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This invention relates generally to improved
methods of and systems for gas and vapor analy-
sis and more particularly fo unique methods of
and means for measuring the dipole moments of
gases or vapors for determining the composition

_thereof. ) : ‘

The instant invention comprises improvements
upon and modifications of the systems and meth-
ods described and claimed in applicant’s copend-
ing application Serial No. 956,242, filed May 28,
1945, wherein analysis of ‘gas composition is pro-
vided by measurements of the microwave energy
loss, variations of dielectric constant.and the fre-
quency of the irradiating microwaves as a func-
tion of the gas pressure. ‘ :

The instant invention also is an improvement
upon the methods and ‘systems described and
claimed in applicant’s second copending applica-
tion ‘Serial No. 596,244, filed May 28, 1945, which
employ modulated microwaves for such gas anal-
yses. - In said latter application. the modulated
microwaves have a frequency providing' appreci-
able microwave absorption in at least some com-
ponents of the gaseous mixture. 'The gaseous
mixture is irradiated by the modulated micro-
waves and is enclosed within a cavity resonator
which is electrically resonant to the microwave
carrier frequency and which is acoustically reso-
nant to the modulation component of the modu-
lated microwaves. Due to varying characteris-
tics of different gases, the acoustic resonant fre-
quency may be made a function of the gas com-
position; as well as of gas pressure, temperature
and rate-of-flow in a continuous process.

Such gas analyses are extremely useful in
monitoring chemical manufacturing processes as
well as for indicating operating characteristics,
or for controlling the operation of siich processes.
Output potentials derived from a microwave de-
tector may be applied to control suitable devices
such as pressure regulators, control valves, mix-
ing jets, or controls for regulating the gas-flow
characteristics in  a continuous ‘gas analysis
system.

All such gas detection or analysis systems de-
pendent upon microwave gas absorption, or varia-
tions in dielectric constant, in- a microwave
absorptive gas require considerable microwave-
absorptive gas pressure in order to provide rea~
sonable measurement sensitivity. Heretofore,
gas production processes frequently have required
the taking of samples of the gases for chemical
or spectroscopic analyses. Such analyses require
considerable time and also may require that the
production process be interrupted until the
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analysis is completed, thus necessitating consid-
erable delay and expense. B
The instant methods and systems provide con-
tinuous analyses of any desired portions of such
production -processes thereby permitting “either

‘mechanical or automatic control of the produc-

tion processes when the gas components vary
between predetermined marginal limits. When
complicated gaseous mixtures are involved, such
as'in the manufacture of butadiene in synthetic
rubber production, there is always the possibility
of production of gases othér than those desired.
In.accordance with the instant invention, direct
and simultaneous indications may be provided of
the presence and-relative amotnts or proportions
of all gases or vapors in the mixture having dipole
moment characteristics. :

The instant invention contemplates utilization

- of the rotation of the electric field" of microwave
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propagation through gases or vapors having di-
pole’ moments - as ‘& ‘combined function of the
magnitude of the dipole moment; the frequency
of the microwave propagation, and the magni-~
tude of an applied electrostatic field  through
which the microwaves are propagated. A first
embodiment ‘of the invention comprises "a’ pair
of waveguides -having perpendicularly “disposed
electrical axes, said waveguides being coupled to-
gether through a thirg wavepath disposed be-
tween the ends of said pair of waveguides. The
microwaves propagated through the third wave-
path are subjected to an adjustable electrostatic
field which rotates the electric field of the pro-
pagated microwaves as a combined function of
the dipole moment of gases or vapors introduced
into said wavepath, the frequency of said micro-
wave propagation, and the field strength of said
adjustable electrostatic field:

In the absence of gases or vapors having dipole
moments, there is substantially zero coupling be-
tween the first two of said perpendicularly dis-
posed ‘waveguides. . Adjustment of the potential
providing the adjustable electrostatic field in the
third wavepath therefore may selectively provide
90° rotation of the electric field of the propagated
microwaves which thence may be detected in
the second of said pair of waveguides. The volt-
age range required for producing the required
electrostatic field in the third wavepath is a func-
tion of the frequency of the microwaves propa-
gated through the system. If desired, a continu-
ous gas Or vapor flow may be provided through
the third wavepath for continuous gas or vapor
analysis.

