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1 .

This invention relates to high frequency e_lec-
trical oscillators and more particularly to oscilla-
tors of the magnetron type. We have shown a
magnetron type of oscillator in our prior copend-
ing application Serial Number 407,680, filed Au-
gust 20, 1941, now U. S. Patent 2,542,966 granted
February 20, 1951, and the present invention is
addressed primarily to improvements in the type
of oscillator therein disclosed although the in-
vention may be applicable to certain other oscil-
lators. The type of magnetron to which this in-
vention is particularly applicable comprises a
metallic anode block having a central cavity with
a plurality of resonator cavities around the cen-
tral cavity and having openings into the central

cavity. A cathode is positioned along the axis:

of the central cavity. The magnetron is particu-
larly useful in pulse-echo systems more commonly
known as “radar” systems, although it is appli-
cable to cther radio frequency oscillators which
emit waves the lengths of which are in the order
of a few centimeters. It is often desirable in
oscillators operating on the wave lengths referred
to, for the power output to be in the form of a
series of pulses separated by substantial inter-
vals.

In the magnetrons of the type referred to it
has been usual hitherto to make use of the therm-
ionic emission, the cathode being either directly
or indirectly heated and having in most cases a
suitable coating for the purpose of producing a
more powerful emission than would otherwise ke
obtainable. Now it has been found that in ap-
paratus developing considerable power such cath-
odes have tended to become over-heated, and this
has set a limit to the output powers obtainable.
The primary object of the present invention is
to overcome this and other disadvantages result-
ing from the use of thermionic emission, such as
the necessity for providing g heater element and
ils associated circuit, by the provision of an alter-
native means of obtaining the necessary elec-
tronic emission from the cathode. Other objects
include the provision of a magnetron that can
be conveniently pulsed.

According to the invention, a high frequency
electrical oscillator of the specific magnetron
type referred to is characterized in that the
phenomenon of secondary emission is utilized for
the production of the whole or major part of the
main electronic stream from the cathode. By
“secondary emission” is meant the known effect
whereby the bombardment of a surface by an
electronic stream results in the emission from
this surface of further “secondary” electrons
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whose number may considerably exceed that of
the “primary” or bombarding electrons. The
average number of such secondary electrons re-
leased by one primary electron is termed the
secondary emission coefficient, a factor which
varies with the nature of the emitting surface
and the velocity and angle of impingement of the
bombarding electrons. According to a preferred
feature of the invention a certain percentage of
the secondary electrons leaving the cathode are
caused to return thereto -and act as primary or
bombarding electrons, the process of secondary
emission thereby being maintained. ‘

The essential factors for the production of sec-
ondary emission from a cathode in accordance
with the invention are: (1) a suitable emitting
surface (which may, as hereinafter described, be
of a very simple nature), (2) the provision of pri-
mary electrons, and (3) the provision of means
for bringing about the bombardment of the cath-
These factors
will be considered in turn.

As regards factor (1), almost any conducting or
semi-conducting surface will exhibit the effect,
but it has been found that very satisfactory re-
sults are obtainable from the use of a thin semi-
conducting (e. g. oxide) film on a metallic sur-
face. In such cases the effect is believed to be
enhanced by what is known as “thin film feld
emission” or the Malter effect: the current hy-
pothesis concerning this effect is that secondary
emission from the outer surface of the thin semi-
conducting film leaves positively charged areas
on this surface, and these positive charges, sepa-
rated from the main conducting surface only
by the thickness of the film, produce & power-
ful field which causes the emission of further
electrons therefrom.

Suitable emitting surfaces consist of thin coat-
ings of the oxides of thorium or aluminum on a
spitable metallic base. Calcium oxide and the
silicates of barium (3BaO 1SiO: and 2Ba0 1Si02)
are also suitable; these substances will also work
as primary emitters. Good effects have also been
obtained by the use of a metallic cathode coated
with the oxides of barium or strontium, such as
are used for ordinary thermionic cathodes. A
coating of caesium on an emitting surface is
known to produce a high secondary emission co-
efficient, and accordingly such a coating may be
employed on a cathode for the purpose of the
present invention; a suitable cathode may com-

