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SELF-MOBDULATED MAGNETRON .

Albert M Clcgston, Melrose, Mess.,. asmgncr, b.v;'
mesne. assignments, to the United" States”of"
America as represented by the Secretary of War-

Appl.wetmnfﬁcmbcr 10, 1945;: ,S;!Blflﬂl.;-.N o;_'?621,~565

6" Claims.

1

This mventlen relates in: general to thermmmc-,_
tube. .apparatus. and more pertfcule,rly to. such .
apparatus. embodying the . so-called magnetronuz-

type.of tube..

The use of thermionic. tubes.-in frequency gel-.
erating. a,ppeletus is well known: and many. such._._
types exwt There axe tImES When it 15 desrrable..-

In seme cases th1s is done by Varylnﬂ' the param-
10

eters of the circuits associated-with. the.tube.in
such fashion that the. naturel perlcd of. oscilla~

tion thereof is chenged On’ the other hand it ..
becomes desn able for some uses.of the. tube to..
have the frequency affecting. means . mcluded}
within the tube itself and accordingly it is an ob-
ject of my invention to pr ovide a_thermionic tube'___

in which this is accomplished.

One of the tubes which i§ found to be of con-_
particularly for generating the.
is' the so-called magnétron 20

type of tube and when associatéd with apparatue ﬁ_
it " is

necessary that the frequency be ccntrolled endh_‘__

eldereble use
higher frequem::les

such as radio object lccetlng epperatus
that-some means be provided for varying the

desired manner.:

in’ the-magnetron type -of tubé for-affecting-and
varying the output frequency of the tubé: |

Apparatus -heretofore. known-to*prior art end‘f';

(CL 3155-40) .

-t

15

natural cutput  frequency of the magnetron in a- 25
Accordingly it is-another of the-

objects of my invention-to provide means included-

associated withthe- magnetron-type-of' tube have -

had: disadvantages-such-as- dlfﬁculty in- adJust~‘
It-is- enother-'v-
of- tee objeets-of my-invention to: preV1de 2, mag-~ -
netron-type-of - tube in- which- the- natura,l fre-
quency- output-thereof -may be varied-by therm=

ment.: mam’cﬂnance and-the -like

ionic-means associated-with -the-tube -itself:-
In general my apparatus contemplates: the pre-a

vision of a plurality of cathodes within a- magne-a--"
tron- type. of tube-and usually the cathodesare

mounted cecaxially with: respect. to:each other-or-.

concentrically with .respect:to each:other.:

One .

of the.cathodes.is used for.the ordinary:function:.

of developing radio. frequency rower-in the anode.:
thereof and is.operated at a.relatively:large po-
tential difference with respect to the: -anade:of-

the.tube.as is-usual. The.second cathode Whlch

is prcmded is - opereted so. that . the.. pctentmlz_,_

45

esfabllshed ‘betiveen itself a,nd the anode. lies: in

a region of about half the. pctentlel estebllshed

vetween . the . ﬁrst-mentlo*led cethcde .Or', as; 1t.-~_-.r

will be. termed the main cathede and the enode
The erussmn of electrons.from the. frequency ef-..;_f
fecting . .or, secendary cethcde into. the fringing..

field of the anode results in s change in the ef-

2
fective. . rescnent frequency of the megnetlen_
cavity. The emc*ant of frequency modulation
that results from this arrangement will rise as
the relative potential between the anode and the
secondary . cathode rises until the seccnda,ryﬂ_
cathode will tend to take over the rachc frequency
power generation function of the. main cathode.

My invention will best be understood by refer-
ence to.the.drawing, in which:

Figurelisa. schematic 1ep1 esentation of a meg-—
netron . accordmg to. my. invention ‘having two
cathodes arranged. end to'end on a common a:ﬂs

F‘lgure 21is a. schematic representatmn of a mag-
netron . with. th .cathodes. arranged concentri-

celly
Flgure 3 is 4. plan view of a magnetl on of the |

type shown in F'lgure 1 shewmg the radial vanes

end camtles _
Figure.4._ 1s an. elevetmn sectlcnal v1ew taken"

along the line 44 of Flgure 3.. |

Referrmg to Flgure 1, a. tubular metal member
(2 is closed on top and bottom by the discs 10 and |
I3.respectively. Vanes I rigidly attached to the
inner Walls of 2. project redlelly inwardly to-
ward’ the. axis of the ‘eylinder and constitute the
anode. In the recess formed between the inner-
ends of the. vanes, twc cylindrical cathcdes 20 -
and 25 are mcunted ‘end to. end on the ams of
the-anode.. These cathedes are of the c cnven-f
tional type hevmg their exterior surfaces ccated"'
with suitable thermionic material and are pro-
vided with hea,ters nct shown, to prcwde the
desired thermionic. emlssmn A strong magnetlc“
field is.directed along the axis. as shown sche-

