.
ductors 62~and 63 therefore form conductive ex- .

tensions of ‘the envelope I, thereby forming with
envelope 1,.the outer conductor of 'a continuous
concentric line. - Inner conductors 68 and 61 ef-
fectively: form'in a similar manner a continu-
ous- inner- conductor for the line broken only
by-the anode gap. As indicated in Figs. 1 and
2;the.collars 43 and 44 may be shaped to receive
conveniently the spring: fingers 65. It will be

observed that:these constructions provide ‘con- ¢

venient ‘means whereby detachable external coit
nections may be made between the discharge de-
vice .and- suitable concentric: output lines to be
employed therewith.- Such’ connections may be
rapidly -and conveniently detached should it be
desired to replace the sealed device or to prov1de
a différent external circuit therefor. © =~

For the purpose of tuning ‘the devxce for ex-
ample, if it is employed ‘as an oscillator, suitable
shortmg means ‘electrically termmatlng the
transmission lines on: either’ side may be ‘em-
ployed. In the case of thée line compmsmg the
conductors 60 and 62 the shortis shown -as com-
prising -an ‘annular-shaped tuning member 66
slidably-mounted on the inner conductor 60 and
so-arranged as to-engage both the inner and the
outer-conductor ‘with good electrical contact As
is understood by those skilled in the art, the po-
sition of such tuning ‘mémbers longitudinally of
the line ‘determines the frequency of osc111at10n
and ‘the highest frequency which can ge gener-
ated by ithe arrangement is determined. by how
close ‘the members can be brought to the ahodes
of ‘the devme As already indicated hereinbe-
fore; the- dome-shaped seals of the device are .in-
verted from their customary position so that
the-‘convex side is presented to the evacuated
chamber.: This feature allows-the sliding shorts
to-approach very closely to the anodes and that
distance- is further -shortened by appropriately
shaping the shorts to fit within the concave sur-
face of the seals. A s1mﬂar short may be pro-
vided in the line comprising conductors.51 and 63.

For the purpose of providing a convenient
means- of deriving power from the oscillating
anode tank circuit, i. e. that portion of the trans-
mission ‘lines between the shorts and the anode,
the short on-one side of the device may be made
purposely “leaky” so that a portion of the tank
circuit power will be transmitted through it in-
steadrof reflected. The transmitted portion will
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therefore flow:-heyond: the «short: to- an-extended
portion:wof ithe: transmission-line--and: thus:to
any. further - utilization circuits -(not shown).
Such a ‘leaky short is-.shown internally -of:th
transmission:'line-.comprising: the conducto
and 63 It represents electr1cally :

shdmg 1ts two parts relatlve ta- e, vh» oth
thus:changing the:length of- the:shunt, It
be seen that it :comprises-an-annular plunger-67
mounted ‘upon-a- eylinder: 68 -closely-fitting -and
sliding-on -the inner -conductor -6 -whereby the
plunger 61 :may be slidably-positioned along-the
length thereof: The:positioning- may be aceom-
plished by means .of:a- manually -operable stud
69 which is -guided by a:longitudinal slot 10 in
the-outer:conductor 63. - As:indicated; the plungeyr
67.ig.0of . somewhat lesser diameter than the inner
diameter: of the::outer conductor 63- and that
therefore :a-certain-amount-of oscillatory-energy
may flow past-the:same: to the external-portions
of ‘the transmission line: Additionally; it may-be
provided ‘with:: spring: fingers- 11~ to :insure-:good
eléctrical contact -with -conductors. 61.  In:order
to vary the amount of leakage of energy past:the
plunger 67 an-auxiliary sliding ‘member 12 -may
be provided and: mounted on. a:cylinder T3 which
slidably engages the outer:conductor-63 by means
of spring fingers. M -A: further: set of 'spring
fingers F5.within-the. cylinder- 13:-permits it fo
make-firm-electrical contact -with the-rod 16 cen-
ductively: attached’ to the:-plunger 61 while:in
relative motién with respect thereto.  Motion- of
the member 12:with respect:to the:plunger 67T
is-accomplished: by means:of the manually-oper-
able stud-1T guided 'by:the longitudinal- slot 10

-in’a ‘mannersimilar to.that of stud 69. .

