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6. Claims.

This invention relates generally to microwave
apparatus and more particularly to methods of
and means for effectively integrating microwave
energy in shielding enclosures having numerous
higher order microwave modes for indicating the
average microwave energy distribution within
said "enclosure:

In measuring microwave-energy absorption in
gases or other microwave abserptive media, it
frequently -is necessary to employ a shielding
enclosure for -the material under observation
wherein -the enclosure is of - such size and the
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measuring freguency sufficiently high that nu- .

merous higher order microwave modes are en-
countered. - Such standing wave distribution
within -the -shielding -enclosure heretofore has
necessitated the  utilization- of g large number
of microwave: detectors-spaced at various points
within the shielding enelosure, and integrating
means for deriving an average indication of the
mierowave energy detected at the numerous
spaced points. Frequently, it is impracticable
to space numerous microwave detectors at a suf-
ficiently large number of points within the media
under observation or to:move a single microwave
detector to a plurality of -points within said
enclosure.

The instant -invention contemplates an im-
proved method of and means for effectively
changing the microwave modes within a rela-
tively large- shielding enclosure at a relatively
rapid rate so that a single microwave detector
having a relatively long time constant effectively
integrates the microwave energy - distribution
throughout the shielding enclosure. A first em-
bodiment of the invention utilizes a reciprocating
piston . or similay device for varying one of ‘the
internal dimensions of the microwave enclosure
at a-sufficiently high rate to provide -effective
integration’ of the mierowave: energy within the
enclosure by a microwave detector and indicator
having a relatively long time constant,.

A second embodiment of the invention utilizes
a plurality of rotating vanes or propeller blades
which are rotated within the microwave enclo-
sure by means of a shaft or magnetic coupling
coupled to a driving motor located outside of the
microwave enclosure. By proper shaping of the
rotating vanes and control .of their rotating
speed, & much more effective integration of the
microwave energy may be provided than is pos-
sible with a reciprocating piston device. -A modi-
fication of said first embodiment of the invention
having a reciprocating element within the micro-
wave onclosure utilizes a hollow pyramidal shield-
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ing element having sides parallel to and adjacent
to the sides of the microwave enclosure adjacent
to one of the corners thereof wherein the hollow
pyramidal-element is reciprocated on an axis ex-
tending - substantially from opposite corners of
the hollow rectangular microwave enclosure.
Thus each-of the dimensions of the microwave
enclosure may be varied simultaneously.

A third embodiment of the invention effectively
brovides rapid variation of-the microwave mod-
ing in a-microwave enclosure by energizing the
media within the' enclosure by frequency-modu-
lated microwave energy, the modulating fre-
quency being higher than the modulation re-
sponse frequency of the microwave detector cou-
pled inte the-enclosure, )

Among the objects of the invention are to
provide impreved methods of and means for
measuring microwave energy. Another object is
to provide improved methods of and means for
effeetively integrating microwave energy having
& plurality of higher order modes within a micro-
wave enclosure. An additional object of the
invention is to provide improved methods of and
means for effectively integrating microwave en-
ergy within -a shielding enclosure having g plu-
rality of microwave modes wherein the modes
are varied at a higher rate than the response rate
of a microwave detector coupled into said enclo~
sure, ‘A still further object of the invention is
to provide improved methods of and means for
effectively integrating ‘microwave energy in a
shielding - enclosure by rapidly mechanieally
varying at least one internal dimension of said
enclosure at a rate higher than the response fre-
quency of & microwave detector and indicator
coupled within'said-enclosure. Another object of
the invention is to- provide an improved method
of and means'for effectively integrating micro-
wave energy within a shielding enclosure by in-
troducing: frequeney-modulated energy into-said
enclosure, the modulation irequency being higher
than the response: frequency of a microwave de-
tector -and indicator coupled into said enclosure.
Still another object of the invention is to pro-
vide improved methods of and means for effec-
tively integrating the absorption of microwave
energy in a microwave absorptive medium within
g mierowave shielding enclosure.

The invention will be described in greater de-
tail by reference to the accompanying drawing of
which Figure 1 is a cross-sectional, elevational
view of -a first-embodiment of the invention em-
ploying a ‘movable piston device,. Figure 2 is a
cross-sectional plan view of a second embodiment
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of the invention employing a rotatable microwave
fan, Figure 3 is a schematic circuit diagram of a
third embodiment of the invention employing
frequency-modulated microwave irradiation of a
media within a microwave enclosure, and Figure
4 is s partially cross-sectional perspective view of
a modification of said first and second me-
chanical embodiments ‘'of ‘the invention. Similar
reference characters are applied o similar ele-
ments throughout the drawing.

