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[57] ABSTRACT 
An improved transmissometer for determination of 
the density or opacity of a gaseous sample. A modu 
lated light beam is passed through a gaseous sample. A 
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retrore?ector positioned on the far side of the sample 
returns the light beam through the same. A movable 
chopping disc sequentially and in a repetitive cycle 
moves three discrete segments into the path of the 
modulated light beam before the light beam enters the 
sample. The segments include a cut-out portion to 
allow passage of the light beam into the sample; a ?rst 
re?ector portion to re?ect back substantially all of the 
modulated light beam; and a second re?ector portion 
that reflects back a pre-selected percentage of the 
modulated light beam. A beam splitter, positioned be 
tween the modulated light beam source and the chop 
ping disc, passes the light beam toward the disc, but 
re?ects light returned through the sample and the 
chopping disc at an angle of about 90° to the path of 
travel of the beam. A main light sensing element re 
ceives light re?ected by the beam splitter and gener 
ates an electrical signal in response thereto. Two inde 
pendent sample and hold units respectively receive 
and present as a constant output the electrical value 
representing light re?ected back through the sample 
and light re?ected from the ?rst re?ector portion of 
the chopping disc. A sequencing system conditions the 
sample and hold units to accept a signal only when the 
chopping disc is properly oriented. A subtraction unit 
subtracts the value of the electrical signal representing 
light reflected through the sample from the electrical 
signal representing light re?ected by the ?rst re?ector 
portion of the chopping disc. 

9 Claims, 5 Drawing Figures 
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TRANSMISSOMETER 

BACKGROUND OF THE INVENTION 

This invention generally relates to transmissometers 
of the type wherein the density or opacity of a gaseous 
sample is measured as a function of the attenuation of 
a light beam passed through the sample. More particu— 
larly, this invention relates to such a device wherein a 
clear sample reference signal is generated every cycle 
to serve as a basis for comparison with the signal gener 
ated to represent the opacity of the sample under study. 
Yet more speci?cally, this invention relates to a device 
of the character described which further automatically 
generates a mid-range calibration signal on a periodic 
basis to give a running check on the satisfactory opera 
tion of the device. 
The use of optical devices to measure the density or 

opacity of gaseous materials. smoke for example, is 
known in the art. Examples may be seen in US. Pat. 
Nos. 3,600,590; 3,617,756; and 3,810,697. Reference 
is also drawn to co-pending US. Pat. application Ser. 
No. 484,798, ?led July 1. 1974 and having an assignee 
in common with the assignee of the present invention. 
The present invention allows calibration of the signal 
processing circuits each cycle through the use of auto 
matic gain control function which compensates for 
component aging or dirt accumulation within the opti 
cal paths. In addition. in a cyclic pattern, a mid-range 
calibration check is made as well as a check of the cali 
bration of the clear sample condition. 

SUMMARY OF THE INVENTION 

Our invention is an improved transmissometer. In 
this general class of transmissometer, a light beam, 
modulated at a pre-selected frequency, is passed 
through a gaseous sample. The light beam is re?ected 
back through the sample by a retro-re?ector positioned 
across the sample from the source of the modulated 
beam. The components of the improved transmissome 
ter include a main light sensing means, positioned out 
of the path of travel of the modulated light beam, which 
generates an electrical signal representative of the 
amount of light falling on it. Also included is a movable 
chopping means, which has at least three distinct seg 
ments, which sequentially and in a repeating cycle 
moves the three segments into the path of travel of the 
modulated light beam prior to passage through the 
sample. The three segments include a cut-out portion 
which allows passage of the modulated light beam 
through the sample; a ?rst re?ector portion which will 
re?ect back substantially all of the modulated light 
beam; and a second re?ector portion which will re?ect 
back a preselected percentage of the modulated light 
beam. There is also a means, positioned in the path of 
travel of the modulated light beam, in advance of the 
chopping means, which will pass the light beam toward 
the chopping means but will direct any light from the 
direction of the chopping means onto the main light 
sensing means. A ?rst electronic means receives and 
presents as a constant output signal for each cycle of 
the chopping means an electrical signal representative 
of the light re?ected by the ?rst re?ector portion A 
second electronic means receives and presents as a 

constant output signal for each cycle of the chopping 
means an electrical signal representative of the light re 
?ected by the retrore?ector. An electronic subtraction 
means then subtracts the signal furnished by the second 
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2 
electronic means from the signal furnished by the first 
electronic means. The ?nal element is a sequencing 
means for generating an individual electrical signal in 
dicating the presence at the main light sensing means of 
light re?ected by the retro-reflector. the ?rst re?ector 
portion or the second re?ector portion. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the apparatus of the 
present invention; 
FIG. 2 is a side elevational view partially in cross—sec 

tion, of the main housing for the components of the 
present invention; 

FIG. 3 is an elevational view taken along the line 
3—3 of FIG. 2 showing the second chopping disc; 
FIG. 4 is a view similar to FIG. 3 illustrating a slightly 

modi?ed embodiment of the chopping disc of FIG. 3; 
and 
FIG. 5 is a schematic circuit diagram of the elec‘ 

tronic signal processing system of the present inven 
tion. 