A second embodiment of the invention com-
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prises a pair of telescoping rectangular cavity
resonators, operating in modes such that the
electric fleld of the first is perpendicular to the
electric fleld of the second in the volume common
to both, and separated by parallel disposed wire
screens, or by slotted walls having perpendicu-
larly disposed screen apertures. A microwave
source may be coupled into one of said resonators
by means of a coupling loop, or other known cou-
pling device, and an output coupling element may
be provided in the other of said intersecting reso-
nators. The gas or vapor to be analyzed should
be circulated through both of the telescoped reso-
nators. If desired, the gas may be confined to
the common portion of the two resonators by
gas-tight, microwave permeable windows dis-
posed' adjacent and parallel to the -screen ele-
ments. The two resonators should be electrically

insulated from one another at a point interme--

diate the oppositely oriented, parallel disposed
screens or slotted walls. An adjustable unidi-
rectional potential applied to the two resonators
provides an adjustable electrostatic field between
the oppositely oriented screens. Adjustment of
the electrostatic field magnitude thereby provides
selective adjustment of microwave coupling be-
tween the cavity resonators as a function of the
microwave frequency, the dipole moments of the
gases circulated through said resonators, and the
magnitude of the electrostatic fleld in the space
intermediate the two screens. -

A third embodiment of the Invention utilizes
& palr of intersecting cavity resonators of the

. type described wherein the magnitude of the elec-
trostatic fleld established between the screens is
varied by signals derived from a modulation sig-
nal source. A microwave receiver coupled to the
second of said cavity resonators is connected to
the vertical deflection electrodes of a cathode ray
oscilloscope or other oscillographic indicator. A
timing wave generator synchronized with or actu-
ated by the modulation signal source is connected
to the horizontal deflecting elements of the oscil-
loscope. The effective range of the system may
be controlled by an adjustable unidirectional po-
tential source connected between the insulated
cavity resonators and by selection of a suitabie
microwave frequency for the microwave signals
coupled into the first of said resonators. If de-
sired, the timing frequency generator may pro-
vide a modified sawtooth waveform for expand-
ing a desired portion of the oscilloscope scale.
Direct indications are provided of the relative
dipole moments and relative proportions of all
gaseous or vapor components of the gaseous mix-
ture which have dipole moments.

It should be understood that liquids as well as
gases may be analyzed by any of the systems
comprising the instant invention, since the nor-
mal vapor pressure of many liquids is ample for
providing the desired control of coupling between
the input and output wave propagation elements
of the system.

Among the objects of the invention are to pro-
vide unique methods of and means for analyzing
gaseous mixtures. A second object of the inven-
tion is to provide improved methods of and means
for measuring the dipole moments of gases or
vapors. Another object is to provide improved
niethods of and means for measuring dipole mo-
ments of continuously circulating gases or vapors,
A further object is to provide improved methods
of and means for controlling continuous gas proc-
esses as a function of the dipole moments of pre-
determined gaseous or vapor components of the
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gaseous mixture. An additional object is to pro-
vide improved methods of and means for deter-
mining the dipole moments of liquids providing
suitable vapor pressure having such dipole mo-
ments. Another object is to provide improved
methods of and means for analyzing the gaseous
or vapor composition of mixed gases and/or
vapors as a combined function of the dipole mo-
ments of said gases or vapors, the frequency of
microwaves propagated through said gases or
vapors, and the magnitude of an electrostatic
field through which said microwaves are propa-
gated and to which said gases or vapors are
subjected.

A further object of the invention is to provide
an improved method of and means for analyzing
the composition of gases or vapors having dipole
moments by utilizing a plurality of perpendicu-

. ‘larly disposed waveguides or cavity resonators
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wherein the coupling between said waveguides or
resonators is controllable as a combined function
of the frequency of microwaves propagated
therethrough, the dipole moments of gases or va-
pors enclosed within said system and the magni-
tude of an electrostatic field to which said gases
or vapors and said microwave propagation are
subjected. A still further object of the inven-
tion is to provide an improved method of and
means for analyzing the composition of gases or
vapors having dipole moments wherein said elec-
trostatic fleld is varied in accordance with modu-
lation signals, and wherein an oscillographic in-
dicator provides visual indications of the rela-
tive dipole moments and relative quantities of
gases or vapors having such dipole moments,

The invention will be described in greater de-
tail by reference to the accompanying drawing
of which Figure 1 is a cross-sectional, partially
schematic diagram of a first embodiment there-
of; Figure 2 is a cross-sectional, partially sche-
matic diagram of a second embodiment thereof;
and Figure 3 is a cross-sectional partially sche-
matic diagram of a third embodiment thereof.
Similar reference characters are applied to simi-
lar elements throughout the drawing.

