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This application, which is a division of appli~
cation Serial No. 551,951, filed August 30, 1944,
relates to a frequency stabilizing system and more
particularly reiates to a system for adjusting and
stabilizing the frequency of high frequency oscil-
lators as the voltage, current or load impedance
varies.

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 resonant to the
frequency to. be controlled across the transmis-
sion line. There are a number of points along
the transmission line one half wave length apart,
where an inductive reactance applied to the
transmission circuit will elevate and a capacita-
tive reactance will lower the frequency of the os-
cillator. At one of these points where this effect
is maximum, I shunt my parallel resonant circuit
across the transmission line which matches the
impedance 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 almost to its normal
value.

If the load impedance so changes that the fre-

quency falls, inductance is presented to the trans-
mission line which raises the frequency almost
to its normal value.

Halfway between the points along the transmis-

sion line referred to above, an inductive reactance:

will lower and a capacitative reactance will ele-
vate the frequency. This reactance is secured by
a resonant series inductance and capacitance
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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 induc-
tance 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 of
wave guides and resonant cavities.
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Accordingly, an object of my invention is to 55

2

provide a novel network arrangement for effect-
ing 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.

Still another object of my invention is to pro-
vide a novel resonant parallel inductance capac-
itance circuit so connected in a transmission
system that it presents capacitance to the line
when the frequency rises to lower the frequency
to normal 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 cir-
cuit 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 pro-
vide a novel frequency controlled stabilizer which
tends to maintain the load impedance substan-
tially constant.

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

Figure 1 shows an arrangement for connecting
a wave guide in series in carrying out my in-
vention.

Figure 2 shows an arrangement for connecting
a wave guide in parallel in carrying out my in-
vention..

Pigure 3 shows in cross-section a specific con-
struction of wave guide embodying my invention.

Referring now to Figure 1, I have shown a main
and branch wave connected in series. Here the
main wave guide 5{ is a hollow tube of metal of
rectangular cross-section and is connected at one
end to an oscillator which may have two or more
modes of oscillation such as a magnetron. The
opposite end of the line is connected to a fluctu-
ating impedance load. The wave guide is de-
signed to carry the transverse electric mode with
the. lines of electric field parallel to the narrow
dimension of the guide. The branch guide 52 of
similar rectangular cross-section 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
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arrangement is spoken of as a series connection.
The coupling junction 54 of the branch guide 52
to the main guide 51 is at such a point along the
main guide that an increase in the effective
capacitance of the load as viewed from this junc-
tion would cause the frequency to rise, and an
increase in inductance lowers the frequency.

In order to secure this result, the distance from
the junction 54 to the end of the branch wave
guide 52 at its closed end 53 is made one half wave
length. The impedance looking into this branch
guide from the main wave guide is substantially
a short circuit when the stabilizing frequency
exists and the stabilizing unit has no effect upon
a transmission through the main wave guide from
the oscillator to the load.

If the impedance of the load is changed so that
the impedance looking into the main wave guide
at junction 54 appears to have a capacitance
added to it, the frequency of the oscillator will
rise.

As the frequency begins to increase, the impe-
“dance looking into the compensator no longer
appears as a short circuit; instead it appears to
be an inductance. This inductance acts in series

with the equivalent capacitance seen looking to-

wards the load and consequently tends to neu-
tralize this capacitance. The net result of this
action is to tend to hold the oscillator frequency
substantially at predetermined value. .

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

A. construction using a shunt wave guide sec-

tion an odd number of quarter wave lengths long’

ig shown in Figure 2. Here the main wave guide
61 is jointed at 62 to a branch wave guide 63 at
a cut in both along the narrow edge of the guide
providing a shunt connection. The junction

here selected is half way between the junction’

available to be used for Figure 1 in relation to
the oscillator and are those positions on the main
wave guide §! where the addition of a capacitance
lowers the frequency a maximum amount and
the addition of inductance raises the frequency.

