
(19) United States 
US 20010030288A1 

(12) Patent Application Publication (10) Pub. No.: US 2001/0030288A1 
Wilks, JR. et al. (43) Pub. Date: Oct. 18, 2001 

(54) SPECTROSCOPY ANALYZER USINGA 
DETECTOR ARRAY 

(75) Inventors: Paul A. Wilks JR., Darien, CT (US); 
Kenneth R. Mateer, New Milford, CT 
(US) 

Correspondence Address: 
Paul D. Greeley, Esq. 
Ohlandt, Greeley, Ruggiero & Perle, L.L.P. 
10th Floor 
One Landmark Square 
Stamford, CT 06901-2682 (US) 

(73) Assignee: Wilks Enterprise, Inc. 

(21) Appl. No.: 09/790,755 

(22) Filed: Feb. 22, 2001 

Related U.S. Application Data 

(63) Non-provisional of provisional application No. 
60/188,510, filed on Mar. 10, 2000. 

Publication Classification 

(51) Int. Cl. .............................. G01N 21/35; G01J 5/02 
(52) U.S. Cl. ........ 250/339.13; 250/339.02; 250/339.07; 

250/341.8; 356/51 

(57) ABSTRACT 

An apparatus for analyzing a spectrum includes an elongated 
Source of light, a device for producing a spectrum of the 
light, a Sample Stage, and an array of photoSensitive ele 
ments for detecting the Spectrum and providing an output 
representative of an intensity of the spectrum as a function 
of wavelength. The Sample Stage is interposed between the 
elongated Source and the Spectrum-producing device. The 
light propagates along a length of the Sample Stage from the 
elongated Source to the Spectrum-producing device. The 
elongated Source has a length greater than or equal to a 
length of the array. 
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SPECTROSCOPY ANALYZER USINGA 
DETECTOR ARRAY 

CROSS REFERENCE TO RELATED 
APPLICATION 

0001. The present application is claiming priority of U.S. 
Provisional Patent Application Serial No. 60/188,510, filed 
on Mar. 10, 2000. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to spectroscopy, and 
more particularly to a spectroscopy analyzer using a detector 
array without requiring focusing optics, and having no 
optical path exposed to the atmosphere. 
0004 2. Description of the Prior Art 
0005. Several structures for multiple internal reflectance 
crystals are known in the art. For example, radiant energy, 
Such as infrared (IR) energy, may enter a crystal through a 
first beveled face so as to reflect off a first side. The energy 
reflects between the first side and a second side down the 
length of the crystal by the physical phenomenon of total 
internal reflection. A Sample that is placed against either the 
first or second side of the crystal selectively absorbs different 
frequencies of energy. The energy that is not absorbed exits 
the crystal through a Second beveled face to a detector that 
measures the distribution of energy absorbed by the Sample 
So as to obtain its spectrum. 
0006 Attenuated total reflection (ATR) is a technique of 
analyzing a Sample material using infrared reflection. ATR 
allows an infrared measurement to be made in the mid 
infrared region over a very short optical path. The depth to 
which incident energy penetrates a Sample depends on the 
refractive index of the Sample and the multiple reflectance 
crystal, as well as the angle of incidence at which the energy 
reflects off of the side of the crystal that is in contact with the 
Sample. Changing the angle at which energy enters the 
crystal, i.e., the entrance angle, may change the angle of 
incidence. A multiple internal reflectance crystal, however, 
introduces chromatic aberration into the resulting distribu 
tion of energy if the incident energy is not normal to the 
Surface of an entrance face of the crystal. 
0007 U.S. Pat. No. 4,730,882 to Messerschmidt, entitled 
“Multiple Internal Reflectance Spectroscopy System”, 
describes a design where any one of Several multiple internal 
reflectance crystals, having different angles of incidence, can 
be positioned at a location that is remote from a Source and 
receiver of radiant energy without the need for a realignment 
of transfer optics. A multiple internal reflectance crystal in 
accordance with the Messerschmidt patent has a Sample 
Surface and a bottom Surface and reflective beveled ends 
Such that energy may enter normal to the bottom Surface, 
reflect off one beveled end to the bottom Surface, from the 
bottom Surface to the top Surface, down the length of the 
crystal, and exit the crystal normal to the bottom Surface by 
reflecting off of another beveled end. 
0008. A typical infrared spectrometer consists of a source 
of infrared radiation, a Sample chamber where an exchange 
of energy takes place between the radiation and the Sample, 
a means of dispersing the infrared radiation, i.e., a dispersing 
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means Such as a prism, a grating or an interferometer, and a 
detector that measures the energy level from the dispersing 
means. When the dispersing means is a prism or a grating, 
the dispersed radiation is Scanned acroSS a Slit from whence 
it is focused on a detector. The Spectrometer also includes 
focusing optics, Such as a Series of mirrors, Some of which 
are aspheric, to focus light energy from the Source onto the 
entrance face of the Sample chamber, and from the Sample 
chamber to the dispersing means and from thence through 
the exit slit to the detector. The total optical path may be a 
meter or more. Because of the long optical path, the Spec 
trometer must be purged with a nitrogen gas or evacuated to 
eliminate absorption from atmospheric gasses Such as CO 
and water. 

