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1

My invention relates to a frequency stabilizing
system and more particularly relates to a system
for adjusting and stabilizing the frequency of high
frequency oscillators as the voltage, current or
Joad impedance varies.

In varicus applications of oscillators using elec-
tronic tubes, it becomes desirable at times to
vary the load on the oscillator. Unfortunately,
a variation in load is usually accompanied by a
variation in the oscillator freguency. Such &
variation in frequency may be especially serious
in some types of radio communication systems in
which a transmitter and a receiver, remotely
disposed from each other, must be kept syn-
chronized so that the difference between their
frequencies must be maintained at a constant
within a specified tolerance.

One method of isolating the load from the
oscillator consists of interposing an amplifier be-
tween them. This well known buffer arrange-
ment for preventing changes in frequency caused
by load changes is, however, undesirable or im-
possible in certain applications of oscillators.
For example, in the micro-wave region, where
magnetron oscillators may be made to give very
large instantaneous power outputs as oscillators,
but do not function conveniently as amplifiers,
such a buffer is impractical.

In accordance with my invention, frequency
stabilization is effected by reflecting at predeter-
mined points on the output transmission line of
the oscillator in response to a shift in frequency
from normal, the proper kind of reactance into
the oscillator circuit.

In accordance with my invention, frequency
stabilization is effected by reflecting a reactance
into the line in response to a shift in frequency
from normal of a kind that will tend to restore
the frequency to its original value.

More specifically, in one form of my invention
I connect a parallel reactance rescnant to the
frequency to be controlled across the transmission
line. There are a number of points along the
transmission line one half wave length apart
where an inductive reactance applied to the trans-
mission circuit will elevate and a capacitative re-
actance will lower the frequency of the oscillator.
At one of these points where this effect is maxi-
mum, I shunt my parallel resonant circuit across
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2
the transmission line which matches the im-
pedance of the load.
If now the load impedance so changes that the

frequency rises, a capacitance is presented by

the parallel resonant circuit to the transmission.
line which lowers the frequency to its normal
value.

If the load impedance so changes that the
frequency falls, inductance is presented in par-
allel with the transmission line which raises the
frequency to. its normal value, by lowering the
net inductance.

Halfway between the points.along the trans-
mission line .referred .to .above because of the
impedance transformation properties of a trans-
mission line, .an inductive reactance will lower
and a capacitative reactance will elevate the fre-
quency. 'This reactance.is secured by a resonant
series inductance and capacitance connected in
series in the system at one of these half way
points.

If the frequency rises in response to a change
in load impedance above the stabilizing value and
therefore above resonance frequency, an. induct-
ance is presented by the series resonant circuit
to the transmission line which lowers the fre-
quency to its normal value.

If the load impedance so changes that the fre-
quency {falls, capacitance is presented to the
transmission line which raises the frequency to
its normal value,

In the discussion above, I have referred to a
special network. ‘This, as.will be clear from the
description to follow, can also be a network in

the coaxial.sense, i. e., an arrangement of coaxial

transmission line or ‘it may be an arrangement
of wave guide sections or resonant cavities. Ar-
rangements can also be made using combinations
of network elements, coaxial lines, wave guides
and resonant cavities as will be explained here-
inafter.

Accordingly, an object of my invention is to
provide g novel network arrangement for effecting
frequency stabilization of a system.

A further object of my invention is to provide
a novel reactance network coupled to a. circuit,
the reactance reflected into the oscillating circuit
being a function of the frequency fluctuations
from normal to maintain the frequency of the
system substantially constant. o
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Still another object of my invention is to pro-
vide a novel resonant parallel inductance capaci-
_tance circuit so connected in a transmission sys-
tem that it presents capacitance to the line when
the frequency rises to lower the frequency to nor-
mal and presents inductance to the line when the
frequency drops to raise the frequency to normal.

Another object of my invention is to provide
a novel resonant series inductance capacitance
circuit so connected in a transmission system that
it presents inductance to the line when the fre-
quency rises to lower the frequency to normal and
presents capacitance to the line when the fre-
quency drops to raise the frequency to normal.