- The. foregoing structure will be. found to Pro-
vide g practical. means iof ‘simultanéously-tuning
the transmission line:.comptising:conductors. 6l
and 63:'so that it may-be tuned: with the trans-
mission line ccomprising conductors 60 and 62;
and for: simultaneously : varyingthe-amount. of
energy leaking past-the short as desired.

© It -will- be-understood: that - suitable: ceoling
means such -as those heréinbefore: discussed may
be used - for -the ‘purpose of-cooling -the -anodes
2-and -3 and the seals: adjacent thereto. Such
means. are indicated -only schematically in Fig.
5 as'the tubing 18 and 19 :passing through the
inner conductors..60. and- 61 respectively .to-the
vicinity . of ~the::anodes. ' The structure. at -the
anodes: will.~be ‘that shown ‘in Figs: 1 and:3:
Additionally, air- may be forced through ‘the
inner ‘condiictor by any suitable means -(not
shown) in‘order that it:may pass-into the space
between the inner and outer conductors, thereby
flowing past-the ‘glass seals in:its path-of :escape
to slot T0 or any other open portions of the
lines.:

It will also be understood that” oscﬂlatlons may
be generated in the arrangement of Fig. 5 when-
ever it is energized by ‘a suitable unidirectional
electric poténtial imposed between the anodes 2
and 3 and ‘cathode # in the presence of ‘a.suit-
able magnetic field directed perpendicular to-the
electric field i.:e. a magnetic -field directed gen-
erally ‘parallel -to the axis of-cathode 4. The
electiic field ‘may be provided by any -suitable
means such -as’ battery - 81- having its negative
terminal attached to the cathode 4 and its posi~
tive terminal to the envelope I whieh is condue-
tively connected to’ anodes 2 and: 3 through. the
tuning means. The magnetm field represented
by the arrow H ‘may be provided by any suitable
means (not shown) ‘such as an electromagnet
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positioned adjacent the envelope and pole pieces
5 and 6.

Fig. 6 illustrates schematically an alternative
arrangement wherein the outer conductors in Fig.
5 have been omitted and the inner conductors
now designated 81 and 82 are bent at right angles
to the axis of the device in order that they may
be brought out as parallel lecher wire trans-
mission lines. The latter lines will form a stand-
ing wave resonant circuit for the device operating
as an oscillator in a manner well known in the
art.  PFor the purpose of tuning a shorting rod or
plate 83 may be employed across the lines in a
manner well known in the art.

In Fig. 7 there is illustrated an oscillator which
is substantially identical with that of Fig. 5 except
for tuning means and the means for extracting

- power for the resonant tank circuit. Except for

the latter means the corresponding elements have
been designated by like numerals.

In order to insure that the tank ecircuit con-
nection to both sides of the magnetron device
are tuned to the same frequency ai all points
in the range of the oscillator,. it is desirable that
the tuning shorts in the respective transmission
lines formed by conductors 60 and 62 in the one
case and 61 and 63 in the other are symmetri-
cally positioned. That is to say that the tuning
shorts should be generally equally distant from
the center of the magnetron device at all times.
In the Fig. 7 there is shown. a pair of tuning
shorts 84 and 85 which tune the respective trans-
mission line in the manner well known in the
art.. .‘The tuning shorts are each mounted on an
annular collar 86 and 87 slidably engaging the
outer conductors of their respective lines. The
tuning shorts may be connected to.the collars
86 and 81 by means of an extension extending
through longitudinal slots 88 and 89 in outer con-
ductors 62 and 63 respectively. "The collars 81
and 88 may be driven longitudinally of the trans-
mission line by means of threaded members .90
and 81 which engage the threads of a erank rod
92 and which are connected to the collars 85
and 86 by means of suitable studs 93 and 94.