DETAILED DESCRIPTION OF THE DRAWINGS 

The overall operation of the transmissometer of the 
present invention is best understood with reference to 
the simpli?ed block diagram of FIG. 1. In FIG. 1, a light 
source 10 furnishes a beam of radiant energy to a ?rst 
chopping disc 12. The purpose of the ?rst chopping 
disc 12 is to modulate the light furnished by the light 
source 10 at a desired frequency. This frequency may 
vary rather widely but is generally within the range of 
from 1,000 to 10,000 cycles per second. The modu 
lated light beam from the ?rst chopper 12 then passes 
through a beam splitter 14. The beam splitter 14 is of 
the conventional type which will pass a portion of radi 
ant or light energy in one direction and will re?ect a 
portion of the light returning from the opposite direc 
tion at an angle of approximately 90° with respect to 
the original beam. In this case, the light from the ?rst 
chopper 12 passes directly through the beam splitter 14 
into a second chopping unit 16. The second chopping 
unit or chopper disc 16 has several unusual characteris 
tics, which will be explained more fully later. For one 
part of the cycle of the second chopper 16, the light is 
passed through the second chopper l6 and through a 
samplle 18 whose characteristics are measured by this 
device. The sample 18 may be an enclosed space such 
as a smoke stack, thus allowing this unit to be directly 
mounted on the stack. Alternatively, however, the sam— 
ple could be removed from a main stream of ?owing 
material and sampled in a separate enclosed region if 
desired. The light passing through the sample 18 im 
pinges upon a retro-reflector 20 positioned on the op 
posite side of the enclosed space through which the 
sample 18 passes and re?ects back through the second 
chopper 16. The beam splitter 14 then directs a portion 
of the returning light downward at an angle of approxi 
mately 90 degrees to its original path of travel into a 
light-sensitive detector 22 which is a means for generat< 
ing an electrical signal representative of the light falling 
on it. The detector 22 is the main sensing element of 
the entire system. The degree to which the light passing 
through the sample 18 and returning is attenuated is a 
measure of the opacity of the sample 18 under consid 
eration. This opacity may be caused by a number of 
factors such as smoke comprised of very small particles 
or air-born particles of a fairly appreciable size. What» 
ever is the cause of the opacity in the sample 18, this 
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instrument will give a relative measure of precisely how 
much opacity the sample 18 creates. Thus this device is 
useful as an air pollution monitoring device to ensure 
that the emissions from a smoke stack are within the 
requirements for such emissions. The modulated light 
beam could be directed across an open space with the 
retro-re?ector 20 positioned across the space from the 
source of the beam. This con?guration could be used. 
for example. to measure the general haze condition of 
the air in a particular locale. The signal generated by 
the detector 22 is transmitted through a conductor 24 
to a current-to-voltage converter 26. The output of the 
detector 22 is a current and since most electronic ele 
ments today are designed to operate most conveniently 
with voltage signals. the current-to-voltage converter 
26 is used to achieve this conversion from a signal cur 
rent to a signal voltage. The voltage from the current 
to-voltage converter 26 is transmitted along a conduc 
tor 28 to a narrow band pass ?lter 30. The ?lter 30 is a 
means for removing any signal components which are 
not within the frequency band which was determined 
by the ?rst chopping unit 12. This helps to remove stray 
noise signals which may be introduced into the system. 
The output of the ?lter unit 30 is then transmitted 
through a conductor 32 to a demodulator unit 34. The 
demodulator 34 is a phase-sensitive unit which is a 
means for removing the frequency modulation intro 
duced by the ?rst chopping unit 12. To this end, a light 
sensitive timing sensor 36 is associated with the ?rst 
chopping unit 12. The timing sensor 36 transmits a sig 
nal along a conductor 38 to the demodulator 34. When 
the ?rst chopping unit 12 is passing a light signal. the 
timing sensor 36 will pass the signal to the demodulator 
34, and conversely, when light is not being passed by 
the ?rst chopping unit 12 no signal will be present on 
the conductor 38. The net result is that the output of 
the demodulator 34 is a recti?ed DC level signal repre 
senting the varying signal which is actually presented 
by the main detector unit 22. The output of the demod 
ulator 34 is transmitted along a conductor 40 to an am 
pli?er 42. The output of the ampli?er 42 is connected 
by a conductor 44 to a reference sample and hold unit 
46. A branch conductor 48 connects the output of the 
ampli?er 42 to a signal sample and hold unit 50. Both 
the sample and hold units 46 and 50 are designed to 
hold a signal passed to them for a period of time and 
present the signal as a constant output value for even 
tual measurement. The output of the reference sample 
and hold unit is connected through a conductor 52 to a 
difference ampli?er S4. The output of the signal sample 
and hold unit is connected through a conductor 56 to 
the difference ampli?er 54. This entire system is so 
constructed that at one point during each cycle a refer 
ence level is impressed into or on the reference sample 
and hold unit 46. This reference level indicates the 
level of light which should be returned should the sam 
ple 18 be perfectly clear or present no opacity or resis 
tance to the return of light from the re?ector 20. The 
signal sample and hold unit 50 accepts the actual signal 
which is passed through the sample 18 and returned to 
the detector 22. The difference ampli?er 54 is designed 
to subtract these two values and present the output dif 
ference along a conductor 58 to a display unit 60. The 
number shown by the display unit 60 is a relative mea 
sure of the opacity of the sample under consideration. 
The display unit 60 may be a simple dial-type voltme 
ter. a digital voltmeter or may be a strip chart-type re» 
corder to allow a permanent record to be made of the 
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4 
opacity of samples over a relatively long period of time. 
Depending upon the electronic signal components 
used. it may also be necessary to use a line driver 62 to 
boost the output signal along the conductor 58 to a 
proper level for utilization by the display unit 60. 
Associated with the second chopping unit 16 are at 

