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quantity of a gas of interest includes a source of electro 
magnetic radiation for directing a light beam through a light 
conditioning device such that the light beam is collimated 
into a parallel beam of light. The conditioned light beam is 
then directed through a gas sample cell which contains a 
sample of the gas of interest. The gas of interest has 
associated therewith, vibrational rotational absorption lines 
speci?c to that gas and which are etfective for altering the 
light beam according to the absorption characteristics 
thereof. The altered light beam is then directed to a bire 
fringent etalon device which has been sized speci?cally to 
match those absorption lines of the gas of interest. An 
electro-optical modulator device associated with the bire 
fringent etalon modulates the absorption lines between the 
transmission spectra maxima and a point between the trans 
mission spectra maxima so that an absorption ratio can be 
utilized to determine the presence or quantity of the gas of 
interest. 
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METHOD AND ARRANGEMENT FOR 
MEASURING THE OPTICAL ABSORPTIONS 

OF GASEOUS MIXTURES 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

CROSS REFERENCE OF RELATED 
APPLICATION 

The present invention is related to material disclosed in 
the following copending U.S. Patent Application which is 
assigned to the same assignee as the present application. 

U.S. Ser. No. 345,858, “A Method and Apparatus for 
Remotely and Portably Measuring a Gas of Interest”, ?led 
May 1, 1989 by F. M. Ryan and M. S. Gottlieb. 

1. Field of the Invention 

This invention relates to an improved method and 
arrangement for measuuring the optical absorption proper 
ties of various gaseous mixtures. More particularly, this 
invention relates to such a method and arrangement which 
utilizes an etalon device and electro-optic modulation tech 
niques to measure the optical absorption characteristics of 
selected gases. 

BACKGROUND OF THE INVENTION 

In the ?eld of measuring, detecting and/or analyzing the 
characteristics of gaseous or liquid mixtures, there’s a heavy 
reliance placed on the evaluation of the absorption spectra 
that are obtained by use of optical methods. Because of the 
increased awareness on the part of society as a whole and 
further because of increased government regulatory activi 
ties, this ?eld of monitoring and/or analyzing the various 
gaseous mixtures that are present in industrial, residential, or 
commercial environments has been subjected to greater 
scrutiny and has been the source of increased interest so that 
more accurate and e?icient methods can be developed to 
detect and subsequently reduce the effects of such gases that 
my be harmful to persons as well as to the environment. 
Some of the various gaseous mixtures that are of concern 
come about as by-products of processes or operations that 
are essential to society, as for instance, the use of automo 
biles or the burning of fossil fuels to generate electricity 
where the concerns are the e?icient burning of those hydro 
carbon fuels. Consequently, it is obvious that the means for 
dealing with such gaseous mixtures is not the elimination of 
the processes that generate them, but instead, in detecting 
and monitoring these gaseous mixtures and taking steps to 
contain them so that their effects can be minimized, or in fact 
neutralized altogether. Examples of some of the gaseous 
mixtures that are recognized as harmful or where the 
absence of which may be harmful, are; sulfur dioxide (S02), 
ozone (03), carbon dioxide (CO2), nitric oxide (NO), nitro 
gen dioxide (NO2), and ammonia (NHS). 
An example of an industrial setting where it is necessary 

to detect these as well as other gaseous mixtures is in the 
?eld of monitoring and controlling stack gas pollutants in a 
combustion control environment. Solid electrolyte compo 
sitions which are uniquely responsive to certain gaseous 
mixtures have been utilized for this type of application, an 
example of which can be found in U.S. Pat. No. 3,915,830 
which issued to A. O. Isenberg on Oct. 28, 1975. In some 
measurement systems of this type, a sensing electrode which 
is contacted by the stack gas emissions to be monitored is 
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2 
disposed on one side of the solid electrolyte cell while a 
reference electrode, which is contacted by reference gas, is 
disposed on the opposite side of the solid electrolyte cell. An 
EMF signal is generated which responds to the difference in 
partial pressure in the gas specie across the electrolyte. This 
type of approach may require continuous operator monitor 
ing because of the fact that the reference gas may not always 
be adequately isolated from the stack gas so as to insure that 
the integrity of the reference gas is maintained to the precise 
degree necessary. Since the measurement of the stack gas is 
made relative to the reference gas, it is therefore essential to 
constantly monitor the reference gas and recalibrate when 
necessary. 

Another approach to the detection and/or measurement of 
gaseous mixtures is the use of absorption spectroscopic 
techniques which utilize the fact that, at speci?c wave 
lengths of electromagnetic radiation, certain gases exhibit 
speci?c absorption characteristics which can be used to 
identify and quantify particular constituents of that gaseous 
mixture. 
An example of the use of spectrographic techniques for 

the detection and/0r measurement of gaseous mixtures 
involves the use of a device known as an acousto-optic 
tunable ?lter, commonly known as an AOTF. U.S. Pat. No. 
3,805,196 which issued to J. D. Feichmer et at. on Apr. 16, 
1974 discloses the use of a crystal made of thallium arsenic 
selenide (TAS) which can be operated in the infrared region 
of the electromagnetic spectrum to act as an AOTF. Depend 
ing on the geometry of the crystal and the RF signal that is 
used for modulation, the AOTF can be effectively operated 
in conjunction with the detector which detects the absorption 
characteristics of the gaseous mixture through which an 
infrared beam is directed, to achieve the detection of the 
various gases which are of concern. An example of an 
application of AOTF technology can be found in U.S. Pat. 
No. 4,505,550 which issued to K. B. Steinbruegge on Mar. 
19, 1985. In this patent, input and output polarizers are 
coupled to and aligned with the AOTF device so as to attain 
the precise absorption band center for the gaseous constitu 
ents. Another example of an AOTF technology in the ?eld 
of gaseous mature detection and monitoring can be found in 
U.S. Pat. No. 4,652,756 which issued to F. M. Ryan et al. on 
Mar. 24, 1987. In this patent, the tuning function of an AOTF 
device is utilized in combination with a source of radiation 
that produces pulsed light at predetermined wavelengths. A 
detector, placed across the environment of interest which in 
this example can be a gas stack, can discriminate between 
the pulsed light emissions and the steady thermal emissions 
from the hot gas stack. 