Referring to Figure 1 of the drawing, a micro-
wave signal source, not shown, is connected to the .
input of a first waveguide | having its electrical
axis E1 in a plane normal to the drawing. The
first waveguide | is coupled into a propagation
wavepath 3 through a microwave permeable in-
sulating window 8, such for example as a thin
layer of mica. The electrical axis Eo of the wave-
path 3 is in a horizontal plane. The wavepath 3
is coupled through a second microwave perme-
able insulating window 17 into a second waveguide
9 having its electrical axis E: in a vertical plane.
The wide faces comprising, for example, circular
metallic plates |1, 13 of the wavepath 3 are insu-
lated from each other by an insulating spacer 15
such as polystyrene. Gases or vapors having di-
pole moments are confined within or circulated
through the wavepath 3. - A source of unidirec-
tional voltage, such for example as a battery 11,
having a voltage divider 19 and a voltmeter 21
shunted therewith is connected between the wave-
path wide faces (1, 13, to apply thereto a unidi-
rectional potential to establish an adjustable elec-
trostatic field in the plane Eo. Each of the two
weveguides operates in the TE:o mode.

The fundamental equation for describing the
precession of a molecule about the lines of elec-
tric force between conductors 1f and {3 is

Ep sin 6—Ep cos 0=%’£ w sin 8

(1)
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where p is the dipole moment, Eo is the magnitude
of the electric field applied to the gas (esu/cm.),
E1 is the microwave field strength (esu/em.), 6 is
the angle between Eo and p, & is Planck’s con-

stant, and j is an integer provided by ql’lgntum ’

mechanics. E: has a frequency v=—wo/3%, and

when E is adjusted so that §=90° then
- Bop=f2=jhn, (2)

and the dipoles are always perpendicular to Ep

- and all rotate in synchronism with said field, thus.-

providing transmission of microwave energy from
the first waveguide | to the second waveguide 8.
Then )
=
=7 oA )

and Eo may be swept through the value for res-
onance at a low frequency rate such as 60 cycles,
and the resonance curve may be observed on an
oscilloscope, thus providing a convenient meas-
ure of the dipole moment of the gas or vapor and
a useful method of gas or vapor analysis, :

The theory of rotating dipoles in an electrical
field was developed by Mannebeck in Phys. Zeit-
schrift 28, 72 (1927) and a satisfactory summary
thereof is provided in “Electric and Magnetic
Susceptibilities” by VanVieck (Oxford 1932) pp..
147-155,

For symmetrical top molecules the expression
provided heretofore, namely Eop-=jhv, where
v=wo/2x is not correct, but instead three quan-
tum numbers (4, m, A\) must be employed. The
correct expression for the symmetrical top mole-
cule is .

Bp=hl D ®
If j=m==\=1, it is geen that
Eop=—2hv (4)

The latter equation provides the correct relation-
ship between Ey, the electric fleld strength in esu
per cm.; p, the dipole moment; A, the Planck’s
constant, and », the operating frequency.

If Eo is expressed in volts per cm, Po i8 expressed
in Debye units (a Debye unit=10-18 esu‘units of
charge X cm.), and v {s expressed in megacycles,
then o

Eo=§1'3-73vm volts/em. . (5)
since Planck’s constant is 6.55x10-27 ergs per
second.