Still a further object of my invention is to
provide & novel frequency controlled stabilizer
which tends to maintain the net load impedance
substantially constant. ‘

These and other objects of my invention will
appear from a detailed discussion which follows
in connection with the drawings, in which:

Figure 1 is a schematic circuit diagram for il-
lustrating my invention.

Figure 2 is a schematic circuit diagram of one
form of my invention. '

Figure 3 is a schematic circuit diagram of an-
other form of my invention.

Figure 4 is a circuit diagram of my invention
using a parallel inductance capacitance resonant
circuit.

Figure 5 shows a method of connecting coaxial
lines in parallel.

Figure 6 shows a method of connecting coaxial
lines in series.

Figure 7 shows the corresponding arrangement
to Figure 6 applied to a wave guide.

Figure § shows the corresponding arrangement
of Figure 5 applied to a wave guide.

Figure 9 shows the invention applied to a reso-
nant cavity with a coaxial line.

Figure 9a is the schematic equivalent of Fig-
ure 9. -

Figures 10 and 11 show schematic circuits em-
bodying my invention.

Pigure 12 shows in cross-section a specific con-
struction of wave guide embodying my invention,

Pigure 13 shows in cross-section a further
specific construction of a coaxial line embodi-
ment of my invention; and

Figure 14 shows a further development of my
invention utilizing the series coaxial line junction
illustrated in Fig. 6. .

In order to clarify the invention, a brief theo-
retical discussion of the principles here involved
will first be given.

Refetring to Figure 1, an oscillator { is shown
connected to a load 2 over conductors 3 and 4
which are matched to the load impedance. In
this system a fluctuation in reactance of the load
will effect a corresponding change in frequency
of the system.

To stabilize the frequency and prevent this
shift, I insert at a proper point along the line in
the system a special frequency stabilizing net-
work {{ as shown in Pigure 3. This stabilizing
series network having an impedance Zn is con-
nected in series with the load in the circuit at a
point where an inductive reactance most lowers
the frequency and a capacitative reactance most
raises the frequency. Such points exist at regu-
lar intervals one half wave length apart along
the transmission line,

At regular intervals one half wave length apart
and half way between the points referred to
above, there exists points where an inductive re-
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actance reflected into the system most raises the

- frequency and a capacitative reactance most
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Jowers the frequency. At such points a parallel
‘resonant circuit schematically illustrated in Fig-
ure 2 is inserted across the line,

In Figure 4 this is more fully shown by an in-
ductor and a capacitor in parallel. Here the
oscillator 21 is connected to the load 22 over a
circuit across which there is connected a sta-
bilizing inductor 23 and stabilizing capacitor 24
connected in parallel resonance.

This inductance and capacity tuned to reso-
nance at the desired stabilized frequency is con-
nected across the transmission line as shown at
a point where an inductive reactance most raises
the frequency and a capacitative reactance most
lowers the frequency. Such points exist at points
along the line a half wave apart and half way
between the points hereinbefore described in con-
nection with the series resonant circuits.

Normally with the line matched to the load,
this resonant circuit has no effect on the system
so long as the frequency is at the desired value.
1f, however, the load impedance varies, causing
a rise in the oscillator frequency, the parallel re-
actance 23, 24 presents a capacitative reactance
to the circuit which lowers the frequency to nor-
mal. If the shift in load impedance causes the
frequency to fall, the parallel reactance 23, 24
presents an inductive reactance to the circuit
which raises the frequency to normal.

One characteristic of the corrective network
is that near the normal frequency, the reactance
or susceptance as the case may be, must vary
quite rapidly with frequency. This means that
the Q of these elements must be high for close
regulating action.

Accordingly, to secure most powerful stabili-
zation, the inductance 28 and capacitance 24 are
very small reactances, providing a good or about
zero power factor. As a result, although the im-
pedance is high at resonance, large corrective
susceptances are rapidly thrown across the line
for small changes of frequency.

