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1

This invention relates to an oscillation gener-
ator, and more particularly to apparatus for gen-
erating ultra high-frequency oscillations.

In the past, attempts have been made to gen~
erate high-frequency oscillations by use of a tri-
ode vacuum tube arranged for class C operation.
In such an arrangement a constant potential
field is maintained between the anode and cath-
ode and if an alternating potential is impressed
on the grid of the triode, plate current flows dur-
ing the peak portion only of the half period in
which the grid is positive. In other words, elec-
trons are liberated from the cathode in pulses
with each pulse occurring at the peak portion of
the positive half period of grid potential. To
generate oscillations, the alternating potential
impressed upon the grid is made 180° out of phase
with the alternating plate potential. Pulses of
electrons are then liberated from the cathode
180° out of phase with the alternating field be-
tween the plate or anode and cathode in the
anode-grid space, so that they do work upon or
contribute energy to that field while abstracting
energy from the constant potential field main-
tained between the anode and cathode. An os-
cillator of this type is generally known as a den-
sity modulated oscillator for the grid controls
the density distribution of electrons having the
same velocity.

When an oscillator as described is to be used
for generating ultra high-frequency oscillations,
the time required for the electrons to pass from
the cathode to the grid becomes appreciable in
terms of a period of the alternating field. Be-
cause of this relatively high travel time, the elec-
tron pulse is no longer 180° out of phase with the
alternating field between the anode and cathode
when it reaches the grid-anode space and efficient
generation of oscillations is not effected. The
travel time may, of course, be reduced by de-
creasing the space between the elements of the
triode. However, the necessary smaller spacing
is impractical and requires too high a direct-cur-
rent voltage on the plate to obtain sufficient
power for satisfactory operation.

Other oscillators, such as the Klystron and
magnetron oscillators, have been employed to
generate ultra high-frequency oscillations. The
Klystron oscillator is a velocity-modulated oscil-
lator requiring apparatus for focusing an electron
stream, the modulation being in the velocity dis-
tribution of the electrons as distinguished from
the density modulation, and has a maximum
theoretical efficiency of only fifty eight percent.
The magnetron also has certain disadvantages,
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one of the principal disadvantages being the ne-
cessity for producing a magnetic field over a con-
siderable volume of space especially for the de-
livery of high average power.

Ti is, accordingly, an object of my invention to
provide a new and improved apparatus for gener-
ating ultra high-frequency oscillations,

Another object of my invention is to provide a
generator of ultra high-frequency oscillations in
which the spacing of elements may be such as to
afford a readily manufactured device.

A further object of my invention is to provide
a generator of ultra high-frequency oscillations
having a relatively high efficiency.

Still a further object of my invention is to pro-
vide a generator of ultra high-frequency oscilla-
tions in which the anode potential may be com-
paratively low while the generator delivers rela-
tively high steady power. .

In accordance with my invention, I provide a
density modulated cavity resonator oscillator.
The oscillator comprises a . cavity resonator
adapted to have an ultra high-frequency electro-
magnetic field therein and means responsive to
the postive peaks of the high-frequency field for
initiating passage of a group or pulse of electrons
along a predetermined path through the high-
frequency field, the length of the predetermined
path relative to.the frequency of the field being
such that the kinetic energy of the group of elec-
frons is substantially zero at the end of the path.
The electron pulse enters the high-frequency field
during the positive peaks of that field. While
in the high-frequency field, energy is supplied to
the electrons by a substantially constant direct
current potential field. The electrons continue
in the field through most, if not all, of the suc-
ceeding negative half period of the high-fre-
quency field in which they deliver to the high-
frequency field substantially all of the energy de-
rived from the direct current potential field.

The electron pulse may be provided by posi-
tioning an anode and a cathode so that they are
subject to the high-frequency field within the
cavity rescnator. The anode and cathode may
form a portion of the walls of the resonator or
they may be independent thereof. A control ele-
ment is positioned adjacent to the cathode and,
because the practical spacings are small, the con-
trol member is preferably co-planar with the
cathode. A direct-current potential is applied
between. the anode and cathode and a small
direct-current biasing potential is applied be-
tween the grid and cathode,

