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My invention relates to high frequency oscil-
‘lators, and more particularly to an improved
anode tank circuit oscillator.

U. S. Patent No. 1,978,021 issued to H. E. Holl-

5 mann shows the general use of a resonant elec-
trode in ultra-high frequency oscillators. - The
above pateant describes the use of the operating
electrodes of a tube as open oscillators, for ex-
ample as dipole systems directly excited by the

10 electrons which are discharged from a concen-
trically arranged cathode.

The present invention is concerned W1th the
use of closed oscillatory circuits as anodes, with
means for varying the effective frequency of such

15 a system, for increasing its efficiency and for
coupling it properly to a load or utilization de-
vice.

Briefly, an anode tank circuit oscil]a.tor is one
in which the anode electrode is so designed that

on it functions simultaneously both as anode, as a
resonant circuit which determines the frequency
of oscillation, and as a loaded transmission line
by which the power generated may be conven-
iently utilized.

If the size of resonant anode tubes is not to
be excessive, it is apparent that their use is im-
portant only at the ultra-high frequencies usu-
ally generated by magnetron and Barkhauzen-
Kurz oscillators, in which the wave length is of
so the order of a few centimeters. While I have
shown my invention in connection with mag-
netrons, it is, of course, evident that the same
idea can be carried out in other tubes.

Various arrangements have been proposed for
including self-resonant circuits within a vacuum
tube. One of the reasons for this construction is
to provide a higher resonant frequency by elimi-
nating connecting leads between the oscillator
anode and the resonant circuit. In addition an
important advantage is obtained by the elimina-
tion of the high capacities between electrodes
which are necessarily present when a “lumped”
inductance system is used.

In earlier types of high frequency oscillators the
_-anode plates have been used both as anode and
? as the shunt capacity for the resonant tank eir-

cuit. It was found that this system was lim-

ited by reason of the fact that if the plates or

anodes were kept small enough to oscillate at a

high frequency they were unduly overheated.
50 ff their size was increased to permit sufficient
heat dissipation then the shunt capacity was
increased and the obtainable frequency greatly
reduced. '

It was also found to be difficult to control the
frequency of resonant electrode oscillators of
‘the prior art due to the fact that any attempt
to include a portion of the resonant circuit in
a ‘circuit external to the tube resulted in an im-
mediate decrease in the resonant frequency.
‘Thus, where the frequency must be as high as
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possible, it is necessary fo include the entire
resonant circuit within the tube. In the prior
art the oscillation frequency of the tube has
therefore been predetermined by the dimensions
of the tube structure. 5

It obviously becomes desirable to provide means
for attaining the maximum frequency with a
construction suitably designed to provide proper
heat dissipation, and still permit control of the
resonant frequency of the oscillatory circuit. 10

It is, of course, true that the magnetic field
strength and the applied voltages influence the
frequency of oscillation of a magnetron. How-
ever, with an internal resonant circuit, maximum
efficiency and output are only obtained at the jj
resonant frequency of the circuit. Consequent-
1y, such a method of frequency control is not sat-
isfactory.

It is, therefore, an object of this invention to.
provide means for adjusting the operating fre- g9
quency of an anode tank circuit osecillator with-
out lowering the output or decreasing the effi-
ciency.

It is a further cbject of this invention to pro-
vide means for coupling a load to a standing wave
tank circuit oscillator.

It is a further object of this invention to pro-
vide means for increasing the efficiency of a
standing wave tank circuit oscillator.

It is a still further object of this invention to
provide an ultra-high frequency oscillator which
is capable of generating oscillations at a higher
power and frequency than before obtainable.

A still further object of my invention is to pro-
vide an ultra-high frequency oscillator which
does not radiate power from its oscillating elec- 35
trodes, but in which the power generated may
be efficiently transferred to operate a remote
utilization device.