As described above, it will be noted that with
the device shown in Figure 3, if the frequency
be forced by changes within the oscillator to fre-
quencies too far removed from the normal fre-
quency, the reactance of my special network will
be very great, either positive or negative. This,
however, would act as an open circuit and wouid
tend to disconnect the load from the oscillator
and cause the oscillator to operate unloaded. If
the oscillator can operate in one mode only, this’
causes no trouble, but if the oscillator has two
or. more modes of oscillation, i. e., two or more
frequencies of oscillation, it may elect to oscillate
in a mode where there is no load. A similar
situation would result in the parallel case of Tig-
ure 4 in which off resonance my special network
becomes practically a short circuit. A magnetron
is particularly susceptible to this type of difficulty.

In order to overcome this unloading effect, I
place a resistor 81 in shunt with the tuned cir-
cuit 82, 83 of Figure 10 (the final form of Fig-
ure 3) in order that even though the tuned cir-
cuit 82, 83 became an open circuit, the load is
connected to the oscillator through the resistor
81. The final form of Figure 4 is shown in Fig-
ure 11, in which a resistor 91 is placed in series
with the resonant circuit 92, 83 so that the load
is never completely short circuited. With these
arrangements, the oscillator can never operate
unloaded, and the rapid change of reactance or
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susceptance of the special network with frequency
change is not lost.

These principles of stabilization can also be ap-
plied to systems using micro~wave frequencies.
When the conductors between the oscillator and
load are replaced by & coaxial transmission line,
a modification of Figure 4 can'be madeas is shown
in Figure 5. The coaxial iine 31, 32 conducts
power from the oscillator to the load. Atsuch a
position on this line that the addition of a capaci-
tance lowers the frequency a maximum amount, a
stub line 33, which is an odd number, of quarter
waves long, is inserted at right angles to and in
electrical paraliel connection with the main line.

One end of stub line 33 is open and fits into an
opening in the outer shield of coaxial line 3l.
The inner conductor of the stub extends through
the junction of the stub and main coaxial line and
is connected to the inner conductor of the main
coaxial line. The opposite énd of the stub is
closed off at 34, so that it presents an infinite
impedance to the main line 31, 32 at the normal
frequency. If now the load is changed so that the
frequency tends to decrease, this stub line oper-
ates as a less than quarter wave line, and thus
operates to add inductance to the line and there-
fore to raise and restore the frequency to its nor-
mal value.

Because of its position on the line, its action
counteracts the change in load impedance. Con-
versely, if the load impedance so changes that it
acts as an inductance at the junction point of the
main line and stub and the frequency rises, the
stub line operates as a greater than quarter wave
line and thus adds-capacitance to the line causing
the frequency to restore itself.

A coaxial counterpart of Figure 3 is shown in
Figure 6. The central conductor 41 passes
straight through the system. The outer con-
ductor 42 of the main transmission line formed
by 41 and 42 is broken at 43 at a point where a
series inductance introduced into the transmis-
sion line decreases the frequency and a capaci-
tance introduced into the line raises the fre-
quency.

This break leads into a section of transmission
line with the -outer surface of 42 acting as the
inner conductor and with a hollow cylindrical
tube 44 acting as the outer -conductor. The ends
45 and 46 of the tube are closed and in contact
with conductor 42 along the -circumferences 47
and 48 respectively.

The length of this section of 46 to 47 is chosen
to be one half wave length or any other integral
number of halves of a wave length of the fre-
quency to be stabilized. This means that the
series impedance looking into this section of the
line from the main transmission line is substan-
tially zero. Consequently, there results an effec-
tively continuous transmission line at 43 when
the stabilizing frequency -exists.

At the frequency to be:stabilized, the stabilizing
unit does not have any effect upon a transmission
through the main transmission line from the os-
cillator to the load.

If an impedance of the load is changed so that
the impedance looking into the main section of
the transmissien line -at position -43 appears to
have a capacitance added to it, the frequency of
the oscillator rises.

As the frequency begins to increase, the im-
pedance looking into the -compensator no longer
appears the same as that-of -a similar line without
the compensator, -as @ shord circuit; instead it
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appears to be an inducténce. This inductance
acts in series with the equivalent capacitance seen
looking towards the load and consequently tends
to neutralize this capacitance. The net result of
this action is to tend to hold the oscillator fre-
quency substantially at a predetermined value.