Referring to Figure 1 of the drawing, a prefer-
ably cylindrical microwave cavity resonator i
includes a longitudinally movable piston device 3
actuated by a shaft § coupled to a reciprocating

- mechanism, not shown. It should be understood
that the internal dimension of the resonator may

be varied in any other known manner, such as by
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ergy transfer of the resonator and will be substan-
tially independent of microwave moding therein.

Figure 3 illustrates schematically a method and
apparatus for accomplishing integration of
microwave energy transfer through a cavity res-
onator enclosing a gas or other material to be
analyzed, wherein the material-irradiating micro-
wave energy source comprises g, frequency-modu-
lated microwave-generator 1~ coupled through the
input transmission line 9 and the input coupling
loop i1 into the cavity resonator {. The modula-
tion frequency of the frequency-modulated micro-

- waves should be sufficiently high to provide efiec~

_tive integration of the irradiating microwave en-

a movable or deformable wall section either con-""
tiguous with the remaining resonator structure,

or connected thereto by a Sylphon bellows. The
travel of the reciprocating system is indicated by
the dimension z. A source T of microwave energy
is coupled 1nto the cavity resonator { through a
transmission line 8§ and a coupling loop 1. A
medium, such as a microwave absorptive gas or
ofther material, may be introduced into the cavity
resonatov 1 for observation of its microwave ab-
sorption characteristics. - The cavity resonator {
must, of necessity, be large with respect to the
operatmg wavelength for many microwave ab-
sorption measurements in order to provide the
required sensitivity. The reciprocating action of
the piston 3 varies the microwave modes in the
1esonator { at a relatively high frequency so that
the electric field at all points, except at the res-
onator inner walls, passes through all values
from zero to maximum geveral times during each
cycle of the piston, and the resonator conse-
quently shlfts through numerous electrical modes.
" A microwave detector and indicator {3 coupled
into the cavity resonator through an output loop
or other pickup device {5 has a time constant
which is long with respect to the electrical mode
changing period. Thus microwave energy. de-
tected and indicated will effectively be integrated
to--provide indications of the average energy
transfer. of the resonator, and the higher order
modes of the rescnator are effectively eliminated
msofar as the indications are concerned. B
TFigure 2 11]ustrates a second mechanical em-
bodiment of the mventlon wherein the mircowave
resonator I includes a rotary device |7 having a
plurality of rotatable conductive vanes 19, each
of which has a dimension which is at least one
Wavelength at the,operatmg frequency. The ro-
tating structure i7 is supported on a center bears
ing 21 and, if desired, may be driven directly by
coupling its center shaft to an external motor.
As illustrated, the rotary structure IT includes
magnetic iron pole pieces 23 which are driven
by an external permanent magnet device 25 ro-
tated by a motor 21. The resulting induction
drive by the magnet 25 of the pole pieces 23 and
~ vane supporting structure 17 is effective through
the copper or brass external shell 29 of the cavity
resonator {. The vanes 19 may be shaped in any
desired manner to provide maximum variation of
the microwave modes within the resonator |.
The speed of rotation of the rotary vanes {8
should be sufficiently high to vary the electric
field at all points within the resonator through
all values from zero to maximum at a rate higher
than the time constant of the microwave detector
and indicator circuit. Thus the indicator will

provide indications of the average microwave en-.
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5 ergy for a microwave detector and indicator of

any selected time constant. By ufilizing an in-
dicator of the cathode ray tube having a sweep or
timing frequency synchronized with the modulat-
ing fréquency, a complete spectrum of the micro-
wave modes may be observed. Then by substi-
tuting an indicator having a relatively long time
constant, the modes may be effectively integrated
and the average energy  transfer of the cavify
resonator may be indicated.