least three read sensors generally designated as 64. The 
read sensors 64 are designed to present a signal which 
tells which of the various signals possible from the sec~ 
ond chopping unit 16 back into the detector 22 through 
the beam splitter 14 are present at any one time. These 
signals are presented along output conductors 66, 67 
and 68 from the read sensors 64. The conductor 66 
carries information which indicates the presence of a 
100% transmission signal on conductor 44. This is the 
signal which is present or would be present if the sam 
ple 18 presented no opacity to the passage of the light 
from the second chopping unit 16 to the retro-reflector 
20 and back again. The conductor 66 is connected to a 
?rst switching unit 70 and is also connected to the ref 
erence sample and hold unit 46. At least once during 
each cycle of the second chopping unit 16 the refer 
ence l0()% transmission signal or reference signal is 
presented along a conductor 72 to the reference sam 
ple and hold unit 46 for storage and presentation to the 
difference ampli?er 54. An automatic gain control 
(AGC) circuit is used to provide compensation to 
avoid signal changes that would result from aging of 
components. line voltage ?uctuations, lamp aging. or 
coating of dirt or other substances from the environ 
ment in which the unit operates. This is an inevitable 
situation and in order to compensate for this situation, 
a comparator unit (or AGC difference ampli?er) 74 is 
utilized. The output of the reference sample and hold 
unit 46 is connected to the comparator unit 74 through 
a conductor 76. A reference voltage designated as V R is 
furnished along a conductor 78 to the comparator unit 
74. The reference voltage VR is set at a known level 
which is the level at which [00% transmission would 
normally be occurring. If the output of the reference 
sample and hold unit 46 varies from this known refer 
ence voltage level, a corrective signal will be generated 
from the comparator unit 74 and will be transmitted 
along a conductor 80 to the ampli?er 42 to modify the 
gain factor of the ampli?er 42 in order to compensate 
for the previously described changes in the system. 
Under normal operational conditions. the conductor 
68 from the read sensors 64, carries the informational 
signal to a third switch 82. The third switch 82 is con 
nected to the signal sample and hold unit 50 by a con 
ductor 84. This signal controls the signal and sample 
hold unit 50, which then transmits the signal to the dif 
ference ampli?er 54 for subtraction with the signal 
from the reference sample and hold signal to give a 
measure of the actual opacity of the sample 18 under 
consideration. The conductor 67 carries a signal which 
is representative of a mid-scale or a partial scale cali 
bration signal to a second switch 86. The second switch 
86 is connected to the signal sample and hold unit 50 
through a conductor 88. The output of the ?rst switch 
70 is also connected to the signal sample and hold unit 
50 through a conductor 90 and a branch conductor 92 
connects the ?rst switch 70 to the difference ampli?er 
54. A timer 94 is connected to the switches 70, 86 and 
82 through respective conductors 96, 97 and 98. The 
timer 94 controls the on and off cycling of these 
switches and thus determines which one of the various 
signals will be presented to the signal sample and hold 
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unit 50 for comparison with the signal from the refer 
ence sample and hold unit 46. The use of a timer or 
timed interval is optional, and the various signals could 
be switched in and out manually whenever calibration 
check is desired. Under normal circumstances. the 
third switch 82 will be on for a relatively long period of 
time, for example, approximately one hour. The other 
two switches will be off during this period of time. 
Then, in order to obtain a calibration or a check of the 
system operation, the switches 70 and 86 will be alter 
nately activated while the third switch 82 is held off in 
order to check both the 100% transmission level and 
the mid-span or partial span level as previously ex 
plained. 
FIG‘ 2 illustrates the mechanical and optical compo 

nents of the transmissometer of the present invention. 
The entire unit is mounted in a housing or case 100. 
This case 100 may be hinged to provide easy access to 
the interior thereof for service or set-up of these com 
ponents. The light source 10 is mounted from a bracket 
102 within the case 100. A lens system 104 transmits 
the light from the light source 10 to a mirror 106 which 
directs the light through the ?rst chopper 12. The 
chopper 12 is driven in a continuously rotating fashion 
by a motor 108 mounted in the case 100. It should be 
noted that the ?rst chopper 12 could conceivably be 
driven in an oscillatory fashion by a solenoid, vibrating 
reed, or similar device as opposed to being continu 
ously rotated by the motor 108, but the continuous 
drive provided by the motor 108 has proven to be most 
convenient. The ?rst chopper 12 is a generally disc 
shaped member provided with a plurality of cut-outs in 
its periphery which thus modulates the light furnished 
from the light source 10 as alternate open and closed 
spaces pass between the mirror 106 and a second lens 
system 110 which further projects the light beam. The 
timing sensor 36 is made up of a light-emitting diode 
112 and a light-responsive element 1 14 which are 
mounted on opposite sides of the chopper 12. These 
elements are so aligned that whenever a space in the 
chopping disc 12 is in alignment with the mirror 106 to 
allow passage of light, the light-emitting diode is also in 
alignment with a slot in the chopping disc 12 and thus 
allows the light-sensitive element 114 to generate a sig 
nal which is transmitted along the conductor 38 to the 
demodulator 34. The actual con?guration of the device 
shown in FIG. 2 is somewhat different from that shown 
in the simpli?ed block diagram of FIG. 1, and thus it is 
necessary to realize that more than one beam splitter 
such as that designated as 14 in FIG. 1 is used. Thus, 
instead of the initial light passing straight through the 
beam splitter 14, as is shown in FIG. 1, the light coming 
from the second lens 110 is actually bent at 90 degrees 
with respect to its original path of travel by the ?rst 
beam splitter 14 and exits through a third lens system 
116 and the second chopper 16. The second chopper 
16 is driven by and continuously rotates due to a motor 
118. The read sensors 64 are located near the lower» 
most edge of the second chopper 16. These sensors are 
actually three in number and are pre-packaged units of 
a side»by-side light-emitting diode and light-responsive 
transistor which are angled such that light sent by the 
light-emitting diode may be reflected back to the light 
responsive transistor. These units are generally desig 
nated as 120, 121 and 122 and may be Texas Instru 
ment Type TIL 139’s. The case or housing 100 may be 
mounted to a smoke stack with the use of ?ange 
mounts 124 and the light itself is directed down a tubu 
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6 
lar portion 126 into the stack and across where it will 
be re?ected by the retro-re?ector 20 mounted on the 
opposite side. 
FIG. 3 graphically illustrates how the rather speci?c 