Correspondingly, and for reasons that now-will
be clear, when the frequency goes helow the pre~
determined value, a corrective capacitance to in-
crease the frequency is applied to the line.

A form of Figure 3 using a series wave guide ele-
ment is shown in Figure 7. Here the main wave
guide 51 is a hollow tube of metal of rectangular
cross-section, designed to carry the ‘transverse
electric mode with the lines of electric field paral-
el to the narrow dimension of the guide. The
branch guide 52 of similar rectangular cross<sec-
tion is an integral number of half wave lengths
long opening into a cut in the large dimension of
the main guide at the junction 54 and is -closed
at the end 53.

All the longitudinal current in the main guide
must then flow in the branch guide and this ar-
rangement is spoken of as a series connection.
The branch guide 52 is ‘connected to the main
guide at a point where the addition of inductance
lowers the frequency and the addition of capaci-
tance raises the frequency.

A form of Figure 5 using a shunt wave guide
section an odd number of quarter waves length
long is shown in Figure 8. Here the mdin wave
guide 6! is jointed at 62 to a branch guide ‘63
at a cut in both along the narrow edge of the
guide. The branch guide is closed at its end 63,

7 and the operation is entirely analogous to the

operation of the coaxial system described in con-
nection with Figure 5.

A combination of a resonant cavity with a
coaxial line is shown in Figure 9. Here the main
line 71 is broken by a slit 72 in the outer con-
ductor. A cavity resonator 13 is fastened on the
outside of this slit and serves the same function
as the external line section in Figure 5. To ac-
complish this the cavity must be so dimensioned,
in accordance with principles well known to the
art, that it resonates in a mode such that it ap-
pears as g zero impedance in series with the line
at the resonant frequency.

While the-embodiments shown-in Figures 5, 6,
7, 8 involve the principle of the invention, there
are times when g more powerful stabilizing action
is required. For this purpose the reactance
change with frequency of the stabilizing network
should be relatively great. This is obtained-by
having an exceedingly low I, to |C ratio in-the
tuned circuit of Figure 11 and an exceedingly
high L to C ratio for the tuned circuit of Figure 10.

It is inconvenient to build straightforwardly
constructed tuned circuits having the required L
to C ratio, but over a narrow band  the -desired
performance can readily be ©btained by means of
-other types -of networks, such as coaxial lines,
resonators or wave guides.

A specific arrangement of my invention using
wave guides is shown in Figure 12 in cross -sec=-
tion. This is a modification of Figure7, the cross
section being taken through the narrow width
of the wave guide. The .coupling junction 101 of
the branch guide 102 to the main guide $03 is at
such a-point along the main guide that an in-

.crease in the effective capacitance of the load as

viewed from this junction point would -cause the
frequency to rise. At the mormal frequency, the