0009 Dispersion shifts occur with temperature change 
for all three dispersion methods, i.e., prism, grating and 
interferometer. Accordingly, the Spectrometer must be main 
tained at a constant temperature. 
0010) A radiation detector can be a detector array, which 
consists of a number of detector elements located adjacent to 
each other. A grating focuses a slit image in the form of a 
dispersed band to illuminate the array with dispersed infra 
red radiation. However, Such a design may involve Several 
aspheric mirrors and an optical path of Significant length. 
Temperature changes may also cause the dispersed band to 
move across the array, thus changing the wavelength distri 
bution on the detector elements. 

0011. There is a need for a spectrometer that does not 
require focusing optics. 
0012. There is also a need for such a spectrometer that 
minimizes the length of the optical path. 
0013 There is also a need for such a spectrometer, the 
operation of which is not Susceptible to a temperature 
variation. 

SUMMARY OF THE INVENTION 

0014. In accordance with the present invention, an appa 
ratus is provided for analyzing a spectrum. The apparatus 
includes an elongated Source of light, a device for producing 
a spectrum of the light, a Sample Stage, and an array of 
photosensitive elements for detecting the Spectrum and 
providing an output representative of an intensity of the 
Spectrum as a function of wavelength. The Sample stage is 
interposed between the elongated Source and the Spectrum 
producing device. The light propagates along a length of the 
Sample stage from the elongated Source to the Spectrum 
producing device and thereafter to the array. The elongated 
Source has a length greater than or equal to a length of the 
array. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0015 FIG. 1 is a top plan view of an apparatus for 
analyzing a spectrum in accordance with the present inven 
tion; 
0016 FIG. 2 is a side view of the apparatus shown in 
FIG. 1 having an ATR crystal of a first design; 
0017 FIG. 3 is a partial side view of an ATR crystal of 
a Second design for use in the apparatus shown in FIG. 1; 
0018 FIG. 4 is a partial side view of an ATR crystal of 
a third design for use in the apparatus shown in FIG. 1; 
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0.019 FIG. 5A is a top plan view of a rectangular light 
pipe; 

0020 FIG. 5B is a vertical section taken along line A-A 
of the device shown in FIG. 5A; 
0021 FIG. 5C is an end view of the device shown in 
FIG. 5A; 
0022 FIG. 6 is a timing diagram of an output of a 
detector array; 
0023 FIG. 7 is a flowchart of a method for nulling the 
output of a detector array in accordance with the present 
invention; and 
0024 FIG. 8 is a block diagram of a circuit for process 
ing the output of a detector array in accordance with the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0.025 The present invention is directed toward a spec 
troScopy analyzer using a detector array without requiring 
focusing optics. An elongated Source of radiation is mounted 
in near contact with one end of a Sample Stage, Such as an 
ATR crystal or a rectangular light pipe, and an assembly 
including a linear variable filter (LVF) and the detector array 
is mounted in near contact with another end of the Sample 
Stage. 