The end 64 of the stub or branch guide 63 is
closed off so that it presents an infinite im-
pedance to the main wave guide 6§ at normal
frequency.

If now the.load is changed so that the fre-
quency tends to decrease, this stub line operates
as a less than quarbter wave line, and thus oper-
ates to add inductance to the line and therefore
to raise and restore the frequency to its normal
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 specific arrangement of my invention using
wave guides is shown in Figure 3 in cross-section.
This is a modification of Figure 1, the cross sec-
tion being taken through the narrow width of
the wave guide. The coupling junction {01 of
the branch guide 182 to the main guide 103 is
at such a point along the main guide that an
increase in the effective capacitance of the load
as viewed from this junction point would cause
the frequency to rise. At the normal frequency,
the branch guide system presents a short cireuit
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to the main guide at junction 10l. In order
that this may be so, the distance from junction

101 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 101
because of the well known impedance inversion
properties of a quarter wave length of wave
guide. At junction (04 the two sub-branches
105 and 106 are in series because they are joined
along their broad faces. The impedance look-
ing into sub-branch 105 is a resistance, because
105 is partially filled with a lossy material 107
which absorbs any energy which enters 105 at
108. As viewed from {04, sub-branch 106 ap-
pears to have whatever impedance is presented
to it at junction 108 by cavity resonator 108, be-
cause of the well known impedance retaining
property of the half wave length section of guide
between 164 and 108. At the normal frequency,
this cavity resonator is tuned by adjusting serew
{10, which may be placed almost anywhere in
the wall of the cavity, so that the impedance of
the cavity as seen from junction 108 is infinite.
Then the impedance of section 106 as seen from
104 is infinite, and the series addition of 105 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 capacitive reactance
in series with the lossy sub-branch (05 at junc-
tion {64. Again, the impedance of the lossy sub-
branch is insignificant compared to the im-
pedanece in series with it, so the impedance as
viewed from junction 101 becomes an inductive
reactance because of the impedance inversion
qualities of a quarter wave guide section. This
is just what is needed in order that the regula-
tory action described in connection with Figure
2 may become effective. At frequencies far re-
moved from normal, the impedance of the cavity
as viewed from {08 becomes low, so the imped-
ance as viewed from junction 104 becomes sub-
stantially the impedance of the lossy sub-branch
185. Consequently, a resistive impedance is pre-
sented to the main guide at 101 and the load is
not disconnected, as it would be if the lossy
guide section 105 were absent. i

Experimental work with frequency stabilizers
of this type indicate that they are also effective
in reducing the frequency change caused by
variations in voltage or current in the oscillator
tube. They find application in radar systems
where reflected waves, such as may come from
the antenna housing, effect an impedance change
in the antenna 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, but
only by the appended claims.

I claim:

1. In a wave guide transmission system for
connecting a source of high frequency to a load
whose impedance changes, a main rectangular
wave guide, a branch wave guide an integral
number of quarter wave lengths long opening into
a cut in the large dimension of the main wave
guide, a stub wave guide opening into a cut
along the large dimension of said branch wave
guide an odd number of quarter waves length
from said first mentioned opening, said stub
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wave guide being partially filled with lossy ma~
" terial and a eavity resonator connected to the
opposite end of said branch wave guide from the
first mentioned open end, said cavity having in-
finite impedance at the frequency to be stabilized.

2. In a wave guide transmission circuit, a
wave guide, a magnetron oscillator having two
or more modes of osciliations connected to one
end of said wave guide, a load whose impedance
changes connected to the other end of said wave
guide, said wave guide having a number of points
therealong one-half wave length apart where
reactance can be reflected into said oscillator in
response to a shift in frequency from a pre-
determined value to restore the frequency of said
oscillator to the predetermined value, and a fre-
quency stabilizer comprising a stub an odd num-
ber of quarter waves long at the frequency to be
controlled connected in parallel with said wave
guide at a position along said guide where the
addition of -capacitance lowers the frequency of
said oscillator.