76 branch guide system presents :a short «circuit to
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the main guide at junction {10f. In order that
this may be so, the distance from junction {61
to junction 104 is made close to a quarter wave
length. An open circuit at junction 104 would
appear as a short circuit at junction {01 because
of the well known impedance inversion properties
of a quarter wave length of wave guide. At junc-
tion 104 the two sub-branches 105 and 106 are in
series because they are joined along their broad
faces. The impedance looking into sub-branch
{05 is a resistance, because 105 is partially filled
with a lossy material 187 which absorbs any en-
ergy which enters {85 at 104. As viewed from 104,
sub-branch 106 appears to have whatever imped-
anhce is presented to it at junction 108 by cavity
resonator 189, because of the well known imped-
ance retaining property of the half wave length
section of guide between 104 and 108. At the
normal frequency, this cavity resonator is tuned
by adjusting screw {18, which may be placed
almost anywhere in the wall of the cavity, so
that the impedance of the cavity as seen from
junction 88 is infinite. Then the impedance of
section {06 as seen from (04 is infinite, and the
series addition of 185 is of no importance.
Consequently, the impedance as seen from
junction 101 is zero. When the frequency is
slightly raised, the impedance transformation
properties of the wave guide sections do not
change very much. However, the impedance of
the cavity becomes a high capacitive reactance,
which then places a high capacitative reactance
in series with the lossy subbranch {05 at junc-
tion 104. Again, the impedance of the lossy sub-
branch is insignificant compared to the impedance
in series with it, so the impedance as viewed from
junction 101 becomes an inductive reactance be-
cause of the impedance inversion qualities of a
quarter wave guide section. This is just what is
needed in order that the regulatory action de-
scribed in connection with Figure 2 may become
effective. At frequencies far removed from nor-
mal, the impedance of the cavity as viewed from
108 becomes low, so the impedance as viewed from
junction 104 becomes substantially the impedance
of the lossy subbranch [05. Consequently, a re-
sistive impedance is presented to the main guide
at 101 and the load is not disconnected, as it
would be if the lossy guide section (05 were absent.
Another specific arrangement of my invention
is described with reference to Figure 13. The
main transmission line 121 and 122 is of the co-
axial type, with an outer conductor i21 shown
in section, and an inner conductor 122. A branch
system is joined to the main coaxial line at a
junction point #24 which is so chosen that an
increase -in the apparent inductance of the load
as viewed from the junction point would cause
the frequency to increase at a maximum rate.
At the normal frequency, the impedance looking
into the branch section at junction 124 is infinite.
In order for this to be true, the impedance at
junction 25 which is the junction between a
lossy section of line {26 and a cavity resonator
127, must be infinite because the length of line
between junctions {24 and 125 is a half wave
length. The impedance looking into the lossy
section of line is primarily resistive, and is in
series with the impedance looking into the cavity
resonator from 128, This cavity resonator im-
pedance is made infinite by adjustment of the
tuning screw [28. Thus the impedance of the
“branch at junction point (24 is infinite.
At resonant frequency, the cavity looks like g
very high impedance in series with the line,
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Since the cavity is a half wave from the main
transmission line when it appears as a nearly
open circuit, the stub looks substantially like an
open circuit to the transmission line, When,
however, the cavity looks like a relatively low im-~
pedance, i. e.,, when off resonant frequency, the
low value of impedance is limited by series mis-
matching resistor r, which prevents the stub from
ever short~circuiting the main transmission line.

‘When the frequency is slighfly raised, the im-
pedance of a cavity coupled in this manner be-
comes a capacitive reactance, as is well known in
micro-wave theory, and so the impedance in par-
allel with the line at 124 becomes capacitive,
which is what is required for the regulatory action
described for Figure 4 to take place.

When the frequency is far from the cavity
resonant frequency, the impedance of the cavity
is low, so the net impedance at junctions {24 and
125 is the resistance of the lossy line. This pre-
vents short-circuiting of the load at frequencies
far away from resonance, and thus acts to pre-
vent oscillator operation at a frequency of any
other oscillation mode.

Figure 14 is a coaxial line embodiment of Flgure
10 and is noteworthy for its compactness., The
cavity and resistive material are arranged in a
manner electrically similar to the structure of
Figure 13 except that the cavity is an odd num-
ber of quarter waves from the junction with the
main line, which is of the type shown in Figure 6.

In Figure 14 the stub . .itself however is more
complex than the one in Figure 6. The cavity
resonator is coupled to the stub at a distance from
the series junction 143 equal to an odd number
of quarter wave lengths of the frequency to be
stabilized. The cavity (44 is coupled to the stud
line through a slot {45. The remaining part of
the stub line is loaded at its end with some lossy
material 146.

The cavity is coupled to the line section in phys-
ically the same but electrically a different way
than the cavity 13 is coupled to line 7{ in Figure
9. This electrical difference arises from the fact
that now the cavity is resonating with the elec-
trical lines parallel to the axis of the cavity.

The resonant cavity 13 is magnetically coupled
to the transmission line, 7{. The electric coupling
cancels out over the whole interior space and ac-
cordingly it acts as if it were coupled purely by
inductance at the resonant frequency of the tuned
circuit shown in Figure 9a.

