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7 Claims.

This invention relates to the generation and
modulation of high frequency oscillations and
particularly of oscillations of ultra short wave
length. -

High frequency oscillations have been gener-
ated with the magnetron type of oscillator which
comprises an evacuated container wherein are
contained an electron emitting cathode, a plu~
rality of anodes disposed about the cathode, and,
means for subjecting electrons traveling from the
cathode to the anodes to a magnetic fleld perpen-
dicular to the path of the electrons. By coupling
or connecting a tuned circuit to the anodes, un-
der proper conditions of cathode heating current,
anode potential and strength of magnetic field,
high frequency oscillations will be set up in the
tunable circuit.

Tt has been noted that when conditions are
correct for oscillations at greatest power output
and efficiency, the oscillator is not self starting.
That is, referring to Figure 1 showing in cross-
section a magnetron oscillator in accordance with
my invention, electrons emanating from cylindri-
cal cathode 2 when subjected to a magnetic field
set up by solenoid 4, applied in a direction per-
pendicular to the path of the electrons from
cathode 2 to anodes 6, 8, and in a direction co-
axial with the cathode, will describe an average
path indicated by the dotted line A. Under such
circumstances there is no flow of anode current.

If now, in tuned circuit 10 connected to the
anodes 6,.8, an oscillating current could be set
up, then there will be times during each cycle of
oscillation when anode 6 has its potential in-
creased above the voltage of the anode direct cur-
rent power source and under such circumstances
electrons from cathode 2 will be pulled out away
from the cathode by anode 6 along path B strik-
ing anode 8 and tending to increase the amplitude
of oscillation in the tuned circuit. With a re-
versal of current in the tuned circuit 0, anode 8
will become of high potential and tend to attract
the electrons as a result of which electrons will
strike anode 6. In other words, each anode will
act as a control electrode for the current to the
other. But, as the strength of magnetic field for
best oscillation efficiency will cause the electrons
initially to travel in paths such as A, the oscil-
1ator will not be found to be self-starting.

To eliminate this defect is one of the objects
of my present invention and in order to do s0, I
make use of an anode power supply having a
relatively large voltage regulation such that volt-
age applied to the anodes is sufficiently large to
cause anode current flow, After oscillations are

(L. 250—36)

started, at which time there is an appreciable
anode current flow, the voltage of the anode
source, of course, drops to a value best suited for
high powered oscillation generation. .

As an alternative, it is a further object of my
present invention to provide an arrangement
whereby the magnetic field is set at a value low
enough to permit anode current and, after the
start of oscillations, is automatically increased to
a value giving best efficiency of operation for the
magnetron oscillator. To do so, an auxiliary
coil is connected in series with the anode poten-
tial supply whereby due to the fact that current
through this coil increases after oscillations are
started, the strength of the magnetic field applied
to the electrons emanating from the cathode is in-
creased to more nearly the best operating value.

In the present oscillator certain opposed edges
of the anodes or split anode, as it is commonly
known in the art, become incandescent due to
electronic bombardment as a result of which ordi-
nary anodes heretofore used rapidly deteriorated.
Tt is a further object of my present invention to
devise anodes which shall not deteriorate rapidly
due to constant bombardment and to do so, ac-
cording to my present invention, I make the an-
odes of larger mass and cross-sectional area at
the portions thereof subject to greatest bombard-
ment.

Although the tuning circuit associated with the
anodes provides some degree of frequency sta-
bility, it is a further object of my invention to
increase the frequency stability. of a magnetron
oscillator by coupling to it means other than an
ordinary tuned circuit which will serve this pur-
pose. One of the most satisfactory schemes for
doing this is to couple to the tunable circuit or to
the oscillator a long resonant transmission line
such as described in my United States Patent No.
1,945,546, granted February 6, 1934. The long
line, with reflection and electrical waves upon it,
forms a relatively constant, sharply tuned circuit
by which I cause the oscillator to operate at a -
frequency for which the line is substantially
resonant. 45

Still a further object of my present invention
is to provide means for the modulation and
transmission of oscillations generated in the man-
ner outlined hereinabove.

