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(57) ABSTRACT 

A chopped radiation source composed of a radiation source 
component, a chopping component and an optical ?ber 
connector component. Each of these components is arranged 
Within a housing in a manner such that the elements of each 
of these components Will not move in an unintended manner 
during use. 

34 Claims, 2 Drawing Sheets 
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Chopped Radiation Source - Front View 

FIGURE 2 
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CHOPPED RADIATION SOURCE 

BACKGROUND OF THE INVENTION 

The present invention relates to a chopped radiation 
source, preferably, a chopped optical radiation source Which 
is useful in analytical devices such as photometers and 
spectrophotometers, particularly in photometers for moni 
toring chemical production processes. 

Photometric and spectrophotometric devices for analyZ 
ing materials and monitoring reaction processes are knoWn 
and commercially available. These devices compare radia 
tion emitted by a source With radiation from that same 
source Which has been transmitted through and altered by 
the sample material being evaluated. 
One technique employed for improving the accuracy of 

measurements made With photometers and spectrophotom 
eters is “chopping” of the radiation. In this technique, the 
radiation ?oW is interrupted at regular intervals or 
“chopped”. A chopped signal is necessary for AC coupling 
of ampli?er stages in order to improve thermal stability. A 
chopped signal alloWs the use of electronic ?lters tuned to 
the chopped frequency to reduce background noise. Use of 
a chopper reference signal alloWs signal processing, some 
times referred to as lock-in ampli?cation, to reduce back 
ground noise. 

Electronic ?lters and a reference signal are employed, for 
example, in the signal comparison apparatus described in 
US. Pat. No. 2,678,581. In this disclosed apparatus, a beam 
of light is interrupted or pulsed at some predetermined 
frequency by a motor-driven rotating shutter or chopper 
Wheel. A rotating sectored mirror is used to de?ect the light 
pulses along one of tWo paths, and e?‘ectively acting as a 
second chopper at a loWer pulse rate. TWo ?xed mirrors 
direct the light pulses toWard a second rotating sectored 
mirror, in phase With the ?rst rotating sectored mirror, to 
direct light toWard a light sensitive element. Various prop 
erties of a sample, such as spectral characteristics or re?ec 
tance characteristics, may be compared by means of suitable 
devices positioned in the path(s) of the directed light pulses. 
The light pulse repetition rate is made substantially greater 
than the beam sWitching rate by providing a number of open 
sectors in the shutter and by using complementary half 
round sectored mirrors. The light pulses received by the light 
sensitive element are converted to electrical pulses, Which 
are capacitatively coupled betWeen ampli?er stages to elimi 
nate temperature dependent DC drift. The signal is passed 
through electronic ?lters tuned to the chopper frequency to 
restrict bandWidth and reduce background noise. The signal 
is then processed by a lock-in ampli?er that is mechanically 
synchronized With the chopping rate of the beam sWitching 
sectored mirrors. This results in decreased bandWidth, 
decreased noise and increased sensitivity. 
One disadvantage of using a rotating chopper Wheel such 

as that disclosed in US. Pat. No. 2,678,581 is the Wear on 
the moving parts and chopper frequency stability. A tuning 
fork chopper, hoWever, has no Wearing movable parts and 
has a natural resonant frequency. For these reasons, a tuning 
fork chopper has been used in a number of deep space 
experiments Where reliability is essential. Such a chopper is 
made in the USA by Electro-Optical Products Corporation 
and available from Boston Electronics Corporation. HoW 
ever, a tuning fork chopper is not suitable for use in all 
applications, particularly Where there are space limitations. 
A vibrating reed chopper is used for those applications in 
Which there are spatial constraints because it can be pack 
aged in a smaller space than a tuning fork chopper. 
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2 
Optical choppers have also been used in devices such as 

the infrared thermometer disclosed in US. Pat. No. 5,653, 
537 in Which light emitted from an object is conveyed to a 
detector via ?ber optic cable. The detector generates elec 
trical outputs. These outputs or signals are then ampli?ed 
and lineariZed. Unlike the prior art pyrometers, hoWever, the 
pyrometers disclosed in this patent do not continuously 
collect and repeatedly chop the collected light before it 
enters the detectors. Rather, the collected infrared light is 
re?ected off of a dichroic mirror and then passed through a 
pieZoelectric chopper to chop the infrared light. Chopping is 
achieved through oscillation of a vibrating reed driven by 
pieZoelectric elements. The chopped infrared light then 
enters a ?ber optic cable and is relayed via that cable to an 
infrared detector Which refocuses the light and then beam 
splits the infrared light into tWo broad Wavelength bands. 
One of these tWo broad Wavelength bands is narroWed by an 
optical ?lter and detected by an infrared detector. The other 
broad Wavelength band is directly detected by another 
infrared detector Whose upper Wavelength cutoff limits the 
Wavelength band. The detectors generate an AC signal 
Which is then ampli?ed and lineariZed before being relayed 
to an analog to digital converter Which generates the signal 
sent to a microprocessor. 

In these and most other knoWn photometric, spectropho 
tometric and pyrometric devices, alignment of the light 
source With the means for relaying that light to the sample 
and to the detector is one factor Which in?uences the 
accuracy of the measurement and restricts the locations at 
Which such devices must be placed to sites remote from the 
reactors in Which chemical reactions are being conducted. 
The knoWn devices also present problems With adjustment 
of the duty cycle of the chopping device. Use of moving 
parts subject to Wear and tear also introduces the potential 
for inaccuracy and reliability problems. 

It Would therefore be advantageous to develop a chopped 
radiation source assembly Which could be readily included 
in photometric, spectrophotometric and other types of ana 
lytical devices even When those devices are positioned in 
production areas Without the need for realignment of light 
source With the chopper on a continuing basis or interruption 
of measurement for replacement of Worn moving parts after 
a limited number of uses. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
chopped radiation source, preferably, an optical radiation 
source Which can be readily incorporated into analytical 
devices even When the analytical devices are located in 
production environments. 

It is another object of the present invention to provide a 
chopped radiation source, preferably, an optical radiation 
source With reduced drift and improved signal to noise ratio. 

It is a further object of the present invention to provide a 
chopped radiation source, preferably, an optical radiation 
source Which is characterized by ease of alignment of the 
radiation source and adjustment of chopper duty cycle. 

It is also an object of the present invention to provide a 
chopped radiation source, preferably, an optical radiation 
source having a minimum number of moving parts. 

It is a further object of the present invention to provide a 
chopped radiation source having an integrated detector to 
control the intensity of the radiation. 

It is another object of the present invention to provide a 
chopped radiation source having an integrated means of 
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coupling the chopped radiation from the source into an 
optical ?ber for transfer to a remote location. 

It is also an object of the present invention to provide a 
chopped radiation source having a means for extracting a 
portion of the chopped beam from the radiation source that 
is coupled into an optical ?ber Without reducing the total 
energy throughput of the ?ber. 

It is a further object of the present invention to provide a 
chopped radiation source having an integrated detector 
Which is driven by an extracted beam from the ?ber to output 
an electrical pulse in phase With the chopper to synchronize 
a lock-in ampli?er. 

These and other objects Which Will be apparent to those 
skilled in the art are accomplished by the device of the 
present invention Which is formed by housing the radiation 
source, optical chopping and optical ?ber connector com 
ponents described more fully herein in a manner such that 
those components remain in position during use. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric vieW of one embodiment of the 
chopped radiation source of the present invention in Which 
the radiation source component, the chopping component, 
and the optical ?ber connector component are shoWn in 
detail. 

FIG. 2 is a front vieW of the embodiment of the chopped 
radiation source shoWn in FIG. 1. 

DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

The present invention relates to a chopped radiation 
(preferably, optical radiation) source Which is suitable for 
use in photometers, spectrophotometers and other analytic 
devices in Which chopping of radiation is used to enhance 
instrument accuracy or performance. 

The chopped radiation source of the present invention is 
composed of (1) a radiation source component, (2) a chopper 
component, and (3) an optical ?ber connector component. 
Each of these components is positioned in a housing in a 
manner such that the elements of each of these components 
Will not move in an unintended manner during use. 

The key elements of the radiation source component are 
(a) a radiation source and (b) means for directing the 
radiation emitted by the source to a focal point. In the event 
that the radiation emitted by the radiation source in not 
collimated or collimated to the desired extent, a means for 
collimating the radiation may be advantageously included in 
the radiation source component. 

The key elements of the chopping component include (a) 
a reed Which is capable of resonating and Which is ?xed at 
one end and free to move at the other end, (b) a chopper ?ag 
positioned at an angle (preferably a 90° angle) With respect 
to the movable end of the reed, (c) means for adjusting 
pressure on the reed, (d) means for causing the reed to 
vibrate at its resonant frequency, and (e) a radiation detector. 
The pressure adjusting means (c) should make it possible to 
align the chopper ?ag When it is at rest With the focal point 
of the radiation from the radiation source component (1). 
The radiation detector (e) should be positioned so that it Will 
receive chopped radiation emanating from the optical ?ber 
connector component. 

The key elements of the optical ?ber connector compo 
nent include (a) optical ?ber and (b) a housing With (c) an 
opening. The optical ?ber is positioned so that it terminates 
at the focal point of the radiation from the radiation source 
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4 
component (1). The housing for the optical ?ber encases 
most of the optical ?ber and Will generally serve as the 
means for holding the optical ?ber in the correct position. 
The opening (c) in housing (b) leaves a minor portion of the 
optical ?ber exposed. This opening (c) is positioned so that 
any radiation emitted through that opening can be detected 
by radiation detector (e) of component (2). 

In one of the preferred embodiments of the present 
invention, means for detecting the intensity of the radiation 
emitted by the source and means for adjusting the amount of 
radiation to be chopped are included in the radiation source 
component. 

In another preferred embodiment of the present invention, 
the chopper ?ag is formed from a section of the resonating 
reed at the movable end of that reed. 

In another embodiment of the invention, a lock-in ampli 
?er is synchronized With the output of an electrical pulse 
Which is in phase With the chopper Which electrical pulse is 
derived from the radiation emitted at the opening of the 
optical ?ber component housing. 
The chopped radiation source of the present invention Will 

be described in greater detail With reference to FIGS. 1 and 
2. 