A very high impedance limited only by losses in
the circuit appears across the terminals { and 2
of Figure 9a. At this same resonant frequency a

‘very high impedance also appears across the ter-

minals 3 and 4. However, it is only across a nar-
row band that the impedance across the terminals
3 and 4 is similar in form to that across | and 2.
This impedance between terminals 8 and 4 differs
in two particulars from that across | and 2. In
the first place, it appears to be the impedance of
a tuned circuit of vastly greater C to I ratio

‘than the impedance between | and 2. The ap-

parent C to L ratio depends on the proportion
of inductance included between 2 and 4. 'The
larger this inductance the less the C to L ratio.
On the other hand, it differs also in the particu-
lar that at some higher frequency the impedance
between 3 and 4 goes to zero. This frequency is
s0 far removed in the actual designs of cavitied

~used as to be immaterial and the device is used
~only in the neighborhood of Wo which is the

resonant frequency of the tuned circuit,.
In-this mode of cavity resonance, the structure
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Figure 9 therefore has the property that when the
cavity 73 is in a resonant condition the coaxial
line is completely open-circuited opposite the slot
12.

The result in Figure 14 is that at the junction
145 the cavity presents a high resonant impedance
in series with the impedance of the rest of the
stub which is a resistive impedance. At the fre-
quency to be stabilized, the resonant impedance
of the cavity is infinite, so the series resistance
of the lossy stub is of no consequence.

In Figure 14, the transformation action caused

by the odd quarter wave length section of line

makes the impedance of the stub at the series
junction 143 appear as a short-circuit at the fre-
quency to be stabilized. TIf, however, the load
of the main line is changed so that the change in
load causes the impedance looking towards the
load from junction (43 to hecome capacitive, the
frequency of the oscillator will rise because the
series junction 143 is so placed on the main trans-
mission line that this will occur.

This rise in frequency causes the resonant im-
vedance of the cavity to become less than infinite
and to become capacitive. Tt is still high, however,
and consequently the impedance corresponding to
the increase in frequency causes the impedance
at the junction 145 to become capacitive. At this
junction, the series resistance of the lossy section
of the stub is negligible. This impedance when
transformed by the odd quarter wave section of
transmission line appears as a low inductive re-
actance at the series junction 143. This induc-
tive reactance then compensates for the capaci-

tive reactance of the load as seen from the loca~ -

tion 143. As a consequence, the frequency need
change only by the amount necessary for this
compensation to occur.

If now the oscillator should attempt to oscil-
late at a frequency far removed from the desired
operating frequency, the impedance of the cavity
would become low. This impedance in series with
the impedance of the lossy section of the line
presents substantially a resistive impedance to the
end of the odd quarter wave length section of stub
line. The transformation property of this odd
quarter wave length section is such that there
will appear at the series junction a resistive im-
pedance looking into the stub. This impedance
will be in series with the load impedance and
consequently the oscillator will still be loaded.
This will in effect prevent the oscillator from
operating at an undesired mode.

If the lossy section of stub line had not been
present, the impedance at series junction 143
under these circumstances are removed from the
resonant frequency of the cavity; that is, from
the desired operating frequency would become an
open circuit. This open circuit would effectively
disconnect the load from the oscillator and might
lead the oscillator to operate at a frequency far
removed from the desired frequency. Not all os-
cillators, of course, have this difficulty, but mag-
netrons in particular do have a tendency to oscil-
late at a second frequency if they are unloaded
at that frequency. The function of the lossy sec-
tion will in that case prevent such undesirable
oscillation frequencies.

Experimental work with frequency stabilizers
of this type indicate that they are also effective
in reducing the frequency change caused by vari-
ations in voltage or current in the oscillator tube.
They find application in radar systems where re-
flected waves, such as may come from the antennsg

10.

15;

10

housing; effect an impedance change in the an-
tenna, load.

Various modifications of the principles of my
invention will now be evident to those skilled in
the art. I therefore prefer not to be bound by

" the specific disclosures hereinabove set forth, bub

only by the appended claims.