3. In a wave guide transmission circuit, a wave
guide, a magnetron oscillator having two or more
modes of oscillations connected to one end of said
wage guide, a load whose impedance changes
connected to the other end of said wave guide,
said wave guide having a number of points there-
along one-half wave length apart where react-
ance can be reflected into said oscillator in re-
sponse to a shift in frequency irom a predeter-
mined value to restore the frequency of said
oscillator to the predetermined value, and & fre-
quency stabilizer comprising a stub an odd num-
ber of quarter waves long at the frequency to be
controlled connected in parallel with said wave
guide at a position along said guide where the ad-
dition of capacitance lowers the frequency of
said oscillator, said stub being less than a quarter
of the wave length at a frequency below the de-
sired oscillation frequency.

4. In a wave guide transmission circuit, a wave
guide, a magnetron oscillator having two or more
modes of oscillations connected to one end of said
wave guide, a load whose impedance changes
connected to the other end of said wave guide,
there being a number of points along said trans-
mission line one-half wave length apart where
the addition of capacitive reactance applied to
the line will lower the frequency of said fre-
queney source, and a frequency stabilizer com-
prising a stub an odd number of quarter waves
long at the frequency to be controlled connected
in parallel with said wave guide at a position
along said wave guide where the addition of
capacitance lowers the frequency of the circuit,
said stub in response to a rise in frequency being
greater than an odd number of quarter waves
long.

5. In a wave guide transmission system, & rec-
tangular wave guide, a magnetron oscillator hav-
ing two or more modes of oscillations connected
to one end of said wave guide, a load whose im-
pedance changes connected to the other end of
said wave guide, there being a number of points
along the transmission line one-half wave length
apart whose capacitive reactance applied to the
line will raise the frequency of said frequency
source, and a frequency stabilizer comprising a
branch guide having a cross-section similar to
that of said wave guide connected in series there-
with, said branch guide being connected at a
point along said main guide where the addition
of capacitance raises the frequency of said os-
cillation, and a stub wave guide opening into a

cut along the larger dimension of said branch
wave guide an, odd number of guarter wave
lengths from said first mentioned connection of

" said branch wave guide.
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6. In a wave guide transmission system, a wave
guide, a magnetron oscillator having two or more
modes of oscillations connected to one end of
said wave guide, a load whose impedance changes
connected to the other end of said wave guide,
there being a number of points along the trans-
mission line one-half wave length apart whose
capacitive reactance applied to the line will raise
the frequency of said frequency source, and &
frequency stabilizer comprising a branch guide
having a cross-section similar to that of said
wave guide connected in series therewith and be-
ing a half wave length long at the frequency to
be controlled, said branch guide being connected
at a point along said main guide where the-ad-
dition of capacitance raises the frequency of said
oscillator, said branch guide in response to a drop
in frequency presenting capacitance to raise the
frequency of said oscillator.

7. In a wave guide transmission system, a rec-
tangular wave guide, a magnetron oscillator hav-
ing two or more modes of oscillations. connected

to one end of said wave guide, a load whose im- .

pedance changes connected to the other end of
said wave guide, and a frequency stabilizer com-
prising a branch guide having a cross-section
similar to that of said wave guide connected in
series therewith and being a half wave length
long at the frequency to be controlled, said branch
guide being connected at a point along said main
guide where the addition of capacitance raises
the frequency of said oscillator, said branch guide
in response to a rise in frequency presenting
inductance to lower the frequency of said osecil-
lator, and a stub wave guide opening into a cut
along the large dimension. of said branch wave
guide an odd number of quarter wave lengths
from said first mentioned connection of said
branch wave guide, said stub wave guide being
filled with lossy material.