The rod 92 is provided on either end with reverse.

threads in order that rotation of the rod will

cause simultaneous movement of the shorts 84

and 85 away from the magnetron device, if ro-

tated in one direction, and toward it if rotated
in the other. For the purpose of rotating the rod’
there may be provided a crank on 95. It will be'
understood that the crank rod 82 will be fixed"
with respect to the oscillator structure by suitable’

means such ag standards 96 and 97 attached: b0 55 rial heremtically sealing each end of said por-

the ends of the respective transmlssmn lines:

For the purpose of deriving- useful energy from-
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one of the tank circuits there may be provided -

a co-axial output line having an inner conductor

98 and an outer conductor 99-both of which are

connected to any suitable energy utilization cir~
cuit (not shown). The outer conductor 99 may

be connected 0" the outer conductor 63 by means:

of a’ collar ioo sl1dably mountéd on the conductor

63 and having spring fingers: IUI to insure a good :
electrical contact therewith.- The inner- conduc- .

tor 98 may make sliding contact w1th the mner

zmna,tmg ‘in- the annular -collar: 103 which sur-;

" rounds the conductor 6i. Suitable spring fingers

104 may be provided to insure. good:electrical
contact between . collar 103 and ‘conductor 6l

The inner conductor 98 may enter the outer con-
ductor 63 through the longitudinal slot:89::

It will be understood that the amount of: poweri
extracted :by - the line 98—99 from: -the oscillator,

65.
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will be dependent on the position of the collars
100 and 103 along the transmission line and for
the purpose of varying that amount of power the
line 98-—99 may be positioned by sliding along
the line 61—63. . To that end, collar 100 may be
adjustably positioned with respect to the tuning
short. 85 by means of a threaded member 105
which engages the collar {00 by means of a stud
106 and which is positioned with the respect to.
member 9f by means of the threaded sleeve 107.
The sleeve 107 will be slidably mounted on a rod
108 in such a manner that it may slide freely in
a longitudinal direction and yet be turned by
rotary motion rod 108. To this end the cross-
section of rod 168 and the internal cross-section
of 107 may be rectangular. It will be noted that
the sleeve 107 is fixed to the member 91 in order
that the tuning short.and the collar 180 will move
in unison when ever the tuning is adjusted. by
means of the crank 95. The crank 109 will serve
to rotate the sleeve 107 whenever it is desired to
change the relative position between the output
line 98—99 and the tuning short. It will be
understood that the rod 108 may be similarly af-
fixed to the standard 97 and to a fixed standard
(10, . It may be journalled therein by means. of"
apinif., -

As an. illustration of the performance which
may be obtained from oscillators embodying the
aforedescribed invention, it is noted that in one
such . construction I have been able to provide
an oscillator which will perform in a highly satis-
factory: manner over o frequency range varying
from approximately 85 megacycles to 360 mega-
cycles, i. e., a range of 4 to 1 in frequency. Gen-
erally the efficiency of ‘arrangement was gbout
50% at--all frequencies.. The maximum power
output varied from.one kilowatt at the ends of
this frequency range to about 3 kilowatts at its
center.

.While I have.shown and described a partwular.
embod1ment of my invention, it will be obv1ous to
those skilled in the art that various changes and
modifications may be made without departing
from my invention in its broader aspects, and I,
therefore, aim in the appended claims to cover
all such changes and modifications as fall within
the true spirit and scope of my invention.

- What I claim -as new and desire to secure- by
Letters Patent of the United Statesis:.