In each of FIGS. 1 and 2, the three major components of 
the device of the present invention, i.e., the radiation source 
component 1, the chopper component 2, and the optical ?ber 
connector component 3 are illustrated. The housing 4 for 
radiation source component 1, the housing 5 for chopper 
component 2, and connector 6 of optical ?ber connector 
component 3 must each be made of a material Which Will 
Withstand the environment in Which the device is to be used 
and Which is su?iciently rigid to support the elements of 
each of these components in a manner such that those 
elements Will not move or shift during use of the chopped 
radiation source. Housings 4 and 5 and connector 6 are each 
preferably made With a metal such as aluminum, stainless 
steel or brass, but any other materials Which are suf?ciently 
strong and durable enough to Withstand the conditions under 
Which the device Will be used may also be employed. The 
housings 4 and 5 shoWn in FIGS. 1 and 2 Were made of 
aircraft grade aluminum, alloy 6061, metal plates Which had 
been laser cut to accommodate the elements to be included 
in that housing. These plates Were then stacked and bonded 
together. Although not a required feature of the invention, 
holes 24 into Which screWs may be inserted are shoWn in 
FIG. 1 to illustrate one method for mounting the device of 
the present invention to a bench or post or other surface at 
the location Where the device is to be used. Other means for 
holding the stacked plates and mounting the housing formed 
by such plates Will be apparent to those skilled in the art. It 
Would also be possible to “mold” sections of the housing(s) 
and attach it/them by any of the techniques knoWn to those 
skilled in the art. The housings 4 and 5 must be at least large 
enough that all of the required components Will ?t Within the 
housing(s) in a manner such that each of those components 
may function properly and Will not move in an unintended 
manner during use. It is, of course, desirable that the 
housings be as small as possible for reasons of space and 
economy but there is no technical limitation With respect to 
the maximum siZe of the housings. 

In housing 4, a collimated radiation source 7 is positioned 
in an opening Which is large enough to accommodate that 
radiation source. Radiation source 7 must remain stationary 
in housing 4. It is preferred that radiation source 7 be 
maintained stationary by making the opening into Which 
radiation source 7 is placed su?iciently large to alloW it to 
be placed in that housing 4 but small enough that radiation 
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source 7 Will not be free to move around. It is, however, 
possible to make radiation source 7 stationary by inserting 
radiation source 7 into a casing or base permanently 
mounted to housing 4 Which casing or base has been 
designed to hold the radiation source in place. Radiation 
source 7 may be any source of visible, ultraviolet and/or near 
infrared (“NIR”) radiation knoWn to those skilled in the art. 
It is preferred that the radiation emitted by radiation source 
7 be collimated, hoWever, it is Within the scope of the present 
invention to use any source of radiation. Radiation Which is 
not collimated When emitted may be made collimated by 
techniques knoWn to those skilled in the art, such as passage 
through an aspheric lens. Examples of preferred radiation 
sources include tungsten ?lament lamps and light emitting 
diodes. Selection of an appropriate radiation source Will, of 
course, be dependent upon the particular application for 
Which the chopped optical source Will be used. 

It is desirable that the intensity of the radiation source be 
held at a constant level. While intensity adjustment is not 
necessary When the radiation source is selected to meet the 
speci?c requirements for that optical chopper or When that 
radiation source Will be replaced before it nears the end of 
its useful life, it is generally advantageous to include means 
for adjusting the radiation intensity because such adjustabil 
ity alloWs greater ?exibility in selection of the radiation 
source and the ability to continue use of the radiation source 
after it has passed its peak performance. 

In the embodiment of the invention illustrated in FIG. 1, 
radiation intensity adjustment may be accomplished by 
monitoring the radiation from source 7 With detector 8 and 
using the output of detector 8 to drive a servo feedback loop 
(not shown) controlling the radiation source 7 drive. The set 
point of the source 7 drive may be adjusted by means of an 
adjustable optical iris 9 (also shoWn in FIG. 2). It is, of 
course, possible to operate the chopped radiation source 
assembly Without detector 8 and iris 9. HoWever, it is 
preferred that these elements or some other elements knoWn 
to be useful for adjusting radiation intensity be included in 
radiation source component 1. 
Any of the knoWn radiation detectors Which is capable of 

detecting radiation at the Wavelengths selected for use in the 
device of the present invention may be used as detector 8. 
Preferred detectors include phototransistors and photocon 
ductive or photovoltaic silicon diodes. Any means for 
increasing or decreasing the amount of radiation emitted 
from radiation source 7 may be used as radiation adjuster or 
iris 9. Suitable adjustment means are knoWn to those skilled 
in the art. Such adjustment means include a ?ne thread 
screW. 

In the embodiment of the invention illustrated in FIG. 1, 
radiation source 7 is positioned in housing 4 so that the 
emitted collimated radiation Will reach beam director 10. 
Beam director 10 is employed in this embodiment of the 
invention because the condensing means 11 and optical ?ber 
12 are not on axis With source 7. Beam director 10 need not 
be included in radiation source component 1, hoWever, if 
condensing means 11 and optical ?ber 12 are on the same 
axis as the collimated radiation emitted by radiation source 
7. 

In the apparatus illustrated in FIG. 1, beam director 10 is 
positioned in housing 4 so that it can receive radiation from 
radiation source 7 and direct that received radiation to 
radiation condensing means 11. It Would, hoWever, also be 
possible to position beam director 10 in housing 5 provided 
that beam director 10 Would still be capable of receiving 
collimated radiation and directing such received radiation to 
the means for directing the collimated radiation to a focal 
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6 
point. Beam director 10 may be any of the knoWn means for 
directing radiation such as mirrors or prisms. Preferred beam 
directors include beam steering prisms and mirrors. When 
used, beam director 10 should be at least large enough to 
capture the collimated radiation, preferably, it Will have a 
Width Which is approximately equal to the diameter of 
radiation source 7. 

The radiation condensing means 11 need not be posi 
tioned in housing 4 as shoWn in FIG. 2. Radiation condens 
ing means 11 may also be positioned at any point Where it 
is capable of receiving the collimated radiation emitted from 
radiation source 7 and condensing that radiation to a focal 
point. It is preferred, hoWever, that radiation condensing 
means 11 be located in housing 4 at a point beloW beam 
director 10. 

Radiation condensing means 11 may be any of the knoWn 
radiation condensers. Ball lenses, particularly sapphire ball 
lenses having diameters of from 1 to 10 mm are preferred. 
Condensing means 11 condenses the radiation to a focal 
point (not shoWn) at Which optical ?ber 12 is positioned to 
receive that radiation. 

Located at the base of housing 4 are alignment posts 13 
(more clearly illustrated in FIG. 2). The alignment posts 13 
are positioned to ?t into receiving cavities 14 located in 
housing 5 and thereby form the complete housing for the 
chopped optical source of the present invention. It is also 
Within the scope of the present invention to position receiv 
ing cavities 14 at the base of housing 4 and alignment posts 
13 at the top surface of housing 5. The number of alignment 
posts 13 and receiving cavities 14, if used, Will generally be 
at least 2 alignment posts and 2 receiving cavities, prefer 
ably, at least three posts and 3 cavities, most preferably, 4 
alignment posts and 4 receiving cavities. These alignment 
posts 13 and receiving cavities 14 are not essential features 
of the present invention but they are advantageously 
included because they facilitate proper alignment of the 
housings 4 and 5 and thus proper alignment of the elements 
included in those housings. The alignment posts 13 may be 
made of any material Which Will Withstand the conditions of 
use. Metals such as rolled metal pins are particularly pre 
ferred. Alignment posts 13 and cavities 14 Will be su?i 
ciently long or deep that the completed housing Will remain 
intact and both housings 4 and 5 Will not move or shift 
during use. 
A reed 15 Which is capable of vibrating is positioned in 

housing 5 so that the movement of chopper ?ag 18 Will chop 
the beam entering optical ?ber 12. In the embodiment of the 
invention illustrated in FIG. 1, reed 15 is positioned so that 
it is vertical With respect to the opening in housing 5. Such 
vertical positioning is preferred. One end of reed 15 is 
capable of relatively free movement While the reed’s move 
ment at the other end is restricted by supports 16 and the 
means for adjusting chopper duty cycle 17. At the end of 
reed 15 Which is capable of relatively free movement is 
located chopper ?ag 18. Chopper ?ag 18 may be formed 
from the terminal portion of reed 15 or it may be attached to 
the movable end of reed 15. In the chopper assembly 
illustrated in FIG. 1, the chopper ?ag 18 Was formed by 
tWisting the terminal portion of reed 15 ninety degrees. Any 
of the chopper ?ags knoWn to those skilled in the art may, 
hoWever, be used. The chopper ?ag 18 shoWn in FIG. 1 is 
particularly advantageous in that there is no risk of separa 
tion of the chopper ?ag from the reed. 
Reed 15 may be made of any ?exible material Which can 

be made to vibrate. Suitable materials include ferrous met 
als, spring steel, and su?iciently stilf polymer ?lm. Ferrous 
metals are preferred When the means for causing the reed to 
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vibrate is a solenoid coil. Any of the known piezoelectric 
resonating reeds may also be used as reed 15. Where a 
piezoelectric resonating reed is used, the preferred actuating 
material is a polyvinylidene ?uoride such as that Which is 
commercially available under the designation Kynar PVDF. 
Reed 15 should generally be long enough that the reed 15 
With, chopper ?ag 18 Will have a natural resonance betWeen 
100 and 1000 Hz, and have a de?ection greater than tWice 
the diameter of optical ?ber 12. In order to adjust the 
resonance frequency of reed 15, the reed length, thickness, 
Width, Young’s modulus of the reed material, or Weight of 
the chopper ?ag 18 may be varied to achieve the desired 
frequency. The optimum resonance frequency of the reed 
depends upon the principal detector used in the spectrometer 
or photometer or other analytical device into Which the 
chopped radiation source of the present invention Will be 
incorporated. For a lead sul?de detector, the optimum reso 
nance frequency is 600 Hz. 

In the device illustrated in FIGS. 1 and 2, the vibrating 
reed Was fabricated from spring steel stock approximately 
1.6 inches (4.0 cm) long, 0.19 inches (0.5 cm) Wide, and 
0.023 inches (0.058 cm) thick. The vibrating reed portion 
beyond the supports 16 Was approximately 1.0 inches (2.5 
cm) long and 0.09 inches (0.23 cm) Wide. The chopper ?ag 
18 portion, Was formed from the terminal portion of reed 15 
and Was 0.15 inches (0.38 cm) long and 0.19 inches (0.48 
cm) Wide. This reed/?ag assembly resonated at approxi 
mately 450 Hz. 