0026. A linear variable filter is a device for dispersing 
infrared radiation. It is an optical element that passes radia 
tion from an entrance face to an exit face. The wavelength 
of the radiation from the exit face varies along the length of 
the exit face. 

0027. When using an ATR crystal for the sample stage, 
the crystal is as wide as the length of the array, typically 
about 15 millimeters. The crystal functions as an optical 
fiber, funneling all of the radiation that Strikes its internal 
parallel Surfaces at greater than the critical angle from the 
Source end where the radiation enters, to the detector end 
where the radiation exits. 

0028 FIG. 1 shows an apparatus for analyzing a spec 
trum in accordance with the present invention. The appara 
tus includes a back reflector 110, an IR source 115, an ATR 
crystal 120, an LVF 125, a detector array 130 and an array 
case 135. 

0029) IR source 115 is an elongated source of light, 
preferably one that can be pulsed to produce an AC infrared 
Signal. It has a length 117 greater than or equal to the length 
132 of detector array 130. IR source 115 can be electroni 
cally pulsed or mechanically beam chopped. The light from 
IR source 115 is incident on ATR crystal 120. 
0030) Reflector 110 is an optional reflector for increasing 
the level of light incident on ATR crystal 120. 
0.031 ATR crystal 120 is an internal reflectance crystal 
interposed between IR source 115 and LVF 125. It serves as 
a Sample Stage for Supporting a Sample material for attenu 
ated total reflection analysis. The Sample material can be a 
liquid, a Semi-liquid, or a Soft plastic. ATR crystal 120 has 
an entrance face adjacent to IRSource 115, and an exit face 
adjacent to LVF 125. Preferably, the entrance face is less 
than or equal to 0.003 of an inch from IR source 115, and the 
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exit face is less than or equal to 0.003 of an inch from LVF 
125. The width 122 of ATR crystal 120 can be any conve 
nient dimension that is greater than or equal to the length 
135 of detector array 130. Light propagates along a length 
124 of ATR crystal 120 from IR source 115 to LVF 125. 
0032 LVF 125 produces a spectrum of the light, prefer 
ably including wavelengths of between about 2.5 microme 
ters and 11 micrometers. The spectrum from LVF 125 is 
directed to detector array 130. The length and width of LVF 
125 are the same as those of detector array 130. 
0033 Detector array 130 is an array of photosensitive 
elements for detecting said spectrum from LVF 125 and 
providing an output representative of an intensity of the 
Spectrum as a function of wavelength. For example, if 
detector array 130 is composed of 128 elements, i.e., 128 
pixels, it would provide an output representing 128 wave 
lengths. 
0034 Array case 135 provides a housing for LVF 125 and 
detector array 130. It also includes microelectronics (not 
shown) for processing the output of detector array 130. 
0035 FIG. 2 is a side view of the apparatus shown in 
FIG. 1 having an ATR crystal 200 of a first design. ATR 
crystal 200 includes a first side 210, a beveled edge 215 and 
a second side 220. Beveled edge 215 is oriented at an acute 
angle with respect to first side 210. Light from IR source 115 
enters through first side 210 and travels from first side 210 
to beveled edge 215, from beveled edge 215 to first side 210, 
and from first side 210 to second side 220. The exterior of 
beveled edge 225 is aluminized, and second side 220 also 
Serves as a Sample Surface 230 for holding a Sample of 
material for analysis. The light propagates along a length of 
ATR crystal 200 from IR source 115 to LVF 125. 
0036 FIG. 3 is a partial side view of an ATR crystal 300 
of a Second design for use in the apparatus shown in FIG. 
1. ATR crystal 300 has a first side 320, a second side 325, 
a first beveled edge 310 oriented at an obtuse angle with 
respect to first side 320, and a second beveled edge 315 
oriented at an obtuse angle with respect to Second Side 325. 
Light from IR source 115 enters through first beveled edge 
310 and travels from first beveled edge 310 to second 
beveled edge 315, from second beveled edge 315 to first side 
320, and from first side 320 to second side 325. The light 
propagates along a length of ATR crystal 300 from IR source 
115 to LVF 125 (shown in FIG. 1). 
0037 FIG. 4 is a partial side view of an ATR crystal 400 
of a third design for use in the apparatus shown in FIG. 1. 
ATR crystal 400 has a first side 420, a second side 415 and 
a beveled edge 410 oriented at an obtuse angle with respect 
to first side 420. Light from IR source 115 enters through 
beveled edge 410 and travels from beveled edge 410 to 
Second side 415, and from second side 415 to first side 420. 
The light propagates along a length of ATR crystal 400 from 
IR source 115 to LVF 125 (shown in FIG. 1). 
0038 FIGS. 5A through 5C show three views of a 
rectangular light pipe 500, which can be used as a Sample 
stage in the apparatus of FIG. 1, in place of ATR crystal 120 
(shown in FIG. 1). Light pipe 500 includes a gas input port 
510, a gas output port 515, a chamber 520, an entrance face 
530 and an exit face 535. 