.prise, for example, a coating of caesium super-
JImposed on a thin oxide film formed on a suitable
metallic base,

The choice of the emitting surface employed
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will depend upon the reguirements of individual
cases. If, for example, a high emission current is
required for a relatively small number of primary
or bombarding electrons, it may be desirable to
choose a substance such as caesium having a high
secondary emission coefficient; if, however, an
adequate supply of primary electrons is avail-
able, a particularly high seeondary emission co-
efficient is no longer of paramount importance,
and it may be preferred tc use a substance hav-
ing a relatively low coeflicient of secondary emis-
sion provided that this substance has some other
quality or qualities which make its use desirable
in the particular case in question. Thorium oxide
(ThOz), for example, is particularly suitable in
cases where a heavy emission current is required,
since it is non-volatile and will, therefore, stand
up to a heavy back-bombardment. .

The selection of the base material on which
the emitting film is deposited is likewise governed
by the design considerations of the barticular
case. Good results have been obtained with
aluminum as a base, either in the form of a
member of aluminum or a copper member hav-
ing an aluminum coating formed thereon in
known manner. In cases where a heavy current
is involved and there is likely to be considerable
heating of the cathode it is, however, preferred
to use a metal with a high melting point such
as molybdenum or tantalum. A thorium oxide
coating on a molybdenum base forms a particu-
larly suitable combination, from which a large
secondary emission may be obtained at a much
lower temperature than if it were used solely as
a primary emitter. It will be understood, how-
ever, that any of the secondary emission coatings
_enumerated above may be used with any of the
above-mentioned materials or with any other
suitable base.

In certain cases the emitting surface may con- -t

sist of a film of the oxide of the hase metal itself,
which may then be formed directly on the base.
Thus a form of cathode which has bheen found
satisfactory consists of  a freshly machined
aluminum surface which is cleaned in caustic
soda solution and subsequently heated in boiling
water to accelerate the formation of a thin oxide
film. Beryllium-copper alloys have been found
to work as secondary emitters, probably as a re-
sult of the formation thereon of a thin film of
beryllium oxide. .

Regarding the provision of primary electrons,
it has already been stated that according to a
preferred feature of the invention these are pro-
vided by a certain percentage of the secondary
electrons which have already left the cathode.
It is, however, still necessary to provide primary
electrons in the first instance to initiate the sec-
ondary emission efiect from the cathode when
first switching on.

The most efficient means for providing such
primary electrons appears to be the use of
thermionic emission, either from the main cath-
ode itself (which in this case must be  initially
heated) or from an auxiliary or “pilot’”’ cathode.
When the “pilot” cathode.is employed, the usual
heater inside the main cathode may be omitted.

Such a pilot cathode may comprise a simple
tungsten filament, but it is found that the neces-
sity for keeping such a filament at a sufficiently

. high temperature to ensure adequate primary
emission tends to lead to an erratic life per-
formance. It is preferred, therefore, to use a
pilot cathode suitably coated with emitting mate-

crial so that it will operate -at a lower tempera-
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ture, say 1500° C.; this is preferably arranged at
2 ‘small distance (say 1 mm.) from the main
cathode. The oxides of barium or strontium (or
thorium oxide used as a primary emitter) form
suitable coatings for such a pilot cathode, from
which an adequate supply of primary electrons
may be obtained to enable relatively heavy sec-
ondary emission currents to be produced from
the main cathode, even though a comparatively
poor secondary emitter is used thereon. It is
found that the area of the emitting surface of
the pilot cathode is sufficiently small to prevent
it from becoming overheated in operation.

As an alternative to the provision of a separate
pilot cathode the main cathode may be provided
with a heater, and the ends (which are cooler
are not so subject to the effects of back bombard-
ment as the central portion) provided with coat-
ings of suitable thermionically emitting material.
The eoated ends may each occcupy roughly a
tenth of the total length of the cathode, e. g,
3 mm. at each end of a 3 cm. ¢ylindrical cathode.
As a further alternative a directly heated main
cathode may be employed, comprising, for ex-
ample, a wire helix. If desired a heated main
cathode may be used in conjunction with a pilot
cathode, the function of providing heating means
for the main cathode being in this case to effect
the “degassing” of the apparatus and/or to pro-
vide supplementary thermionic emission as here-
inafter deseribed.