For methyl chloride, p=1.85, while for am-
monia (NHz) p=1.5, and for methyl bromide
p=1.3 Debye units. Accordingly, if s microwave
frequency of 1000 mec. or g wavelength of 30 cm.
is employed, Eo=2100 volts per cm. for methyl
chloride (CHiCD, but 3020 volts per cm. for
methyl bromide (CH3Br). Thus if an operating
microwave wavelength of the order of 30 cm. is
employed, transmission from the first to the sec-
ond waveguide may be obtained at diserete and
widely differing values of Ep, depending on the
gas used for coupling,

If the system Is operated at a wavelength of 3
cm. instead of 30 cm., the field strength required
for transmission would be 21,000 and 30,200 volts
per cm., respectively. Such extremely high volt-
ages would give rise to corona discharges unless
the system were operated at gas pressures consid-
erably above 1 atmosphere. 'To avold the high
voltage gradients required for operation at 3 cm.,
and simultaneously to obtain a narrow voltage
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“spectral line,

“nator technique is indicated.

6 .
gradient range over which the transmission effect
may be observed, operation at wavelengths of the
order of 30 cm. is preferable whereby the gas
pressure may be reduced to values ag low as 10-?
mm. of mercury for satisfactory operation.

However, a pressure of 1 mm, of the gas under
observation may be used to obtain enhanced ef-
fects. ' To prevent corona discharge and simui-
taneously to avoid pressure broadening of the
& non-polar gas such as argon or
nitrogen is added until the total pressure is such
that there is no voltage break down at 2000 to
3000 volts per. centimeter, The total pressure
should be of the order of 10 em. of mereury or
less.

However, since waveguides become cumber-
some  for transmission of microwaves having
wavelengths of the order of 30 cm., a cavity reso-
Moreover, it should
be emphasized that 30 cm. waveguides may be em-
ployed, but that in order to maintain reasongbly
uniform field conformation, wire grills, arranged
perpendicularly to each other, should be placed
across the openings between the waveguides.

_Referring to Figure 2, a convenient form of
cavity resonator system according to the inven-
tion comprises a pair of telescoped rectanguiar
cavity resonators'A and B having a common por-
tion 31 disposed between two parallel disposed
wire screens 38, 35, or slotted walls, having per-
pendicularly disposed screen apertures. The two
resonators A and B are separated by an insulated
gasket 37, whereby the slotted screens 33, 35 may
be maintained at an adjustaple unidirectional po-
tential by means of the battery 17 and voltage di-
vider 19. A microwave Source, not shown, is cou-
pled into the first cavity resonator A by means
of an input coaxial line 39 terminated in an input
coupling loop 41 disposed in 2 plane normal to
the drawing. Similarly the second cavity reson-
ator B is coupled by means of an output coupling
loop 43 in a plane parallel with the drawing, and
through an output coaxial line 45 to a microwave
detector 47 including an Indicator 49,

_Due to the perpendicularly disposed wire
sereens 33 and 35, there will be substantially no
microwave coupling between the cavity resonators
A and B unless the dipole moments of gases or
vapors circulated through the two cavity resona-
tors, the applied microwave frequency, and the
strength of the electrostatic field established be-
tween the screens 33 and 35 are so related that
the electric fleld is rotated through an angle of
90° in the coupling space 31 between the wire
be tested may pe confined
within the two cavity resonators or it may be
circulated continuously therethrough from g gas
Or vapor conduit system; the inlet portion §¢ and
outlet portion 53 only being shown. The system
is operative in the same manner as that de-
scribed heretofore hy reference to the device in
Pigure 1, since the electric vectors of the cavity
resonators A and B are in perpendicular relation
due to the perpendicular orientation of the aper-
tures of the wire screens 33 and 35. The coupling
between the cavity resonators is entirely con-
trolled by the synchronous rotation of the gase-
ous molecules in the region 31 common to both
cavity resonators. .