0039 Light pipe 500 can hold a sample gas for analysis 
by means of transmission. The Sample gas is introduced into 
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chamber 520 via gas input port 510. Chamber 520 has an 
internal Surface with a reflective coating made of a material 
Such as gold, Silver, or aluminum, or a combination of Such 
materials. The cross section of chamber 520 is approxi 
mately the same size as, or Slightly greater than, that of 
detector array 130. Light from IR source 115 enters through 
entrance face 530 and travels through the Sample gas in 
chamber 520 to exit face 535, and thereafter to LVF 125. 
0040 FIG. 6 is a timing diagram of an output of a 
detector array of a spectrometer, and more particularly, an 
output of a detector array when no Sample has yet been 
introduced to the Sample stage of the Spectrometer, that is, 
under ambient conditions. FIG. 6 also shows a shift clock. 

0041. The output of the detector array includes a plurality 
of Signals, each of which corresponds to a portion of the 
Spectrum. Each shift clock interval, t, t2, . . . t, coincides 
with an output from a different array element. For example, 
the output at t comes from array element 1, the output att 
comes from array element 2, and the output at t comes from 
array element N. 
0.042 Ideally, an array element produces no ambient 
Signal. However, in a practical environment the array ele 
ments may output ambient signal levels as shown in FIG. 6. 
The ambient Signal levels range between a maximum nega 
tive offset and a maximum positive offset. There is also an 
average ambient Signal level. For purposes of example, 
assume that element produces an ambient Signal level of 1.5 
Volts, and element produces an ambient Signal level of 3.0 
volts. ASSume also that the average ambient signal level is 
2.0 volts. 

Signal=1.5 volts 
SignalN=3.0 volts 
Average=2.0 volts 

0043. To facilitate processing of the detector array output 
during analysis of a Sample, these ambient Signal levels are 
nulled. That is, a calibration procedure is executed to coun 
teract the ambient signal levels So that in the absence of a 
Sample, a data Stream representing the output of the detector 
array will be a continuous, Static value. 
0044 FIG. 7 is a flowchart of a method for nulling the 
output of a detector array in accordance with the present 
invention. The method begins with step 710. 
0.045. In step 710, the method determines an average 
Signal value out of the array acroSS the full spectrum of the 
array. That is, the method determines the average of the 
outputs from all of the array elements. AS Stated above, for 
purposes of example, the average Signal level is assumed to 
be 2.0 volts. The method then advances to step 715. 
0046. In step 715, the method determines a difference 
between each Signal out of the array and the average Signal 
value that was determined in step 710. For array signal 
element, and elements: 