The performance of the oscillator is somewhat
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analogous to the class C vacuum tube oscillator.
The cathode is exposed to the direct current po-
tential field between the anode ang cathode and
to the high-frequency field of the cavity reso-
nator, During the positive half period of the
high-frequency field, both of these fields tend to
liberate electrons from the cathode. However,
the biasing potential on the control member is
such that electrons are liberated from the cath-
ode during the positive peak portion only of the
high-frequency field. Consequently, pulses of
electrons leave the cathode in phase with the
high-frequency field and start out with that field
doing work on them. Because of the slow speed
of the electrons relative to the frequency of the
field, the electron pulse does not get very far
before the field reverses and the energy which
the electrons derive from the direct current po-
tential field enables them to do work on or con-
tribute energy to the high-frequency field. The
anode is spaced from the cathode a distance such
that the electron pulse is collected by the anode
before the high-frequency field reverses again.
Part of the energy thus delivered to the high-
frequency field by the electrons is employed in
maintaining that field while the remainder of the
energy may be extracted in any well-known man-
ner and supplied to a load.

From the foregoing it is apparent that the spac-
ing of the anode and cathode is definitely re-
lated to the frequency of the high-frequency
fleld and the value of the direct current anode-
cathode potential, To derive this relationship
an electron may be considered as starting from
the cathode at a distance from the cathode =0
at the time t=0. At this instant of liberation
of an electron, the high-frequency field E is at
its peak value and is superimposed upon a con-
stant potential field F. The equation of motion
of the electron is

m dx

v ap = B cos wi-F )}

where s is the mass of the electron and e its
charge and o is angular frequency of the field E.
Integrating Equation 1 once gives

wm dr__

B g s Qt+§,wt 2)
as ‘
—%r—o when =0
If .
&
dt

is to be equal to zero at some subsequent time,

when -

sin 07
ot @

This is only possible if = radians <eT<2# radians
for otherwise

t="T--0, then sin wT= ——ng or §7= -

F

E

would be negative.
Equation 2 can be integrated a second time,

giving

2/m I

—%x=1v—cos wt -+ %Eaﬂﬁ (4)
To obtain maximum power from the oscillator,
the electron should be collected at the anode at
the instant that its kinetic energy becomes zero.
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4
If X is the separation of the anode from the cath-
ode, by using Equations 3 and 4

wim

_éFle—cos wT—30T sin T (5)

If V is the direct-current anode voltage, then
V=FX. Substituting this in (3) gives

e 0TV
T o sinwT X

Substituting in (5) and letting «=wT=transit
time of an electron for a distance X in terms of
frequency of the field E,

w?m @ o
Radiid gy ‘o PN . _ g
P el 1—cos « o sin a) (6)
From Equation 6, it is apparent that a positive

and, therefore, an allowable value of

X2

v
is obtainable when « is greater than = radians and
less than 2r radians. From a practical stand-
point, it is desirable to have the anode-cathode
voltage V as small as possible and the anode-
cathode spacing X as large as possible. However,
analysis of Equation 6 indicates that X2 cannot
be increased a great deal for a given V without
greatly increasing

E

F
As will be explained later, an increase of
E

F

makes the starting of oscillations more difficult
and increases the capacity current much faster
than the increase in X decreases it. I prefer to
make «=3/2r radians at which value a desirable
performance is obtained with a practical ap-
paratus.

For this value of «,

B
F=471

and from Equation 6

P 15.8¢V_ 15.8¢NV

T me? 47imc?
where A is wave length in centimeters and c is the
velocity of light in centimeters per second. Then,

X= \/15'86>< —I—XV%= 0157V} centimeters
m 27

with V in e, 5. u. Using this relationship the fol-
lowing table gives values of

X

A

and peak high frequency voltages for various an-
ode-cathode voltages V.

Peak H. P
v X/ volts
016 2,350
.022 4,700
.032 9,400
. 050 23, 500
.07 47,000
.10 04, 000
.16 235, 000
.22 70, 000

The foregoing analysis shows that electrons lib-
erated from a cathode by the positive peaks of
the high-frequency field can be collected with
negligible kinetic energy on a suitably placed an-
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bde. During the time of emission there is only
o thin layer of space charge near the cathode so
that for the same instantaneous current density,
the space charge field at the cathode surface is
small compared to that present in the steady
state. If electrons leave the cathode during only
.1 cycle of the high-frequency field and the in-
stantaneous emission is I amperes from the en-
tire cathode, which is considered approximately
constant over .1 cycle, the average direct-current
anode current will then be .1I. Thus in the theo-
retical ‘limit of high bias, neglecting filament
power, the oscillator is 100% efficient. This ef-
ficiency may be compared to that of the Klystron
oscillator which is only 58%.