A continuous and direct indicating system for
measuring the presence and quantities of gases
having dipole moments in a gaseous mixture is
shown in Figure 3 wherein a. microwave source
61 is coiipled through the input coaxial line 39
and terminated in an input coupling loop 41
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arranged in a plane normal to the drawing. The
input coupling loop #f is coupled into the first
cavity resonator A which intersects the second
cavity resonator B and has a common coupling
space 31, as described heretofore by reference
to Figure 2. Instead of wire screens 33 and 35
comprising conductors arranged in perpendicular
relation, slotted walls 33’ and 35’ having per-
pendicularly disposed slots, may be employed.
The output coupling loop 43 and output coaxial
line 45 are coupled from the second cavity re-
sonator B to a microwave receiver 63, the de-
modulated output of which is coupled to the ver-
tical deflecting elements 65 of a cathode ray
oscilloscope 61. In order that the system may
be swept through a predetermined dipole moment
range for simultaneously indicating the presence
‘of a number of different gases having different
dipole moments, a modulation signal source 6%
is coupled through a transformer Ti and a series
connected unidirectional voltage source, such as
a battery 19, to apply a continuously varying volt-
age to the two slotted screen electrodes 33’ and
35’. The range of the modulated voltage may
be adjusted by an adjustable tap 13 on the bat-
tery 19. A sweep voltage generator 15 actuated

electric axes for analyzing the composition of
gases or vapors having dipole moments, compris-
ing applying an electric field to said gases or
vapors in an intermediate wavepath disposed be-
tween and coupling together said devices, vary-

" ing the strength of said field to control said wave
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by, or synchronized with, the modulated signal

source 69 applies a sawtooth sweep potential as
shown in the solid line graph 711 to the horizontal
deflecting elements 719 of the oscilloscope 61. If
desired, the sweep generator 15 may provide a
modified sawiooth waveform, as shown in the
_dash line curve 8!, to spread a desired portion

30

coupling hetween said devices as a combined
function of said field strength and the dipole
moments of said gases, and indicating the char-
acteristics of said composition as a function of
said dipole moments and of said field strength
in said intermediate wavepath.

2. The method of utilizing a pair of wave propa-
gation devices having perpendicularly disposed

" electric axes for analyzing the composition of

gases or vapors having dipole moments, compris-
ing applying an electric fleld to said gases or
vapors in an intermediate wavepath disposed be-
tween and coupling together said devices, varying
the strength of said field to control said wave
coupling between said devices as a combined func-
tion of said field strength and the dipole moments
of said gases, and indicating the characteristics of
said composition as g combined function of said
dipole moments, the frequency of said wave propa-
gation, and of said field strength in said inter-
mediate wavepath.

3. The method of utilizing a pair of wave propa-
gation devices having perpendicularly disposed -
electric axes for measuring the dipole moments
of gases or vapors, comprising applying an elec~-

- tric field to said gases or vapors in an interme-

of the timing scale on the horizontal axis of the .

oscilloscope. - Various methods and systems for
providing such modified sawtooth timing signals
are well known in the oscillographic art.

In operation, adjustment of the tap 13 on the
high voltage source 18 (which should be of the
order of 2000 to 3000 volts) determines the median
value of the dipole moment range to be indicated,
and the magnitudes of the modulation signals

" superimposed upon the unidirectional potential
determine the upper and lower limits of the
dipole moment scale. The presence of gases or
vapors having dipole moments in the gaseous
mixture circulated through or confined within
the cavity resonators A and B thus provide ver-

_ tical deflection of” the oscilloscope cathode ray.

at one or more points on the horizontal scale.
The magnitude of the vertical deflection is char-
acteristic of the quantity of gas present in the
mixture for gases or vapors of each dipole mo-
ment value. . The horizontal scale may be cali-
brated in values of dipole moment or in terms
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of known gaseous.or vapor components. AS ex- |

plained heretofore, the dipole moment scale also
may be shifted by selection of a different applied
microwave frequency. The modulation .signal
source 69 may have any dmired low frequency
providing a sufficiently high rate of horizontal
scanning for satisfactory observation. |
Thus the invention disclosed and claimed here-

an

in comprises several systems for measuring and -

indicating the presence of gases or-vapors having
dipole moments wherein microwave transmission
through said gases or vapors is subjected to an
adjustable or varying electrostatic fleld to pro-
vide rotation of the electric fields of the micro-
‘wave propagation between a pair of waveguides
or cavity resonators in which the electrical fields
are normally perpendicular.
I claim gs my invention:
* 1. The method of utilizing a pair of wave propa-
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diate wavepath disposed between and coupling
together said devices, varying the strength of said
field to control said wave coupling between -said
devices as a combined function of said fleld -
strength and the dipole moments of said gdses,
and indicating said dipole moments as a function
of said field strength in said intermediate wave-
path.