An alternative source of free electrons for the
initial bombardment of the cathode may be pro-
vided by the ionization of any low-pressure gas
or vapor within the discharge apparatus when
the H. T. supply is switched on, and it appears
that even in very hard tubes the minute quantity
of residual gas is adequate to produce this effect
provided a sufficiently high anode voltage is em-
ployed. The disadvantage of this method is the
tendency of such residual gas to “clean up” after
the apparatus has heen in use for some time.
As a further alternative a source of ionizing radi-
ation may be arranged either internally or ex-
ternally with respect to the discharge apparatus;
a small quantity of radioactive material may, for
example, be provided within the apparatus.

A convenient means for effecting the necessary
bombardment of the cathode is provided by the
magnetic field which is normally utilized for the
operation of the magnetron, the direction of this
field being substantially at right angles to the
direction at any point of the electrostatic field
between the anode and the cathode. It is known

= that an electron moving in a vacuum and acted

on solely by a uniform magnetic field whose di-
rection is at right angles to its plane of motion
will theoretically traverse a circular path whose
radius is directly proportional to the velocity of
the electron; if an electric field is also present,
however, the path will take a general curved
form whose exact shape depends on the relative
strengths and directions of the two fields.
Considering now the free electrons initially
produced in apparatus according to the invention
by any of the means previously deseribed, it will
be seen that under the action of the applied elec-
trostatic field such electrons will commence to
move towards the anode; the presence of the
magnetic field will, however, cause them to fol-
low curved paths, and some of them will thus
strike the cathode. Secondary electrons will
thus be released, and of these a certain number
(that is, those having a sufficiently small initial
velocity) will, under the action of the magnetic
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field, traverse paths whose curvature is sufficient-
1y great to cause them to return to the cathode.
These in turn will cause the release of further
secondary electrons, and the secondary emission
will thus build up automatically untii an equilib-
rium condition, dependent upon the space charge
distribution, is reached. Of the total number of
electrons emitted by the cathode a certain per-
centage thus return to maintain the process of
Secondary emission, while the remainder consti«
tute the main electron stream required to carry
out the function of the apparatus. -

The magnetic field may be provided by any
suitable permanent magnet, electromagnetic or
solenoid arranged either externally or internally
with respect to the discharge apparatus. In a
simple form the cathode may itself constitute
a permanent magnet which provides the neces-
sary field.

As an alternative to the use of a magnetic
field for the production of the bombardment ef-
fect an electrostatic field may be employed, pro-
vided, for example, by a suitable grid or auxiliary
electrode to which a steady or alternating po-
tential is applied for the purpose of causing a
bercentage of the electrons emitted by the cath-
ode to return thereto as described above.

In the operation of a cathode according to the
invention the secondary emission effect may be
supplemented by thermionic emission, as for ex-
ample, by the use of a main cathode provided
with g heater as desecribed above. Apart from
the question of starting up, however, it is not
necessary to provide a heater for the purpose of
obtaining supplementary thermionic emission
from the main cathode, since the necessary tem-
perature may be attained by the normal heat-
ing up of the cathode during operation. Since
a heating element is not essential in a secondary
emission cathode, such g cathode is readily
adapted to be air- or water-cooled for the purpose
of preventing it from heating up during the op-
eration of the apparatus, or limiting the rise
of temperature in the case where a certain
amount of heating up is allowed to brovide sup-
plementary thermionic emission. The cathode
may, for example, consist of g simple metal tube
whose exterior may be suitably coated and
through which water may be passed for cooling
burposes; a copper tube having g coating of
aluminum which in turn has s, coating of alumin-
ium oxide may conveniently be employed, this
construction facilitating the soldering on of
copper inlet and outlet tubes.

An important point to observe in connection
with a secondary emission cathode having no
heater is that it cannot be “degassed” in the
normal manner; in high vacuum apparatus the
cathode must therefore be kept really cold dur-
ing operation, e. g., by water cooling, other-
wise the apparatus may tend to bhecome “gassy”
after a short running period. The alternative
is to use a cathode provided with a heater as
described; this may either be switched off dur-
ing operation or kept on to provide supplernen-
tary thermionic emission according to circum-
stances, but in any case the use of secondary
emission enables the cathode to be run at a much
lower temperature than if thermionic emission
alone were employed.