1. An electron discharge device of the magne-
tron type comprising an hermetically sealed en-~
velope including a substantially cylindrical metal-
lic portion and seal members of insulating mate«

tion,:a pair of anodes within said portion having
juxtaposed faces defining a space charge cham-
ber:within ‘said-: envelope, each of 'said ‘anodes
having an externally accessible conductive con-

" nection passing: through one of said seal mem-

bers,a cathode positioned within the chamber de-
fined ‘by said anodes, and means within said en~
velopé. supporting ‘and positioning said cathode,
said. ‘seal ‘members having a generally convex
portion extending" 1nward1y of the ends of sa,1d

.envelope.

2:°An electron dxscharge device of the magne-
tron:type ‘comprising an hermetically sealed en-:’
‘Including .+ & - substantially * cylindrical

material hermetlcally ‘sealing each end of” said" -
portion, a-pair’:iof anodes--within said port1on¢
having:juxtaposed” faces defining & Space charge-

.. chiamber within. ~said:: envelope ‘each -of- -said
'anodes be1ng supported from one of §Said’ sedl- '
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members in insulated relationship to said por=
tion and having an externally .accessible :con-
ductive connection passing through one:.of:said
seal members, a. cathode positioned within the.
chamber defined by said anedes, and means with-.
in said envelope supporting .and positioning. said
cathode, said seal members having a generally
convex portion extending inwardly of the ends of
said envelope. ;

3. An-electron - discharge device of the mag-
netron: type: comprising, . an: hermetically sealed.
envelope including o substantially cylindrical:
metallic. portion- and seal members. of insulating
material -hermetically sealing each end. of: said
portion, said: seal members: having. a. generally:
convex portion extending inwardly of the ends of
said.enveélope, a pair of anodes within said-portion:
having juxtaposed: faces: defining a space:charge:
chamber.within said envelope, each of said:anodes:

having an externslly. accessible.conductive con-: ¢

nection passing through one.of:said seal members,
a. cathoda positioned within the chamber. defined:
by:saidranodes,.and means within said.envelope:
supporting and -positioning. said -cathode and:
means. for .suppressing. stray. eleetrons. from saidi
space. charge chamber comprising shield: mem=:
bers positioned on either side of said: space.
charge chamber :in insulated relation to- said
portign.and said:anodes.

- 4; Anrelectron discharge. device of the. mag-
netron -type : comprising, - an hermetically:sealed:
envelope. ‘including. .a. substantially cylindrical:
metallic pertion and:seal members: of insulating:
material hermetically -sealing each. end  of. said.
portion,. said: seal members having -a. generally.
convex portion-.extending inwardly: of the ends
of ‘said .envelope, a pair of:anodes. within said:
portion-hayving. juxtaposed faces:defining:aspace:;
chiarge - chamber ‘within said envelope, each.of
‘said anodes having an externally accessible: con-.
ductive .eonnection passing :through one of:said
seal members; a -cathode positioned: . centrally:
within.the chamber defined by said anodes,-and

means: within-said-envelope:supporting: and posi=:

tioning said-cathode.and means for-suppressing;
stray-electrons :-from :said space charge chamber.
comprising: annular:- 1d - members: positioned:
concentucally -with -said sportion -on -either: side.
of said-space charge chamber .in insplated:rela-
tion to said portion-and-said anodes.. L

5, -An- electron - chscharge device: of the mag—
netron type compri -an : hermetically ~sealed.:
envelope including.: 2, substantially: cylindrical
metal 1c-p01tlon and:seal -members-of: insulating:

matcnal nennetlcaflly sealing-.each- énd:of “sgid:

portion; a pair.of.anodeswithin said:portion:havs.

ing. -juxtaposed -faces-defining. a-:spacercharge;
chamber within-said- envelope, each of: sai‘d anodes :

bers, 8 cathode posmmned Wlthln the chamber:
deﬁnedﬁ by : sa1d a,nedesA means w1thm sam en-

sald space; charge cham-.