Means for causing reed 15 to vibrate are Well knoWn in 
the art. In FIGS. 1 and 2, vibration of reed 15 is induced by 
solenoid 19. It is also possible to use a piezoelectric reso 
nating reed as reed 15. When a piezoelectric resonating reed 
is used, solenoid 19 is not needed to cause vibration of the 
reed and the solenoid 19 can be omitted from the chopping 
component. 

The chopper duty cycle may be adjusted by any of the 
techniques knoWn to those skilled in the art. The chopper 
duty cycle adjuster 17 shoWn in FIGS. 1 and 2 is a screW 
Which When turned suf?ciently applies pressure to or 
removes pressure from reed 15. Application or WithdraWal 
of pressure on reed 15 betWeen supports 16 causes the reed 
to bend and chopper ?ag 18 to change its position. When 
chopper ?ag 18 is positioned betWeen radiation condensing 
means 11 and the focal point at Which optical ?ber 12 
receives the condensed radiation in a manner such that the 
edge of chopper ?ag 18 at rest is aligned over the center of 
the optical ?ber 12 and blocks 50% of the optical ?ber face, 
it Will generate a 50% duty cycle on the chopped radiation 
from source 7. A change in the at rest position of chopper 
?ag 18 changes the duty cycle of the chopped beam. A 
chopped radiation beam When detected and processed by a 
lock-in ampli?er Will produce a maximum signal With a 50% 
duty cycle. 

Optical ?ber connector component 3 is made up of 
connector housing 6, optical ?ber 12 and opening 22. 
Optical ?ber 12 is positioned Within connector housing 6 in 
a manner such that at least a portion of optical ?ber 12 Will 
be exposed at opening 22. It is preferred that optical ?ber 12 
be secured Within connector housing 6 in some manner, 
preferably With an adhesive material of some sort. Clear 
epoxy is particularly preferred. 

In the chopped radiation source shoWn in FIGS. 1 and 2, 
optical ?ber 12 terminates in the ?ber connector housing 6 
Which is positioned at a location such that condensed, 
chopped radiation Will be received by optical ?ber 12 at the 
focal point of the radiation Which has passed through 
condenser 11. In FIG. 1, optical ?ber connector 6 is inserted 
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8 
into cavity 20 of housing 5. Fiber connector housing 6 is 
secured in place in housing 5 With screW 21. It could, 
hoWever, also be made to snap or screW into place or be 
secured by means of an adhesive or in any other manner 
knoWn to those skilled in the art. Opening 22 of connector 
housing 6 exposes the optical ?ber 12 and any material 
present on the surface of that ?ber (e.g., epoxy) to detector 
23. Although opening 22 is shoWn as a V-shaped notch in 
FIGS. 1 and 2, no particular shape for opening 22 is 
required. Opening 22 could also be a straight mill cut on the 
surface of connector 3 or any other shape Which exposes at 
least a portion of optical ?ber 12. Opening 22 need not be 
any particular size but it is preferred that the opening be at 
least large enough to permit suf?cient radiation to be 
detected by detector 23. In the device illustrated in FIGS. 1 
and 2, opening 22 Was large enough to expose 0.125 inches 
(0.317 cm) of optical ?ber. 

It is knoWn to those skilled in the art that not all radiation 
beam rays incident on the end face of an optical ?ber Will 
successfully propagate along the inner core of the ?ber and 
emerge at the other end. Only those rays Within the ?ber 
acceptance cone angle Will propagate along the inner core. 
Those rays outside of the acceptance cone angle Will refract 
into the ?ber cladding and be lost. It is these “lost” rays 
Which are detected by radiation detector 23 through opening 
22. Where the optical ?ber is held in place Within housing 6 
by an adhesive, a portion of the rays that refract into the 
cladding Will penetrate the adhesive (preferably, epoxy) 
cementing the ?ber 12 to the connector housing 6 and 
illuminate the epoxy or adhesive. The radiation that is 
illuminating the epoxy may be readily detected by radiation 
detector 23 Which detects the phase of chopped radiation 
cycle modulated by optical chopper ?ag 18. 

Selection of the optical ?ber to be used in the apparatus 
of the present invention is based upon the particular type of 
radiation Which is to be chopped and is Within the skill of the 
art. For example, Where the radiation being chopped is in the 
near infrared (NIR) range, glass ?ber having a very loW 
hydroxyl (OH) content is preferred because OH hydroxyl 
content absorbs around 1400 nm and Would adversely affect 
transmission of the NIR radiation. HoWever, Where the 
radiation being chopped is in the ultraviolet (UV) range, the 
hydroxyl content of the optical ?ber does not interfere With 
the transmission of UV radiation. The optical ?ber used in 
the apparatus of the present invention Will generally have a 
diameter of from about 300 to about 1000 um, preferably 
from 400 to 600 um and be capable of multimode ray 
propagation. 

Fiber 12 in connector component 3 may be used to 
connect the chopped radiation source of the present inven 
tion to a probe (not shoWn) to be inserted into the material 
or stream being evaluated. Any of the knoWn probes may be 
used With the radiation chopping device of the present 
invention. Selection of the probe Will be based upon the type 
of analysis being conducted and the nature of the material or 
stream being analyzed. 

Fiber 12 in connector component 3 may also be used to 
connect the chopped radiation source of the present inven 
tion With other analytical devices. 

At section 22 of ?ber connector component 3 illustrated 
in FIGS. 1 and 2, the epoxy on the surface of optical ?ber 
12 is illuminated With rays entering ?ber 12 at an angle 
greater than the ?ber acceptance angle Which have pen 
etrated the cladding and then the epoxy. These illuminating 
rays can be used to monitor radiation that is falling on the 
face of the ?ber Without reducing the amount of radiation 
being transmitted Within the ?ber core. 
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Having thus described our invention, the following 
Example is given as being illustrative thereof. 

EXAMPLE 

A device corresponding to that shoWn in FIGS. 1 and 2 
Was constructed of the folloWing materials: 

Housing 4 6061 alloy aluminum plates Which Were laser 
cut to accommodate elements of the radiation 
source component 1, stacked and joined 
together With epoxy and steel roll pins. 
6061 alloy aluminum plates Which Were laser 
cut to accommodate the elements of chopper 
component 2, stacked and joined together With 
epoxy and steel roll pins. 
Fabricated from a standard ?ber optic SMA 
Connector 
Tungsten ?lament lamp Which emitted radiation 
at Wavelengths of from 400 nm to 2500 nm 
Which is commercially available from Gi1Way 20 
Lamps (# 11025). 
Detector Which is commercially available from 

Housing 5 

Housing 6 

Radiation source 7 

Radiation intensity 
detector 8 DigiKey (Part # QSC114-ND). 
Radiation intensity 4/40 machine screW 
adjuster 9 
Beam director 10 A ?rst surface mirror having a Width of 0.25 25 

inches.(0.635 cm). 
A sapphire ball lens having a diameter 
of 0.25 inches (0.635 cm) Which is 
commercially available from Edmund Scienti?c 

(# H43-831). 
500 um diameter loW OH glass ?ber from 30 
RoMack Fiber Optics 
1/16 inch steel roll pins having a length of 
0.625 inches (1.59 cm). 

Receiving cavities 14 Cut in housing 5, 0.125 inches deep (0.318 
cm). 

Reed 15 Fabricated from Stihl reWind spring (Part # 
LB05A02) measuring 0.187 inches (0.475 cm) 
Wide by 0.024 inches (0.061 cm) thick. 
The ?rst section in contact Which bridge posts 16 
measured 0.438 inches (1.11 cm) long by 
0.187 inches (0.475 cm) Wide. 
The second section Which Was free to move 

measured 1.00 inch (2.54 cm) long by 0.188 40 
inches (0.47625 cm) Wide. 
1/32 inch steel pins Which Were 0.25 inches 

long (0.635 cm). 
4/40 machine screW 

Radiation 
condenser 11 

Optical ?ber 12 

Alignment posts 13 

Bridge posts 16 

Chopper duty 
cycle adjuster 17 
Chopper ?ag 18 Terminal section of reed 15 at a 900 angle to 45 

the stationary portion of reed 15 and measuring 
0.150 inches (0.381 cm) long and 0.189 inches 
(0.48 cm) Wide. 

Solenoid 19 Solenoid coil removed from a Tyco relay (Part # 
T90S1D12-5) 

Cavity 20 Cavity cut out of housing 5 measuring 0.125 50 
inches (0.317 cm) in diameter and 0.5 inches 
(1.27 cm) long. 
4/40 machine screW 

Opening exposing 0.125 inches (0.317 cm) of 
optical ?ber machined from housing 6. 
Detector Which is commercially available from 
DigiKey (Part # QSC114-ND). 5 

Connector ScreW 21 
Opening 22 

Phase Detector 23 

Although the invention has been described in detail in the 
foregoing, it is to be understood that such detail is solely for 
that purpose and that variations can be made therein by those 60 
skilled in the art Without departing from the spirit and scope 
of the invention except as it may be limited by the claims. 

What is claimed is: 
1. A chopped radiation source comprising: 65 
a) a radiation source component comprising: 

(1) a radiation source in a ?xed position 

10 
(2) means for collimating radiation emitted by said 

radiation source, if the radiation emitted by said 
radiation source is not already collimated, and 

(3) means for directing collimated radiation to a focal 
point, 

b) a chopping component comprising: 
(1) a reed Which at one end is capable of moving freely 

and at the other end is relatively ?xed, 
(2) a chopper ?ag positioned at a 900 angle With respect 

to the end of the reed Which is capable of moving 
freely, 

(3) a means for adjusting pressure on the reed in a 
manner such that the chopper ?ag When at rest Will 
be aligned With the focal point of the collimated 
radiation, 

(4) means for exciting the reed suf?ciently to cause the 
reed to vibrate at its resonant frequency, and 

(5) a radiation detector positioned to receive and detect 
chopped radiation emanating from an optical ?ber 
connector component, and 

c) the optical ?ber connector component comprising: 
(1) optical ?ber positioned so that one end receives 

radiation at the focal point of the collimated radia 
tion, 

(2) a housing for the optical ?ber With 
(3) an opening positioned so that radiation emitted 

through the opening Will be received by the detector 
in said chopping component in Which said radiation 
source component, said chopping component, and 
said optical ?ber connector component are main 
tained in its proper position Within a housing. 