My present invention will be more fully de-
scribed hereinafter with the aid of the accom-
panying drawing given solely by way of illustra~
tion wherein,

Figure 1 illustrates a preferred form of my In-
vention wherein oscillations are started in a
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2

magnetron oscillator by the use of a source of
potential having poor voltage regulation,

Figure 2 illustrates a magnetron oscillating
system wherein the strength of magnetic field
applied to electrons emanating from the cathode
is automatically increased after the start of os-
cillations, and,

Figure 3 illustrates a substitute for the tunable
circuit shown in Figure 1.

Turning to Figure 1, illustrating a cross-sec-
tional view of a magnetron oscillator, within an
hermetically sealed evacuated container I, there
is mounted an electron emitting cathode 2 ener-
gized in any suitable fashion. About the electron
emitting cathode 2 there are placed anodes 6, 8
shaped in a manner to be described more fully
hereinafter. For producing a magnetic field in
a direction perpendicular to the path of elec-
trons traveling from cathode 2 to the anodes, and
in a direction coaxial with the cathode, or in
other words, perpendicular to the plane of the
drawing, there is provided a solenoid 4 energized
from a suitable source of potential 5. The
strength of the field produced by solenoid 4 may
be varied by adjustment of rheostat 1. Across the
anodes 6, 8 there is connected a tunable circuit 10
comprising a variable condenser 12, and induc-
tance coil 14, to a point of substantially zero al-
ternating potential on which there is connected a
source of anode potential 16 having a poor volt-
age regulation characteristic such that in the ab-
sence of current flow therethrough there is an
appreciable rise in voltage.

By virtue of such a source of potential for the
anodes, the effect of the magnetic field applied to
the electrons emanating from the cathode 2 will
be overcome such that the electrons do not de=
scribe the path indicated by the letter A as would
be the case with a lower anode potential, but,
some electrons are attracted towards at least one
of the anodes causing a current flow through coil
14 thereby setting up oscillations in the tunable
circuit 10. Now, by virtue of the oscillatory cur-
rent flow in the tunable circuit 10, the electrodes
6, 8 will alternately be made more positive as a
result of which the electrons will travel along
paths similar to that indicated at B striking the
anodes 6, 8 alternately and predominantly at the
portions or edges 18, 20. In order to avoid rapid
destruction of the anode structure I make the
anodes as shown thicker or of a greater mass at
the portions predominantly struck by the elec-
trons.

After oscillation generation is started in eircuit
18, continuous anode current flow will, of course,
reduce the voltage from source 16 to a suitable
value for most efficient oscillation generation. To
increase the effect of this regulation, a resistance
22 may be inserted in the anode connection 24 by
virtue of which the anode potential is further re-
duced due to anode current flow therethrough.

This resistance 22 may also be used as part of
the modulating scheme; for, by supplying a
modulating electron discharge device 26 with
modulating potentials from a suitable transmit-
ting device 28, the current flow through tube 26
and consequently resistance 22 may be varied
thereby varying the potential on anodes 6, 8, and
therefore the amplitude or the frequency of os-
cillations generated by the oscillator. It will
be understood that either amplitude or frequency
modulation, or both, may be used for signalling
purposes.

By coupling an antenna here shown in the
form of ‘a half wave length radiator 30 to the out-
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put circuit 108, the modulated energy may be
propagated through space. The tunable output
circuit 10, may be replaced by a radiator 10’ as
shown in Figure 3 connected directly to the anode
leads {1, 13, the half wave length radiator 19’ act-
ing as a tuned circuit to vary the anode poten-~
tials.

In order to increase the fregquency stability of
oscillations generated, means may be provided
other than, and in addition to or in place of the
tuned circuit 10 which offers, of course, some de-
gree of frequency control. This frequency con-
trolling means takes the form of a resonant trans-
mission line. In the figure the line 32 is shown
coupled inductively to the coil {4 of the tunable
circuit 10 by means of a coil 34. A suitable slider
36 is provided for adjusting the length of the
line 32 so that it and the coupling coil together
are the equivalent of a whole multiple of half
wave lengths long at the desired frequency of os-
cillation. Standing waves on the line, when coil
34 is suitably coupled to coil 14, pull the oscillator
into step therewith, and, as the input reactance of
the line changes rapidly with change of frequency,
high frequency stability is insured.