1 claim:

1. In a micro-wave electrical system having a
transmission line for the transmission of energy
in. the microwave region, a magnetron oscillator
having. two or more modes of oscillation coupled
10 said line, a load connected to said iine, said
line having a number of points therealong, one
half wave length apart where reactance can be

" veflected into the line in response to & shift in
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frequency from a predetermined value to restore
the. frequency to its predetermined value, a re-
actance connected to said line at one of said
points for effecting the frequencies of said system,
and a resistance in circuit connection with said
reactance for suppressing modes of oscillations
other than the desired mode.

2. In a micro-wave electrical system having a
transmission line for the transmission of energy
in the micro-wave region, a magnetron oscillator
having two or more modes of oscillation coupled
to said line, a load connected to said line, there
being a number of points along said transmission
line one half wave length apart, where an induc-
tive reactance applied to the line will elevate and
a. capacitative reactance applied to the line will
lower the frequency of said oscillator, a reactance
shunted across said line at a point where its
effect is maximum for effecting the frequencies
of said system, said rectance matching the im-
pedance of said load and presenting capacitance
to. the line, if the frequency rises, to lower the
frequency to its predetermined value and pre-
senting inductance in parallel to the line if the
frequency falls below said predetermined value
to restore said frequency to said predetermined
value and a resistance connected in series with
said reactance for suppressing modes of oscilla-
tion other than the desired mode.

3, In short wave electrical system having a
transmission line for the transmission of short
wave energy, a magnetron oscillator having two
or more modes of oscillation coupled to said line,

0 a load connected to said line, said line having a

number of points therealong, one half wave length
apart where reactance can be reflected into the
line in response to a shift in frequency from a
predetermined value to restore the frequency to
its predetermined value, a reactance comprising
an inductance and capacitance of relatively small
reactance value providing substantially zero pow-
er factor connected to said line at a point where
its effect is maximum to reflect a substantially
large corrective reactance into the system in re-
sponse to small change in frequency of said oscil-
lator from a predetermined frequency for main-
taining the frequency thereof constant as it tends
to vary from a predetermined value and a resis-
tance in circuit connection with said reactance
for suppressing modes of oscillation other than
the desired mode.

4. In a short wave electrical system having a
transmission line for the transmission of short
wave energy, a magnetron oscillator having two
or more modes of oscillation coupled to said line,
a load connected to said line, there being a num-
ber of points along said fransmission line one
half wave length apart, where an inductive re-

5 actance applied to the line will elevate and a
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capacitative reactance applied to the line will
lower the frequency of said oscillator, a reactance
comprising an inductance and capacitance oi
relatively small reactance value providing sub-
stantially zero power factor connected to said
line at a point where it reflects a substantially
large corrective inductive reactance into the sys-
tem in response to small changes in frequency
of said oscillator from a predetermined frequency
for elevating the frequency thereof to normal in
response to a drop in frequency and a resistance
in circuit connection with said reactance for sup-
pressing modes of oscillation other than the de-
sired mode.

5. In an electrical system having a transmis-
sion line, a magnetron oscillator having two or
more modes of oscillation coupled to said line,
a load connected to said line, there being a
number of points along said fransmission line,
one half wave length apart, where an in-
ductive reactance reflected into the line will
lower and a capacitative reactance reflected
into the line will raise the frequency of said
oscillator, a reactance comprising an induc-
tance and capacitance in which the L to C
ratio is high, connected to said line at such a
point where it reflects a substantially large cor-
rective inductive reactance into the system for
lowering the frequency thereof to normal in re-
sponse to a rise in frequency, and a resistance
connected across said reactance for suppressing
modes of oscillation other than the desired mode.

6. In an electrical system having a transmis-
sion line, a magnetron oscillator having two or
more modes of oscillation coupled to said line, a
load connected to said line, there being a number

of points along said transmission line, one half

wave length apart, where an inductive reactance
applied to the line will elevate and a capacitative
reactance applied to the line will lower the fre-
quency of said oscillator, a reactance compris-
ing an inductance and capacitance in which the
L. to C ratio is relatively very low connected to
said line at such a point where it reflects sub-
stantially large corrective capacitance reactance
into the system in response to small changes in
frequency of said oscillator from a predetermined
frequency for lowering the frequency thereof to
normal in response to a rise in frequency and a
resistance connected in series with said reactance
for suppressing modes of oscillation other than
the desired mode.