con?guration of the second chopper 16 aids in allowing 
calibration of this transmissometer to compensate for 
long-term drifts in equipment and for the eventual col 
lection of dirt on the equipment which could lead to er 
roneous results. The second chopper 16 is a basically 
disc-shaped member which includes two open cut-out 
portions 128 and 130. When these portions are aligned 
with the beam splitter 14, light will pass through these 
portions. through the tubular portion 126, and across 
the sample 18 to be re?ected back by the rctroreflector 
20. Returning for a moment to FIG. 2, the return light 
beam will pass straight through the beam splitter 14 
and will then impinge upon a second beam splitter 132. 
It is important to remember at this point that the sec~ 
ond beam splitter 132 could be dispensed with and the 
main detector 22 could be placed in this position. How 
ever, for ease of setup of this device, the beam splitter 
132 is employed and projects the majority of the light 
downward approximately 90 degrees to its original path 
of travel into the main detector 22. An eye piece 134 is 
located in line with the return light beam and the sec 
ond beam splitter 132 and allows visual observation of 
the alignment of the retro-re?ector 20. With respect to 
FIG. 3 again, it should be realized at this time that the 
use of two segments 128 and 130 for the projection of 
the light beam toward the retro-re?ector 20 is simply 
for the purposes of allowing a higher rate of measu re 
ment. It would be possible to have only a single seg 
ment that is open on the second chopper disc 16 and 
thus only one measurement would be made per rota 
tion of the chopping disc 16. However, to allow a high 
rate of measurement and to keep down the speed of ro 
tation of the chopping disc 16, it is preferred to use at 
least two segments so that two measurements may be 
made during each single rotation of the chopping disc 
16. The two openings 128 and 130 each cover approxi 
mately 60° of the circumference of the circular disc 16. 
These sections are separated by approximately 180 de 
grees. Also on the chopping disc 16 are two areas or 
portions designated as 136 and 138 which are coated 
with a retro-re?ective material and extend approxi 
mately 60° of the circumference of the chopping disc 
16 and are separated by 180°. These areas are designed 
to provide a 100% re?ection reference signal. That is, 
the signal which would be generated by the light beam 
impinging upon these areas and being received by the 
main detector 22 would be equivalent to the signal re 
ceived if the sample 18 were completely clear and ab 
sorbed none of the light beam during the beam’s travel 
across and back through the sample 18. The chopping 
disc 16 is completed by two additional areas or portions 
designated as 140 and 142 which also occupy approxi 
mately 60° of their circumference of the disc 16 and are 
also coated with a retro—re?ective material. These areas 
140 and 142 are selectively coated so that a light beam 
impinging upon them will re?ect back to the main de‘ 
tector 22 a signal representing approximately 50% ab 
sorption of the outgoing signal. These segments are 
provided to allow a mid~point span calibration signal. It 
would be possible to make these areas more or less re 
?ective than 50%, but 50% provides a convenient point 
at which a calibration can be automatically made. The 
speci?c value of re?ectance chosen can vary with each 
instrument. For example, the value for a short working 
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distance would normally be 50%. Larger dimensions of 
working distances will use a re?ectance value reduced 
in value to, for example, 30% in order to more nearly 
match the magnitude of an actual signal. Once set, this 
reflective value remains fixed for a given instrument. 
Located near the periphery of the second chopper 16, 
are two timing strips 144 and 146 made of a retrore 
flective material. The timing strips 144 and 146 are as 
sociated with the openings 128 and 130 and are located 
an equal radial distance outward from the center of the 
second chopping disc 16. The timing strips 144 and 146 
are generally centered with respect to the openings 128 
and 130 but are slighly smaller in angular extent, for ex~ 
ample, being around 50° degrees as opposed to the 60° 
degree extent of the openings 128 and 130. This 
smaller angular extent is to make sure that the openings 
128 and 130 are in complete alignment with the light 
beam before the measurement begins. The strips 144 
and 146 are in alignment with the lowermost of the tim 
ing sensing units 122. For example, when the opening 
128 is in alignment with the lens system 116 to allow 
light to pass outward into the sample, the timing strip 
146 is in alignment with the read sensor package 122 
which will cause generation of a signal as a result of the 
timing strip 146 re?ecting light from the light-emitting 
diode to the photo transistor. Similarly, the 100% re 
?ection areas 136 and 138 have timing strips 148 and 
150 associated with them. The timing strips 148 and 
150 are on a slightly smaller radius from the center of 
the chopping disc 16 to allow them to align with the 
read sensor package 121. Finally, the mid-span re?ec 
tive areas 140 and 142 also have timing strips 152 and 
154 associated with them. The timing strips 152 and 
154 are on a still smaller radius to allow them to be in 
alignment with the read sensor package 120 to gener 
ate a signal when the mid-span area is to be read. The 
basic function served by the strips 144, 146, 148, 150, 
152 and 154 and their associated read sensors is to pro 
vide a sequencing means for generating a signal that 
will indicate whether the light being received by the de 
tector 22 is from the retro're?ector 20 or from one of 
the re?ective areas 136, 138, 140 and 142 of the chop 
ping disc 16. 
FIG. 4 illustrates a slightly modi?ed form of a chop 