Though the use of AOTF devices for the purposes of 
detecting and/or analyzing gases of interest has been effec 
tive in a large number of industrial and commercial appli 
cations, the sensitivity of this technology has not reached the 
level that is now becoming desirable in order to meet 
requirements of environmental regulations which have been 
becoming more strict. For instance, if a detection arrange 
ment could be developed that could measure an mount of 
SO2 in an environment of interest at a level of 10 ppB, such 
a detection arrangement could easily meet present and 
proposed environmental regulations. Although there are 
presently certain types of gas measurement arrangements in 
existence, which are capable of operating in this range, such 
arrangements suffer from de?ciencies such as an inability to 
be modi?ed so as to operate for a different gaseous mixture, 
or where such an arrangement can differentiate gases, it is 
subject to interference because of the ?ltering arrangement 
being used. Speci?cally it is possible to detect 802 at this 
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level with an arrangement utilizing an ultraviolet induced 
?uorescence technique, however, such an arrangement is 
limited to the application whereby it is desired to detect and 
quantify SO2 only, it is not effective for other gases that may 
be of interest. Additionally, it is possible to use an ultraviolet 
absorption technique which can be tailored to suit other 
gases of interest but such technique uses a ?lter wheel to 
achieve the speci?c bandwidth associated with the particular 
gas of interest. In this approach, because of the limitation of 
using a ?lter wheel, it is necessary to operate in a low 
rotating frequency range which has the disadvantage of 
increasing the effect of detector noise. The ?lter wheel 
approach has the further disadvantage that it measures the 
relative amounts of light absorbed in two neighboring wave 
length ranges and deduces therefrom, the concentration of 
the absorbing gas present. This approach is not speci?c to 
the desired gas however, so that any other absorbing species 
at these wavelengths will produce an interfering absorption 
and hence, an erroneous measurement. 

Still another technique utilizes an interferometer, or as it 
is sometimes referred to in the industry, an etalon, to 
measure the gaseous mixture constituents through the selec 
tive transmission of the periodic spectra associated with the 
gaseous mixture of interest. An example of such a technique 
can be found in U.S. Pat. No. 3,939,348 which issued to J. 
J. Barrett on Feb. 17, 1976. In this patent, a Fabry-Perot 
interferometer is used to provide a plurality of transmission 
windows regularly spaced in frequency. Selectively sepa 
rated periodic spectra which are made up of a plurality to 
rotational, vibrational infrared absorption lines associated 
with the gaseous mixture of interest, are transmitted in the 
form of fringes thereby providing a detectable signal from 
which a determination of the amount of the particular gas of 
interest can be made. The Fabry-Perot interferometer which 
is essential to the operation of this arrangement, provides for 
a mirror separation which can be adjusted to simultaneously 
transmit all of the rotational, vibrational infrared absorption 
lines to a molecular species of the gas of interest. This 
approach to gaseous mixture measurement and detection has 
provided an advantage in that the sensitivity achieved has 
been an advance over existing techniques, however, by 
relying on a mechanical arrangement for providing the 
setective separation of the periodic spectra, this approach 
suffers from certain limitations inherent in the use of a 
mechanical ?ltering arrangement. For instance, the accuracy 
and hence, the sensitivity of this approach is dependent on 
the ability to accurately align the mirror elements of the 
Fabry-Perot interferometer to the precise bandwidth desired. 
Additionally inherent in the operation of such a mechanical 
arrangement is the limitation that modifying the operating 
characteristics of this measurement technique requires a 
cumbersome and time consuming manual operation involv 
ing the actual alignment or tuning of the mirror separation 
and the veri?cation of the results of this alignment. 

Another example of the use of an interferometer device 
for the detection and/or measurement of a particular gas of 
interest can be found in British Patent No. 2,174,198 issued 
to G. Fortunato on Oct. 29, 1986. In this patent, rather than 
using a tunable Fabry-Perot interferometer, a stress tunable 
birefringent etalon is used to achieve the selective separation 
of the periodic rotational vibrational infrared absorption 
spectra associated with the particular gas of interest. The 
modulation arrangement of this approach achieves the spe 
ci?c bandwidth by use of a photoelastic element which is 
excited by a piezoelectric ceramic so that the birefringence 
is variable by compression. French Patents 2,555,747 and 
2,555,748 issued on May 31, 1985 to Fortunato et al. also 

10 

25 

30 

35 

45 

50 

55 

60 

65 

4 
employ interferometric techniques; in U.S. Pat. No. 2,555, 
747, a piezoelectric element is used to modulate a luminous 
beam and to provide temperature compensation and in 
Patent No. 2,555,748 a rotating polarizer is used as a 
modulation technique. 

SUMMARY OF THE INVENTION 

It is therefore an object of the invention to provide an 
arrangement for detecting and/or measuring a gaseous mix 
ture of interest and to perform such detection or measure 
ment operation using an approach that achieves a high 
degree of accuracy and sensitivity yet allows for the con 
tinued operation with a minimum of adjustment and effort. 

With this object in mind, the present invention provides a 
method and apparatus for measuring the optical absorption 
characteristics of a particular gas of interest which includes 
a source of electromagnetic radiation as well as a means for 
conditioning the electromagnetic radiation so as to be 
directed through a sample of the gaseous mixture of interest. 
The present invention also provides a means for electrically 
modulating the electromagnetic radiation that has [bee] been 
passed through the gaseous mixture of interest; the modu 
lating means including a birefringent etalon and further 
having associated therewith, a periodic spacing equal to the 
periodicity of the absorption lines associated with the gas 
eous mixture of interest. The modulating means is further 
effective for applying an electric ?eld to the birefringent 
etalon such that the periodic transmission spectrum is shifted 
between spectra which coincide exactly with such absorp 
tion lines and spectra which fall between such absorption 
lines. A detecting means is also provided by the present 
invention, such detecting means being effective for detecting 
at least the intensity of such periodic transmission spectra 
following passage through such gaseous mixture of interest 
and determining therefrom at least a measurement indicating 
an amount of such particular gas of interest. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The preferred embodiments of the invention will be 
described, by way of example with reference to accompa 
nying drawings in which; 

FIG. 1 is an elcvational view partly in block diagram form 
of a gas analyzing arrangement constructed in accordance 
with the teachings of the prior art; 

FIG. 2 is an elevational view partly in block diagram form 
of a gas analyzing arrangement constructed in accordance 
with the present invention; 