2. A chopped optical radiation source comprising: 
a) a radiation source component comprising a ?rst hous 

ing composed of a material Which is suf?ciently rigid to 
support elements present therein in a manner such that 
those elements Will not drift or move during use in 
Which the elements comprise: 
(1) an optical radiation source, 
(2) means for collimating radiation from (1), if neces 

sary, and 
(3) means for directing collimated radiation to a focal 

point, 
(4) optionally, means for detecting intensity of radia 

tion from said optical radiation source, 
(5) optionally, means for adjusting intensity of the 

radiation from said optical radiation source, 
b) a chopping component comprising a second housing 

composed of a material Which is suf?ciently rigid to 
support elements present therein in a manner such that 
those elements Will not drift or move during use in 
Which the elements comprise: 
(6) a reed With a ?rst end ?xed to a Wall of the second 

housing and a second end capable of moving freely, 
(7) a chopper ?ag positioned at a right angle to the 

second end of the reed and Which is positioned to 
receive vibration originating from the reed to chop 
optical radiation from said optical radiation source at 
the focal point, 

(8) means for adjusting pressure on the reed to align the 
chopper ?ag’s resting point, With the collimated 
radiation and the focal point, 

(9) a means for causing the reed to vibrate at the reed’s 
resonant frequency, 

(10) a cavity for holding an optical ?ber connector 
component such that an optical ?ber is positioned at 
the focal point, 
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(11) a means for securing the optical ?ber connector 
component When it is positioned in said cavity, and 

(12) a radiation detector positioned to receive and 
detect chopped radiation emanating from an opening 
in the optical ?ber connector component When the 
connector component is positioned in said cavity, 
and 

c) an optical ?ber connector component capable of being 
positioned in said cavity comprising a third housing 
composed of a material Which is suf?ciently rigid to 
support elements present therein in a manner such that 
those elements Will not drift or move during use Which 
elements comprise: 
(13) an optical ?ber With end face positioned at the 

focal point to receive chopped optical radiation from 
said chopping component and to transmit received 
optical radiation to a remote location, and 

(14) an opening in the housing of the optical ?ber 
connector component Which opening is positioned 
suf?ciently close to the ?ber’s end face to emit 
radiation that has entered the ?ber at an angle outside 
of the ?ber’s acceptance cone angle, and 

d) a means for aligning the ?rst housing With the second 
housing. 

3. The chopped radiation source of claim 1 in Which the 
radiation source is a tungsten ?lament lamp. 

4. The chopped radiation source of claim 1 in Which the 
radiation source is a lamp Which emits near infrared radia 
tion. 

5. The chopped radiation source of claim 2 in Which each 
of the ?rst and second housings is composed of metal. 

6. The chopped radiation source of claim 2 in Which each 
of the ?rst and second housings is composed of stacked 
metal plates Which have been bonded together. 

7. The chopped radiation source of claim 1 in Which said 
directing means is a beam steering prism. 

8. The chopped radiation source of claim 1 in Which said 
directing means is a beam steering mirror. 

9. The chopped radiation source of claim 2 in Which said 
directing means is a beam steering prism. 

10. The chopped radiation source of claim 1 in Which said 
means for adjusting radiation intensity is a bolt or screW. 

11. The chopped radiation source of claim 1 in Which the 
radiation source is a light emitting diode. 

12. The chopped radiation source of claim 1 in Which the 
radiation source is a light emitting diode capable of emitting 
ultraviolet, visible and near infrared radiation. 

13. The chopped radiation source of claim 1 in Which said 
directing means is a 45 degree beam steering prism. 

14. The chopped radiation source of claim 1 in Which said 
directing means is a ?at mirror. 

15. The chopped radiation source of claim 1 in Which said 
collimating means is a sapphire ball lens. 

16. The chopped radiation source of claim 15 in Which the 
sapphire ball lens has a diameter of from 3 to 10 mm. 

20 

25 

30 

35 

40 

45 

12 
17. The chopped radiation source of claim 1 in Which said 

radiation detector is a phototransistor. 
18. The chopped radiation source of claim 1 in Which said 

radiation detector is a photovoltaic or photoconductive 
diode. 

19. The chopped radiation source of claim 2 in Which said 
alignment means comprises posts mounted on the ?rst 
housing Which can be inserted into corresponding cavities 
present in the second housing. 

20. The chopped radiation source of claim 1 in Which the 
reed is made of spring steel. 

21. The chopped radiation source of claim 1 in Which the 
reed is from 15 to 50 mm in length, from 3 to 10 mm in 
height and from 0.2 to 0.8 mm thick. 

22. The chopped radiation of claim 1 in Which the chopper 
?ag is an extension of the reed Which has been formed by 
tWisting the movable end of the reed by 90 degrees. 

23. The chopped radiation source of claim 1 in Which the 
reed is magnetically driven. 

24. The chopped radiation source of claim 20 in Which a 
solenoid coil is included in the chopping component to cause 
resonation of the reed. 

25. The chopped radiation source of claim 1 in Which the 
reed is a pieZoelectric resonating reed. 

26. The chopped radiation source of claim 22 in Which the 
pieZoelectric actuating material is polyvinylidene ?uoride. 

27. The chopped radiation source of claim 22 in Which a 
pulsating AC or DC signal is used to provide resonance to 
the reed. 

28. The chopped radiation source of claim 27 in Which the 
AC or DC signal has a frequency betWeen 30 and 1000 HZ. 

29. The chopped radiation source of claim 27 in Which the 
AC or DC signal has a frequency betWeen 400 to 600 HZ. 

30. A photometer Which includes the chopped radiation 
source of claim 1. 

31. A photometer Which includes the chopped radiation 
source of claim 2. 

32. A method for monitoring a chemical reaction com 
prising: 

(a) inserting a probe Which is connected to the photometer 
of claim 30 into a reaction stream and 

(b) revieWing output from the photometer. 
33. A method for monitoring a chemical reaction com 

prising: 
(a) inserting a probe Which is connected to the photometer 

of claim 31 into a reaction stream and 
(b) revieWing output from the photometer. 
34. A method for monitoring a chemical reaction com 

prising: 
(a) placing a How through cell connected to the photom 

eter of claim 30 into a stream to be monitored and 

(b) revieWing output from the photometer. 

* * * * * 
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Figure 3 
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Figure 4 



U.S. Patent Jan. 22, 2008 Sheet 5 0f 9 US 7,321,428 B2 

Photomcter Left View 

Figure 5 
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Figure 6 
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PROCESS PHOTOMETER 

BACKGROUND OF THE INVENTION 

The present invention relates to a process photometer for 
monitoring a production process in Which such photometer 
is used. 

In-line monitoring of chemical processes makes it pos 
sible to reduce production cycle time, improve the safety of 
such processes and reduce Waste. A number of methods for 
such monitoring With conventional analytical devices have 
been disclosed in the literature. TWo general approaches 
have been taken in developing such monitoring processes. In 
one approach, the amount of energy absorbed by a sample or 
selected material is measured and compared to one or more 
pre-established standards. Examples of this approach may 
be found in US. Pat. Nos. 5,151,474; 5,170,056; and 
5,763,883. 
US. Pat. No. 5,151,474, for example, discloses a poly 

ole?n polymerization process in Which the rate of addition 
of the principal monomer is controlled on the basis of a 
vibrational spectroscopy analysis (e.g., Fourier Transform 
infrared spectroscopy) of that monomer’s concentration in 
the reactor. In this method, the chemical analysis may be 
conducted either on-line or off-line. On-line analysis is 
conducted by directing a portion of the process stream 
directly to the process analyZer. Such diversion is not, 
hoWever, desirable in many production environments. 
US. Pat. No. 5,170,056, discloses an infrared probe for in 

situ sensing of infrared energy absorption in a sample. This 
probe Which senses the amount of infrared energy absorbed 
in a sample is designed to make it possible to determine 
infrared spectroscopic signatures at a point remote from a 
standard spectrometer. 
US. Pat. No. 5,763,883 discloses a method for determin 

ing or predicting a value of a selected property of a material 
being produced in Which the absorption of the selected 
material is measured at more than one Wavelength and the 
measured Wavelengths are compared to standards. 

Another approach taken in monitoring commercial 
chemical production processes is the photometric approach 
in Which the radiation absorbed by a sample at prede?ned 
Wavelengths and bandWidths is evaluated in relation to a 
pre-established standard. Examples of this photometric 
approach are found in US. Pat. Nos. 4,968,148 and 5,825, 
478. 
US. Pat. No. 4,968,148 discloses a single source multi 

site photometric system in Which a number of isolated 
samples on a sample plate may be analyZed for kinetic 
and/ or end-point densitometric properties in rapid sequence. 
This system is not, hoWever, capable of monitoring a pro 
duction process as that process is being conducted. The 
samples must be collected and analyZed at a remote location. 
US. Pat. No. 5,825,478 discloses a multifunctional pho 

tometer in Which electromagnetic radiation from a source 
Which has been sent through a sample cell is analyZed 
substantially instantaneously by multiple detectors at mul 
tiple Wavelengths from a broad band electromagnetic radia 
tion source. The use of multiple detectors, hoWever, 
increases the costs associated With the construction and 
maintenance of the photometer. In addition, the use of beam 
splitters to direct a portion of the electromagnetic radiation 
to each detector reduces the total signal that Would be 
available if only one detector Were used. In many cases, the 
energy available at the detector has been attenuated to 
marginal levels either by the constituent of interest, or 
scattering from suspended particles. 
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2 
An accurate photometric device having a minimum num 

ber of components Which is durable, inherently stable, and 
compact, may be housed in an explosion proof enclosure, 
that does not require instrument air or nitrogen purging for 
explosion proof rating or cooling, and Which has been 
optimiZed for maximum optical throughput and signal to 
noise ratio, so that it can be permanently installed at a 
location close to the stream of material to be monitored 
Would be advantageous. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a 
photometer With a minimum number of moving components 
subject to excessive mechanical Wear. 

It is another object of the present invention to provide a 
photometer that maximiZes total optical throughput for 
optimum signal to noise ratio, and minimizes alignment 
criteria for stable, loW maintenance operation. 

It is also an object of the present invention to optimiZe 
component layout to reduce stress and strain on optical 
components that Would affect alignment and stability. 

It is a further object of the present invention to provide a 
photometer in Which thermally dependent components are 
positioned in a temperature-controlled compartment. 

It is another object of the present invention to provide a 
photometer that can be easily installed in a chemical pro 
duction unit next to the sample point of interest by packag 
ing the photometer in a small housing that provides an 
explosion proof rating for operation in areas With Class I 
Division 1 Groups B,C,D classi?cation Without additional 
gas purging or electrical interlocks. 