ping disc designated as 16A. In the chopping disc 16A, 
the open areas designated as 128A and 130A have 
been moved further outward toward the periphery of 
the disc 16A. This gives a somewhat larger time during 
which the light beam may pass through these openings 
since the openings themselves are larger in circumfer 
ential extent although their angular extent remains the 
same. Likewise provided on the discs 16A are 100% 
transmission areas 136A and 138A and span calibra 
tion areas 140A and 142A. The timing strips shown in 
FIG, 3 have been replaced in FIG. 4 by timing slots 
which now appear near the center of the disc 16A as 
opposed to being peripherally disposed on the disc 16. 
These slots are generally designated as 144A, 146A, 
148A, 150A, 152A, and 154A. These slots serve the 
same function as the retro-re?ective timing strips of 
FIG. 3. but, of course, would require that the light 
emitting element be on one side of the chopping disc 
16A and the light-responsive element be on the oppo 
site side of the chopping disc 16A. 
Another possible arrangement. not shown in the 

drawings, would be to mount the read sensors 120, 121 
and 122 at 120° intervals around the chopping disc 16. 
In this case, only one or two, depending upon whether 
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8 
one or two open spaces are formed in a particular disc, 
timing slots or re?ective areas would be required. The 
read sensor in alignment with the slot or reflective area 
would give a signal indicating which portion of the disc 
was in alignment with the sample. Placing the read sen 
sors 120, 121 and 122 in this manner eliminates any 
cross-talk problems between sensors. 