FIG. 3 is an elevational view partly in block diagram form 
of a gas analyzing arrangement constructed in accordance 
with an alternate embodiment of the present invention; 

FIG. 4 is an elevational view partly in block diagram form 
or a gas analyzing arrangement constructed in accordance 
with a second alternate embodiment of the invention; 

FIG. 5 is an elevational view partly in block diagram form 
of a gas analyzing arrangement constructed in accordance 
with a third alternate embodiment of the invention; 

FIG. 6 is an elevational view partly in block diagram form 
of a gas analyzing arrangement constructed in accordance 
with a fourth alternate embodiment of the invention; 

FIGS. 7A—F are graphical representations of the absorp 
tion spectra of a gas of interest which relates to correlation 
and anti-correlation spectra with various levels of ?nesse of 
the etalon; 
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FIG. 8A is an elevational view in section of an etalon 
device constructed in accordance with the present invention; 

FIG. 8B is an elevational view in section of an etalon 
device constructed in accordance with the invention as 
illustrated in FIG. 5; and 

FIG. 9 is a graphical representation of the performance 
characteristics of the gas analyzing arrangements of the 
present invention wherein the gas of interest is S02. 

DESCRIPTION AND OPERATION 

The present invention will be more readily understood 
following a description of the prior are illustrated in FIG. 1. 
This prior an discloses an apparatus for the detection and 
measurement of various gaseous mixtures based on an 
evaluation of the selective transmission of the periodic 
spectra, wherein a Fabry-Perot interferometer 10 is utilized 
in an overall system to provide a detectable signal from 
which the concentration of the particular gas specie can be 
determined. A light source 12 provides a beam of incoherent 
infrared radiation to a light conditioning arrangement which 
includes a tint lens 16 and a ?lter 20, which light condi 
tioning arrangement is effective for collecting, collimating 
and transmitting the beam of radiation to the primary 
?ltering portion of the Fabry-Perot interferometer 10. The 
Fabry-Perot interferometer 10 provides a plurality of trans 
mission windows regularly spaced in frequency, which 
frequency spacing between adjacent windows is adjusted to 
coincide with the absorption spectra of the gas specie to be 
detected. The light beam 18, afar having passed through the 
interferometer 10 which has coupled thereto, a modulating 
arrangement 30 effective for providing a shifting of the 
frequency spacing to approximately one-half the frequency 
spacing between the adjacent fringes, is transmitted through 
a sample 14 of the gas specie to be detected. This detectable 
light signal 26 which emerges from the gas sample 14 is 
passed through a signal conditioning arrangement consisting 
of a second lens element 32, a pinhole stop 34 having a 
pinhole 36 formed therein, and an infrared detector 38. 
The second lens element 32 collects and focuses the 

signal 26 onto the pinhole stop 34 in which the pinhole 36 
is formed. The intensity of the signal 26 passing through the 
pinhole 36 is detected by a infrared detector 38. The infrared 
detector device 38 operates on the signal 26 and passes it 
along to a phase sensitive detection circuit 40 for analysis of 
the signal 26 and a determination of the presence and/or 
quantity of the particular gas of interest that is present in the 
sample 14. This determination is made using conventional 
means as a function of the detected absorption characteris 
tics present in the signal 26. A display or recording arrange 
ment 42 can be placed in series with the phase sensitive 
detection circuit 40 in a conventional manner. 

As discussed hereinabove, the modulating arrangement 
30 associated with the second mirror of the interferometer is 
effective for modulating the phase difference of the detect 
able signal 26 so as to achieve a precise bandwidth of light, 
the absorption of which identi?es the presence and/or quan 
tity of the gas of interest that is present in the sample 14. The 
operation of modulating the interferometer 24 involves 
varying the distance between two mirror segments 24a and 
24b which make up the interferometer 24. Inherent in this 
method of modulation is the limitation typically associated 
with such a mechanical operation; that is, the accuracy of 
such a setting is only as reliable as the mechanical linkages 
used to achieve the desired positioning. 

In contrast to the mechanical type of modulation arrange 
ment shown in FIG. 1, other prior art teachings have 
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6 
employed still di?’erent approaches such as the stress type of 
modulation used to change the birefringence properties of an 
etalon device made of a piezoelectric material. As seen in 
FIG. 2, however, a gas analyzer arrangement shown gener 
ally as reference numeral 50 does not utilize either of these 
types of modulation arrangments; in fact, such as analyzer 
con?guration entirely avoids the use of a mechanical modu 
lation arrangement. 
The gas analyzer and/or measurement arrangement 50 

shown in FIG. 2 includes a source of electromagnetic 
radiation 52. In the preferred embodiment of this invention, 
the source of electromagnetic radiation is an ultraviolet 
lamp, however, it can be appreciated that other types of light 
emitting devices could be used as well depending on the 
wavelength at which the particular gas of interest is 
absorbed; such other sources of electromagnetic radiation 
are contemplated as being within the scope of the present 
invention. 

Electromagnetic radiation from the light source 52 is ?rst 
directed through a light conditioning device such as a 
collimating lens 54 which is effective for directing the light 
beam into a parallel stream shown in FIG. 2 as light beam 
56. Once conditioned by the collimating lens 54, the light 
beam 56 is directed to one face of a gas sample cell 58. It 
should be understood that the gas sample cell 58 is illus 
trated as a self contained system merely for the purpose of 
convenience and that, depending on the speci?c application 
of the gas measurement and/or analyzer arrangement 50 of 
the present invention, the means of introducing the gas of 
interest to the gas sample cell 58 can vary according to the 
environment in which the gas is found and whether a 
detection or quanti?cation process is the desired activity. For 
instance, a gas from a large environment can be channeled 
to the gas sample cell by a conventional piping arrangement 
that would channel the gaseous mixture such that is it at 
equilibrium and at the identical concentration as the gaseous 
mixture in the larger environment. Additionally, it should be 
understood that the length of the gas sample cell 58 is a 
contributing factor to the determination of the quantity of 
gas that is present; this length will be a known value in the 
performance of the ?nal calculation done by conventional 
means and described hereinafter in further detail. 