It is an additional object of the present invention to 
provide a photometer With enough Wavelength speci?c 
band-pass ?lters that it is possible to monitor a chemical 
production process in-line Where a spectrometer scanning a 
continuum of Wavelengths and employing chemometrics 
Was previously required. 

These and other objects Which Will be apparent to those 
skilled in the art are accomplished by the photometer and the 
method for photometric process analysis of the present 
invention described more fully herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a component placement representation of the 
northeastern isometric vieW of the photometer of the present 
invention. 

FIG. 2 is a component placement representation of the 
northWestern isometric vieW of the photometer of the 
present invention. 

FIG. 3 is a component placement representation of the 
southeastern isometric vieW of the photometer of the present 
invention. 

FIG. 4 is a component placement representation of the 
southWestern isometric vieW of the photometer of the 
present invention. 

FIG. 5 is a component placement representation of the left 
vieW of the photometer of the present invention. 

FIG. 6 is a component placement representation of the 
right vieW of the photometer of the present invention. 

FIG. 7 is a component placement representation of the 
front vieW of the photometer of the present invention. 

FIG. 8 is a component placement representation of the 
back vieW of the photometer of the present invention. 

FIG. 9 is a cut aWay vies of a component placement 
representation of a ?lter Wheel assembly. 
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DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

The present invention relates to a photometer suitable for 
in-line monitoring of a chemical production process Which 
may be installed at the production site in close proximity to 
a stream of material to be monitored and to the method of 
monitoring a stream of material With such photometer. 

Elements of the photometer of the present invention 
include: (a) a source of chopped radiation, preferably, an 
integrated optical source/chopper assembly such as that 
described in Applicants’ co-pending application U.S. Ser. 
No. 10/983,404, ?led on Nov. 8, 2004; (b) a remote sample 
cell or probe placed in a process stream or vessel in Which 
the material to be analyZed is present; (c) optical ?ber 
capable of relaying optical radiation output from the 
chopped radiation source (a) to the remote sample cell or 
probe (b); (d) a collimator; (e) optical ?ber capable of 
relaying optical radiation from the remote sample cell or 
probe (b) to collimator (d); (f) a ?lter Wheel assembly With 
multiple ?lters positioned so that the radiation beam output 
of collimator (d) intersects and is perpendicular to the ?lters 
on the Wheel assembly; (g) means for detecting and con 
trolling the position of the ?lter Wheel; (h) a radiation 
detector positioned to receive collimated radiation from (d) 
after it has passed through the ?lter Wheel assembly (f); (i) 
means for synchronous recti?cation of the output of radia 
tion detector (h) With the chopped phase output signal of the 
chopped radiation source (a); (j) means for converting DC 
voltage output of recti?er (i) to a digital signal; (k) means for 
maintaining the collimated, chopped radiation source, the 
collimator, the ?lter Wheel assembly, the radiation detector, 
the recti?er and the converter at a constant temperature; (1) 
a poWer supply; (m) a computer or some comparable means 
for controlling movable elements, for processing data and 
for communicating analytical results; (n) support for the 
chopped radiation source assembly, the ?lter Wheel assem 
bly, the radiation detector and the means for detecting and 
controlling position of the ?lter Wheel that is rigid, and 
maintains position and optical alignment of those compo 
nents Without undue stress or strain on these components; 
(0) support for the poWer supply that Will also act as a 
heat-sink and dissipate heat to the environment outside of 
the photometer housing; and (p) support for the recti?er, 
digital conversion means and temperature control compo 
nent. An important feature of the photometer of the present 
invention is selection and arrangement of the photometer 
components in a manner such that the volume occupied by 
those components is small and that the critical components 
remain stationary during transport and use. 

The photometer of the present invention Will be described 
in greater detail With reference to FIGS. 1-9 Which illustrate 
a preferred embodiment of the invention. 

The photometer of the present invention 1 is made up of 
at least tWo different compartments. It is preferred that both 
compartments of photometer 1 be completely encased in a 
housing (not shoWn) Which is a small as possible and Which 
is explosion proof. A particularly preferred housing Will 
measure less than 229 cubic inches (7.25><5.50><5.75 inches; 
18.4><14.0><+14.6 cm (3761 cubic cm)). Such small, explo 
sion-proof housings are commercially available. One such 
commercially available housing is the FM Approved Enclo 
sure Which is made of cast aluminum and produced by 
Adalet, a division of the Scott FetZer Company. 

The upper compartment 5 of photometer 1 is temperature 
controlled. The loWer compartment 16 need not be tempera 
ture controlled and is preferably not temperature controlled. 
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In the illustrated photometer 1, compartments 5 and 16 are 
formed by circular metal plates 7, 8, 9 and 10 and support 
posts 6, 11 and 12. Plates 7, 8, 9 and 10 preferably have the 
same shape and circumference or perimeter. The shape of 
plates 7, 8, 9 and 10 is not, hoWever, an essential feature of 
the present invention. Any shape Would be useful. It is not 
necessary for these plates to have the same circumference or 
be made of the same material. It is particularly preferred that 
each of plates 7, 8, 9, and 10 be made of metal or some other 
material Which is suf?ciently rigid, strong and durable to 
support the photometer components and Withstand the envi 
ronment in Which the photometer Will be used. It is most 
preferred, hoWever, that each of these plates be made of the 
same material and have the same circumference or perimeter 
for ease of assembly, compactness, and economic reasons. 
The siZe of these plates must be at least suf?cient to 
accommodate the components to be placed in the compart 
ment but there is not a maximum siZe requirement. It is 
particularly preferred, hoWever, that the siZe of plates 7, 8, 
9 and 10 be kept to the minimum siZe necessary for 
economic, handling and space reasons. It is also particularly 
preferred that the plates be metal, preferably, steel, alumi 
num, brass, or any metal or alloy that is strong and rigid such 
as aluminum alloy 6061. Support means 6, 11 and 12 must 
be made of a material Which is capable of supporting the 
components of the photometer. The support means 6, 11 and 
12 are shoWn as posts but they need not be in the form of 
posts. The support means are preferably made of metal, most 
preferably, steel, aluminum or an aluminum alloy or brass. 
If the support means are posts, those posts must be at least 
long enough to form a chamber capable of containing all of 
the required components for that compartment, posts des 
ignated by the same reference numeral must all be equal in 
length and at least three posts of equal length must be used 
for each compartment or chamber. 
Upper compartment 5 is formed by plates 7, 8 and 9 and 

by support posts 6 and 11. Support posts 6 and 11 are 
preferably made of a metal, most preferably, steel, alumi 
num, brass, or any metal or alloy that is strong and rigid such 
as aluminum alloy 6061. Posts 6 must be at least long 
enough to form a compartment betWeen plates 7 and 8 Which 
Will accommodate the components of the analyZer to be 
located betWeen those plates. Posts 11 must be at least long 
enough to support the ?lter Wheel 46 of ?lter Wheel assem 
bly 2 betWeen plates 8 and 9. The total height of posts 6 and 
11 must be high enough to accommodate the components of 
the analyZer Which must be in the temperature controlled 
environment. Each of the posts 6 must be equal in length. 
Similarly, each of posts 11 must be equal in length. While 
posts 6 are used to support plates 7 and 8, it is not necessary 
that the support means for plates 7 and 8 be in the form of 
a post. Similarly, it is not necessary that the support means 
betWeen plates 8 and 9 be in the form of posts. It Would also 
be possible, for example, to support the plates With a “Wall” 
formed by a cylinder made of a sturdy material, preferably 
metal, Which has a circumference or perimeter equal to that 
of the plates being supported and height suf?cient to accom 
modate the analyZer components Which must be in the 
temperature controlled environment. HoWever the use of a 
Wall or Walls to separate and support plates 7, 8, and 9 Will 
restrict access to components placed Within. Where support 
posts 6 are employed, the use of at least three posts Will 
ensure that plates 7 and 8 are each supported at a minimum 
of three points Which de?ne a plane and do not stress and 
Warp plates 7 and 8. Similarly, When posts are used as plate 
support means 11, at least three posts are generally 
employed to eliminate stress on plates 8 and 9. In like 
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manner, plates 9 and 10 are preferably supported by at least 
three posts 12 to eliminate stress on plates 9 and 10. 

In order to maximize optical throughput, ease alignment, 
and improve stability, the open path distance betWeen optical 
components in the optical train is minimized. 

The chopped radiation source included in the photometer 
of the present invention is composed of (1) a radiation 
source component, (2) a chopper component, and (3) an 
optical ?ber connector component. It is preferred that each 
of these components be positioned in a housing in a manner 
such that the elements of each of these components Will not 
move in an unintended manner during use. It is, hoWever, 
also possible to mount each of these individual components 
to a plate or plates Within temperature controlled chamber 5. 
When the radiation source component, chopper component 
and optical ?ber component are not all included Within the 
same housing, it is necessary to ensure that these compo 
nents are properly aligned so that the radiation emitted from 
the radiation source Will be chopped and Will be relayed by 
the optical ?ber. 
Key elements of the radiation source component are (a) a 

radiation source 29, (b) means for directing (such as beam 
director 27) radiation emitted by the source 29 through a 
condensing element to concentrate the radiation to a focal 
point, and (c) a condensing element for concentrating the 
radiation to a focal point. The radiation source 29 may be 
any source of visible, ultraviolet and/or near infrared 
(“NIR”) radiation knoWn to those skilled in the art. It is 
preferred that the radiation emitted by radiation source 29 be 
collimated, hoWever, any source of radiation Which is not 
collimated When emitted may be made collimated by tech 
niques known to those skilled in the art, such as passage 
through an aspheric lens. Examples of preferred radiation 
sources include tungsten ?lament lamps and light emitting 
diodes. Selection of an appropriate radiation source Will, of 
course, be dependent upon the particular application for 
Which the chopped optical source Will be used. 

It is desirable that the intensity of the radiation source be 
held at a constant level by, for example, a servo feedback 
loop controller and that a means for adjusting the intensity 
control set point be included. Intensity control and set point 
adjustment are not necessary When the radiation source is 
selected to meet a speci?c requirement or When that radia 
tion source Will be replaced before it nears the end of its 
useful life. HoWever, it is generally advantageous to include 
means for setting the radiation intensity from source 29 With 
an adjustable “iris” such as a machine screW 35 that can be 
positioned to stop part of the radiation that reaches the 
radiation intensity feedback detector 34. The radiation inten 
sity feedback detector 34 can be any optical radiation 
detector. Suitable feedback detectors include phototransis 
tors and/ or photodiodes. Such adjustment and control alloWs 
greater ?exibility in selection of the radiation source and the 
ability to continue use of the radiation source after it has 
passed its peak performance. Suitable adjustable “irises” and 
detectors are knoWn to those skilled in the art. 