FIG. 5 shows the electronic circuit processing for this 
transmissometer in a schematic form. Some resistors 
and capacitors which are normally inserted for noise 
suppression or signal smoothing have been omitted in 
the interests of simplicity. It is also assumed that this 
circuit has a positive voltage supply designated as v-l 
and a negative voltage supply designated as v—. Also 
note that with respect to the read sensors 64, the read 
sensor packages 120, 121, and 122 are not necessarily 
stacked in the same con?guration as that in which they 
are shown in FIG. 2. However, by following the num 
bering of their respective conductors, it is believed that 
no confusion should result from this. The light signal 
received by the main sensor 22 is carried by the con 
ductor 24 to the current-to-voltage converter 26. The 
current-to-voltage converter 26 is a conventional de 
sign utilizing an operational ampli?er 156 which has its 
negative input terminal connected to the conductor 24 
and its positive input terminal grounded through a re 
sistor 158. A feedback loop to the negative input termi 
nal of the operational ampli?er 156 from the output 
terminal thereof is completed through a feedback resis 
tor 160. The output signal from the operational ampli 
?er 156 is carried by the conductor 28 to the negative 
input terminal of an operational ampli?er 162 which is 
the major component of the ?lter 30. A capacitor 164 
and a resistor 166 are connected in series in the con 
ductor 28 before the input to the negative input termi 
nal of the operational ampli?er 162. A positive input 
terminal of the operational ampli?er 162 is connected 
to ground through a resistor 172. A capacitor 168 and 
a resistor 170 are connected in parallel in a feedback 
loop between the output terminal of the operational 
ampli?er 162 and the negative input terminal of the op 
erational ampli?er 162. The major component of the 
demodulator 34 is an operational ampli?er 174 having 
positive and negative input terminals and an output ter 
minal. The conductor 32 connected to the output of 
the operational ampli?er 162 is connected to the posi 
tive input terminal of the operational ampli?er 174 
through an input resistor 176. A grounded resistor 178 
is connected to the resistor 176 and the positive input 
terminal of the operational ampli?er 174 to provide a 
voltage dividing function. A feedback loop is formed 
between the negative input tenninal of the operational 
ampli?er 174 and its output terminal with a feedback 
resistor 180 and a grounded voltage dividing resistor 
182. The conductor 32 is also connected to the nega» 
tive input tenninal of the operational ampli?er 174 
through the source and drain of a ?eld effect transistor 
184 and a series connected resistor 186. The gate of the 
?eld effect transistor 184 is connected by the conduc 
tor 38 to the photo transistor 114 which is a part of the 
timing sensor 36 for the ?rst chopping disc 12. So long 
as the ?rst chopping disc 12 is allowing light to pass, the 
photo transistor 114 will be fumishing a voltage signal 
to the gate of ?eld effect transistor 184 to cause it to be 
on or conducting. During dark periods, the ?eld effect 
transistor 184 will be off. The net result of the connec 
tions shown for the demodulator 34 is that previously 
described of converting the oscillating or modulated 
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light signal into a DC level signal. Note that both the 
light~emitting diode 112 and the photo transistor 114 
are both connected to the positive voltage supply for 
the circuit, The conductor 40 is connected to the out 
put of the operational ampli?er 174 and is connected 
to the negative input terminal of an operational ampli 
?er 188 for the ampli?er 42 through an input resistor 
190. The positive input terminal of the operational am» 
pli?er 188 is connected to ground through a resistor 
192. A ?xed resistor 194 and a photo-resistive element 
196 are connected in a feedback loop between the neg 
ative input terminal of the operational ampli?er 188 
and the output terminal of the operational ampli?er 
188. The photo-resistive element 196 may be a device 
such as a cadmium sulphite cell whose resistance will 
vary as a function of the amount of light it is receiving. 
As will be explained shortly. this allows a variation in 
the total feedback resistance for the operational ampli 
?er 188. Since the gain factor of an operational ampli< 
?er is a function of both the input resistance and the 
feedback resistance, varying the feedback resistance 
will, in effect, vary the overall ampli?cation factor of 
the total devicev The output terminal of the operational 
ampli?er 188 is connected through the conductor 44 to 
the positive input terminal of an operational ampli?er 
198. The source and drain of a ?eld effect transistor 
200 are connected in the conductor 44 intermediate 
the operational ampli?ers 188 and 198. The gate of the 
?eld effect transistor 200 is connected to the conductor 
72 which in turn is connected to the conductor 66 from 
the read sensor package 121. A capacitor 102 is con 
nected to ground and the positive input terminal of the 
operational ampli?er 198. The negative input terminal 
of the operational ampli?er 198 is tied to the output 
terminal of the operational ampli?er 198. The compo 
nents just described make up the reference sample and 
hold unit 46. The capacitor 102 will hold the value 
presented to it for a relatively long period of time with 
the operational ampli?er 198 acting as an isolation de 
vice to prevent rapid discharge. Thus, the output of the 
operational ampli?er 198 along the conductor 52 will 
be a value which is equivalent to the last value im 
pressed upon the capacitor 102. Note that the conduc 
tor 72 which controls the operation of the gate of the 
?eld effect transistor 200 is connected in the conductor 
66 prior to the ?rst switch 70. Thus, whenever the read 
sensor package 121 generates a signal, which will occur 
whenever the segments 136 or 138 are in a position to 
re?ect back the light from the light source 10 to the 
main detector 22, the field effect transistor 200 will be 
on and the capacitor 102 will receive a value which is 
equivalent to this re?ected light. This is the 100% 
transmission or zero opacity reference value for the 
sample 18. This number provides a reference source to 
allow comparison with a signal value which is received 
at times when the openings 128 and 130 are in align 
ment to allow light to pass through the sample 18. The 
output terminal of the operational ampli?er 198 is also 
connected to the conductor 76 which itself is con~ 
nected to the negative input terminal of an operational 
ampli?er 204 through an input resistor 206. The opera 
tional ampli?er 204 is the major component of the 
comparator unit or AGC difference ampli?er 74. A 
feedback resistor 208 is connected between the nega 
tive input terminal and the output terminal of the oper 
ational ampli?er 204. The reference voltage signal des 
ignated as VR is connected to the positive input termi 
nal of the operational ampli?er 204 through an input 
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resistor 210. A grounded resistor 212 serves as a volt 
age divider to properly set the precise level for the ref 
erence voltage VR. So long as the output of the opera 
tional ampli?er 198 is equal to the set reference volt 
age. the output of the operational ampli?er 204 will be 
a ?xed and known value. Thus, the output of the opera 
tional ampli?er 204 controls the operation of a light‘ 
emitting diode 214. So long as this value remains con 
sistent, the light-emitting diode 214 will also give off 
the consistent quantity of light. The light-emitting 
diode 214 and the photo-resistive element 196 are pref 
erably in one package so that the resistance of the 
photo-resistive element 196 is a direct function of the 
amount of light furnished by the light-emitting diode 
214. Under ideal circumstances, the re?ection from the 
areas 136 and 138 will give a consistent signal level 
which will remain at the reference voltage or V” level. 
In this case, the value of the resistance of the photo 
resistive element 196 will not vary. However, as the 
various components of this system age and light outputs 
vary or a layer of dirt and grime begins to accumulate 
on some of the elements in the system, this output or 
re?ection from the areas 136 and 138 on the chopping 
disc 16 may begin to vary. In this case, the output of the 
operational ampli?er 198 will not necessarily be the VR 
voltage. In this case, the output of the operational am 
pli?er 204 will change which in turn will change the 
amount of light emitted by the light-emitting diode 214. 
This will also then have the effect of changing the effec 
tive resistance of the photo-resistive element 196. This 
in turn then will change the total gain factor of the op 
erational ampli?er 188 which will then have the effect 
of changing the output of the operational ampli?er 198 
back to its original value. The net result of this total sys 
tem is that a consistent ratio will be maintained be 
tween the output of the signal sample and hold 50 and 
the reference sample and hold 46 despite aging of com 
ponents or collection of dirt on various elements. This, 
in effect, is an automatic gain control system. The sig 
nal sample and hold unit 50 is very similar inconcept 
and design to the reference sample and hold unit 46. 
The conductor 48 connects the output of the opera 
tional ampli?er 188 to the positive input terminal of an 
operational ampli?er 216. The negative input terminal 
of the operational ampli?er 216 is connected to the 
output terminal of the operational ampli?er 216. The 
source and drain of a ?eld effect transistor 218 are con‘ 
nected in the conductor 48 to the positive input termi 
nal of the operational ampli?er 216. A grounded ea 
pacitor 220 is also connected to the positive input ter 
minal of the operational ampli?er 216. The gate of the 
?eld effect transistor 218 is connected to all three of 
the conductors 90, 88 and 84 from the three switches 
70, 86 and 82. The ?eld effect transistor 218 will be off 
so long as no signal is present at its gate, and therefore 
no signal will be presented to the operational ampli?er 
216 under these circumstances. The capacitor 220 will 
store whatever signal is presented to it from the opera 
tional ampli?er 188. Then, when the ?eld effect tran 
sistor 218 is oft", the operational ampli?er 216 acts as 
an isolation device to prevent rapid draining of the ca 
pacitor 220 and will thus allow the presentation as a 
reasonably constant output on the conductor 56 the 
value held by the capacitor 220. Under most operating 
conditions, the signal which is desired to be held by the 
capacitor 220 is that which is generated by the passage 
of the light beam through the sample 18 and back from 
the retro-re?ector 20 into the main detector 22. This 
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function is controlled by the third switch 82. Whenever 
the areas 145 or 144 are in alignment with the read sen 
sor package 122, indicating that the slots or openings 
128 or 130 are allowing passage of light through the 
sample 18, the third switch 82 will be on which will turn 
the ?eld effect transistor 218 on, which in turn will 
allow the capacitor 220 to accept whatever value is 
generated by passage of the light beam through the 
sample 18 and back again. This value is the number of 
quantity which will give an indication of the total opac 
ity of the sample 18 that is under consideration. Even 
though the field effect transistor 218 has been turned 
off by the removal of the opening 128 or 130 from a po 
sition in which the read sensor package 122 would turn 
the third switch 82 on. the capacitor 220 will continue 
to hold its previous value. The actual value desired is a 
percentage value or a percentage of clear stack trans 
mission and the difference ampli?er S4 is designed to 
provide this number. Remembering again that the con 
ductor 52 carries a signal which is indicative of l00% 
transmission or absolutely clear stack value, the con 
ductor 52 is connected to the negative input terminal of 
an operational ampli?er 222 through an input resistor 
224. The output of the operational ampli?er 216 is 
connected to the conductor 56 and to the positive input 
terminal of the operational ampli?er 222 through a 
variable input resistor 226. The variable resistor 226 is 
used to revise the gain factors so that the actual volt 
ages entering the difference ampli?er may be ?ne 
tuned. A grounded resistor 228 is also connected to the 
positive input terminal of the operational ampli?er 222 
to complete this voltage-dividing function. This re 
quirement is easily understood when one realizes that 
even in the case of an absolutely clear sample area 
there are some losses inherent in the transfer of the 
light across the sample area from the retro-re?ector 20 
and back to the main detector 22. However, these loss 
factors are much less in the case in which the light only 
has to travel the very short distance to the 100% reflec 
tion test areas 136 or 138 of the chopping disc 16. 
Thus, the clear stack signal which may be furnished by 
the operational ampli?er 216 may actually be smaller 
than the signal furnished by the operational ampli?er 
198 even in the case of a completely clear sample. The 
resistors 226 and 228 compensate for this to allow an 
accurate comparison by the operational ampli?er 222. 
A feedback resistor 230 is connected between the neg 
ative input terminal and the output tenninal of the op 
erational ampli?er 222. Thus, the output of the opera 
tional amplifier 222 carried along the conductor 58 is a 
value which is representative of the difference between 
the signal that would be present if the sample were 
completely clear and the actual signal received and 
caused by any opacity in the sample under measure 
ment. The conductor 58 is connected to the negative 
input terminal of an operational ampli?er 232 through 
an input resistor 234. The operational ampli?er 234 is 
a major component of the line driver 62, and as was 
previously pointed out, may or may not be necessary 
dependent upon the particular type of output display 
device which is used. A feedback resistor 236 is con 
nected to the negative input terminal of the operational 
ampli?er 232 and to the output terminal of the opera‘ 
tional ampli?er 232. The positive input terminal of the 
operational ampli?er 232 is connected to ground 
through a resistor 238. The output of the operational 
ampli?er 232 is connected along a conductor 240 to 
the display device 60 which allows ready identi?cation 
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or reading of the numerical difference between the 
clear sample situation and that presented by the actual 
sample under consideration. 
The switches 70 and 86 are used in various calibra 