4. Apparatus for analyzmg the composition of
gases or vapors having dipole moments includ-
ing a pair of wave propagation devices having
perpendicularly disposed electric axes, an inter-
mediate wave propagation path disposed between
and coupling together said devices, means for ap-
plying an electric field to said intermediate wave-
path, means for varying the strength of said field
to control said wave coupling between said de-
vices as 3 combined function of said fleld strength
and said dipole moments, and means coupled to
one of said devices for indicating the character-
istics of said composition as a function of the
magnitude of wave propagation between said de-'
vices and of said-field strength in said interme-
diate wavepath. ) .

5. Apparatus for measuring the dipole moments
of gases or vapors including g pair of wave "
propagation devices having substantially perpen-
dicularly disposed electric axes, an intermediate
wave propagation path disposed between and cou-
pling together said devices, means for applying

‘an electric fleld to said intermediate wavepath,

means for varying the strength of said field ta
control said wave coupling between said devices
as a combined function of said fleld strength and
said dipole moments, and means coupled to one
of said devices for indicating said dipole moments
as a function of said field strength in said inter-
mediate wavepath.

6. Apparatus for analyzing the composxtion of
gases or vapors having dipole moments includ-
ing a pair of wave propagation devices having
perpendicularly disposed electric axes, a source

gation devices having perpendicularly disposed 75 of microwave signals coupled into one of said
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devices, & microwave signal output efrcuit cou-
pled to the other of said devices, an interme-
diate wave propagation path disposed between
and coupling together said devices, means for
applying an electric fleld to said intermediate
wavepath, means for varying the strength of
sald field to control said wave coupling between
said devices as a combined function of said fleld
strength and said dipole moments, and means
coupled to said output circuit for indicating the
characteristics of said composition as a function
of the magnitude of said output signals and of
said fleld strength in said intermediate wavepath.

7. Apparatus for analyzing the composition of
gases or vapors having dipole moments including
& pair of waveguides having perpendicularly dis-
" posed “electric. axes, an intermediate. wavepath

disposed between and coupling together said de-
vices, means for introducing said gases or vapors
into sald intermediate wavepath, means for ap-
plying an electric fleld to sald intermediate wave-
- path, means for varying the strength of said field
to control said wave coupling between sald pair
of waveguides as a combined function of said
fleld strength and said dipole moments, and

means coupled into one of said waveguides for

indicating the characteristics of said composition
as a function of said wave coupling between said
pair of waveguides and of fleld strength in said
intermediate wavepath.

8. Apparatus for analyzing the composition of
gases or vapors having dipole moments includ-
ing a palr of microwave cavity resonators having

2,524,390
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of gases or vapors having dipole moments includ-

" ing an enclosed conductive gas or vapor chamber
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perpendicularly disposed electric axes, a source .

of microwave signals coupled into one of said
resonators, & microwave signal output circuit
coupled to the other of said resonators, an in-
termediate wave propagation path disposed be-
tween and coupling together said resonators,
means for applying an electric fleld to said inter-
_mediate wavepath, means for varying the
“strength of said field to control said wave cou-
pling between saeid resonators as a& combined
function of said fleld strength and said dipole
moments, and means coupled to said output cir-
cult for indicating the characteristics of said
composition as a function of the magnitudes of

said output signals and of said fleld strength in .

said intermediate wavepath.

9. Apparatus for analyzing the composition of
gases or vapors having dipole moments includ-
ing an enclosed conductive gas or vapor chamber
having a pair of conductive apertured elements
disposed transversely therein, the apertures in
said elements being perpendicularly disposed to
provide a pair of intersecting microwave cavity
resonators having perpendicularly disposed elec-
tric axes, a source of microwave signals.coupled
into one of said resonators, g microwave signal
output circuit coupled to the other of said reso-
nators, the space between said screen elements
common to said resonators comprising an inter-
mediate wave propagation path coupling together
said resonators, a source of voltage, means for
applying said voltage to said elements to provide
an electric field in said space, means for varying
the strength of said field to control said wave
coupling between said resonators as a combined
function of the strength of said field and said
dipole moments, and means coupled to said out-
put circuit for indicating the characteristics of
sald composition as a function of the magnitudes
of sald output signals and of said field strength
in sald intermediate wavepath.