It is contemplated that all of the foregoing
cathode srrangements are adapted to be em-
ployed in magnetrons which are to be pulsed.
In connection with all of the several modifica-
tions mentioned above, pulse power is applied to
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the magnetron; and at the beginning of each
pulse, the auxiliary source of electrons starts the
flow of primary electrons.

Specific: constructions aceording to the inven-
tion will now be deseribed by way of example
with reference to the accompanying drawings
in which:-

Figure 1 is a longitudinal cross-sectional view
of a secondary emission cathode suitable for use
in 3 magnetron and provided with a heater and
a pilot cathode,

Figures 2 and 3 are end views of the cathode
illustrated in Figure 1, locking in the directions
of the arrows A and B respectively.

Figures 4 and 5 are respectively a longitudinal
cross-sectional view and g medial transverse
cross-sectional view of a magnetron according
to our said prior copending application and in-
corporating a water~-cooled secondary-emission
cathode,

Figures 6 and 7 are fragmentary views (lon-
gitudinal and transverse cross-sections respec-
tively) of a water cooled cathode, drawn to a
slightly larger scale than the cathode shown
in Figures 4 and 5, .

Figure 8 is a schematic diagram of the elec~
trical connections employed in conneection with
the magnetron of Figures 1 to 7 inclusive,

Figure 9 is a cross-sectional view of a cathode
such as may be used with our invention, there
being also shown g radioactive substance for es-
tablishing primary electrons, :

Figure 10 is a schematic diagram of ‘a modified
form of our invention wherein a screen is em-
ployed to cause any free electrons leaving the
cathode to return thereto and thereby establish
secondary emission,

Figure 11 illustrates a modified form of our
invention wherein a -very high anode voltage
causes ionization of the gas in the tube and
thereby establishes primary electrons, and

Figure 12 is a cross-sectional view of a modi-
fied form of this invention in which thermionic
emission takes place at the ends of the cathode
to thereby establish primary electrons.

Referring first to Figures 1 to 3, the cathode
shown ‘comprises a molybdenum cylinder { hav-
ing a coating of a suitable secondary  emitter
such as thorium oxide deposited thereon, The
pilot cathode comprises a filament 2, coated with
thorium oxide, and arranged parallel with the
main cathode and at a distance of the order of
1 mm. from its surface. The filament 2 is mount-
ed in an insulating plug 3 at one end and is se-
cured to a spring 4 at the other end for tension-
ing purposes. The main cathode is provided with
a heater coil 5 for the purpose of degassing
and/or the provision of supplementary therm-
ionic emission during operation as previously de-
seribed.  Nickel end shields 5’ serve to support
the mountings of the heater 5 and the pilot
filament 2, and to prevent the Passage of stray
electrons beyond the ends of the main cathode.
The heater 5 may, of course, he omitted en-
tirely when other means of starting flow of
primary electrons is employed.

Figures 4 and 5 show a magnetron of the type
covered by our said prior copending application.
The apparatus comprises a main anode block
6 having a plurality of resonators 1 in the form
of -cylindrical cavities drilled therein. These
resonators have narrow longitudina] gaps 8
opening ‘into a central space 9 in which the
cathode is located, and the resonators and the
central. space open abt both ends into end space
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i9. The output power is transmitted through
a coupling loop I{ inserted in one.of the .reso-
nators.

The secondary emission cathode according to
the present invention is of the water cooled type
and comprises a . hollow cylinder {2 provided
with a suitable coating and having copper tubes
i3 soldered or otherwise secured to its ends
whereby water may be.passed through the cath-
ode for cooling purposes. The tubes {3, which
also form the cathode connection, pass out lat-
erally through the end spaces 10 of the mag-
netron, being supported and insulated from the
main block 6 by glass tubular members 14 sealed
in known manner to copper tubular members
{5, 16 which are soldered to the main block 6
(over suitable apertures) and to the tubes 13
respectively.