Difference=Signal-Average 

Difference=1.5 volts-2.0 volts 

Difference=-0.5 volts 
DifferenceN=SignalN-Average 

Difference=3.0 volts-2.0 volts 

Difference=1.0 volts 
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0047 The difference is determined for each element of 
the detector array. The method then advances to step 720. 
0048. In step 720, the method offsets an output of an 
array element by the average Signal level that was deter 
mined in step 710. The objective is to adjust the average 
Signal level to a resultant of 0 Volts. For example, given an 
average Signal level of 2.0 volts, the method introduces an 
offset of -2.0 volts. That is: 

Average Offset=-2.0 volts 
Average OffsetN=-2.0 volts 

0049. The method then advances to step 725. 
0050. In step 725, the method offsets an output of an 
array element by the difference that was determined in Step 
715 for the element. For example, for element and 
element: 

Difference=-0.5 volts 
Difference=1.0 volts 

0051) 
Difference Offset=-0.5 volts 

therefore, 

Difference OffsetN=-1.0 volts 

0052. In this example, for element and element, the net 
offset from steps 720 and 725 yields: 

Net Offset=Average Offset--Difference Offset, 
Net Offset=-2.0 volts+0.5 volts 
Net Offset=-1.5 volts 
Net Offset=Average Offset-Difference Offset 
Net Offset=-2.0 volts-1.0 volts 
Net Offset=-3.0 volts 

0053 Accordingly, the net result for element and 
element is: 

Net Result=Signal+Net Offset, 
Net Result=1.5 volts-1.5 volts 
Net Result=0 volts 
Net Result=SignalN+Net OffsetN 
Net Result=3.0 volts-3.0 volts 
Net Result=0 volts 

0054) The method then loops back to step 720. Steps 720 
and 725 form a processing loop in which one element is 
processed for each pass through the loop. In this manner, the 
ambient output of each of the array elements will be nulled. 
0055. Thereafter, during an analysis of a sample, the 
ambient Signal out of each element is actively nulled. After 
nulling, any remaining Signal from an array element is 
attributed to the presence of the Sample. This remaining 
Signal is free of an interfering contribution of an ambient 
Signal. 

0056 FIG. 8 is a block diagram of a circuit 800 for 
processing the output of a detector array in accordance with 
the present invention. Circuit 800 includes amplifiers 805, 
820 and 835, average offset digital-to-analog converter 
(DAC) 810, difference offset DAC 815, low pass filter 825, 
gain DAC 830, sample and hold 840, analog to digital 
converter (ADC) 845, central processing unit (CPU) 850 
and memory 855. 
0057 Circuit 800 is particularly Suited for processing the 
output of a detector array such detector array 130, shown in 
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FIG. 1. The detector array output includes a plurality of 
Signals, each of which corresponds to a portion of the 
spectrum. Circuit 800 is capable of nulling the output of the 
detector array as described above in the context of FIGS. 6 
and 7. 

0.058 A bus 847 interconnects, and provides a path for 
data and control signals between, CPU 850, average offset 
DAC 810, difference offset DAC 815, gain DAC 830 and 
ADC 845. That is, via bus 847, CPU 850 sends commands 
and data to average offset DAC 810, difference offset DAC 
815, gain DAC 830, and CPU 850 receives data from ADC 
845. 

0059 Amplifier805 receives the output from the detector 
array. In turn, it provides an output that is coupled to an input 
of amplifier820. 

0060 Average offset DAC 810 receives, from CPU 850, 
a digital representation of an average offset value for an 
element of the detector array. It performs an analog to digital 
conversion of the value and provides an analog output that 
is coupled to an input of amplifier 820. 