As seen in FIG. 2, the light beam is directed through the 
gas sample cell 58 along its longitudinal axis thereby 
exposing the gaseous mixture within the gas sample cell to 
the light beam 56 so that the optical absorption properties of 
the gaseous mixture can be utilized to determine either the 
presence of quantity of the particular gas of interest. Fol 
lowing passage through the gas sample cell 58, the optical 
properties of the incoming light beam 56 will have been 
altered such that the light beam 60 which exits the gas 
sample cell 58 will possess characteristics re?ecting the 
absorption properties of the gas species within the gas 
sample cell 58. The light beam 60 is directed from the gas 
sample cell 58 to a ?rst, or input polarizer element 62 which 
polarizes light beam 60 prior to it being directed to a 
birefringent etalon device 64. For purposes of discussion 
relative to FIG. 2, it should be understood that the etalon 
device 64 is constructed so as to have a length which is 
speci?cally associated with the gas of interest; that is, the 
optical characteristics of the particular etalon used to detect 
the speci?c gas are determined by the dimensions of that 
etalon device. 

Etalon devices of the type used herein, can be constructed 
of any suitable birefringent material such as crystalline 
quartz; additionally other examples of materials suitable for 
the construction of etalon devices are: potassium di-hydro 
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gen phosphate (KDP), potassium dideuterium phosphate 
(KD*P), and ammonium di-hydrogen phosphate (ADP). 
Furthermore, the material lithium niobate can be used in an 
application of an etalon devices such as is shown in FIG. 6 
where the direction of propagation of the light beam is 
transverse to the application of the electric ?eld used to 
modulate the birefringent etalon device, such application to 
be described hereinafter in further detail. 

The light beam 60 passes through the birefringent etalon 
device 64 which has been sized to speci?cally correlate to 
the speci?c gas of interest, and according to the manner in 
which the waveshape of light beam 60 relates to the ?ltering 
capacity of the etalon device 64, will exit the etalon device 
64 as a detectable signal output, which shall be designated 
light signal 66. This detectable light signal 66 is then passed 
through to the input surface of an electro-optical modulator 
device 68. The electro-optical modulator 68 for the preferred 
embodiment of the invention, is constructed of the material 
potassium di-deuterium phosphate (KD*P). The electro 
optical modulator 68 is operated in the longitudinal electro 
optical ?eld con?guration, that is, an electric ?eld is applied 
in the direction of the light propagation. A voltage connected 
across a pair of thin transparent conducting gold electrodes 
70a and 70b can be used to produce this electric ?eld which 
is responsible for the modulation function. The speci?ed 
voltage is generated by a conventional voltage generating 
source shown in FIG. 2 as reference 72. 

In order to effectively utilize the properties of the bire 
fringent etalon device 64 in conjunction with the electro 
optical modulators 68, it is necessary to practice a technol 
ogy commonly known as differential absorption 
spectroscopy. In differential absorption spectroscopy, it is 
known to measure the absorption at a wavelength in the 
absorption band of the gas of interest and to compare this 
absorption to that which is measured at a reference wave 
length, the reference wavelength being at a region where the 
gas of interest exhibits minimal if any absorption charac 
teristics. It is further known that the ratio of these two 
absorptions produces a value that can be utilized in deter 
mining the concentration of the gas of interest. It can be 
appreciated that the practice of differential absorption spec 
troscopy is inherently more safe that the use of a non 
dispersive absorption spectrometer which utilizes a refer 
ence sample cell of the gas of interest as a comparison of the 
absorption characteristics with the sample of the gas of 
interest. In this approach, when one is attempting to detect 
or quantify an amount of a harmful substance such as 
hydrogen fluoride (HF) or hydrogen chloride (HCL), one 
must have as a reference material, a sample of that harmful 
substance. 

In the ?eld of differential absorption spectroscopy. is 
known chat one can achieve the modulation necessary by 
use of a dispersive device such as a diffraction grading or by 
means of selected narrow band optical ?lters. In the present 
invention, however, the necessary modulation is achieved by 
applying an electric ?eld to the electro-optical modulator 68 
such that the transmission spectra is shifted half the distance 
between the maxima to achieve what is referred to as the 
halfwave voltage. In the past, etalon devices have been 
modulated by means of mechanical arrangements which 
require that, in order to modify the speci?c absorption 
wavelength to recognize a gaseous constituent other than the 
one originally calibrated, it was necessary to modify the 
spacing or other mechanical relationship to achieve a dif 
ferent absorption wavelength. With this limitation there 
would be no ?exibility in the use of that particular etalon for 
the detection or quanti?cation of any gas interest other than 
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8 
the particular one for which it was constructed. By separat 
ing the modulation function from the etalon function, it can 
be appreciated that different gases of interest can be detected 
and quanti?ed by merely substituting a different etalon to the 
overall analyzer arrangement 50 shown in FIG. 2, in other 
words, there is no need to modify the modulation arrange 
ment, 

Following passage through the electro-optical modulator 
68, the light signal 66 is directed to an output polarizer 74 
and then to a bandpass ?ltering device 76 which, in coop‘ 
eration, conditions the light signal to remove unwanted light 
wave components of the light signal 66. The ?ltered light 
signal 66 is then passed on to a detector circuit 78 which 
determines the presence or quantity of the gas of interest 
from the gas sample cell 58 using conventional means and 
the ratio of the absorptions between the periodic spectra, the 
periodic transmission maxima and the halfway point 
between the periodic transmission maxima associated with a 
particular gas of interest. 
As seen in FIG. 3, the construction of the birefringent 

etalon is shown having the detectable light signal 60 incident 
to the birefringent etalon device 64 in such a manner that the 
direction of light propagation is transverse to the direction 
that the electric ?eld is applied to the electro-optical modu 
lating device 68. Further as shown in FIG. 3, the detectable 
light signal 60 is shown incident to the surface of the 
birefringent etalon device 64 which is constructed along 
crystal planes (001) and (100). The length of the birefringent 
etalon device 64 is made speci?cally to match the spacing of 
the gas of interest in the ultraviolet region. It should be 
understood that, if it is desired to detect or quantify simple 
gases which exhibit very narrow absorption lines in the 
infrared region, for example HCL, the length of the crystal 
utilized for the birefringent etalon device 64 would be 
modi?ed accordingly and the light source would have to be 
changed from an ultraviolet one to an infrared one, both of 
which modi?cations are contemplated as being within the 
scope of the present invention. It should further be appre 
ciated that the prior an analyzers which utilize mechanical 
arrangements for modulating the etalon device would suffer 
in their ability to precisely modulate between the periodic 
transmission maxima associated with gases having narrow 
absorption lines in the infrared region, and the halfway point 
between the periodic transmission maxima, a limitation 
which is not shared by the electro-optical modulation 
arrangement illustrated herein. 