tion modes to ensure that over a period of time the 
components of the system remain stable. The timer 94, 
as was previously noted, is designed to allow measure 
ment of the actual sample 18 for a major portion of any 
time period. However, it is also set to periodically 
switch off the third switch 82, which will cause cessa 
tion of measurement of the sample 18, and sequentially 
switch on the ?rst and second switches 70 and 86. 
When the ?rst switch 70 is turned on by the timer 94, 
the read sensor package 121 will activate the ?eld ef 
fect transistor 218 whenever the timing segments 148 
and 150 are in front of it, thus allowing the signal for 
the 100% transmission generated by the segments 136 
and 138 to be fed to the operational ampli?er 216 as 
well as to the operational ampli?er 198. This allows a 
direct and simultaneous comparison of the same value 
from two different sources. Note that when this occurs, 
the signal also passes along the conductor 92 to a 
switching means 242. The switching means 242 is inter 
posed intermediate a ground connection and a variable 
resistor 244 which is connected to the positive input 
terminal of the operational ampli?er 222. This function 
is necessary because it will be recalled that the resistors 
226 and 228 were used to compensate for the fact that 
even in a clear sample condition the value received by 
the operational ampli?er 222 from the operational am— 
pli?er 216 would not necessarily be the same as that 
from the operational ampli?er 198 due to losses in 
transmission of the light across the sample 18. How 
ever, under the conditions in which the ?rst switch 70 
has been activated, both the operational ampli?ers 198 
and 216 are receiving the signal from the segments 136 
or 138. Thus, both signals should be the same and it is 
therefore necessary to compensate again to remove the 
previously introduced compensation factor from the 
output of the operational ampli?er 216. One will be 
able to readily detect if there is any difference in the 
outputs of the operational ampli?ers 198 and 216. 
There should not be any difference in these two values 
at this time. Likewise, when the second switch 86 is ac 
tivated, keeping in mind that only one of the switches 
70, 82 or 86 is activated any one time, the ?eld effect 
transistor 218 will be turned on only when the read sen 
sor package 120 is in alignment with the timing strips 
152 or 154 which indicate the presence of the areas 
140 or 142 for span calibration. Under these circum 
stances, the value of the signal from the operational 
ampli?er 216 should be one which would indicate mid 
scale opacity of the sample 18. It should be kept in 
mind, of course, that at this time, the light beam passing 
through the sample area is not being read, but rather 
the areas 140 and 142 are being read as an indication of 
what the value would be should the sample itself absorb 
an intermediate amount of light presented to it. This 
again allows a calibration at some mid-range or inter 
mediate value of the total range and allows a quick de 
termination of whether or not the instrument is operat 
ing within its proper limits. 
We claim: 
1. An improved transmissometer of the type wherein 