In the present invention, the radiation source component 
includes a beam director 27 Which “folds” the collimated 
beam from source 29 to con?ne it in such a Way that all of 
the required optical parts of the photometer of the present 
invention can be properly arranged in the restricted space 
Within the temperature controlled compartment of the pho 
tometer. It is, of course, possible to place the optical com 
ponents of the photometer of the present invention along one 
axis and thereby eliminate the need for beam director 27. 
Suitable beam directors include any of the knoWn prisms 
and/ or front surface mirrors. 
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6 
To couple the source beam to the output optical ?ber, a 

condensing optical element is included in the radiation 
source component. Suitable condensing elements include 
aspheric lenses, convex lenses, ball lenses and off-axis 
mirrors. 
The chopping component of the chopped radiation source 

Will generally include (a) a vibrating reed, tuning fork or any 
other knoWn means for interrupting radiation ?oW at regular 
intervals, (b) a means for adjusting the duty cycle of the 
interruptions in radiation How, and (c) a chopper phase 
detector 14. The chopper phase detector 14 should be 
positioned so that it Will receive chopped radiation emanat 
ing from the optical ?ber connector component. The chopper 
phase detector 14 is generally an optical radiation detector 
such as a phototransistor. 
The optical ?ber connector component holds the optical 

?ber positioned to receive chopped radiation, in the correct 
position, preferably, at the focal point of chopped radiation 
Which has been passed through a condensing lens. In a 
preferred embodiment of the invention, the terminal portion 
of the optical ?ber by Which the chopped radiation is 
transmitted to the sample to be analyZed is encased by the 
connector. In a particularly preferred embodiment of the 
invention, there is an opening in the connector Which leaves 
a minor portion of the optical ?ber exposed. This opening 
may be positioned so that any radiation emitted through that 
opening can be detected by chopper phase detector 14. 

In one of the preferred embodiments of the present 
invention, means for detecting the intensity of the radiation 
emitted by the source and means for adjusting the amount of 
radiation to be chopped are included in the radiation source 
component. 

In another embodiment of the invention, a lock-in ampli 
?er is synchroniZed With the output of an electrical pulse 
from chopper phase detector 14 Which is in phase With the 
chopper Which electrical pulse is derived from the radiation 
emitted at the opening of the optical ?ber component 
housing. 
A particularly preferred output optical path train is 

achieved With the integrated optical source/chopper assem 
bly 13 described in detail in Applicants’ co-pending appli 
cation U.S. Ser. No. 10/983,404 ?led Nov. 8, 2004 and 
incorporated herein by reference. In the chopped radiation 
source described in US. Ser. No. 10/983,404, for example, 
the open path distance is approximately 0.375 inches (0.95 
cm) betWeen the radiation source 29 and the end face of the 
output optical ?ber 36. The return optical path train com 
prising the return optical ?ber 37, collimating lens 33, ?lters 
18, and radiation detector 30 has an open path distance of 
approximately 0.625 inches (1.6 cm). 

In order to maintain alignment betWeen optical compo 
nents, the integrated optical source/chopper assembly 13, 
radiation detector 30, and ?lter Wheel assembly 2 are all 
mounted on plate 8. Placement of these optical components 
on the same rigid plate and Within close proximity to one 
another restricts movement that can affect alignment and/or 
stability. The end face of the return optical ?ber 37 is ?xed 
in place by SMA connector 25 at the focal point of colli 
mating lens 33 mounted in housing 32 made from a modi?ed 
SMA union that is mounted on plate 9. The distance betWeen 
plates 8 and 9 is minimized to improve optical throughput, 
and stability of the return radiation beam betWeen the return 
optical ?ber 37 and the radiation detector 30 by minimiZing 
the length of support posts 11. 

Temperature control of chamber 5 may be achieved by 
enclosing that chamber in an insulating material or container 
(not shoWn) and circulating heated air With fan 17. Appro 
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priate temperatures for chamber 5 Will generally be at least 
15° C. above ambient temperature, preferably, betWeen 35 
and 65° C., and most preferably from 45 to 55° C. The 
temperature in chamber 5 should be kept relatively constant. 
As used herein, a relatively constant temperature is a tem 
perature Which varies by no more than plus or minus 50 C. 
The outputs of resistance heating elements 38 are driven by 
a closed loop servo control circuit on printed circuit board 
(“PCB”) 40 With input from an integrated circuit (“IC”) 
temperature sensor also on PCB 40 and exposed to the 
heated air output of fan 17. Openings such as opening 20 are 
present on plate 8 to alloW air circulation betWeen the tWo 
sections of chamber 5 divided by plate 8. 
The chopped radiation from assembly 13 is relayed to a 

remote insertion probe or How through cell for process 
analysis of the material in the optical path of the probe or 
How through cell via the output optical ?ber 36. Fiber 36 is 
inserted into assembly 13 via a modi?ed SMA connector and 
held in place by an appropriate fastener 15 (e.g., a screW). 
The remote probe or How through cell is not shoWn, as it is 
application dependent and is not a component of the pho 
tometer of the present invention. Choice of a suitable 
insertion probe or How through cell Will be apparent to those 
skilled in the art. The radiation is passed through the material 
being monitored and relayed via return optical ?ber 37, 
connected by SMA connector 25 to modi?ed SMA union 32. 
SMA union 32 also houses collimating ball lens 33. The 
output radiation beam from the end face of return optical 
?ber 37 is collimated, e.g., by ball lens 33 and is passed 
through the ?lters 18 on ?lter Wheel 46 and then to detector 
30. The output of detector 30 is conditioned by the pream 
pli?er on printed circuit board (PCB) 21 and relayed via 
cabling to the lock-in ampli?er on PCB 23. In the illustrated 
embodiment of the invention, PCB 23 is held in position by 
posts 24 Which are a?ixed to plate 7. The chopped radiation 
source 13 Which is preferably an integrated optical source/ 
chopper assembly of the type disclosed in Applicants’ 
co-pending application U.S. Ser. No. 10/983,404 detects and 
outputs a chopper phase pulse via phototransistor 14. The 
duty cycle of the chopped radiation is adjusted by any 
suitable means such as by turning an adjusting means 26 
shoWn in the Figures as a screW. The chopper phase pulse is 
relayed from phototransistor 14 to a lock-in ampli?er on 
PCB 23 via cabling and is used to synchroniZe the detection 
of the conditioned signal from detector 30. The DC signal 
from the output of the lock-in ampli?er is ?ltered and 
converted to a digital signal via an analog to digital con 
verter on PCB 23. The integrated optical source/chopper 
assembly 13, detector 30, preampli?er on PCB 21, and 
lock-in ampli?er and analog to digital converter on PCB 23 
are all in temperature controlled chamber 5 to stabiliZe the 
temperature dependent electronic circuits. 

The digital output of the analog to digital converter on 
PCB 23 is relayed via cabling to the microprocessor on PCB 
22 located in the loWer compartment or chamber 16. Com 
partment 16 is formed from plates 9 and 10 and posts 12. 
The microprocessor on PCB 22 dose not have to be in a 
temperature controlled chamber because digital signals are 
inherently temperature independent. The microprocessor 
also controls the positioning and synchronizing of the ?lter 
Wheel 46 via stepper motor 3 and optical-interrupter 31. 
Optical-interrupter 31 detects the edge of a marker or ?ag on 
a highly re?ective surface of the ?lter Wheel 46 to determine 
the Zero position of the ?lter Wheel 46. The center position 
of each ?lter 18 on ?lter Wheel 46 is measured in terms of 
the number of pulses of the stepper motor 3 required to reach 
that center position from the Zero position. This measure 
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8 
ment for each ?lter 18 is stored in memory in the micro 
processor on PCB 22. To position the ?lter Wheel to a given 
?lter, the microprocessor outputs a direction pulse and a 
given number of step pulses to a stepper motor driver 
integrated circuit (IC) also located on PCB 22. The stepper 
motor driver IC synchroniZes the coil sequencing and pro 
vides current gain necessary to drive the stepper motor 3. 
The output of the stepper motor 3 is relayed via gear 39 to 
the ?lter Wheel 46. The microprocessor on PCB 22 also 
outputs the drive pulse to a chopper solenoid 28 located on 
the integrated radiation source/chopper assembly 13. Where 
a chopper assembly that includes a vibrating reed (such as 
that disclosed in Applicants’ co-pending application U.S. 
Ser. No. 10/ 983,404) is used as the chopped radiation source 
13, the resonant frequency of the vibrating reed chopper may 
be stored in memory and used to synchroniZe the chopper 
drive. The microprocessor also has an internal multi-channel 
10-bit analog to digital converter that accepts inputs from 
integrated circuit (IC) temperature sensors, and voltage test 
points to monitor operational parameters of the photometer. 

Additionally, the microprocessor on PCB 22 communi 
cates With an external device such as a computer (not shoWn) 
via cabling to receive operational commands, and relay 
photometer status and analytical results. Photometer 1 in this 
embodiment receives operational instructions from the 
external device. In a typical sequence of events, the ?lter 
Wheel 46 is brought to the edge of the Zero position (Which 
is generally “marked” With, for example, a ?ag (not shoWn)) 
on ?lter Wheel 46; ?lter Wheel 46 is moved in a clockWise 
direction to position a given ?lter 18 betWeen detector 30 
and collimating lens 33; a selected number of time averaged 
readings of the detector 30 are collected; the collected 
readings are relayed back to the external device; ?lter Wheel 
46 is then moved in a clockWise direction to position the 
next desired ?lter betWeen detector 30 and collimating lens 
33; detector reading(s) are collected and relayed to the 
external device(s); these steps are repeated until all desired 
?lters are scanned. The external device can be any computer 
capable of performing basic logical sequencing and compu 
tational analysis and of providing analytical results, prefer 
ably, in the form of text, graphical representation, or signal 
output such as a voltage or current. In a preferred embodi 
ment of this invention, the photometer responds to a feW 
simple commands given by a computer Which controls the 
operation of the photometer and performs all computations. 
Such external control and computation alloWs upgrading of 
photometer performance Without opening or servicing the 
photometer 1 after installation. Use of such an external 
control and computational device is not, hoWever, an essen 
tial feature of the present invention. 