To prove that the oscillator is self-starting, a
situation should be considered in which the os-
cillations within the cavity resonator, such as
may be produced by thermal fluctuations or other
conditions, are very feeble so that electrons strike
the anode with high energy. Then

E
Vil
is very small. From Equation 4 the time ir at
which electrons strike the anode is given by

2.
%Xmu—cos wby) + do?t,2 (1)
Considering X and F as fixed and Ir as a function
of r, differentiating with respect to r gives

d(wt,) _ cos wi,—1 )
dr ~ wi+rsin ot

The numerator is always negative but the de-
nominator is positive if

_ wty
T>( sin wt,)

(_ wt, )
sin wt,

is positive. Therefore, if when r equals zero,

(-a)
sin wi,

is positive, the time r will continuously decrease
from fo to its running value T as r goes from zero
to its running value. It is thus apparent that
when 7 is small, the electrons strike the anode
with less kinetic energy than when r equals zero.
The difference must be given up to the high-fre-
quency fleld. From Equation 2, if

when

dz
"=
at X,
2m2
oA in? ot 2rat, sin obtattt  (9)

which for small 7 is 2r wtr4-w?lr2. Then the sign
of vri—v? will be given by that of 2reir sin ir,
which will be the same as that of 2rets, which in
turn is negative. This proves that for low losses
in the cavity resonator circuit, the oscillations are
self-starting as long as the direct current bias
varies in proportion to the amplitude of the high-
frequency field. To obtain a biasing potential
which varies in the desired manner, a small fixed
biasing potential and a resistor are connected be-
tween the grid and cathode in the anode-cathode
circuit. The small fixed biasing potential is pro-
vided to prevent an excessive plate current before
the oscillations are started.

As previously pointed out, the distance between
the anode and cathode is preferably such that the
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electron transit time is equal to 3/2 = radians in

terms of the angular frequency of the high-ire-

quency field which is entirely practical in most
cases. At extremely low wave lengths even this
distance may become too small for practical pur-

poses but satisfactory operation is obtainable if
the distance is such that the electron transit time
ig 3/er+2rn radians, where 7 is a whole number.

Under such circumstances, the electron pulse is
still collected at the anode when its kinetic energy
is substantially zero.

The novel features that I consider character-
istic of my invention are set forth with particu-
larity in the appended claims. The invention it-
self, however, both as to its organization and its
method of operation together with additional ob-
jects and advantages thereof will best be under-
stood from the following description of specific
embodiments when read in connection with the
accompanying drawings, in which:

Figures 1, 2, 3 and 4 illustrate various embodi-
ments of my invention.

As shown in Figure 1, a hollow body or cavity
resonator § having a shape similar to a doughnut
and adapted to have an ulfra high-frequency
electromagnetic field therein has an anode 1
forming a portion of the wall thereof. A cath-
ode 9 formed of g flat ring preferably of tantalum,
forms a portion of the wall of the resonator §
opposite the anode 1. The cathode 9 is mount-
ed on a split tubular member {1 and filament pow-
er is supplied from an alternating source 13
through an auxiliary transformer i35 whose sec-
ondary IT is connected to different portions of
the tubular member 11.

A control member 19 is mounted adjacent to
the cathode and is made up of a wire ring with-
in the cathode 9 and a second wire ring encir-
cling the cathode. The control rings 19 are prei-
erably substantially co-planar with the cathode
9 because of the small spacings and may be
formed of tantalum or molybdenum wire. The
control rings 19 are connected to and mounted
upon a second tubular member 23 separated from
the first tubular member (i by an insulating
material 25 such as glass. A third tubular mem-
ber 271 is connected to the main wall of the res-
onsator 5 and is insulated from the second tubular
member 23 by insulating material 29 which may
also be glass. The three tubular members Il,
23 and 27 are of such length as to form a quarter
wave length resonant bypass for the high-fre-
quency field so that a high-frequency potential
does not appear between the control rings and
cathode. The glass insulation may also be ex~
tended to form a vacuum tight enclosure.