7. In an electrical system having a transmis-
sion line, a magnetron oscillator having two or
more modes of oscillation coupled to said line,
a load connected to said line, there being a num-
ber of points along said transmission line, one
half wave length apart, where an inductive re-
actance reflected info the line will lower and a
capacitative reactance reflected into the line
will raise the frequency of said oscillator, a re-
actance comprising an inductance and capacit-
ance in which the L to C ratio is high connected
to said line at such a point where it reflects a
substantially large capacitance reactance into the
system for elevating the frequency thereof to
normal in response to a drop in frequency, and a
resistance connected across said reactance for
suppressing modes of oscillation other than the
desired mode. :

8. In short wave electrical system having a
transmission line for the transmission of short-
wave energy, a magnetron oscillator having two
or more modes of oscillation coupled to said line,
a load connected to said line, there being a num-
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ber of points along said transmission line one
half wave length apart, where an inductive re-
actance applied to the line will elevate and a
capacitative reactance applied to the line will
lower the frequency of said oscillator, a circuit
for stabilizing the frequency of said oscillator
comprising parallel inductance and capacitance
whose L to C ratio is low connected across said
line at a point where capacitance most lowers the
frequency in response to a rise of frequency, said
inductance and capacitance being tuned to reso-
nate at the frequency to be stabilized, the re-
actance of said inductance and capacitance being
small compared to the impedance of said trans-
mission line and a resistance connected in series
with said reactance for suppressing modes of os-
cillation other than the desired mode.

9. In short wave electrical system having a
transmission line for the transmission of short-
wave energy, a magnetron oscillator having two
or more modes of oscillation coupled to said line,
a load connected to said line, there being a num-
ber of points along said transmission line one
half wave length apart, where an inductive re-
actance applied to the line will elevate and a
capacitative reactance applied to the line will
lower the frequency of said oscillator, a circuit
for stabilizing the frequency of said oscillator
comprising parallel inductance and capacitance
whose L to C ratio is low connected across said
line at a point where capacitance most lowers
the frequency in response to a rise of frequency,
said inductance and capacitance being tuned to
resonate at the frequency to be stabilized, and
a resistance connected in series with said parallel
inductance and capacitance of a value for sup-
pressing modes of oscillation other than the
desired mode.

10. In short wave .electrical system having a
transmission line for the transmission of short-
wave energy, a magnetron oscillator having two
or more modes of oscillation coupled to said line,
a load connected to said line, said line having a
number of points therealong, one-half wave
length apart where reactance can be reflected
into the line in response to a shift in frequency
from a predetermined value to restore the fre-
quency to its predetermined value, a circuit for
stabilizing the frequency of said oscillator com-
prising g series inductance and capacitance whose
L to C ratio is high and tuned to resonance at
the frequency to be stabilized and connected in
said line at a point where it reflects a correc-
tive impedance into said line in response to a
change in frequency from mormal for restoring
said frequency to its normal value and a resist-
ance in circuit connection with said reactance
for suppressing modes of oscillation other than
the desired mode.

11. In short wave electrical system having a
transmission line for the transmission of short-
wave energy, a magnetron oscillator having two
or more modes of oscillation coupled to said line,
a load connected to said line, said line having a
number of points therealong, one half wave length
apart where reactance can be refliected into the
line in response to a shift in frequency from a
predetermined value to restore the frequency to
its predetermined value, a circuit for stabilizing
the frequency of said oscillator comprising a
series inductance and capacitance whose L to C
ratio is high and tuned to resonance at the fre-
quency to be stabilized and connected in said
line at a point where it reflects a corrective im-
pedance into said line in response to a change in
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frequéncy from normal for restoring said fre-
quency to its normal value and a resistance
shunted across said resonant circuit for sup-
pressing modes of oscillation other than the de-

sired mode.
WILLIAM E. BRADLEY.
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