0061. Difference offset DAC 815 receives, from CPU 
850, a digital representation of a difference offset value for 
an element of the detector array. It performs an analog to 
digital conversion of the value and provides an analog 
output that is coupled to the input of amplifier 820. 
0062) Amplifier820 receives the output of amplifier805, 
and it also receives an average offset Signal from average 
offset DAC 810, and a difference offset signal from differ 
ence offset DAC 815. Accordingly, amplifier820 combines 
an output from an array element, an average offset and a 
difference offset for the element, and produces a resultant 
output. Collectively, average offset DAC 810, difference 
offset DAC 815, under the control of CPU 850, and amplifier 
820 provide a function analogous to that described in FIG. 
7, steps 720 and 725. The output of amplifier820 is coupled 
to an input of low pass filter 825. 
0.063 Low pass filter 825 receives the output from ampli 
fier820. It is an active low pass analog filter that attenuates 
random noise level Signals that may exist in the analog data 
stream from the detector array. The output of low pass filter 
835 is coupled to an input of amplifier 835. 
0.064 Amplifier 835 receives the output from low pass 

filter 825, and an output from gain DAC830. Gain DAC830 
is a digitally controlled potentiometer. Amplifier 835, in 
cooperation with gain DAC 830, further amplify the output 
received from low pass filter 825. The output of amplifier 
835 is coupled to an input of sample and hold 840. 
0065 Sample and hold 840, receives the output from 
amplifier835 and, in turn, provides an output that is coupled 
to an input of ADC 845. Sample and hold 840 is an analog 
Voltage Storage device that is used to hold an analog Voltage 
signal from amplifier 835 until ADC 845 completes its 
analog to digital conversion cycle. 

0.066 ADC 845 receives the output from sample and hold 
840, performs an analog to digital conversion, and provides 
an output to CPU 850 via bus 847. 
0067 CPU 850 receives the output from ADC 845. 
Memory 855 contains data and instructions for execution by 
CPU 850. By executing instructions obtained from memory 
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855, CPU 850 determines an average signal value out of the 
array acroSS the full spectrum, and for each element of the 
array it determines a difference between a signal out of the 
element and the average Signal value. AS Stated above, CPU 
850 controls the nulling of the output of the array by sending 
the average signal value to average offset DAC 810, and 
sending the difference offset value to difference offset DAC 
815. 

0068 CPU 850 also analyzes the output of the array, 
received from ADC 845, to quantify the intensity of the 
Spectrum as a function of wavelength. More particularly, 
CPU 850 analyzes the signal from each element of the 
detector array after a Sample has been applied to the Sample 
Stage. These signals are indicative of the molecular charac 
teristics of the Sample. 
0069 Circuit 800 can be implemented in hardware with 
discrete circuitry or firmware. Alternatively, it can be imple 
mented in Software for execution by a general-purpose 
processor or a digital Signal processor. While the procedures 
required to execute the invention hereof are indicated as 
already loaded into memory 855, they may be configured on 
a storage media, Such as data memory 860 for Subsequent 
loading into memory 855. 
0070 A spectrometer constructed in accordance with the 
teachings of the present invention offerS Several advantages 
over the prior art. The present invention provides for a 
Simple, low cost spectrometer that does not require expen 
Sive optical components. Because all components are in a 
common thermal environment, there are no optical paths 
that can be distorted by temperature variations. Likewise, 
there is no optical path where components in the atmosphere 
can cause interference. The present invention also offers 
greater Sensitivity because it includes a Sample Stage of 
greater area than that of prior art Systems, thus permitting 
more interaction between a Sample and the IR radiation. 
0071 Those skilled in the art, having the benefit of the 
teachings of the present invention may impart numerous 
modifications thereto. Such modifications are to be con 
Strued as lying within the Scope of the present invention, as 
defined by the appended claims. 