In another embodiment of the present invention, it is 
desired to achieve a gas measuring and/or analyzing 
arrangement which can be speci?cally applied to operate on 
a gas specie having associated therewith, a very precise 
narrow bandwidth absorption spectra. The technique of 
speci?cally tailoring a substantially identical registration of 
the absorption characteristics of certain gases, is commonly 
referred to as a high ?nesse or increased ?nesse technique. 
As seen in FIG. 7A, for gases which exhibit very precise 
absorption lines, if a ?ltering arrangement could be provided 
to substantially correlate with these lines, a more precise 
measurement essentially immune from interference would 
result. Accordingly, a gas analyzer arrangement which could 
provide for such precise correlation between the absorption 
spectra of the particular gas specie and the ?ltering capa 
bilities of the interferometer arrangement should also pro 
vide a precise tailoring of the anti-correlation waveshape 
with which the absorption spectra is compared. It should be 
understood that having the capability to tailor the anti 
correlation waveshape in a manner illustrated by the dotted 
lines of FIG. 7B, will allow for a more accurate determina 
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tion of the presence and/or quantity of the gas of interest due 
to the fact that interference from other gases which may have 
absorption lines in the region under observation, can be 
avoided. For instance, the anti-correlation lines need not be 
constructed so as to fall directly between the correlation 
lines but in fact, because of the ability to precisely specify 
the location of these lines, they can be disposed near the 
correlation lines so as to avoid any absorption lines of 
another gas which may interfere with the accuracy of this 
desired measurement. 
An example of a gas analyzer of this type is illustrated in 

FIG. 4 where it is shown that a second birefringent etalon 
640 is disposed in the light path following the ?rst birefrin 
gent etalon 64b, the electro-optical modulator 68, and the 
polarizer 82. Since the second birefringent etalon 64c has a 
path length (21) that is twice that of the ?rst birefringent 
etalon 64b, it will have a periodic spacing that is one-half 
0/2) that of the ?rst birefringent etalon 64b. Additionally, by 
disposing these two etalons and 640 in series, the resulting 
periodic spacing is such that fewer and narrower absorption 
lines are achieved as seen in the waveshapes of FIGS. 
7C—7F. 

Such a gas analyzer arrangement can also be realized by 
the con?guration illustrated in FIG. 5 wherein a compound 
Fabry-Perot etalon 80 is used in conjunction with the 
electro-optical modulator 68 to achieve the high ?nesse gas 
analyzer arrangement. It should be noted that like elements 
as are illustrated in the embodiments of FIGS. 2-4 utilize 
like reference numerals. The compound Fabry-Perot etalon 
80 is further shown in FIG. 8B wherein it is shown that the 
structure is such that the path length l, in conjunction with 
the index of refraction n2, creates the exact registration of 
the gas specie of interest. 
To achieve the necessary indices of refraction that yield 

the speci?c correlation and anti-correlation waveshapes, the 
opposing surfaces formed along the longitudinal axis of the 
birefringent etalon 80 are coated with a partially re?ective 
surface coating. The amount of re?ectivity achieved by the 
surface coating is determinative of the sharpness of the 
absorption lines and hence, the high degree of ?nesse 
achieved as illustrated in FIG. 7F. Accordingly, it can be 
appreciated that by varying the amount of surface coating 
reflectivity, the ?nesse can be increased or decreased to 
achieve the sharpness necessary for the anti-correlation 
waveform to avoid absorbing interference of another gas 
specie. 
The index of refraction n1, is determinative of the spacing 

of the anti-correlation waveshape and can be speci?ed so as 
to achieve this spacing relative to the correlation waveshape 
as is necessary to avoid such interference from the absorp 
tion spectra of other gas species. The manner by which the 
selective spacing of the anti-correlation waveform can be 
achieved is best illustrated in FIG. 8B wherein the optical 
axis of the compound Fabry-Perot interferometer 80 are 
illustrated. As illustrated, the index of refraction n2 which is 
determinative of the correlation waveform frequency spac 
ing, is disposed along the (010) axis and, since this fre 
quency spacing must correlate with the absorption spectra of 
the gas of interest, this index of refraction n2 must be set and 
not be variable. The index of refraction 111 however is 
variable without alfecting the disposition of n2 and can be 
seen to vary, from 8=0° to 6=90° wherein, should #90", 
n1=nz and where 9=0° , nlznz with nz being the index of 
refraction when the optical axis (001) is disposed relative to 
the axis (100) and (010) as is illustrated in FIG. 8A; that is, 
when the optical z axis is disposed orthogonal to the plane 
formed by the optical x and y axii. This selection effectively 
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10 
moves the dotted anti-correlation lines shown in FIG. 7B 
between the correlation lines to the optimum position to 
prevent interference and to thereafter set, for the remaining 
operating life cycle of the gas analyzer arrangement, those 
indices of refraction once the material structure has been cut. 

Yet a ?rrther example of a gas analyzing arrangement 
constructed in accordance with another embodiment of the 
invention is illustrated in FIG. 6 where the electro-optical 
modulator 68 is divided into a pair of electro-optical modu 
lators 68a and 68b. For such a con?guration, the material 
used for the modulator can be lithium niobate and the 
electric ?eld can be applied to each of the modulator 
segments 68a and 68b in an orthogonal manner with respect 
to each other and in a direction transverse to the light 
propagation through the modulator elements 68a and 68b. 
The effect of such a transverse and orthogonal relationship 
of the electric ?eld application relative to the modulator 
elements 68a and 68b and to the direction of light propa 
gation is to provide a cancelling of the birefrigance of the 
overall modulator con?guration 68a and 68b. Of course, it 
should be understood that to apply the respective electric 
?elds to the modulator elements 68a and 68b in an orthogo 
nal manner requires that the mirrored surfaces of such 
elements be disposed orthogonal relative to one another. 