This invention will be better understood from .
the following description when considered in con-
nection with the accompanying drawing. Its
scope is indicated by the appended claims. Simi-
lar reference numerals refer to similar elements
throughout the several drawings. )

Referring to the drawing, 45

Pigure 1 is a perspective view of a magnetron
illustrating one embodiment of my invention,

Figure 2 is a sectional view of the electrode
construction. of the magnetron illustrated by
Fig. 1, 50

Figure 3 is another embodiment of my inven-
tion, and

Figure 4 shows an alternative anode construc-
tion in which the anode sections spiral about the
cathode. ‘55

Referring to Fig. 1, a glass envelope | confains
a pair of semi-cylindrical anodes, 3 and 5, which
are supported at one end by & mounting ring 1.

A linear cathode 9 extends axially throughout the
length of the anodes 3 and 5, and through the 60
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mounting ring. Connecting leads from the cath-
ode are brought out through the envelope in any
convenient manner. A substantial portion of:the
cathode is surrounded by a concentric metallic
sleeve 13, which is supported by any suitable
means in the center of the mounting ring. The
sleeve is insulated from both the cathode and
the mounting ring. This construction is more
clearly shown in Fig. 2. A connecting lead 15
from the sleeve is brought out through the glass
envelope. A connection is brought out also from
the free end of each of the anodes 3 and 5, as
shown at 1T and 9.

The oscillator is supplied with an axial mag-
netic field, as, for example, by a coil 21 which
is energized by a battery 23 through g variable
resistor 25. The connections which complete the

‘circuit include a cathode energizing battery 21

an anode potential source, such as a battery 23,
which is connected between one end of the cath-
ode and the mounting ring 1, and a sleeve poten-
tial battery 8{ which is connected between fhe
sleeve 13 and cathode soas to place the sleeve
at a negative potential with respect to the cath-
ode.

The anode electrodes 3 and § form a closed
anode tank resonant circuit. When energized
the open ends of the electrodes will be of oppo-
site instantanecus polarity, and a voltage node
will exist at the mounting ring 7. The ring may

‘therefore be at ground potential with respect

to radioc frequency currents, and is therefore a
convenient point at which the dlrect current po-
tential lead may be attached.

The anode tank circuit is energized by electrons
from the cathode so that standing waves are
set up in the manner which is well known to
those skilled in the art. By connecting a lcad
across the open ends of anodes, the oscillatory
power may be derived from the tube elements
and utilized in any desired manner. In Fig. 1
a load is shown connected across the anode leads
17 and 19. It is to be understood that the leads
may be kept so short that their reactance is neg-
ligible or the length may be so adjusted that
the effective reactance of the load gives the de-
sired frequency. For example, if the leads are
effectively a half wave length long, the load which
is connected across their outer terminals is re-
produced within the tube and appears effectively
across the ends of the anodes. On the other
hand, the length may be effectively a quarter wave
length, in which case an impedance inversion
takes place, and a high impedance at the outer
end is reproduced as a low impedance across the

‘anodes.

‘The oscillatory tank: comprising ancdes 3 and
5 is itself a closed circuit and very little energy
is radiated directly therefrom. This is highly
desirable, as it permits the point of radiaticn
to be controlled, and permits radiation at a con-
venient point some distance from the tube itself.
It is evident that this greatly simplifies the con-
struction of beam radiators which use reflectors,
for the tube itself need nof be located in the re-
flector.

Another 1mportant feature of my invention is
that the resonant frequency of the anode tank
circuit may be varied by changing the load re-
actance. While the anode arrangement of this
inventien is not strictly identical to a conven-
tional transmission line, due to the fact that it
is .energized over its length rather than by the

‘application of a driving voltage at a particular

point, it has been discovered that.the following
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relation is true for both conventional lines and
the anode tank circuit illustrated:
X=2Z, tan 271

A .
where X=the reactance of the load
Zo=the characteristic impedance of the line or

tank circuit

I=the length of the line or tank circuit
A=the Waw_elength ‘of the oscillations.