netronA -type. eomprising -an -hermetically. sealed:
"~ ‘envelope---including --a: substantially: eylindriesl

metallic portion :and. seal: members:of:insuliting:
material hermetically ‘sealing -each iend iof<said.
portion; a. pair of -ancdes: -within :said portion-
- having. juxtapesed-faces: defining: al-generally:

eylindrieal space charge chamber having-an:axis:

extending radially ofsaid-portion, each’of:said:

yoli
envelope for estabhshmg-,

-An: electron dlscharfre dev1ce of:: the-ma.g-b

<
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ancdes “being supported. from one of said seal
members in insulated relation to said portien:and:
having:an externally accessible conductive. con-
nection passing through-one.of said seal- mem-
bers, maghetie means affixed to-the inner surface
of said portion ‘for establishing. a magnetic field
axially of said space charge chamber, a cathede
positioned: within the chamber defined by said
anodes, and means within said:envelope support-~-
ingand positioning said-cathede:

7. An-eleetron discharge device of ‘the mag-
netron ‘type comprising an hermetically -sealed
envelope including ‘o substantially cylindrical
metallic portion and seal members of insulating

. material hermetically -sealing each end- of- said

portion, a pair of anodes centrally within said-
potrtion having juxtaposed faces defining’a gen-
erally - eylindrical space charge chamber having:
an-axis-extending radially of said portion, each

- of said anodes being-supported from one of said

seal members-in‘insulated relation to said portion
and having an-externally accessible conductive
connection passing through one of said seal mem-
bers;, magnetic means aligned with said axis and
affixed to the inner surface-of said portion for
establishing a magnetic field axially of said space
charge chamber, a cathode positioned within the

chamber defined by said anodes, and means with=

in said envelope supporting and positioning- saxd_'i
cathode.’ :

8. An electron discharge: device of the- mags
nétron type comprising, an hermetically ‘sealed
envelope including - &~ substantially ~cylindrical®
metalli¢ portion. and seal members of insulating-
material hermetically sealing each end of ‘said
p01t1on “said seal members having ‘a generally.
convex portion extending inwardly: of the ends;
of said envelope, a plurality of anodes within said
portion having juxtaposed faces defining a space
charge chamber within said envelope, each of one
pair of ;said anodes having an externally acces-
sible conducmve connection passing through, one
of said. seal’ ‘members, another of said. electrodes .
being ‘eonductively connected to said portion, a
cathode positioned within the. chamber defined.
by. said anodes, and means within said envelope,
for supportmg and positioning said ‘cathode, "

9. An’ electron discharge device. of the. mag-
netron. type comprlsmg, an. hermetlcally sealed.
metalhc portlon and seal meémbers of: 1nsulat1ng;
material hermetically. sealing. each end of “said.
pormon said seal members having. a. generally,
convex. portion extending. inwardly of the ends.
of sdid envelope, a.plirality of anodes within said,
portion. havmg Juxtaposednfaces defining a space
charge chamber within-said. enveIope, each of one.

* pair, of ‘said. anedes “haying an externally acces-'

60

65

70

" - a plurality ‘oflelectrodes.within
-ing uxtapesed:faces definirg ,
dricai Space: chazge chamber havmg an AR exa

siblé eonductive: connectlon passmg through. one.
of said seal members,. another of. said: electrodes.
being . conductwely connected to .2 longitudinal.
mldpomt of sald por‘mon a. cathode pcs1t10ned£

herme’mcally seahng -each end of sa1d portlonl saldf;
seal membe_rs_havmg ‘g igenerally-convex portion: :
extendirig inwardly:-of: the:ends cf 'said envelope:: -
d portlon hav=:
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tending radially of said envelope, a pair of said
electrodes being supported each from one of said
seal members in insulated relation to said portion
and -each having an externally accessible con-
ductive connection passing through one of said

seal members, at least one other of said electrodes.

being conductively supported from said portion,

a cathode positioned within the chamber defined.
by-said anodes, and means within said, envelope.