Rather than start oscillations by an increase
in anode potential, oscillations may, of course, be
started by a reduction in magnetic field strength
whereby some electrons are allowed to reach the
anodes to cause oscillations in the tuned anode
circuit. An arrangement for automatically in-
creasing the strength of the magnetic field ap-
plied after oscillations are started is illustrated
in PFigure 2. Here, an auxiliary coil 4’ is pro-
vided connected in series with the source of anode
potential 16’. Consequently, the strength of the
magnetic field applied to the electrons flowing
from the cathode within the container I, is not
increased to best oscillation operating value un-
til after oscillations have started or, in other
words, until after there is anode current flow.

Also, as indicated in Figure 2 modulating po-
tentials may be applied through transformer ac-
tion, transformer 38 introducing, algebraically,
modulating potentials from source 28 into the
anode lead 24.

The modulated energy may be radiated from a
suitable radiator 30 by coupling it through block-
ing condensers 40 and transmission lines 42 to
the output circuit 10.

It is to be clearly understood, of course, that in
combination with the system shown in Figure 2,
the source 16’ may be made to have poor regula-
tion such that starting action is insured both by
the virtue of the decreased magnetic field and
increased anode potential both of which will tend
to cause an initial flow of anode current and
hence initial starting of oscillations.

Having thus described my invention, what I
claim is:

1. A high frequency oscillation generator com-
prising an hermetically sealed container having
therein a cathode, and a plurality of anodes sub-
stantially symmetrically disposed about said
cathode, means for applying a magnetic field to
the electrons leaving said cathode for.said anodes
whereby said electrons describe curved paths and
strike predominantly only portions of said
anodes, said anodes being made of larger mass
and cross-sectional area at said electron struck
portions.

2. An oscillation generator comprising an her-
metically sealed container wherein are contained
an electron emitting cathode and a plurality of
anodes disposed substantially symmetrically with
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reference thereto, a tuned circuit connected
across said anodes, and means for subjecting the
electrons flowing from said cathode to said anodes
to a magnetic field whereby said electrons strike
predominantly along opposite edges of said an-
odes, said anodes at said edges being made sub-
stantially heavier than the remaining portions
of said anodes.

3. In an oscillation generator, an electron dis-
charge device having an evacuated container
wherein are contained an electron emitting cath-
ode, a plurality of anodes disposed thereabout,
a tuned circuit coupled to said anodes, a coil for
subjecting electrons from said cathode to a mag-
netic field, and means including another coil in
circuit with both said anodes and said tuned cir-
cuit for automatically increasing the strength of
said field after the starting of oscillations in said
tuned circuit.

4. An oscillation generating system compris-
ing an evacuated container wherein are contained
an electron emitting cathode and a plurality of
anodes disposed thereaboust, a tunable circuit con-
nected to said anodes, means for subjecting elec-
trons traveling from said cathode to said anodes
to a magnetic field, and means, other than said
tunable circuit, for increasing the frequency sta-
bility of oscillations generated in said tunable cir-
cuit.

5. An oscillation generator comprising an her-
metically sealed container wherein are contained
an electron emitting cathode and a plurality of
anodes disposed thereabout, means for subject-

3

ing electrons traveling from sald cathode to said
anodes to a magnetic field, & tunable circuit cou-
pled to said anodes, and a resonant transmission
line coupled to said tunable circuit for frequency
stabilizing the frequency of oscillations set up in
said tunable circuit.

6. A high frequency oscillation generator com-
prising a hermetically sealed container having
therein a cathode and a plurality of comma-
shaped anodes substantially symmetrically dis-
posed about said cathode, each anode having 2
portion of large mass at one end which tapers
down to a much thinner mass at the other end,
means for applying a magnetic field to the elec-
trons leaving said cathode for said anodes where-
by said electrons describe curved paths and strike
predominantly only those portions of said anodes
which are of largest mass.

7. In an oscillation generator, an electron dis-
charge device having an evacuated container
wherein are contained an electron emitting cath-~
ode and a plurality of anodes disposed there-
about, a tuned circuit coupled to said anodes, a
source of potential for said anodes, two superim-
posed coils surrounding said container, and
means for applying a constant unidirectional po-
tential to one of said coils for subjecting the elec-
trons emanating from said cathode to a mag-
netic field, said other coil being in series with said
source of anode potential, whereby the strength
of magnetic field is automatically increased after
the commencement of oscillations.

CLARENCE W. HANSELL.
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