The pilot cathode of Figures 3 and 4 comprises

o filament |71 suitably connected at one - end to

the main cathode 12 and connected at the other
end to a lead 18 which passes out through a: glass
cap |9 sealed to a copper tubular member 20.
A similar copper-glass seal 21 'is used for the
output lead from the coupling loop 11.

As shown in more detail in Figures 6 and 7
the pilot cathode 17 is inset into a longitudinal
depression 22 formed in the surface of the main
tubular cathode 12, the wall of which is made
sufficiently thick to have the said depression cut
therin (as shown) or which may alternatively
be indented to form the depression.

Secondary -emission cathodes according to the
invention are capable of producing high emis-
sion currents, and are therefore suitable for use
in magnetrons developing considerable power.
Moreover, a high space charge density may be
formed around the cathode, and this is found in
magnetrons of the type referred to above to lead
to high efficiencies. A further advantage of the
invention resides in the fact that the possibility
of eliminating the heater element provides a
simpler and more robust construction than is
possible with thermionic cathodes, as well as re~
moving a potential source of breakdowns.

Cathodes according to the invention may be
of cylindrieal, disc or any other form accord-
ing to requirements.

A main magnet (or other flux producing
means) is employed to effect a field parallel to
the main cathode in all forms of our invention.
In Figure 4 the magnet poles 15 set up the de-
sired field.

Since one of the .advantages of the magne-

tron which we have hereinbefore described is |,

that it is especially suitable for pulse transmit-
ters, we shall proceed to describe one circuit ar-
rangement for so energizing the magnetron as
to produce a pulse output. In Figure 8, there
is shown the magnetron tube of Figures 1 to 1
inclusive in which the pilot cathode 17T is heated
to electron emitting temperature by current
from the secondary of filament transformer 30.
A source of pulse power 33 has its negative pole
connected to the pilot cathode 11 and its posi-
tive pole to the anode block 6. The cathode i2
is connected to pilot eathode 11 at one end.
The source of pulse POWEY 33 is preferably any
device for producing sharp pulses. Alternative-
1y it may be the secondary of a high voltage al-
ternating current transformer in which event
it will energize the magnetron on alternate half
cycles and thereby produce - & modulated wave
output. Any other device for producing inter-
rupted continuous waves (I. C.'W.) such as for
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example a chopper may be employed. In any
event when the pulser 33 produces 2 pulse of
the polarities shown on the drawing, the pilot
cathode 171 emits electrons which due to the
main magnetic field take a curved path and
some of them hombard the cold cathode 12
therepy effeeting secondary emission. The high
potential of the anode 6 causes electrons to leave
pilot -cathode 7. The field of the main mag-
net -poles ‘76 -defiect the electrons leaving pilot
cathode 1T and therefore they do not strike the
main cathode 12 solely at one place near the
pilot eathode but are distributed about the main
cathode 2. The cold cathode i2 is negative
with respect to anode 8 and therefore the sec-
ondary electrons are emitted initially toward an-
ode 6, however they assume-a curved path due
to the main-magnetic field which is parallel to
the axis of cathode 12. The electrons after leav-
ing the cold cathode-12 graze the pole pieces of
the anode 6 thus setting up circulating currents
in the resonator cavities 1. The loop 1l (see
Figure 5) - is -arranged to transfer the generated
power to-the antenna cireuit. At the conclusion
of each -pulse initiated by ‘pulser 33, the anode
to cathode potential, as well as the potential be-
tween the anode 6 and the pilot cathode {7, is
stopped thereby stopping generation of further
power by the magnetron.

Figure 9 illustrates an alternate system for
establishing primary electrons. The cold cath-
ode ‘12 -supports an ionizing element 40 which
may be a radium coated element. The inside of
tube 12 may form -part of a water cooling sys-
tem.

Tigure 10 illustrates still another system for
establishing primary electrons. A cold cathcde
59 is separated from the anode pole pieces 58.
Positioned intermediate the cathode 50 and the
pole pieces 58, we locate a screen comprising a
series of wires 51 that are parallel to the cold
cathode -50. These parallel wires 51 are inter-
connected by a wire 52. Wires 53 and 54 re-
spectively connect the cold cathode 50 and the
sereen 5l to a source of current 59 which source
may be either steady or alternating. A source
of direct current §5 has its negative pole con-
nected to the cold cathode -50 and its positive
pole connected to anode block 6. The operation
of Figure 10 depends upon the free electrons on
the eold cathode 50. These free electrons are
attracted by the high positive potential of the
anode 6 but fail to reach the anode block 6 since
they are caused to return to the cathode 50 by
the negative charge on the screen 5i. Hence
the cold cathode-50 is hombarded by primary
electrons. The magnetron operation may be
controlled by regulating the potential of source
59.