for supporting and positioning said cathode. -
11. An electron discharge device of the magne-
tron type comprising an hermetically sealed enve-
lope including a substantially cylindrical metallic
portion and seal members of insulating material
hermetically sealing each end of said portion, said
seal members having a generally convex portion
extending inwardly of the ends of said envelope,
-a plurality of electrodes centrally within said por-
tion having juxtaposed faces defining a generally
cylindrical space charge chamber having an axis
extending radially of said envelope, a bpair of
said electrodes being supported each from one of
said seal members in insulated relation. to said
portion and each having an externally accessible
conductive connection passing through one of
said seal members, another of said electrodes be-
ing conductively supported from said portion at
a longitudinal midpoint thereof, a cathode posi-

tioned within the chamber defined by said anodes,.

and means within said envelope for supporting
and positioning said cathode.

12. An electron discharge device of the magne-,

tron type comprising, an  hermetically sealed
envelope including a substantially cylindrical me-
tallic portion and seal members of insulating ma-
terial hermetically sealing each end of said por-
tion, said seal members having a generally con-
vex portion extending inwardly of the ends of

said envelope, a -plurality of anodes within said
portion having juxtaposed faces defining a space:
charge chamber within said envelope,:each of.

one pair of said anodes having an.-externally
accessible conductive connection passing through
one of said seal members, each of another pair
of said electrodes being conductively: connected
to said portion, a cathode positioned within the
chamber defined by said anodes, and means with-

in -said: envelope for supporting and posmoning

said eathode,

13. An electron discharge dev1ce of the magne-
tron type comprising, an hermetically sealed
envelope including a substantially cylindrical
metallic portion and seal members of insulat-
ing material hermetically sealing each end of
said portion, said seal members having a gener-
ally convex portion extending inwardly of the
ends of said envelope, a plurality of anodes
within said portion having juxtaposed faces de-
fining a space charge chamber within said enve-
lope, each of one pair of said anodes having an
externally accessible conductive connection pass-~
ing through one of said seal members, each of
another pair of said electrodes-being conductively
connected to a longitudinal ‘midpoint -of said
portion, a cathode positioned within the cham-
ber' defined by said anodes, and means within
said envelope for supporting and pos1tionxng sald
cathode.

.14, An electron dlscharge device of the magne-
tron type comprising, -an ‘hermetically sealed
envelope including a - -substantially cylindrical
metallic portion and seal members of insulat-
ing material hermetically “sealing each end of
said portion, said seal members having a: gerier-
ally ; convex . portion . extending inwardly ‘of  the
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ends of said envelope, a plurality of. anodes
within said’ portion having juxtaposed faces de-
fining a space charge chamber within said enve-
lope, each of one pair of said anodes having.an
externally accessible conductive connection pass-.
ing through one of said seal members, another of -

said. electrodes bemg conductively connected .to ..

said port1on a cathode positioned within the.
chamber defined by said anodes, means within
said envelope for supporting and posmonmg said
cathode and means within said envelope for
establishing a magnetic field within said space,
charge chamber.

15. An eleetron discharge device of the magne-‘,
tron -type comprising, an hermetically sealed
envelope. including a substantially = cylindrical
metallic portion and seal members of insulat-
ing material. hermetically sealing each end of
said portion, said seal members having a gener-
ally convex .portion extending inwardly of the
ends of said envelope, a plurality of anodes
centrally within said portion having juxtaposed.
faces defining a space charge chamber within’
said envelope,.each of one pair of said anodes.
having an externally accessible conductive con-.
nection passing through one of said seal mem-
bers, another of said electrodes being conductive~,
ly connected to a longitudinal midpoint of said.
portion, a cathode positioned within the chamber
defined by said anodes, means within said enve-
lope for supporting and positioning said cathode,

.and magnetic means within said envelope adja-

cent said anodes for establishing a magnetic field
within said space charge chamber.