a modulated light beam of a pre-selected frequency is 
passed through a gaseous sample, and wherein said 
light beam is re?ected back through said sample by a 
retro-re?ector positioned across said sample from the 
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source of said modulated light beam. said improved 
transmissometer comprising, in combination: 

a main light-sensing means. positioned out of the 
path of travel of said modulated light beam, for 
generating an electrical signal representative of the 
amount of light falling thereon; 

a movable chopping means, having at least three dis 
tinct segments, for sequentially and in repeating cy 
cle, moving said three segments into the path of 
said modulated light beam, said segments includ 
ing: a cut-out portion to allow passage of said mod 
ulated light beam through said sample; a ?rst re 
?ector portion to reflect back substantially all of 
said modulated light beam; and a second re?ector 
portion to re?ect back a preselected percentage of 
said modulated light beam; 

means, positioned in the path of travel of said modu~ 
lated light beam in advance of said chopping 
means, for passing said modulated light beam 
toward said chopping means and directing any light 
from said retro-re?ector or said ?rst or second re 
?ector portions onto said main light-sensing means; 

?rst electronic means for receiving and presenting as 
a constant output signal for each cycle of said 
chopping means, the electrical signal representa 
tive of the light re?ected by said ?rst re?ector por 
tion; 

second electronic means for receiving and presenting 
as a constant output signal for each cycle of said 
chopping means, the electrical signal representa 
tive of the light re?ected by said retro-re?ector; 

electronic subtraction means for subtracting said 
electrical signal representative of the light re?ected 
by said retro-re?ector from said electrical signal 
representative of the light re?ected by said ?rst re 
?ector portion; and 

sequencing means, connected to said ?rst and second 
electronic means, for generating an individual elec 
trical signal indicating the presence at said main 
light-sensing means of light re?ected by said retro 
re?ector, said ?rst re?ector portion or said second 
re?ector portion. 

2. The transmissometer of claim 1 which further in 
cludes: 
timing means, connected to said second electronic 
means, for conditioning said second electronic 
means to receive the electrical signal representing 
the light re?ected by said retro-re?ector, said ?rst 
re?ector portion and said second re?ector portion 
as individual, independent signals in a pre-selected, 
repeating time based cycle. 

3. The transmissometer of claim 1 which further in 
cludes: 

display means, connected to said electronic subtrac 
tion means, for visually displaying the difference 
signal generated by said subtraction means. 

4. The transmissometer of claim 1 which further in 
cludes: 
ampli?er means, connected to said main light-sensing 
means and said ?rst and second electronic means, 
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14 
for amplifying the electrical signal from said main 
light-sensing means. 

5. The transmissometer of claim 4 which further in» 
cludes 
means, connected to the output of said ?rst elec 

tronic means and to said ampli?er means, for com 
paring the output signal value of said ?rst elec 
tronic means with a pre-selected signal value and 
for generating a correctional signal to vary the gain 
factor of said ampli?er means if said output signal 
of said ?rst electronic means differs from said pre 
selected signal value. 

6. The transmissometer of claim 4 which further in 
cludes: 

a currenbto-voltage converter, connected in circuit 
intermediate said ampli?er means and said main 
light-sensing means, for converting an electrical 
current from said main light-sensing means to an 
equivalent electrical voltage. 

7. The transmissometer of claim 6 which further in 
cludes: 
electronic ?lter means, connected in circuit interme 

diate said current-to-voltage converter and said 
amplifying means, for removing all components of 
the electrical signal furnished by said main light 
sensing means which are not at the frequency of 
modulation of said modulated light beam. 

8. The transmissometer of claim 7 which further in 
cludes: 

electronic demodulation means, connected in circuit 
intermediate said electronic ?lter means and said 
amplifying means. for demodulating the electrical 
signal furnished by said main light-sensing means. 

9. In a method for the measurement of the relative 
opacity of a gaseous material wherein a modulated light 
beam of a pre-selected frequency is passed through said 
gaseous material, and wherein said light beam is re 
?ected back through said gaseous material by a retro 
re?ector positioned across said gaseous material from 
the source of said modulated light beam, the improve 
ment in said method which comprises the steps of: 

periodically and in repetitive cycle, passing said mod 
ulated light beam through said gaseous material to 
be returned therethrough by said retro-re?ector; 

sensing said returned light beam and generating a 
?rst electrical signal representative of the amount 
of light returned; 

storing said ?rst electrical signal as a constant value; 
periodically and in repetitive cycle, blocking trans 
mission of said modulated light beam to said gase 
ous material and re?ecting substantially all of said 
modulated light beam back toward the source of 
said modulated light beam; 

sensing said re?ected light beam and generating a 
second electrical signal representative of the 
amount of light re?ected; 

storing said second electrical signal as a constant 
value; and 

electronically subtracting the value of said ?rst elec 
trical signal from the value of said second electrical 
signal, to thereby obtain a relative opacity value. 
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