8. In a wave guide transmission system, a wave
guide, a magnetron oscillator having two or more
modes of oscillations connected to one end of
said wave guide, a load whose impedance changes
connected to the other end of said wave guide,
there being a number of points along said wave
guide one-half wave length apart where an in-
ductive reactance reflected into said oscillator
will lower and a capacitive reactance reflected
into said oscillator will raise the frequency of
said frequency source, and a frequency stabiilzer
comprising a rectangular branch guide an in-
tegral number of half waves length long opening
into a cut in the large dimension of the main
guide and closed at its other end, said branch
guide being connected to said wave guide at a
point where inductive reactance most lowers the
frequency and capacitative reactance most raises
the frequency of said oscillator, and a stub pre~
senting a series resistance connected to said
branch wave guide.

9. In a wave guide transmission system, a wave
guide, a magnetron oscillator having two or more
modes of oscillations connected to one end of
said wave guide, a load whose impedance changes
connected to the other end of said wave guide,
there being a number of points along said wave
guide one-half wave length apart where an in-
ductive reactance reflected into said oscillator will
lower and a2 capacitive reactance reflected into

75 said oscillator will raise the frequency of said
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frequency sotrce, and a frequency stabilizer com-
prising a rectangular branch wave guide an odd
number of quarter waves length long connected

to said main wave guide along the narrow edge -

of the wave guide and closed at its other end, said
branch wave guide being connected to said main
wave guide at a point where inductive reactance
most raises the frequency and capacitative re-
actance most lowers the frequency of said oscil-
lator. :

10, In a wave guide transmission system, a
wave guide, a source of high frequency oscilla-
tions whose frequency is subject to fluctuations
in response to changes in load impedance and
having two or more modes of oscillations, said
source .being connected to one end of said wave
guide, a load whose impedance changes con-
nected to the other end of said wave guide, said
wave guide connecting said source of energy to
said load, said wave guide having a number of
points therealong one-half wave length apart
where reactance can be reflected into said oseil-
lator in response to a shift in frequency from a
predetermined value to restore the frequency to
the predetermined value, and a frequency sta-
bilizer comprising a stub having a length related
to the frequency of the oscillator and connected
to the main wave guide at a point at which it
presents reactance to said oscillator which com-
pensates for the shift in reactance of the load to
maintain the operating frequency of said oscil~
lator substantially constant.

11. In a wave guide transmission system, a
wave guide, a magnetron oscillator having two or
more modes of oscillations connected to one end
of said wave guide, a load whose impedance
changes connected to the other end of said wave
guide, said wave guide having a number of points
therealong one-half wave length apart where
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reactance can be reflected-into the line in re-
sponse to a shift in frequency from a predeter-
mined value to restore the frequency to the pre-
determined value, and a frequency stabilizer com-
prising a stub having a length related to the
irequency of the oscillator and connected to the
main wave guide at a point along said wave guide
at which an increase in the effective capacitance
of the load as viewed from the junction would
cause the frequency of said oscillator to rise, the
stub being of a length to present a short circuit
to the main wave guide at said junction. .

12. In a wave guide transmission system, a
wave guide, a magnetron oscillator having two
or more modes of oscillations connected to one
end of said wave guide, a load whose impedance
changes connected to the other end of said wave
guide, the frequency of said source being subject
to fluctuations in response to changes in load
impedance, a branch wave guide an integral
number of quarfer wave lengths long opening
into a cut in the large dimension of the main
wave guide at a point along said wave guide at
which an increase in the effective capacitance of
the load as viewed from the junction would cause
the frequency of said oscillator to rise, the branch
being of a length to present a short circuit to
the main wave guide at said junction. .

WILLIAM E, BRADLEY.

REFERENCES CITED

The following references are of record in' the
file of this patent:

UNITED STATES PATENTS »
Date

Number Name
2,155,508 Schelkunoff _______ Apr, 25, 1939
Barrow _____.______ May 5, 1942

2,281,551