" matically at 14 and is pmduced by an external |

magnet, not shown, whose. poles are in contact
with top and bottom discs {9 and {3 respectively.
The apphcatmn of a hlgh vcltege direct current
betweein cathode 20 and the anode, generates
high frequency .oscillations.in the. anede cgvities -
as described later. The function of cathode 25:
1S to provide a cloud of free electrons in the space .
I8 between cethcde 25 and the upper edges 1T 0of
the ancde vanes Tbe presénce - of these free-
electrens in the high frequency field fcrmed he-
tween:-the inner- edges of the-anode vanes, alters
the resonant; frequency of the anode cavities.

The+structure-1s shown in- more detaﬂ in Flg-.}
ures-3 and:4:where the-numerals used 1ndlcete._-
the same.. elements as in Pigure. 1. In. Flgule 4
which - correSponds to. Flgure 1 the cathodes 20
and -29.are shown pr0V1ded with heaters 25 and .
27. Cathcde 20 is supported by-.coaxial line 36

..-sa,nd is. eupplled with heating, current by central

ccnductor 34 from transformer 33 and source-
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32. Similarly, cathode 25 is supported by coaxial
line 37 and is supplied with heating current by
conductor 35 from transformer 31 and source 33.

Radial vanes {1 attached to cylinder 12 form
resonant cavities 43 as is known in the art. A

hish potential direct current source 38 impresses
a negative potential on cathode 20 causing elec-
trons to flow from the cathode to the anode
vanes. A magnetic field parallel to the axis of
the cylinder is provided by magnet poles N and &.
The electrons leaving the cathode are deflected
by the magnetic field into cardioid shaped paths
just grazing the vane tips. For simplicity these
means paths are shown circular in Figure 3.
With this grazing adjustment oscillations are
cenerated in the resonant cavities 43 by the
alternate attraction and repulsion of the vane
tips as is well known in the art. Useful energy
is abstracted from one of the cavities by mag-
netic coupling loop 28 and led off by lead 29. The
frequency of oscillation is determined by the
natural period of the resonant cavity and to
some extent by the interaction with the electron
cloud in front of the vane tips.

"The function of the upper cathode 2% is to
provide an additional electron cloud 18 in the
space between the upper vane tips 11 and the
cathode 25. 'This electron cloud may or may not
engage the vane tips. In either case the free
electrons exist in the alternating electric field
hetween the vane tips. Since electrons have
mechanical inertia, the electron motion as is well
known lags 90 electrical degrees behind the ac-
celerating and retarding alternating eleciric
fields and constitutes lagging currents in the cir-
cuit. In other words the electron cloud acts like
inductance introduced in series with the induct-
ance inherent in each cavity resonator and
therefore changes the natural frequency. Thus
by varying the density of the electron cloud in
the interspace 18 the frequency of the energy
cenerated by the lower cathode 20 and vane tips
{6 may be varied.

The method of varying the frequency is to vary
either cathode voltage as applied by source 39
or by varying the emission by varying the supply
of heating current from source 33.

Usually the potential difference between the
anode 1 and the cathode 25 is in the region of
about half the potential established between the
anode Il and the cathode 20. It will be appre-
ciated however that this invention is not limited
to the particular value of potential.

By way of example, a magnetron operated in 2
continuous wave fashion and producing an out-
put frequency whose wavelength was below 100
centimeters having a power output of 17 watts
produced a frequency shift of 5 megacycles when
a power input of 16.4 watts to the tuning cathode
was used.

Referring to Fig. 2, there is shown an alterna-
tive form of my invention in which the plural
cathodes used are mounted concentrically rather
than merely coaxially as shown in Fig. 1. In this
showing the cathode 20 which is used to produce
radio freguency power is mounted in the space
between the vanes as is normal in the art to which
this case belongs. The tuning cathode 25 how-
ever is mounted in a slot cut in the vanes of the
anode as shown in the drawing. Again the fun-

ing cathodes operate in a region of low potential
relative to the anode. Electrons emitted by the
tuning cathode are caught in the anode fringing
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field and cause the resonant frequency of the -

oscillator to change to a degree dependent upon
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the potential existing between the tuning cathode
and the anode. Hence this potential aifects the
extent of electron emission from the tuning
cathode.