In another embodiment of the present invention, the 
microprocessor on PCB 22 may be programmed to sequence 
?lter Wheel 46; collect readings from detector 30; and 
calculate and output analytical results either digitally or as a 
voltage, frequency or current signal. 

Located in chamber 16 on plate 10 is printed circuit board 
(PCB) 19 on Which are located sWitching or digital poWer 
supplies. The sWitching poWer supplies are located at the 
base of photometer 1 on PCB 19 so that any heat emanating 
from them Will be heat sunk via plate 10 to the housing and 
the outside environment. 24 volt, 1.5 amp poWer is provided 
to photometer 1 by an external poWer source (not shoWn) via 
cabling and is converted to +12 volts, +5 volts, and —12 volts 
to operate the analog and digital circuitry on PCB’s 19, 21, 
22, and 23. The externally supplied poWer is also relayed via 
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cabling directly to the heater control circuits on PCB 40 
located in chamber 5, on plate 7, that drive resistance heaters 
38 (shoWn in FIG. 5). 

Not shoWn in FIGS. 1-9 is the cabling to the external 
poWer supply and to the external computer(s). The cabling, 
although it may be necessary to operate some embodiments 
of the photometer of the present invention, is not an essential 
feature of the photometer itself. Suitable cabling and inter 
connect methods Will be knoWn to those skilled in the art. 

In the illustrated embodiment of the present invention, 
slots 48 are cut in plates 8 and 9 to accommodate cabling 
betWeen chambers 5 and 16. 

Also not shoWn in detail in FIGS. 1-9 are the speci?c 
circuits for detector 30 preampli?er, lock-in ampli?er, ana 
log to digital converter, microprocessor, stepper motor 
driver, optical interrupter, temperature control, and sWitch 
ing poWer supplies. Integrated circuits Which may be used 
for each of these components of the photometer of the 
present invention are commercially available. Selection of 
appropriate circuits is Within the skill of those in the art. 
Examples of suitable, commercially available integrated 
circuits are given in the example beloW. 

Filter Wheel assembly 2 is shoWn in greater detail in FIG. 
9. As can be seen in FIG. 9, ?lter Wheel assembly 2 includes 
one or more ?lters 18 Which are capable of passing radiation 
at selected Wavelengths. The number of ?lters 18 present on 
?lter Wheel 46 is preferably from 3 to 30, more preferably 
from 5 to 18, most preferably, from 7 to 18. The particular 
?lters are selected on the basis of the materials to be 
monitored. Speci?cally, ?lters having band-pass Wave 
lengths of radiation Which Would be absorbed by the mate 
rial(s) being monitored are selected. The ?lters are evenly 
spaced on the Wheel. One band-pass ?lter at Wavelengths 
that are not absorbed by the material being monitored is also 
included on the Wheel to provide a reference Wavelength. 
Any of the commercially available ?lters Which pass the 
desired Wavelengths may be used on ?lter Wheel 46. 

Filter Wheel assembly 2 includes: bearing mount 4, ?lters 
18, shaft 49, shaft collar 41, spacers 42, springs 43 (e.g., 
Wave springs or coil springs), bearings 44, ?lter openings 45, 
?lter Wheel 46, and snap rings 47. Filters 18 may be mounted 
on the surface of ?lter Wheel 46 as shoWn in FIG. 9 or they 
may be mounted in the ?lter openings 45. Near infrared 
(NIR) band-pass ?lters are generally made from tWo thin 
sections that are sandWiched together in a manner such that 
one section is a narroW band-pass ?lter and the other section 
is a blocking ?lter. In the illustrated embodiment, the tWo 
sections are scribed and broken into smaller pieces that Will 
fully cover opening 45. One section is mounted on one side 
of opening 45 and the other section is mounted on the 
opposite side as shoWn in FIG. 9. In another embodiment, 
When the photometer is used in the visible region of the 
spectrum, the ?lters may be thicker and can be mounted in 
the opening 45. 

Having thus described our invention, the folloWing 
Example is given as being illustrative thereof. 

EXAMPLE 

A device corresponding to that shoWn in FIGS. 1-9 
utiliZing the chopped radiation assembly disclosed in Appli 
cants’ co-pending application U.S. Ser. No. 10/ 983,404 ?led 
Nov. 8, 2004 Was constructed of the materials listed beloW 
and housed in an explosion proof ADALET# XIHLDCX 
Class I Division 1 Groups B,C,D Enclosure. 
Filter Wheel Assembly 2 Was constructed of the folloWing 

materials: 
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Bearing housing 4 A housing designed to mount tWo 

0.625 inches (1.588 cm) outside diameter by 0.196 
inches (0.498 cm) high bearings spaced 0.163 inches 
(0.414 cm) apart Which is made of aluminum. 

Shaft 31 A shaft measuring 0.25 inches (0.635 cm) in 
diameter and 1.75 inches (4.445 cm) long made of 303 
stainless steel. 

Set ScreW Collar 41 A ring having an inner diameter of 
0.25 inches (0.635 cm), an outer diameter of 0.5 inches 
(1.27 cm), a height of 0.25 inches (0.635 cm) With 
6/32-thread steel set screW made of aluminum. 

Spacer(s) 4211 A 0.063 inches long tube With an inner bore 
of 0.25 inches (0.635 cm) and an outside diameter of 
0.375 inches (0.953 cm) made of 303 stainless steel. 

Spacer(s) 42b A 0.014 inches (0.036 cm) long tube With 
an inner bore of 0.25 inches (0.635 cm) and an outside 
diameter of 0.375 inches (0.953 cm) made of 303 
stainless steel. 

Spacer(s) 420 A 0.375 inches (0.953 cm) long tube With 
an inner bore of 0.25 inches (0.635 cm) and an outside 
diameter of 0.375 inches (0.953 cm) made of 303 
stainless steel. 

Washer Spring(s) 43 Wave Washer springs made of 303 
stainless steel and measuring 0.006 inches (0.015 cm) 
thick With an inside diameter of 0.265 inches (0.673 
cm) and an outside diameter of 0.367 inches (0.932 
cm). 

Ball Bearings 44 Ball bearings measuring having a 0.25 
inches (0.635 cm) bore With an outside diameter of 
0.625 inches (1.588 cm) and a height of 0.196 inches 
(0.498 cm) made of 440C stainless steel. 

Opening 45 Drilled or laser cut measuring 0.188 inches 
(0.476 cm) in diameter. 

Filter Wheel 46 A 48-pitch spur gear With 120 teeth, a 
bore of 0.25 inches (0.635 cm) and outside diameter of 
2.542 inches (6.457 cm) made of 2024 aluminum 
having 18 openings for placement of ?lters thereon. 

Snap Rings 47 Snap rings made of carbon spring steel for 
a housing diameter of 0.625 inches (1.588 cm) and 
thickness of 0.035 inches (0.089 cm). 

Slots 48 laser cut clots in plates 8 and 9 for interconnect 
cabling passage. 

Stepper motor 3 A unipolar stepper motor having 48 
steps/revolution measuring 26 mm in diameter having 
a height of 12.7 mm, With a 2 mm shaft and a 9.2 
mNm/ 1.3 oZin holding torque. 

Support posts 6 Posts made of aluminum measuring 2.5 
inches (6.35 cm) long by 0.25 inches (0.635 cm) in 
diameter. 

Plates 7, 8, and 9 Plates having a 3.75 inch (9.525 cm) 
diameter Which are 0.125 inch (0.318 cm) thick and are 
made of 6061 grade aluminum. 

Plate 10 A plate having a 4.00 inch (10.16 cm) diameter 
Which is 0.125 inch (0.138 cm) thick and is made of 
6061 grade aluminum. 

Support posts 11 Posts made of aluminum measuring 0.75 
inches (1.905 cm) long by 0.25 inches (0.635 cm) 
diameter. 

Support posts 12 Posts made of aluminum measuring 2.00 
inches (5.08 cm) long by 0.25 inches (0.635 cm) in 
diameter. 

Chopped radiation assembly 13: Described in detail in 
Applicants’ co-pending application U.S. Ser. No. 
10/983,404 ?led Nov. 8, 2004, is composed of the 
folloWing: 
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Phase Detector 14 A phototransistor having a peak Wave 
length sensitivity of 880 nm and a radiation acceptance 
angle of 8°. 

Locking ScreW 15 A 4A0 thread machine screW measuring 
0.375 inches (0.953 cm) long. 

Duty cycle adjuster 26 A 4A0 thread machine screW 
measuring 0.5 inches (1.27 cm) long. 

Beam steering mirror 27 Part of assembly 13 is a front 
surface mirror'mirror measuring 0.25 inches (0.635 cm) 
by 0.25 inches (0.635 cm) square and 0.063 inches 
(0.159 cm) thick. 

Solenoid 28 A solenoid coil With a DC resistance of 27 
ohms measuring 0.50 inches (1.27 cm) in diameter and 
0.625 inches (1.588 cm) long. 

Radiation Source 29 A tungsten ?lament lamp Which 
emits radiation at Wavelengths of from 400 nm to 2500 
nm. 

Intensity Detector 34 Wavelength sensitivity of 880 nm 
and a radiation acceptance angle of 8°. 

Adjustable Iris 35 A 4A0 thread machine screW measuring 
0.375 inches (0.953 cm) long. 

Output Fiber 36 Part of assembly 13 is a 500 um diameter 
loW OH optical ?ber. 

Circulating fan 17 A brushless 8500-RPM fan measuring 
40mmby40mmby20mm. 

Filters 18 Spectrogon NIR ?lters (Wavelength selected on 
the basis of the sample material to be evaluated). 

PoWer supply board 19 Supports the folloWing circuits: 
+12 Volt, 1.0 Amp DC to DC converter Which is 
manufactured by Texas Instruments (PT5102N); +5 
Volt, 1.5 Amp DC to DC converter Which is manufac 
tured by Texas Instruments (78ST105HC); —12 Volt, 
0.5 Amp DC to DC converter Which is manufactured by 
Texas Instruments (PT5024N); and N channel MOS 
FET poWer transistor used to drive the tWo stage 
thermoelectric cooler of Detector 30. 