Figure 4 illustrates a modification of the em-
podiments of the invention illustrated in Figs. 1
and 2 wherein a hollow pyramidal conductive ele-
ment 28 enclesed within the cavity resonator | is
caused to move along an axis extending from op-
posite corners 31, 33 of the resonator by means
of a. reciprocating shaft 35 coupled to a recipro-
cating mechanism, not shown. The shaft 36 ex-

_ tends through any suitable hearing in the corner
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31 of the cavity resonator, and reciprocating mo-
tion thereof causes all three of the inner dimen-
sions of the resonator to. be varied simultaneously
thereby providing - maximum variation of the
microwave modes within the resonator. . The fre-
quency of the reciprocating motion of the pyram-
idal conductive element 29 must be sufficiently
high to provide effective integration of the micro-
wave energy transfer to the resonator for a micro-
wave detector and indicator of predetermined
time constant. It should be understood that the
hollow pyramidal reciprocating element 29 may
be varied-in shape as desired to provide the de-
sired variation of microwave moding and to mini-
mize resonance effects of the reciprocating ele-
ment. - - 7

Thus the ‘invention described and claimed
herein includes novel methods of and means for
varying the electrical characteristics of a micro-
wave resonator for effectively providing integra-
tion of microwave energy transferred there-
through, wherein the moding variation period is
short as compared to the time constant of the
microwave detector and indicating circuits. In
each of the electromechanical embodiments of
the invention described heretofore, the movable
mechanical element for disturbing the micro-
wave energy moding may be of conductive or
dielectric material and preferably should be at
least as large as one wavelength at the oper-
ating microwave frequency.

I claim as my invention:

1. In combination, a cavity resonator includ-

~ ing a movable element enclosed therein, the pro-
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portions of said element and its rate and path
of motion providing variation of microwave mod-
ing in said resonator with substantially no vari-
ation in the tuning of said resonator, means for
varying continuously the position of said element
within said resonator, and an. output circuib
coupled -into said resonator, said- circuit having
a time constani substantially greater than the
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period of variation of microwave moding in said
resonator to provide output signal energy char-
acteristic of the integrated value of signal energy
of a plurality of modes in said resonator.

2. In combination, a cavity resonator includ-
ing a movable element enclosed thersin, the
proportions of said element and its rate and path
of motion providing variation of microwave mod-
ing in said resonator with substantially no vari-
ation in the tuning of said resonator, means for
coupling microwave signal energy into said reso-
nator, means for varying continuously the posi-
tion of said element within said resonator, and
a wave detector coupled into said resonator, said
detector having a time constant substantially
greater than the period of variation of micro~
wave moding in said resonator to provide de-
tected signal energy characteristic of the inte-
grated value of signal energy of a plrality of
modes in said resonator.

3. Apparatus according to claim 1 wherein
said resonator is rectangular and wherein said
movable element conforms to a corner of said
resonator.

4. In combination, a rectangular cavity reso-
nator having internal dimensions exceeding a
wavelength at the operating frequency including
a movable coductive element conforming to a
corner of said resonator and having dimensions
exceeding one-half wavelength at said operating
frequency enclosed therein, the proportions of
said element and its rate and path of motion
providing variation of microwave moding in said
resonator with substantially no variation in the
tuning of said resoator, means for varying con-
tinuously diagonally the position of said element
within said resonator, and an output cireuit
coupled into said resonator, said circuit having
a time constant substentially greater than the
period of variation of microwave moding in said
resonator to provide output signal energy char-
acteristic of the integrated value of signal energy
of a plurality of modes in said resonator.

5. In combination, a rectangular cavity reso-
nator having internal dimensions exceeding a
wavelength at the operating frequency including
2 movable conductive element forming a corner
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of said resonator and having dimensions exceed-
ing one-half wavelength at said operating fre-
quency enclosed therein, the proportions of said
element and its rate and path of motion provid-
ing variation of microwave moding in said reso-
nator with substantially no variation in the tun-
ing of said resonator, means for coupling micro-
wave signal energy into said resonator, means for
varying continucusly diagonally the position of
said element within said resonator, and a wave
detector coupled into said resonator, said de-
tector having a time constant substantially
greater than the period of variation of micro~
wave moding in said resonator to provide de-
tected signal energy characteristic of the inte-
grated value of signal energy of a plurality of
modes in said resonator.

6. In combinstion, a cavity resonator having
internal dimensions exceeding a wavelength at
the operating microwave irequency, a raovable
element having a plurality of rotatable vanes
each exceeding one-half wavelength at said oper-
ating frequency and entirely disposed within
said resonator, means disposed externally of said
resonator for rapidly rotating said element to
vary rapidly the moding of microwaves in said
resonator, and an output circuit coupled into
said resonator, said circuit having a time con-
gtant substantially greater than the rate of vari-
ation of microwave moding in said resonator to
provide output signals characteristic of the inte-
grated value of signals of substantially all modes
in said resonator.

ERNEST G. LINDER.
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