In operation, the gas analyzer arrangement 50 of the 
present invention will best be understood with reference to 
FIG. 2 wherein the illustrated interferogram shows the 
detection of SO2 to a l ppM concentration in a gas sample 
cell 58 having a path length of 60 centimeters. Electromag 
netic radiation from the light source is directed to the 
collimating lens 54 where it is directed into a parallel beam 
of light referred to as light beam Light beam 56 is then 
directed to the input face of the gas sample cell 58 which 
contains the sample of the gas of interest that is to be 
detected or quanti?ed. Light beam 56, after passing through 
the gas sample cell emerges therefrom as detectable light 
signal 60 which differs from light beam 56 because of the 
fact that the presence of the gas of interest in the gas sample 
cell has modi?ed the light beam 56 by removing that portion 
of the ultraviolet spectrum with which its absorption prop 
erties can be identi?ed. The detectable light signal 60 is then 
polarized by input polarizer 62 and directed to the birefrin 
gent etalon device 64 which has been sized speci?cally to 
correlate to the known absorption band of the gas of interest. 
By such construction, the free spectral range of the birefrin 
gent etalon device 64, is set equal to the vibrational rota 
tional absorption lines of the gas of interest. The etalon lines 
are then shifted by means of the electro-optical modulator 68 
so that such lines alternate between the precise absorption 
lines of the gas of interest and the point between such 
absorption lines at which the gas of interest exhibits minimal 
absorption charactestics. The detectable light signal 66 then 
passes through the output polarizer 74 and the bandpass 
?lter 76 to the detector circuit 78 which utilizes conventional 
means to determine the presence or quantity of the gas of 
interest in the gas sample cell 58 by the ratio of the intensity 
of the absorption lines of the transmission spectra maxima 
and the point between the transmission spectra maxima. As 
further seen in FIG. 9, with a concentration of 1 ppM of SO2 
in the gas sample cell 58, the gas analyzer arrangement 50 
of the present invention easily distinguishes between the 
presence or absence of the gas of interest and can also 
quantify that amount of gas of interest as is present in the gas 
sample cell 58. 

In the alternate embodiments of the gas analyzer arrange 
ment shown in FIGS. 3—6, alternate etalon and modulator 
con?gurations are provided with the end result remaining 
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the same; that is, the shifting between the correlation and 
anti-correlation waveshapes occurs strictly by electrical 
means and avoids the use of any mechanical modulating 
arrangement. Additionally, as shown in FIG. 5, the need for 
an output polarizer has further been eliminated due to the use 
of the high ?nesse technique achieved by the compound 
Fabry-Perot etalon arrangement shown in FIG. 8B. 

Although the above discussion describes the preferred 
embodiments of the invention, it can be appreciated that 
modi?cations can be made thereto without departing from 
the scope of the present invention as set forth in the 
appended claims. 
We claim: 
1. An arrangement for measuring a gas of interest by its 

optical absorption characteristics, comprising: 
a source of electromagnetic radiation; 

means for conditioning such electromagnetic radiation 
such that it passes through such gas of interest; 

means for electrically modulating such electromagnetic 
radiation that has passed through such gas of interest, 
said modulating means including a birefringent etalon 
having associated therewith, a transmission spectrum 
having a periodic spacing equal to the periodicity of the 
absorption lines associated with such gas of interest; 

said modulating means being further e?°ective for varying 
an electrical ?eld applied to said birefringent etalon 
between ?rst and second predetermined strengths such 
that the periodic transmission spectrum is shifted 
between [spectra] a spectrum which [coincide] coin 
cides substantially with such absorption lines and 
[spectra] a spectrum which [fall] falls between such 
absorption lines; and 

means for detecting at least the intensity of such periodic 
transmission spectra following passage through such 
gas of interest and determining therefrom at least an 
amount of such gas of interest present. 

2. A gas measurement arrangement as set forth in claim 1 
wherein said conditioning means includes a collimating 
element which collimates such electromagnetic radiation 
into a parallel light beam which can then be directed through 
such gas of interest. 

3. A gas measurement arrangement as set forth in claim 2 
further comprising a sample cell in which such gas of 
interest is disposed, and an input polarizer disposed follow 
ing said sample cell such that said light beam, after passing 
through said sample cell, is polarized thereby prior to such 
light beam entering said birefringent etalon. 

4. A gas measurement arrangement as set forth in claim 3 
further comprising a second conditioning means for condi 
tioning such light beam after it has passed through said 
birefringent etalon, said second conditioning means being 
effective for removing certain known portions of such light 
beam prior to such light beam being acted upon by said 
detecting means. 

5. A gas measurement arrangement as set forth in claim 4 
wherein said second conditioning means includes an output 
polarizer followed by a band pass ?lter which, in conjunc 
tion, serve to remove fringe and other portions of such light 
beam which diiTer from such periodic transmission spectra 
that coincide with such absorption spectra associated with 
such gas of interest and such periodic transmission spectra 
which fall between such absorption spectra. 

6. A gas measurement arrangement as set forth in claim 1 
wherein said source of electromagnetic radiation can be one 
of an ultraviolet and an infrared source and is selected 
according to the spectral wavelength at which the gas of 
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interest exhibits the optimum detection potential determin 
able as a function of the periodicity of the absorption lines 
associated thereby. 

7. A gas measurement arrangement as set forth in claim 1 
wherein said birefringent etalon is constructed of a material 
having a high electro-optical coe?icient whereby, with such 
electric ?eld applied thereto, said birefringent etalon is 
simultaneously effective for operation as a ?lter speci?cally 
responsive to such periodic transmission spectra, and as a 
modulator which, when such electric ?eld is applied, allows 
such shifting of such periodic transmission spectra between 
such spectra which coincides with such absorption lines and 
such spectra which falls between such absorption lines. 

[8. A gas measurement arrangement as set forth in claim 
1 wherein said birefringent etalon is sized so as to achieve 
a ?ltering capability speci?cally responsive to such periodic 
transmission spectra associated with such absorption lines 
indicative of such gas of interest, and wherein said modu 
lating means further includes an electro-optical modulator 
element constructed of a material having a high electro‘ 
optical coe?icient] 

[9. A gas measurement arrangement as set forth in claim 
8 wherein said birefringent etalon is constructed separately 
and distinctly from said electro-optical modulator such that, 
such periodic transmission spectra can be selectively altered 
to provide detection of an alternate gas of interest by 
substitution of an alternate sized birefringent etalon, such 
substitution of said birefringent etalon being done indepen 
dent of said electro-optical modulator] 

[10. A gas measuring arrangement as set forth in claim 1 
wherein said modulating means includes ?rst and second 
electro-optical modulator elements disposed orthogonal to 
one another so that such electric ?eld can be applied thereto 
in an orthogonal relationship thereby cancelling the bire 
frigance properties of said ?rst and second modulator ele 
ments.] 