The ancde 1 is grounded and is connected
through conductor 31, to a source of direct-
current potential 33, a resistor 33, a second source
of direct-current potential 37, secondary (T and
member f1 to the cathode 9. In this manner, a
direct current potential field is created between
the anode 1 and the cathode 9. The control rings
15 are connected through conductor 39 to the
junction point of the first potential source 33 and
the resistor 35 so that a direct-current biasing
potential consisting of the small constant poten-
tial of the second source 31 and the variable po-
tential across the resistor. 35 appears between
the control member and the cathode. This bias-
ing potential then varies in accordance with the
amplitude of the high-frequency field within the
resonator and is of such magnitude that elec-
trons are liberated from the cathode during the
peak portions only of the positive half periods of
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the high-frequency field. A pulse of electrons
enters the high-frequency field during a positive
peak. The high-frequency-field soon reverses and
the electrons contribute energy to the high-fre-
quency field which they  are deriving from the
direct current potential field between the anode
and cathode. Some of this energy is. used to
maintain the high-frequency field and a coaxial
output line 4l is magnetically coupled to the
resonator to convey the remaining energy to a
load. The anode and cathode are, of course,
spaced so that the electrons are .collected when
their kinetic energy is substantially zero.

The resonator disclosed in Fig. 1.is designed for
operation in the first radial mode but Fig. 2 dis-
closes a resonator designed for operation in the
second radial mode. In other words, the electro-
magnetic wave has a nodal point along the large

diameter edge of the resonator and g maximum.

point in the middle thereof in Fig. 1, but in Fig.
2 the wave his nodal points at the large diameter
edge of the resonator and another at the center
thereof. Consequently, the cathode ring in Fig,
2 must be of a sufficient diameter to be subject
to the maximum poini on the electromagnetic
wave. Otherwise, the operation of Fig. 2 is iden-
tical with Fig. 1 and the same reference numerals
are employed for similar eiements.

Another resonator design is shown in Pig. 3.
This modification operates in the same manner
as Fig. 1 and includes similar elements. How-
ever, the resonator is shaped differently to enable
a generation of oscillations having larger wave
lengths with a compact apparatus.

Fig. 4 illustrates another embodiment of my in-
vention in which the oscillations generated are
employed to increase the speed of an electron
stream for the production of X-rays. The reso-
nator 5 takes the form of a cylinder having a re-
entrant portion 42. The cathode 9 forms a.part
of the wall of the cylinder, but the anode 45 is
mounted on a support 41 within the cylinder and
spaced the proper distance from the cathode. A
filament 49 is positioned at the inner end of the

reentrant portion 43 of the resonator to project.

electrons upon a target 5¢ positioned opposite
thereto. A screen 53 is positioned adjacent to the
filament 43 and is biased by an auxiliary source
of potential §56. The electron flow from the fila-
ment, which is energized from source (3 through
an auxiliary transformer §7, is blocked by the
biasing potential until the electromagnetic po-
tential exceeds a predetermined magnitude. In
passing through the high-frequency field in the
resonator the electrons from the filament 49 are
accelerated and impinge upon the target §1 pro-
ducing X-rays. The generation of the high-fre-
quency oscillations is, of course, accomplished in
the manner described. hereinbefore.

Although I have shown and described certain
specific embodiments of my invention, I am fully
aware that many modifications thereof are pres-
ent. 1 do not intend, therefore, to restrict my
invention to the specific embediments illustrated.

I claim as my invention:

1. An oscillation generator comprising a cavity
resonator adapted to have an ultra high-fre-
quency electromagnetic field therein and means
defining an electron path through said resonator
comprising electron liberating means including
a cathode mounted at cne end.of said path with
a.surface subject to said field and electron col-
lecting means positioned at the other end of said
path, said liberating means being responsive only
to each positive peak of said field to initiate pas-
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sage of ‘a group of electrons from said cathode
surface along said.path, the length of said path
within said resonator being equal to the distance
over- which substantially. all of said group of
electrons travel after initiation of the passage
thereof in a- predetermined time interval greater
than ¥a=-+2=n radians but no more than 3r-+2rn
radians in terms of angular frequency of said
field, where 7 is zero or any whole number.

2. An oscillation generator comprising a cavity
resonator adapted to have an -ultra-high-fre-
quency electromagnetic field therein and means
defining an electron path through said resonator
comprising electron liberating means including
a cathode mounted at one end of said path with
a surface subject to said field and electron col-
lecting means positioned at. the other end of
sald path, said liberating means being responsive
only to each positive peak of said field to initiate
passage of a group of electrons from said cathode
surface along said path, the length of said path
within said resonator being equal to the distance
over wiich substantially all of said group of elec-
trons travel after initiation of the passage there-
of in a predetermined time interval of the order
cf %m+42mn radians in terms of angular frequency
of said field, where n is any whole number or zero.