10. Apparatus for analyzing the composition

35
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having a pair of conductive apertured elements
disposed - transversely therein, the apertures in
said elements being Perpendicularly disposed to

-provide a pair of intersecting microwave cavity

resonators having perpendicularly disposed elec-
tric axes, a source of microwave signals coupled
into one -of said resonators, a microwave signal
output circuit coupled to the other of said reso-
nators, the space between sald screen elements
common to said resonators comprising an inter-
mediate wave propagation path coupling together
sald resonators, a source of modulation signals,
means for applying said modulation signals to
said elements to provide a varying electric fleld
In sald space to control said wave coupling be-
tween said resonators as a combined function of
the strength of said field and said dipole mo-
ments, and means coupled to said output circuit
for indicating the characteristics of said com-
position as a function of the magnitudes of said
output signals and’of said field strength in said
intermediate wavepath.

11 Apparatus for analyzing the composition
of gases or vapors having dipole moments includ-
ing an enclosed conductive gas or vapor chamber
having a pair of conductive apertured elements
disposed transversely therein, the apertures in

said elements being ‘perpendicularly disposed to -

provide a pair of intersecting microwave cavity
resonators having perpendicularly disposed elec-
tric axes, a source of microwave signals coupled
into one of said resonators, g microwave signal
output circuit eoupled to the
nators, the space between said screen elements
common to said resonators comprising an inter-
mediate wave propagation path coupling together
sald resonators, a source of modulation signals,
means for applying said modulation signals to
said elements to provide a varying electric field
in said space to control said wave coupling be-
tween said resonators as a combined function of
the strength of said field .and said dipole mo-
ments, and an oscillograph coupled to sald output
circuit and to said modulation signal source for
indicating the characteristics of said composition
as a function of the magnitudes of said output
signals and of said fleld strength in sald inter-
mediate wavepath.

12. Apparatus according to claim 10 including
a source of voltage, means for applying said
voltage to bias said apertured elements, and

- means for adjusting said bias voltage to control
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the effective range of said indications. .

13. Apparatus for analyzing .the composition
of gases or vapors having dipole moments in-
cluding an enclosed conductive gas or vapor

' chamber having a. pair of conductive apertured

elements disposed transversely therein, the aper-
tures in said elements being perpendicularly dis-
posed to provide g pair of intersecting micro-

wave cavity resonators having perpendicularly

disposed eledtric axes, a source of microwave
signals coupled into one of said resonators, &
microwave signal output ecircuit coupled to the
other of said resonators, the space between said

screen elements common to said resonators com- -

prising an intermediate wave propagation path
coupling together said resonators, a source ‘of
modulation signals, means for applying said
modulation signals to said elements to provide
a varying electric field in said space to control
said wave coupling between said resonators as a
combined function of the strength of said field

other of said reso- .
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and said dipole moments, and a cathode ray
oscilloscope having a first ray deflection element
coupled to said output circuit and having a sec-

ond ray deflection element coupled to said modu-

lation signal source for indicating the charac-
teristics of said composition as a function of the
magnitudes of sald output signals and of said
field strength in said intermediate wavepath.

14. The method of utilizing gases or vapors
having dipole moments for controlling microwave
coupling between a pair of microwave propaga-
tion devices having perpendicularly disposed elec-
tric axes comprising applying an electric fleld to
said gases or vapors in an intermediate wavepath
disposed between and coupling together said de-
vices, and varying the strength of said field to
control said wave coupling between said devices
as a combined function of said field strength and
the dipole moments -of said gases.

15. Apparatus for coupling together a pair of g9 2,423,383

microwave propagation devices having perpen-
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dicularly disposed electric axes comprising an
intermediate wave propagation path disposed
between and coupling together said devices, a
microwave energy absorptive gas or vapor having
a dipole moment disposed within said inter-
mediate wavepath, means for applying an electric
fleld to said intermediate wavepath, and means
for varying the strength of said field fo control -
said wave coupling between said devices as a
.combined function of said field strength and said
dipole moment.
WILLIAM D. BERSHBERGER.
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