11. A gas measuring arrangement as set forth in claim 2 
wherein said collimating element can be one of a collimating 
lens and a collimating mirror. 

12. An arrangement for measuring a gas of interest by its 
optical absorption characteristics, said measuring arrange 
ment comprising: 

a source of electromagnetic radiation; 
means for directing such electromagnetic radiation 

through such gas of interest; 
a ?rst light signal, emerging from passage through such 

gas of interest, has associated therewith, periodic trans 
mission spectra representative of the absorption lines of 
such gas of interest; 

an interferometric device receptive of said ?rst light 
signal and having associated therewith, a transmission 
spectrum having a periodic spacing equal to the peri 
odicity of the absorption lines of such gas of interest; 

means for varying an applied electric ?eld of ?rst and 
second predetermined strengths to said interferometric 
device so as to modulate such periodic spacing of said 
interferometric device between a transmission [spectra] 
spectrum which substantially [coincide] coincides with 
such absorption lines and a transmission [spectra] 
spectrum which [fall] falls between such absorption 
lines; and, 

means for detecting at least an amount of such gas of 
interest as a function of the intensity of such periodic 
transmission spectra following passage through such 
gas of interest. 

13. A measurement arrangement as set forth in claim 12 
further comprising a sample cell in which such gas of 
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interest is disposed, and a polarizer element disposed fol 
lowing said sarnple cell such that said light signal, after 
passing through such gas of interest, is polarized thereby in 
advance of said interferometric device. 

14. A measurement arrangement as set forth in claim 12 
further comprising means for conditioning said ?rst light 
signal after it has passed through said interferometric device, 
said conditioning means being effective for removing pre 
selected portions of said ?rst light signal prior to said ?rst 
light signal being acted upon by said detecting means. 

15. A gas measurement arrangement as set forth in claim 
12 wherein said interferometric device [is] includes a ?rst 
birefringent etalon having a ?rst path length detemrinative 
of such periodic spacing. 

16. A gas measurement arrangement as set forth in claim 
15 further comprising a second birefringent etalon disposed 
following said ?rst birefringent etalon; said second birefrin 
gent etalon having a path length essentially twice that of said 
?rst birefringent etalon thereby having as a result thereof, an 
alternate periodic spacing associated therewith that is 
approximately one half that of said ?rst birefringent etalon. 

17. A gas measurement arrangement as set forth in claim 
16 wherein said second birefringent etalon is disposed 
relative to said ?rst birefringent etalon such that the respec 
tive periodic spacings of said ?rst and second birefringent 
etalons are combined in a manner to yield a third periodic 
spacing which exhibits fewer and narrower absorption lines 
than such respective periodic spacings taken individually. 

18. A method for measuring a gas of interest by its optical 
absorption characteristics, said measuring method compris 
ing the steps of: 

directing a light beam through a quantity of such gas of 
interest such that a light signal representative of the 
absorption lines of the gas of interest is generated 
thereby; 

passing said light signal through a birefringent etalon 
device which has associated therewith, a transmission 
spectrum having a periodic spacing substantially 
equivalent to such absorption lines associated with such 
gas of interest; 

applying an electrical ?eld at two distinct ?eld strengths 
to the birefringent etalon to modulate its transmission 
spectra from wavelengths which substantially coincide 
with the absorption lines of the gas of interest and 
wavelengths which fall between such absorption [liens] 
lines; and 

determining at least an amount of such gas of interest as 
a function of the relationship between such spectra 
which coincide with such absorption lines and such 
spectra which fall between such absorption lines. 

19. A gas measuring method as set forth in claim 18 
further comprising the steps of: polarizing such light beam 
prior to said passing of such light beam through said 
birefringent etalon and conditioning such light beam after it 
has been modulated such that certain known portions of such 
light beam are removed prior to said amount determining 
step. 

[20. An arrangement for measuring a gas of interest by its 
optical absorption characteristics, said measuring arrange 
ment comprising: 

a source of electromagnetic radiation: 

means for directing such electromagnetic radiation 
through such gas of interest: 

a ?rst light signal, emerging from passage through such 
gas of interest, has associated therewith, periodic trans 
mission spectra representative of the absorption lines of 
such gas of interest; 
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14 
means for modulating said ?rst light signal between 

transmission spectra which substantially coincide with 
such absorption lines and transmission spectra which 
fall between such absorption lines; 

an interferometric device receptive of said ?rst light 
signal and having associated therewith a periodic spac 
ing equal to the periodicity of the absorption liens of 
such gas of interest, said interferometric device further 
having associated therewith, a second periodic spacing 
substantially equivalent to such transmission spectra 
which fall between such absorption lines; 

said interferometric device being shifted from said peri 
odic spacing to said second periodic spacing by appli 
cation of an electrical ?eld thereto; and 

means for detecting at least an mount of such gas of 
interest as a function of the intensity of such periodic 
transmission spectra following passage through such 
gas of interest] 

[21. A measurement arrangement as set forth in claim 20 
wherein said interferometric device is a compound Fabry 
Perot birefringent etalon device having associated therewith, 
a ?rst index of refraction and a path length which determine, 
in conjunction, such periodic transmission spectra which 
substantially coincides with such absorption liens associated 
with such gas of interest] 

[22. A measurement arrangement as set forth in claim 21 
wherein said birefringent etalon device further has associ~ 
ated therewith, a second index of refraction which deter 
mines such periodic transmission spectra which falls 
between such absorption lines associated with said gas of 

interest] 
[23. A measurement arrangement as set forth in claim 22 

wherein said second index of refraction can be selected from 
a range of values such that such periodic transmission 
spectra which falls between such absorption lines associated 
with the gas of interest, occur at a wavelength which 
essentially avoids interference from gases other than such 
gas of interest] 

[24. A gas measurement arrangement as set forth in claim 
21 wherein said birefringent etalon has applied on opposing 
ends disposed along the direction of light propagation 
through said gas measurement arrangement, a partially 
re?ective surface coating, the amount of said surface coating 
being determinative of such re?ectivity and further wherein, 
such re?ectivity can be selectively varied so as to achieve 
varying degrees of ?nesse associated with said birefringent 
etalon] 