16. A generator of high frequency oscﬂlatmns
comprising in combination an electron discharge
device of the magnetron type including an her-
metically sealed envelope having a substantially-
cylindrical metallic wall, a pair of .anodes posi-.
tioned ax1ally of said wall and having juxtaposed.
faces defining a space charge chamber within
said ‘envelope, each of said anodes having an ex-
ternally accessible conductive connection extend-
ing through an end wall of said envelope and a
cathode in operative relation to said anodes;, a
line resonator comprising substantially cylindri-,
cal inner and outer concentric metallic conduc-;
tors conductively connected to one end of said
envelope, the outer conductor of said resonator
being detachably connected to said wall and con-
stituting a conductive extension thereof, the in-
ner conductor of said resonator being detachably
connected to one of said conductive connections.
and constituting a conductive extension thereof,
means within said resonator conductively termi-
nating sald resonator at a predetermined point
and mesans. coupled to said generator for -ener-:
gizmg said generator.

"17. A generator of high frequency oscﬂlatmns,

: compr_lsing in combination an electron discharge’

device of the magnetron type including an: her.
metlcally sealed envelope having a substantially -
cylindrical metallic wall, a pair of anodes posi=:
tioned axially of said wall and having juktaposed
faces defining a space charge chamber within,
said’ envelope each of said anodes ha.vmg an ex-
ternally accessible conductive connection extend-.
ing ‘through an insulating end wall of said.enve-
lope and a cathode in operative relation to said

- anodes, a Jine resonator comprising substant1ally

cylindrical inner and outer concentnc metalllc
conductors conductlvely connected to one end ofj
said’ envelope, the outer- conductor of said res-
onator ‘being" detachably connected to said wall
and-constituting - a conductive exténsion thereof'
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the ifiner condiictor of said resonator -being-de-
tachably connected to one of said conductive conf‘
thereof, tumng means w1t;h1n -said resonator
nieans- connected to-said- tuning means for' ad-

Justably positioning said tuning means longitudi~

nally of ‘said résonator -whereby the freqiiency: of
oscillation of said generator may be viried, and
means coupled to -said generator for enérgizing
sald generator.

-18.-A- generator of high’ ﬁequency oscﬂlamons

comprising in combination an electron discharge
device of the magnetron type including an her-
metically sealed -énvelope having g substantially
cylindiical ‘metallic wall, 2 pair of anodes: posi=
tienéd axially of 'said wall ahd having fuxtaposéd
faces “defining a space charge chamber within
sald-€nveldpe, each of said-anodes having 'dn ex-

ternally - aceessible ‘conduetive connection: ex--

tending through-an‘end wall of said envelope and
a‘eathode in opérative relation to said-anodes, a
pair-of line résonators each ‘comprising substat=
tially cylindrieal inner and ouber cohcentric me-
tallic”condiietors eonductively connéeted each o
one end of'said envelope, the outer conductor of
~said reSonator being detachably’ conrected
‘said wall and- const1tut1ng a conductive eéxten-
sion. t;hereof the inner conductor of ed¢h” said

résondtor  being ‘detaehably connecteéd eack tot

ong®f said conductive connectiotis and constitut-
mg d-conduetive extens‘on thereof, means within:

eath: of said’ refonators-at prédetermined points
and means coupled to said genérator for energiz-
1ng Csaid- generator.

cOmprising: in ¢ohibination’ an eleétron discharge
device 6f the magnetron’ t¥pé including -an her-
meétiéally sealed efivelope having - substantlally
cylindrical metallic: wall, -a pair of anhodes posi~
tioned azially -of said-wall and having Jjuxtaposed
faces defining -a $piuce -charge chamber- Wlthm
saidTenivelope,-éach of said-ancdes having an ex-
ternally: deeessible conductive connection exterd-

ihg throtgh dn ead wall -of ‘said envelope arid-a’
cathode in dpeérative relation to-said anodes a’