In Figure 11 the small guantity of gas that
remains in the tube after evacuation is ionized
by the very high voltage from source 64 which
is connected by wires 62 and 63 across the cath-
ode 61 and the anode -60. The result of this
ionization is a bombardment of the cathode 12
and the emission of secondary electrons. If the
high voltage supply 64 is pulsed, the output cur-
vent will also be pulsed.

In Figure 12 there is shown a thin tube 80
having the usual oxide coating adapted for sec-
ondary -emission thereon. The total length of
the cathode 80 may be 3 centimeters. One or
both ends of the-tube 80 may have coatings 82
which each-extend for approximately one-tenth
the total length of tube 80. Coatings 82 are suit-
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able for thermionic emission and are provided
with suitable heaters which may be either inside
or outside tube 8¢ but are specifically illustrated
in PFigure 12 as hester coils 81 inside of tube 80:
To start the magnetron, the heaters 81 are ener-
gized to cause emission of primary electrons from
coatings 82. Some of these electrons strike the
outside layer on tube 80 and cause secondary
emission, which will from that point build up by
itself,

It should be clearly understood that as for any
features not specifically referred to herein that
the devices shown in this specification are similar
to the teachings of my said prior copending ap-
plication. For example, said prior application
teaches that the diameter of the cathode may he
about 040 the inside diameter of the central
cavity. 'This is true in the present invention.

We claim:

1. In a magnetron, an anode block defining a
central cavity and a plurality of resonator cavi-
ties opening into the central cavity, a cold cath-
ode comprising a thin cylindrical tube positioned
axially in the central cavity, a coating on the out-
side of the tube for establishing secondary emis-
sion, means for passing cooling fluid through the
inside of said tube to thereby cool the tube, and
means for effecting bombardment of the outside
of the tube with primary electrons to thereby
start the magnetron into oscillation.

2. In a magnetron, an anode block defining 3
main cylindrical cavity and a plurality of resona-
tor cavities opening into the main cavity, a sub-
stantially cylindrical secondary emission surface

coaxial with as well as coextensive with the main 35

cavity, a primary thermionic emitter for bom-
barding said surface to execite secondary emission
therefrom comprising g filament wire positioned
between said cathode and said anode, means for

connecting a source of current to opposite ends 4

of said wire and thereby to heat the wire to elec-
tron emission temperature, means for establish-
ing a magnetic field in the main cavity and co-
axial therewith, and means for establishing 4
high potential hetween said cathode and said
anode block.

3. The magnetron defined in claim 2 in which
said wire is positioned closer to the cathode than
to the snode and is at all points equally spaced
from the cathode.

4. The magnetron defined in claim 3 in which
the wire is electrically connected to the cathode.

5. The magnetron defined in claim 2 in which
the wire is electrically connected to the cathode.

6. The magnetron defined in claim 2 in which
the cathode defines an elongated indent in the
surface thereof, said indent being substantially
paralle] to the axis of the cathode, and means
supporting said wire parallel to and closely ad-
Jacent the indented surface of the cathode and
closer to the cathode surface than to the anode
surface.

7. In a magnetron, an anode block defining a
cylindrical cavity therein and a vlurality of
resonator cavities opening into the main cavity,
an evacuated envelope surrounding the anode
block, a hollow cylindrical eathode coaxial with
the main cavity, two water pipes connected to the
opposite ends of said cathode and extending re-
spectively perpendicularly therefrom through the
envelope, means on the surface of said cathode for

stablishing secondary emission upon bombard-
ment by primary electrons, a thermionic emitter
for bombarding said surface with primary elec-
trons, means for establishing a magnetic field
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paralle] to said axis, and means for applying a
potential between the anode and the cathode of
such polarity as to render the anode positive.