25. An arrangement for measuring a property of a gas by 
its optical absorption characteristics, comprising: 

source of electromagnetic radiation; 
means for directing the electromagnetic radiation through 

the gas; 
an interferometric device ?ltering the electromagnetic 

radiation with a transmission spectrum having one or 
more spectral maxima, the interferometric device 
including an electro-optical element; 

means for applying an electric ?eld to the electro-optical 
element; 

means for varying the electric ?eld between two prede 
termined ?eld strengths such that the spectral maxima 
shift to exhibit di?’ering degrees of coincidence with 
absorption lines associated with the gas; and 

means for detecting an intensity of the electromagnetic 
radiation following passage through the gas and 
through the interferometric device, and determining 
therefrom a property of the gas. 
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26. The arrangement as recited in claim 25, wherein the 
electro-optical element is a birefringent etalon which has 
associated therewith ‘the transmission spectrum, and 
wherein the spectral maxima shift between spectral maxima 
which substantially coincide with the absorption lines and 
spectral maxima which substantially fall between the 
absorption lines. 

27. The arrangement as recited in claim 26, the intefero 
metric device ?lrther including an input polarizer and an 
output polarizer, and wherein the birefringent etalon is 
disposed between the input and output polarizer. 

28. The arrangement as recited in claim 27, ?trther 
comprising: 

a bandpass ?lter removing certain known portions of he 
electromagnetic radiation prior to detection of the 
electromagnetic radiation by the detecting means. 

29. The arrangement as recited in claim 25, wherein the 
electro-optical element comprises an electro-optical modu 
lator element constructed of a material having a high 
electro-optical coe?icient, the interferometric device further 
including a birefringent etalon which is sized so as to 
substantially achieve the ?ltering capability of the interfero 
metric device. 

30. The arrangement as recited in claim 29, wherein the 
birefringent etalon is constructed separately and distinctly 
from the electro-optical modulator element such that the 
?ltering capability can be selectively altered to provide 
detection of an alternate gas by substitution of an alternate 
sized birefringent etalon for the ?rst-named birefringent 
etalon, such substitution being done independent of the 
electro-optical modulator element. 

31. The arrangement as recited in claim 25, wherein the 
electro-optical element includes a ?rst and second electro 
optical modulator element, the electro-optical modulator 
elements being oriented relative to each other such that 
birefringence of the combination is less than birefringence 
of the ?rst electro-optical modulator element and less than 
birefringence of the second electro-optical modulator ele 
ment, the electric ?eld being applied to at least one of the 
electro-optical modulator elements. 

32. The arrangement as recited in claim 25, wherein the 
electro-optical element comprises an electro-optical modu 
lator element, the interferometric device further including: 

a ?rst birefringent etalon having a ?rst path length 
determinative of a second transmission spectrum hav 
ing spectral maxima with a ?rst periodic spacing; 

a second birefringent etalon having a second patch length 
determinative of a third transmission spectrum having 
spectral maxima with a second periodic spacing; and 

a ?rst, second, and third polarizer, the ?rst birefringent 
etalon positioned between the ?rst and second polar 
izers and the second birefringent etalon positioned 
between the second and third polarizers; 

wherein the second birefringent etalon is disposed rela 
tive to the ?rst birefringent etalon such that their 
respective transmission spectra are combined to yield 
the ?rst-mentioned transmission spectrum of the inter 
ferometric device. 

33. A method for measuring a property of a gas by its 
optical absorption characteristics, comprising the steps of: 

directing light from a source of light through a quantity of 
the gas such that absorption lines of the gas modify the 
light; 

passing light from the source of light through an inter 
ferometric device which has associated therewith a 
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transmission spectrum with one or more spectral 

maxima, the interferometric device including an elec 
tro-optical element; 

an electric ?eld to the electro-optical element; 

varying the electric ?eld between two predetermined ?eld 
strengths to shift the transmission spectrum between 
spectral maxima which have di?rering degrees of coin 
cidence with absorption lines associated with the gas; 

detecting the light after passage through the gas and 
through the interferometric device; and 

calculating at least an amount of the gas as a function of 
the detected light. 

34. The method as recited in claim 33, wherein the 
passing through step includes polarizing the light prior to 
the passing of the light through the electro-optical element, 
the method further comprising the step of: 

conditioning the light such that certain known portions of 
the light are removed prior to the detecting step. 

35. An arrangement for measuring a property of a gas by 
its optical absorption characteristics, comprising: 
a source of electromagnetic radiation; 
means for directing the electromagnetic radiation through 

the gas; 

means for modulating the electromagnetic radiation, the 
modulating means including an electro-optical ele 
ment, means for applying an electric ?eld to the electro 
optical element, and means for varying the electro ?eld 
between two predetermined strengths to e?’ect the 
modulation; 

an interferometric device receptive of the electromagnetic 
radiation and having associated therewith a ?rst and 
second transmission spectrum each having spectral 
maxima, the spectral maxima of the second transmis 
sion spectrum having a differing degree of coincidence 
with absorption lines of the gas than spectral maxima 
of the ?rst transmission spectrum; and 

means for detecting a property of the gas as a ?tnction of 
an intensity of the electromagnetic radiation following 
passage through the gas, the modulating means, and 
the interferometric device. 

36. The arrangement as recited in claim 35, wherein the 
interferometric device includes a compound Fabry-Pemt 
birefringent etalon device having associated therewith a ?rst 
index of refraction and a path length which determine, in 
conjunction, the ?rst transmission spectrum. 

37. The arrangement as recited in claim 36, wherein the 
compound Fabry-Perot birefringent etalon device further 
has associated therewith a second index of refraction which, 
in conjunction with the path length, determines the second 
transmission spectrum. 

38. The arrangement as recited in claim 37, wherein the 
second index of refraction is selected such that the spectral 
maxima of the second transmission spectrum occur at a 
wavelength which essentially avoids interference from other 
gases. 

39. The arrangement as recited in claim 36 wherein the 
compound Fabry-Perot birefringent etalon has applied on 
opposing ends disposed along the direction of light propa 
gation through the gas measurement arrangement, a par 
tially re?ective surface coating. 

* * * * * 
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