It is therefore evident that for a given ar-
rangement having o fixed length and a certain
characteristic impedance, the wavelength is a
function of the load reactance.

Theoretically the absolute value of the load im-
pedance may vary between zero and infinity.
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When the load impedance is infinitely hlgh it

has no effect on the resonant circuit, and its nat-
ural wavelength will be unaffected.” However,
as the load impedance approaches zero, the tank

" circuit is effectively, short-circuited at both ends,

and it becomes effectively g half-wave resonant
circult, -and consequenily the frequency of oscil-
lation is doubled.

It is possible, according to this invention, to
vary the frequency of a standing wave tank cir-
cuit oscillator over a two-to-one range. By

-ehoosing . proper values of load resistance and

rcactance, an oscillator is obtained which com-
bines all the advaniages of a resonant anode os-
cillator with the flexibility of an external tank
circuit ‘oscillator, and is capable of delivering
more power at higher frequencies.

The purpose of the sleeve 13 surroundmg the
cathode will now be explained. Since the entire
anode is-at a high direct current potential with
respect to the cathode, electrons are rapidly at-
tracted to it. Those electrons which are released
in the vicinity of the voltage node of the anodes
do not contribute as much energy to the oscilla-
tions as to those at the high radio frequency
potential end. . It is therefore desirable to reduce
the number of the comparatively inactive elec-
trons' to improve the. efficiency of the system.

.This is the purpose of the sleeve. The negative

bias on it keeps -the electrons in the more active
region of the circuit. It is desirable to have this
sleeve insulated from the cathode so that it may

‘be maintained at a negative potential with re-

spect to it.

Fig. 3 illustrates another embodiment of my
invention which performs the function which has
just been described in a different manner.

It has been pointed out above that it is desir~
able to avoid a lumped capacitance-lumped in-

ductance circuit- in . order to eliminate the un- -
desired effects of the high shunt capacities that
This is best accomplished by maintain~ -
ing ‘& symmetrical res_ona,n_t line, such as that:

result.

shown, in which the capacitance and inductance
are uniformly distributed over the entire circuit.
It is not desirable to greatly alter the electrical
characteristics' of such a resonant circuit, and
therefore it is best not to replace the relatively
inactive portion of the tank in attempting to
reduce the losses which have been described. The
construction shown in Fig. 3 completely effec-
tuates the desired purpose,

Each anode section 41, 43 has been divided 1nto
two parts .45, 47 and- 49 5! respectively, which
are insulated frem each other with respect to di-
reet currents, but which are effectively bypassed
to- each -other for.the ultra-high frequency os-
cillatory currents. . The bypass may convehiently
take the form of radial ﬁanges as shownin F1g 3,
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or, as an alternative, by overlapping the adjacent
edges.

The sleeve I3 is not now required. With these
exceptions, the device shown in Fig. 3 is identical
to that shown in Fig. 1, and therefore need not
be described again in detail. The connections
differ only by the substitution of the inner sec-
tion of the anodes for the sleeve, that is, battery
31 is now utilized to place a negative potential
on the relatively inactive anode section 41, 81, to
thereby confine the electronic action to the outer
sections of the anodes 45 and 48. Thus the effi-
ciency. has been increased without affecting the
uniform characteristic of the tank circuit.

Fig. 4 illustrates a type of anode construction
which permits the overall anode length to be re-
duced without reducing the effective length. It
is difficult to produce a strong magnetic field
throughout the length of a long anode. This is
especially true when magnetic pole pieces are
placed in line with the anode axis. Thespiralan-
ode permits the distance between the pole pieces
to be reduced and therefore permits high flux
densities to be more easily obtained. Such an
anode structure may be utilized with the cathode
sleeve shown in Fig. 1 or the divided anode shown
in Pig. 3. It may also consist of more than two
spiraled sections.