8. In a magnetron, an anode block defining a
main cylindrical cavity and a plurality of at least
three resonator cavities separately opening into
the main cavity, a secondary emission type of
cathode located in the main cavity and along the
axis thereof, the openings from the resonator
cavities into the main cavity all intersecting a
single plane that is. perpendicular to the axis of
and ‘passes through said cathode, means for
establishing the ‘main magnetic field for the
magnetron comprising means for setting up a
strong magnetic field parallel to the axis of said
main cavity, a source of potential for charging
the anode positively with respect to the cathode,
means adjacent the cathode for starting sec-
ondary emission by bombardment of the cathode
by electrons, said magnetic field and said poten-
tial being of such magnitudes as to ‘cause the
electrons in the space between the cathode and
anode to move in curved paths and such that
some of the electrons in that space will move to-
ward the cathode and bombard the latter,

9. In a magnetron, an anode block defining a
main cylindrical cavity and a plurality of at least
three resonator cavities symmetrically located
around the main cavity and opening into it, a
cylindrieal eathode coated with a surface adapted
for secondary emission, said cathode extending
coaxial of the main cavity and substantially the
entire distance between opposite faces of said
block, a thermionic emitter comprising a. mem-
ber heated to electron emission temperature, said
emitter being located adjacent said cathode
whereby to bombard the latter, meang for estab-
lishing a magnetic field parallel to the axis of
said main cavity to operate the magnetron there-
by causing electrons in the cathode-anode space
to establish oscillations in the resonator cavities,
and a source of potential connected between the
cathode and the anode and arranged to charge
the anode positively with respect to the cathode,
said potential and said fleld being of such mag-
nitudes as to cause some of the electrons emitted
by said emitter and said cathode to move in g
curved path about the outside surface of the
cathode and to strike the cathode and thereby
excite secondary emission from the cathode.

10. The device of claim 9 in which said cathode
is hollow, a pair of pipes respectively connected
to opposite ends of said cathode, and means for
forcing a cooling fluid into one of the pipes,
whereby to cool the cathode.

11. In a magnetron, an evacuated envelope hav-
ing an anode block therein, said anode block
defining a main cavity and a blurality of at least
three resonator cavities therein, a secondary
emission type of cathode located substantially in
the center of the main cavity, a pilot cathode
located nearby the first-named cathode, means
for creating a main magnetic field transverse to
the cathode-anode path, a source of potential
between the cathode and anode, said potential
and said field having such magnitudes as to
cause some of the electrons in the cathode-an-
ode space to take curved paths and then strike
the first-named cathode thus bombarding it and
heating if, said first-named cathode being of
very large area as compared to that of the pilot
cathode such that the first-nameq cathode can
supply substantially a1 of the electrong involved
In operation of the magnetron and whereby the
pilot cathode will not be overheated in operation,
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and a current path: for- heating the pilot cath-
ode, sald current path providing substantially
the entire heating effect on the pilot cathode,
and electron bombardment constituting sub-
stantially the entire heating of the first-named
cathode. .

192. The magnetron defined by claim 11 in-
cluding in addition cooling’ means for cooling
the first-named cathode without substantially
cooling the pilot cathode.

13. The magnetron defined by claim: 12 in
which the pilot cathode comprises-an oxide.coat-
ed filament designed to operate normally at ap-
proximately 1500 degrees centigrade.

14. In a magnetron; an.anode structure defin-
ing a cylindrical central cavity and.a plurality
of resonator cavities. opening into the central
cavity, a tubular cathode positioned axially in
said central cavity and having an outer surface
which emits electrons when bombarded by elec~
trons, means adjacent the. cathode for carrying
away heat from the. inside of the tubular cath~
ode comprising means for. passing.a cooling fluid
through the inside of the cathode, and means

for establishing primary electrons in the space .

between the anode and the cathode fo thereby
start the magnetron.

15. The magnetron as defined in claim 14 in
which the last-named. means comprises a
thermionic emitter located in the space between

10

20

30

12
the anode and the cathode, and.the Inner wall
of the tubular cathode constituting the only wall
which confines the cooling fluid inside of the
cathode.

JOHN TURTON RANDALL.
HENRY ALBERT HOWARD BOOT.
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