By way of example, a magnetron operated in
g continuous wave fashion and supplyving 32 watts
output produces a frequency shift of approxi-
mately 516 megacycles with a tuning power of 8.4

watts. Accordingly it should be nofed that the
tuning power required for a given shiff in fre-
quency is less where the concentric cathode ar-
rangement is used as it is in the case where the
coaxial arrangement of cathode is used.

~While examples have been given relatively to
the use of the magnetron in a continuous wave
fashion, it will be appreciated that the arrange-
ment need not necessarily be operated in that
fashion but can be used where pulsed operation
is utilized.

It will be obvious that there may be departures
from the particular showing as made in this
specification which will still fall fairly within the
spirit of the invention. One such modification,
for instance, may be that the two cathodes need
not be mounted exactly coaxially, although this
is considered at the present time to be a prefer-
able arrangement. Accordingly, I claim all such
modificationg as fall fairly within the spirit and
scope of the invention as identified in the herein-
after appended claims.

What is claimed is:

1. An oscillation generator of the multicavity
magnetron type, two cathodes for emitting elec-
trons mounted on a common axis and in coopera-
tive relation with the respective inner edges of a
common radial vane system constituting resonant
anode cavities, first cathode connected to a source
of high direct current potential for generating
high frequency oscillations in said resonant anode
cavities, coupling means ior abstracting useful
energy from one of sald cavities, angd electron
means for varying the resonant frequency of the
cavities, saild means including a source of direct
current pofential connected to second cathode,
whereby an electron cloud is formed in the high
frequency field between the second cathode and
the inner edges of said vanes.

2. An oscillation generator of the multicavity
magnetron type, a single cylindrical anode hous-
ing provided with inwardly projecting radial vanes
forming a plurality of resonant ancde cavities,
two cathodes for emitting electrons mounted on
g, common gXis at opposite ends of the interspace
between inner edges of said radial vanes, a source
of high direct current potential connected to first
cathode coacting with lower edges of said radial
vanes to generate high frequency currents in said
resonant cavities, magnetic coupling means for
abstracting useful energy from said resonant
cavity system, and electron means for varying the
resonant frequency of the cavity system, said
electron means including said second cathode con-
nected to a source of direct current potential for
forming an electron cloud in the interspace be-
tween second cathode and upper edges of said
radial vanes,

3. An electron discharge cevice for generating
high frequencies having a first cathode, a single
anode and an associated resonant system within
a vacuum space having radial inwardly project-
ing vanes in cooperative relation with said first
cathode, means for varying the frequency of said
resonant system, said means including a second
cathode in cooperative relation with a portion of
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said radial vanes, and a source of potential con-
nected to said second cathode, wherchy an elec-
tron cloud is formed in the high frequency field
between the second cathode and the inner edges
of sald vanes.

4. An oscillation generator of the multicavity
magnetron type having a first cathode and a
single cylinder anode coaxial with the cathode
and having a plurality of inwardly projecting
members extending axially heyond said first cath-
ode and with lateral interspaces forming resonant
cavities, means for varying the resonani fre-
quency of said cavities, said means including a
second cathode coaxial with the first cathode and
in cooperative relation with said axially extend-
ing members and g source of direct current po-
tential connected to said second cathode whereby
an electron cloud is formed in the interspace
hetween the second cathode and said axially ex-
tending members.

5. An oscillation generator of the multicavity
magnetron type having a first cathode and a
single anode with a plurality of resonant cavities
whose inwardly projecting edges are coaxial with
the cathode and extend axially beyond said first
cathode, electron means for varying the resonant
frequency of said cavities, said means including
a, second cathode coaxial with first cathode in co-
operative relation with said axially extending
edges, and a source of direct current connected to
the second cathode whereby an electron cloud is
formed in the field between the second cathode
and said axially extending edges.
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6. An oscillation generator of the multicavity
magnetron type having first and second cathodes
aliened on the same axis, a single anode having a
plurality of resonant cavities with inwardly pro-
jecting edges coaxial with and in cooperative rela-
tion with said cathodes, said first cathode con-
nected to g source of high direct current potential
for generating high frequency oscillations in said
resonant cavities, and g second source of direct
current potential connected to the second cathode

“whereby an electron cloud is formed in the inter-

space between second cathode and a portion of
said inwardly projecting edges for varying the
resonant freguency of said cavities.

ALBERT M. CLOGSTON.
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