What is claimed is: 
1. An apparatus for analyzing a spectrum, comprising: 
an elongated Source of light; 
means for producing a spectrum of Said light; 
a Sample Stage, interposed between Said elongated Source 

and Said producing means, wherein Said light propa 
gates along a length of Said Sample Stage from Said 
elongated Source to Said producing means, and 

an array of photoSensitive elements, for detecting Said 
Spectrum and providing an output representative of an 
intensity of Said Spectrum as a function of wavelength, 

wherein Said elongated Source has a length greater than or 
equal to a length of Said array. 

2. The apparatus of claim 1, wherein Said Sample Stage has 
an entrance face adjacent to Said elongated Source. 

3. The apparatus of claim 1, wherein Said Sample Stage has 
an exit face adjacent to Said producing means. 

4. The apparatus of claim 1, wherein Said Sample stage has 
a width greater than or equal to a length of Said array. 
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5. The apparatus of claim 1, wherein Said Sample Stage is 
an internal reflectance crystal. 

6. The apparatus of claim 5, wherein Said crystal has a first 
Side, a Second Side, and a beveled edge oriented at an acute 
angle with respect to Said first Side, and wherein Said light 
enters through Said first Side and travels from Said first side 
to Said beveled edge, from Said beveled edge to Said first 
Side, and from Said first Side to Said Second Side. 

7. The apparatus of claim 5, wherein Said crystal has a first 
Side, a Second Side, a first beveled edge oriented at an obtuse 
angle with respect to Said first Side, and a Second beveled 
edge oriented at an obtuse angle with respect to Said Second 
Side, and wherein Said light enters through Said first beveled 
edge and travels from Said first beveled edge to Said Second 
beveled edge, from Said Second beveled edge to Said first 
Side, and from Said first Side to Said Second Side. 

8. The apparatus of claim 5, wherein Said crystal has a first 
Side, a Second Side and a beveled edge oriented at an obtuse 
angle with respect to Said first Side, and wherein Said light 
enters through Said beveled edge and travels from Said 
beveled edge to Said Second Side, and from Said Second Side 
to Said first Side. 

9. The apparatus of claim 5, wherein Said crystal has a 
Surface for Supporting a Sample material for attenuated total 
reflection analysis. 

10. The apparatus of claim 1, wherein Said Sample Stage 
is a rectangular light pipe. 

11. The apparatus of claim 10, wherein Said pipe holds a 
Sample gas for analysis by means of transmission. 

12. The apparatus of claim 10, wherein Said pipe has an 
internal Surface with a reflective coating. 

13. The apparatus of claim 12, wherein said reflective 
coating is Selected from the group consisting of gold, Silver 
and aluminum, and mixtures thereof. 

14. The apparatus of claim 1, wherein Said light is an AC 
infrared signal. 
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15. The apparatus of claim 1, wherein Said elongated 
Source is electronically pulsed. 

16. The apparatus of claim 1, wherein Said elongated 
Source is mechanically beam chopped. 

17. The apparatus of claim 1, wherein Said Spectrum 
includes wavelengths of between about 5.5 to 11 microme 
terS. 

18. The apparatus of claim 1, wherein Said Spectrum 
includes wavelengths of between about 2.5 to 5 microme 
terS. 

19. The apparatus of claim 1, wherein Said producing 
means is a linear variable filter. 

20. The apparatus of claim 1, 
wherein Said output of Said array includes a plurality of 

Signals, each of Said plurality of Signals corresponding 
to a portion of Said spectrum, 

wherein Said plurality of Signals have an average value, 
and 

wherein Said apparatus further comprises: 
means for nulling Said output of Said array. 

21. The apparatus of claim 20, 
wherein Said output of Said array includes a Signal that is 

one of Said plurality of Signals, and 
wherein Said nulling means comprises: 

means for offsetting Said Signal by Said average value; 
and 

means for offsetting Said Signal by a difference of Said 
Signal and Said average value. 

22. The apparatus of claim 1, further comprising a pro 
ceSSor for analyzing Said output of Said array to quantify Said 
intensity as a function of wavelength. 

k k k k k 