It has also been discovered that this spiral an-
ode can be used to increase or decrease the fre-
quency of oscillation. Since the electrons with-
in the anode follow spiral paths as they progress
along the cathode axis, their speed relative {o
the anode sections which are passed is increased
by making the anode plates spiral in an opposite
direction, and decreased by making the anode
plates spiral in the same direction.

‘While I have described my invention with ref-
erence to several particular types of anodes in a
magnetron oscillator, it is to be understood that
the invention is also applicable to other anode
types, such asthose having three or more sections,
for example, and to other types of oscillators. By
combining the functions of a closed resonant line
with the functions of an anode, I have produced
an oscillator which is capable of generating os-
cillations at a higher frequency and at a higher
power than before possible. I have further made
possible means for deriving the power from the
oscillator and controlling its frequency, and I
have increased its efficiency by limiting the elec-
trons to the active portion of the circuit.

Iclaim as my invention: ’

1. In an electron discharge device the combi-
nation which includes a cathode and a concentric
cylindrical anode, said anode being divided into
two segments comprising a closed oscillatory cir-
cuit and substantially a. quarter wave length long
at the operating frequency, said segments being
connected at one end by a shorting conductor of
negligible length with respect to said wave length,
and a magnetizing coil surrounding and substan-
tially coextensive with said anode for producing
a magnetic field throughout the entire region
within said anode.

2. In an electron discharge device the combi-
nation which includes a cathode and a concentric
cylindrical anode, said anode being longitudinally
divided into two anode segments connected to-
gether at one end to form a closed oscillatory

3

circuit, means for producing standing waves on
said anode segments out of phase with respect to
each other, and means including 2 variable im-
pedance external to said device and connected
between the open ends of said anode segments for
varying the distribution of said standing waves.

3. In an electron discharge device the combi-
nation which includes o cathode and a concentric
eylindrical anode, said anocde being longitudinally
divided into two segments connected together at
one end to form & closed oscillatory circuit, and
means external to said device and connected be~
tween the open ends of said anode segments for
varying the resonant frequency of said anode
segments.

4. A magnetron oscillator including cathode
and anode electrodes and means for producing
a longitudinal magnetic field, said anode com-
prising two semi-cylindrical segments concentri-
cally disposed about said cathode, comprising a
closed oscillatory circuit, and substantially a
quarter wave length long at the operating fre-
quency, means for producing standing waves at
said operating frequency on said segments, and
a variable impedance external to said device con-
nected between the open ends of said segments
by a pair of conductors a half wave length long
at said operating frequency for varying the res-
onant frequency of said segments. )

5. In an electron discharge device the combi-
nation which includes a cathode and a concentric
cylindrical anode, said anode being longitudinally
divided into two segments, said segments being
connected at one end by a conductor of negligible
length with respect to said wave length and con-
stituting a closed oscillatory circuit, and means
connected across the open ends of said segments
for varying the effective resonant frequency of
said oscillatory circuit.

6. In an electron discharge device the combi-
nation which includes a cathode and a concentric
cylindrical anode, said anode being longitudinally
divided into two segments joined atf one end, and
constituting a closed oscillatory circuif, means for
reducing the flow of electrons between said cath-
ode and the portion of said anode adjacent said
end, and means external to said device for vary-
ing the resonant frequency of said oscillatory
circuit.

7. A device of the character described in claim
1 in which said anode comprises two segments
spiraled about said cathode so that the overall
length of said anode is reduced while the effective
length of said segments is unchanged.

8. In an electron discharge device the combi-
nation which includes a cathode and a concentric
cylindrical anode, said anode being longitudinally
divided into two anode segments, said anode seg-
ments being connected at one end by a shorting
conductor of negligible length with respect to a
wave length at the operating frequenecy and com-
prising a closed oscillatory circuit, said segments
further being discontinuous with respect to di-
rect current in a direction parallel to said cath-
ode, and means for applying energizing potentials
of different intensity with respect to said cathode

to parts of said segments which are separated by

said discontinuity.
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