pair:of line resonators each comprising stbstan-
tially ¢ylinidrical inner and outer concentrlc me=
tallic: coriduetors conductively” corinected edch to
onie end of said- érivelope, the outer’ condictor of
edth said résonator Being detachibly connected
to-said wall and - constltutmg a conductive ex-
tension thereot, the iftder ednduchor 'of ‘edgeh said
resonator‘belng -detachably conz*er'ted each to
oneof said conduetive conhettions® and éonstitut-
ingra; condiictive exténsion theréof! tuning means
within each of sdid resonators; nieans counectéd
to said tuning means for adjustably’ ‘positioning
each of said tuning means longitudinally of said
resonators ‘whereby” the: fréguency of oscillation
of said - gener
pléd’ tosaid: generator for: enelglzmg sald gen-
erator

200 AL g,eneratm of hish lrequency osmllatlons '

ebMmprising i conibination an electron discharge
deviée’ of the magnetron type 1nclud1ng an her-
metxcahy seated envelope ‘having g substantlally
cylifdrical metalhc wall, & pair of ancdes . _posi-
tloned axxally of said wall and having, Juxtaposed
facés’ definirig a’ spacé chiarge chamber - Wlthm
sazd envelope éach of S4id ahodes having. -an: ex-
ternally accessible c¢ofidiictive connection. extend-
ing througn an end wall of said. envelope and-a,
: catnode in: operatwe relamon to sa1d anodes -8

s8id " résoniator 6on wduictively - terminating -

efiérator f "high fréquency osciliations

Fddy - bé varied and meang cou-~,
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: ne’cted:‘ to

16

pair of line’ resona,tors Baeh compmsmg substan-
tlally idrical inher Androuter ‘eoncentiicrme

Hic-cordiuctors -condiictively: eennectedv ga¢h-to:
one end-of-said envelope; the outer condustor of
éach -of “said‘ resonatérsibeing -detachablycon-
néctéd tosald wall gnd eonstituting a conduttive:
exterision-thereof,: the inner- éonduetor:ef edeh:
of:8did résonators-beirg "detaghiably connectedg
< gaid. conduetive ‘cohngctions:and:

conduetlve extension therest, tun-.
el of’ said resonators; means
sans - for “adjustably’
means long‘1tud1-f

O sa,zd space’ cha1ge ohamber whereby'
théﬁ'é'ciuén‘cy"of ‘os‘clllatlonJOf 83 1d genel at’or may;

"zmg sald generator i =
enexa,tor f hlgh i equency oscuratlons'
‘électron discharge
of- the magnetrof type inchiding’ dn- Heér-
meticslly - sealed: envelope Tavinga. substantislly

“eylindrical metallic 'wally a/paie of snodes posi-

tionied-axially 6f said Wwall and having jugtdposed:
faces deﬁmng -a spaiecharge " chdmber ‘within
said ‘euvelope; each of suid adodey having an ex—_
ternallysecessible condutive connection - exterid-
ing“theoughian’ e rall bt said: envelope and: a:
cathods /i operstive: relaticn- to- saad anodes,
pair of lifie résoniators-éach e 3 sta
tially cylindrical inner‘afid. oute ¢orice i
tallic conductors: co‘nduetlve‘ly ‘corinected: each to
one end of said- envelope theouter-conductor ofr
eseh  of &aid resor -

said- resonators be' g eta,chably conneeted each’
tor one:of u::twe ‘condectiony dnd con
stitating a- conductlve éxtension ‘thereof, taning
megns within edch of sgid resonatox jitheans ¢on<
nected-to said- taning’ teans for ad; stably: posi=
tioning each:of sald unmg means longltudmally
of 'said ! resonators U
tances from-said s ace charpe ch'%mber whereby'
the frequency ofrostillation ideg
be'varied; means iwithirp :
for! deriving:énergy ! the‘refrorn megi eonnected
tosaid last rientioned meams for Saiii
tioning said- last mentioned means
nally of sdid -one-of:said: resonators.
cotipled to’ sald generator for: energlzmg sald gen--
erator

" RICHARD B, NELSON. _
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