Plate Hole 20 Opening measuring 0.375 inches (0.953 
cm) Which is cut in air circulation in Chamber 5 

Preampli?er circuit board 21 Supports high impedance 
input, loW noise operational ampli?er integrated circuit 
manufactured by Burr-Brown (OPAL 111 AM) 

Microprocessor board 22 Supports the folloWing circuits: 
40 pin CMOS Microprocessor having 8 K of Flash 
program memory, 386 bytes of data RAM, and a 5 
channel 10 bit A/D converter manufactured by Micro 
chip Inc. (PIC 16F877); Stepper Motor Drive inte 
grated circuit capable of providing unipolar coil 
sequencing for the stepper motor drive Which is manu 
factured by Allegro (U CN5 804B); Temperature Sensor 
integrated circuit capable of generating a 10+mv/o K 
output signal Which is manufactured by National Semi 
conductor (LM335) 

Analog circuit board 23 Supports the folloWing circuits: 
Lock-in Ampli?er integrated circuit capable of balanced 

demodulation, a bandWidth of 2 MHZ, programmable gain, 
and 45 V/us sleW rate Which is commercially available from 
Analog Devices (AD630); 24 Bit Analog to Digital Con 
verter integrated circuit Which is capable of 6 conversions 
per second, 4 ppm scale error, 0.3 ppm noise, and 0.5 ppm 
offset Which is manufactured by Linear Technology 
(LTC2400); Operational Ampli?er integrated circuit capable 
of ultra loW noise ampli?cation of 4.5 nV\/ HZ maximum at 
1 KHZ and 100 uV offset maximum Which is manufactured 
by Burr-Brown (OPA27); Temperature Sensor integrated 
circuit Which is capable of generating a +10 mv/o K output 
signal Which is manufactured by National Semiconductor 
(LM335); Pulse Phase Shifter Circuit Which is commercially 
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12 
available from NBC (2N5457 JFET); and A Precision +5 
Volt Reference capable of 0.05% accuracy and 5 ppm/0 C. 
drift Which is manufactured by Linear Technology (LTC 
1236). 

Support Posts 2411 Posts made of aluminum measuring 
0.25 inches (0.635 cm) long and 0.25 inches (0.635 cm) 
in diameter. 

Support Posts 24b Posts made of aluminum measuring 
0.75 inches (1.905 cm) long and 0.25 inches (0.635 cm) 
in diameter. 

SMA Fiber Optic Connector 25 SMA ?ber optic connec 
tor used to terminate a 500 um diameter glass ?ber. 

Detector 30 1 mm square, tWo stage thermoelectric cooled 
PbS detector manufactured by NEP (D2-1-37). 

Filter Wheel Zero Flag Detector 31 Re?ective optical 
interrupter made up of a light emitting diode and a 
phototransistor placed side by side. 

SMA Bulkhead Union 32 Standard SMA bulkhead 
adapter drilled to accept a 0.25 inch (0.635 cm) ball 
lens manufactured by Amphenol. 

Collimating Lens 33 A sapphire ball lens measuring 0.25 
inches (0.635 cm) in diameter. 

Return Optical Fiber 37 500 um LoW OH Glass Fiber 
terminated With SMA Connector 25. 

Heater Resistor 38 25 ohm, 5 Watt resistor. 
Spur Gear 39 A 48-pitch spur gear With 14 teeth, a bore 

of 2 mm, 0.635 mm long With an outside diameter of 
0.846 cm made of brass. 

Heater Control PCB 40 Supports the folloWing circuits: A 
3 terminal voltage regulator integrated circuit capable 
of 3 amp output manufactured by Fairchild (LM350); 
Temperature Sensor integrated circuit capable of gen 
erating a +10 mv/o K output signal Which is manufac 
tured by National Semiconductor; and Voltage Refer 
ence integrated circuit manufactured by National 
Semiconductor (LM329). 

An apparatus corresponding to that illustrated in FIGS. 
1-9 Was made With the above-described components. This 
device Was then used to determine the distillation residue 
content in an opaque, dark-colored mixture containing an 
isocyanate and tar-like materials (residue) during the isocy 
anate production process. This information is critical to 
controlling and optimiZing the distillation process. The 
apparatus of the present invention made chemometric cali 
bration possible because it has the capability of evaluating a 
much larger number of Wavelengths Which can be distrib 
uted over the bands of interest. The apparatus of the present 
invention has been proven at tWo different residue monitor 
ing points in the isocyanate production process. 

Although the invention has been described in detail in the 
foregoing for the purpose of illustration, it is to be under 
stood that such detail is solely for that purpose and that 
variations can be made therein by those skilled in the art 
Without departing from the spirit and scope of the invention 
except as it may be limited by the claims. 

What is claimed is: 
1. A process photometer comprising 
a) an insulated compartment maintained at a relatively 

constant, elevated temperature Which houses: 
(1) a source of chopped radiation directed to a focal 

point, 
(2) a means for detecting the chopped radiation’s phase 

and generating a phase pulse, 
(3) an output optical ?ber to convey the chopped 

radiation from the focal point to a remote sample, the 
?ber having one end supported by 
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(4) a connector Which holds the supported end of the 
optical ?ber stationary at the radiation focal point, 

(5) a rotatable ?lter Wheel having at least one ?lter for 
a radiation Wavelength band modulated by each 
material being monitored, 

(6) means for rotating the ?lter Wheel a regular, pre 
determined distance at regular, pre-determined time 
intervals, 

(7) a return optical ?ber to relay radiation modi?ed by 
a material being analyZed from a remote sample cell 
to a ?lter on the ?lter Wheel, 

(8) a radiation detector for radiation Which has passed 
through a ?lter on the ?lter Wheel, 

(9) a preampli?er for loW noise ampli?cation of output 
from the radiation detector, 

(10) a lock-in ampli?er for synchronized detection of 
output from the preampli?er With chopped radiation 
phase pulse, 

(11) a means of converting the analog output from the 
lock-in ampli?er to a digital signal, 

(12) means for maintaining a relatively constant tem 
perature in compartment a), and 

(13) means for securing the components housed in 
compartment a) in the insulated compartment in a 
manner such that they are held in proper position, 
and 

b) a non-insulated compartment Which houses a poWer 
supply, and 

c) a means for controlling movement of the ?lter Wheel 
Which may be located in the insulated compartment, in 
the non-insulated compartment or external to both 
compartments a) and b). 

2. The photometer of claim 1 in Which the insulated 
compartment is maintained at a temperature of from 15° 
above ambient temperature to about 65° C. 

3. The photometer of claim 1 in Which compartments a) 
and b) are housed in an explosion-proof enclosure. 

4. The photometer of claim 1 in Which the source of 
radiation is a tungsten ?lament bulb. 

5. The photometer of claim 1 in Which the means for 
condensing the radiation to a focal point is a sapphire ball 
lens. 

6. The photometer of claim 1 in Which the ?lter Wheel has 
from 3 to 32 ?lters. 

7. The photometer of claim 1 in Which the ?lter Wheel has 
from 5 to 18 ?lters. 

8. The photometer of claim 1 in Which the ?lter Wheel has 
from 7 to 8 ?lters. 

9. The photometer of claim 1 in Which the ?lter Wheel is 
moved by a stepper motor Which is connected to the ?lter 
Wheel in a manner Which alloWs that motor to move the ?lter 
Wheel a pre-set distance after a given period of time. 

10. The photometer of claim 9 in Which each ?lter on the 
?lter Wheel is positioned an equal distance from each 
adjacent ?lter. 

11. The photometer of claim 10 in Which the pre-set 
distance the ?lter Wheel is moved is the distance from the 
midpoint of one ?lter on the ?lter Wheel to the midpoint of 
the next ?lter on the ?lter Wheel. 

12. The photometer of claim 1 in Which a computer is 
used to control the movement of the ?lter Wheel. 

13. The photometer of claim 1 Which further comprises a 
computer for controlling the movement of the ?lter Wheel, 
mathematical processing of data collected and communica 
tion of results of data processing. 
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14. The photometer of claim 1 in Which a vibrating reed 

having a resonance frequency betWeen 30 and 1000 HZ is the 
radiation chopper. 

15. The photometer of claim 1 in Which the source of near 
infrared radiation has an incandescent ?lament. 

16. The photometer of claim 1 in Which the source of 
radiation is a light emitting diode. 

17. A photometer comprising 
a) an insulated compartment maintained at a constant, 

elevated temperature enclosing components compris 
mg: 

(1) a source of chopped radiation, 
(2) means for detecting intensity of radiation emitted 

from the chopped radiation source, 

(3) means for adjusting intensity of the radiation emit 
ted from the chopped radiation source, 

(4) means for controlling the intensity from the 
chopped radiation source at the adjusted intensity 
level 

(5) means for directing the radiation emitted by the 
chopped radiation source to 

(6) a transmitter for the radiation emitted by the 
chopped radiation source to a sample, 

(7) a ?lter Wheel having at least one ?lter for a radiation 
Wavelength emitted by each material being moni 
tored, 

(8) means for moving the ?lter Wheel a regular, pre 
determined distance at regular, pre-determined time 
intervals, 

(9) a lens through Which the chopped radiation emitted 
by chopped radiation source has hat has been passed 
through the sample is directed through a ?lter on the 
?lter Wheel, 

(10) a radiation detector to receive the radiation passed 
through the lens, 

(11) means for maintaining a relatively constant tem 
perature in compartment a), and 

(12) support means for components in compartment a), 
and 

b) a non-insulated compartment enclosing a component 
comprising a poWer supply, 

c) a means for controlling movement of the ?lter Wheel 
Which may be located in the insulated compartment, the 
non-insulated compartment or be external to compart 
ments a) and b), and 

d) a receiver for radiation emitted by the chopped radia 
tion source that has been passed through a sample in 
Which each of the components is ?xed in an arrange 
ment Which ensures proper alignment of the compo 
nents during use. 

18. The photometer of claim 17 in Which intensity of near 
infrared radiation detected is used as input for a closed loop 
control. 

19. The photometer of claim 17 in Which a radiation 
chopper is placed betWeen the radiation directing means and 
the transmitter. 

20. The photometer of claim 19 in Which the radiation 
chopper comprises a vibrating reed having a resonance 
frequency betWeen 30 and 1000 HZ. 

21. The photometer of claim 19 in Which the radiation 
chopper is a pieZoelectric chopper. 
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22. The photometer of claim 17 in Which the transmitter 24. The photometer of claim 17 Which further comprises 
is an optical ?ber having a portion of its surface exposed to a means for condensing radiation from the directing means 
an opening in a connector so that coupled radiation propa- before that radiation is transmitted by the transmitter. 
gating through the ?ber radiates out of the ?ber. 25. The photometer of claim 24 in Which the radiation 

23. The photometer of claim 22 in Which the minor 5 condensing means is a sapphire ball lens. 
amount of radiation radiating out of the optical ?ber is used 
to synchronize a lock-in ampli?er. * * * * * 
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