3. An oscillation generator comprising a cavity
resonator adapted to have an ultra high-fre-
quency electromagnetic field therein, means de-
fining an electron path through. said resonator
including a cathode mounted at one end of said
path and subject to said high-frequency field,
and an anode positioned at the other end of said
path, means connected to said anode and cathode
for establishing a direet current potential field
therebetween, and means connected to said cath-
ode for establishing a biasing field adjacent to
said cathode of a magnitude permitting libera-
tion of electrons from said cathede oniy during
the positive peaks of said high-frequency field
whereby said liberated electrons move along said
path from said cathode to said ancde, the length
of said path within said resonator being equal
to the distance over which said electrons travel
in a time period of the order of 3=+ 2+ radians
in terms of the angular frequency of said high-
frequency fleld, where n is a whole number or
Zero,

4. An-ogcillation generator comprising a cavity
resonator adapted to have an ultra high-fre-
quency electromagnetic field therein, means de-
fining an electron path through said resonator
including a cathode mounted at one end of the
path and subject to said high-frequency field,
and an anode positioned at the other end of said
path, means connected to said anode and cathode
for impressing a direct-current potential there-
between, a control member positioned adjacent
to said cathode, and means connected to said
contrel member and cathode for impressing a
direct-current biasing potential therebetween of
a magnitude permitting liberation of electrons
from said cathode only during the peak portion
of the positive  half-periods of said high-fre-
quency field, the length of said path within said
resenator being equal to the distance over which
said electrons travel in a time period of the crder
of Y¥w+27pn radians in-terms of the angular fre-
quency of said high frequency field where # is a
whole number or zero.

5. An oscillation generator comprising a cavity
rescnator adapted to have an ultra high-fre-
quency electromagnetic field therein, means de-
fining an electron path through said resonator
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including a cathode mounted at one end of the
path and subject to said high-frequency feld,
and an anode positioned at the other end of said
path, means connected to said ancde and cathode
for impressing a direct-current potential there-
hetween, and means connected to said cathode
for establishing a biasing potential field adjacent
to said cathode which varies according to the
amplitude of said high-frequency field and is
of a magnitude permitting liberation of electrons
from said cathode only during the peak portion
of the positive half-pericds of said high-fre-
quency field, the length of said path within said
resonator being equal to the distance over which
said electrons travel in a time period of the order
of $%w-+2rn radians in terms of the angular fre-
quency of said high frequency field where n is a
whole number or zero.

6. An oscillation generator comprising a hol-
1ow body resonator adapted to have an ultra-high
tfrequency electromagnetic field therein, means
defining an electron path through said resonator
including a cathode mounted at one end of said
path and subject to said high-frequency field,
and an anode positioned at the other end of said
path, means connected to said anode and cathode
for impressing a direct-current potential there-
between, a control member positioned adjacent
to and substantially co-planar with said cathede,
and means connected to said control member and
cathode for impressing a biasing potential there-
between which varies according to variations in
the amplitude of said field and is of a magnitude
permitting liberation of electrons from said cath-
ode only during the peak portion of the positive
half-periods of said field whereby said liberated
electrons move from said cathode to said anode,
the length of said path within said resonator
being equal to the distance over which the lib-
erated electrons travel in a predetermined time
interval after liberation thereof which is of the
order of 3w-+2rn radians in terms of angular
frequency of said high-frequency field where n
is zero or any whole number.

7. An oscillation generator comprising a cavity
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resonator adapted to have an ultra-high-fre-
quency electromagnetic field therein, means de-
fining an electron path within said resonator in-
cluding a cathode mounted at one end of said
path and subject to said high-frequency field,
and an anode positioned at the other end of
said path, means forming a first source of direct-
current potential connected in series with an
impedance and means forming a second source
of direct-current potential between said anode
and cathode, said second source being opposite
in polarity and smaller in magnitude than said
first source with said first source being of a
polarity tending to effect liberation of electrons
from said cathode, a control member positioned
adjacent to said cathode, circuit means connect-
ing said impedance and second source between
said control member and cathode to impress a
biasing potential therebetween of a magnitude
permitting liberation of electrons from said cath-
ode only during the positive peaks of said high-
frequency field, whereby said liberated electrons
move along said path from said cathode to said
anode, the length of said path within said resona-
tor being equal to the distance over which the
liberated electrons travel in a time period of the
order of 3%w-+2rn radians in terms of the angular
frequency of the high frequency field where n
is a whole number or zero.
BENEDICT CASSEN.
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