DE-AC03-76SF00098

Anthony D. Hansen

IMPROVED AETHALOMETER

148,328

Vi | 198, 538
PRTENTS-US--ATI48328  (ome

S- 65,696
RL - 10,093

PATENTS—US——A7148328

DE89 010897

IMPROVED AETHATOMETER

Inventor: Anthony D. Hansen
1829 Francisco Street
Berkeley, CA 94703

Ccitizen: United Kingdom

DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
ence herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

HISTRIBUTION OF WS 00C

UMENT 18 UNLIMITED

1¥V




DISCLAIMER

This report was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendation, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

DISCLAIMER

Portions of this document may be illegible in electronic image
products. Images are produced from the best available
original document.



10

15

20

IMPROVED AETHATOMETER

Background of the Invention

This invention relates to optical analyzers and
more pérticularly to an instrument for measuring the
absorption coefficient of light absorbing suspensions, or
black carbon in aerosol particulate material. The United
States Government has rights in this invention pursuant
to Contract No. DE-AC03-76SF00098 between the U.S.
Department of Energy and the University of California.

Recent studies have shown that large
concentrations of graphitic, or black, carbon particles
are found in the atmosphere in both urban and remote
locations. These particles are produced in combustion
and have a large absorption cross section, on the order
of 10m2/g. Their presence affects radiation transfer
through the atmosphere, causing visibility degradation
and possible changes in the regional or global balance.
The size of these effects depends critically on both the
concentration of their particles and their single-
scattering albedo, which is determined by the relative
magnitude of the scattering and absorption coefficients.

The scattering coefficient 1is easily measured by a

" nephelometer.

However, measurements of the absorption

coefficient of‘ these ambient aerosols are difficult,
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mainly because of the small magnitude of this

coefficient: the coefficient typically being in the

.order of from about 10~3 to 1076 m~1. An instrument has

been developed by the Lawrence Berkeley Laboratory, of
the University of cCalifornia, to determine the
coefficient by measuring the attenuation of a light beam
transmitted through aerosol particles that are
continuously collected from the atmosphere on a suitable
filter. This instrument, named an aethalometer (derived
from the Greek word meaning "to blacken with soot"), has
been described by A. D. A. Hansen, H. J. Rosen, and
T. Novakov, in "Real-Time Measurement of the Absorption
Coefficient of Aerosol Particles," Applied Optics,
Vol. 21, No. 17, 1 September 1982, pp. 3060 et seq.

| In general, the above aethalometer uses a
cellulose fiber 1light-transmitting filter which is
partially covered by a transparent mask so that air can
be drawn through only a small part of the filter on which
the particles are collected. The non-collecting portion
of the filter covered by the mask is used as a reference.
Light from a stabilized lamp passes through a 530-nm
bandpass filter and is then directed by a quartz light
guide' to uniformly illuminate the collecting and
reference areas of the cellulose filter. The 1light
transmitted through these two portions of the filter is
picked up by two separate optical fibers set into the
filter support, giving signal and reference beam

intensities proportional to the magnitude of 1light
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transmitted through the two portions of the filter. The
fibers condﬁct these beams to two separate silicon
detectors whose outputs are coupled to a logarithmic
ratiometer. The voltage output of this unit is
proportional to the instantaneous optical attenuation due
to the absorption of the collected particles. At
selected time intervals, the output signal of the
ratiometer is digitized and stored in a suitable
computer. This result is subtracted from the previous
measurement, giving a difference proportional to the
average of the absorption coefficient during the
averaging time interval.

The averaging time ‘interval is primarily
determined by the concentration of the aerosols in the
atmosphere, since there must be sufficient particles
collected in the filter during the time interval so that
there is a readily detectable difference between the
beginning and ending coefficient of absorption. The
higher the concentration of aerosol particles, the
shorter may be the averaging time interval, and vice
versa.

Aethalometers as above described have been
quite satisfactory when used at ground stations for
measuring the absorption coefficient of aerosol particles
in the atmosphere. However, they have not proven
satisfactory in very rapidly changing environmental
conditions such as the study of clouds of smoke rising

from ground 1level fires. In such clouds, the
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concentration of black carbon particles is usually quite
stratified, with the concentration varying widely at
different heights from the ground. In order to make a
proper study of such clouds, a plane with an én-board
aethalometer should cross through the cloud at different
levels, with the absorption coefficient being measured at
each level. However, such clouds often have a relatively
small diameter such that the £flight time through the
cloud is insufficient for enough particles to be
collected in a single pass to enable accurate
determinations of the absorption coefficient at that
level to be made.

Summary of the Invention

It 1is the primary object of the present
invention to provide an improved aethalometer for
measuring the absorption coefficient of graphitic
aerosols which can give accurate measurements of such
coefficient with considerably less amount of particles
collected in a averaging time interval than heretofore
possible, and such that airborne analyses of atmospheric
aerosols may be carried out.

Additional objects, advantages and novel
features of the invention will be set forth in the
description which follows, and in part, will become

apparent to those skilled in the art upon examination of

~ the following, or may be learned by practice of the

invention. The objects and advantages of the invention

may be realized and attained by means of the
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instrumentalities and combinations pointed out in the
appended claims.-

The present invention.lies, to a great extent,
in the recognition of the reasons why the prior art
aethalometer described above did not have satisfactory
sensitivity for accurate measurement of absorption
coefficients from very small amounts of collected black
carbon particles. In particular, it was recognized that
the use of two separate detectors for the collecting and
reference areas of the filters requires a relatively
large amount of particies to be collected to ensure
meaningful measurements. Thus, even a very slight drift
in the output of either of the detectors relative to the
other may cause a difference in the outputs of the two
detectofs that will either mask or accentuate a small
actual change in optical absorption. As a consequence,
it is necessary in the prior aethalometer to have a
relatively large amount of particles collected in the
averaging time interval so that the signal from the
detected change in absorption éoefficient would be
relatively great as compared to drift errors.

The present invention also 1lies in the

recognition that an aethalometer must be very stable

mechanically, so that the 1light paths through the

collecting and reference areas of the filter do not vary
because movement of parts of the device caused by shock
or vibration. Again, with very small magnitudes of

change of the absorption coefficient of the collected
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particles, small degrees of physical changes of the light
paths during measurement will introduce large errors into
the measurements.

To achieve the foregoing and other objects, and
in accordance with the present invention as described and
broadly claimed herein, an improved aethalometer is
provided having a single 1light source and a single
detector, two light paths from the light source through
the collecting and reference areas of a 1light-
transmitting filter to said detector, and shutter means
for allowing light to pass alternately through the two
light paths.

| In further accordance with the present
invention, the 1light paths are comprised by 1light-
transmitting solid members secured against movement
relative to the housing of the aethalometer.

Brief Description of the Drawings

The accompanying drawings which are
incorporated in and. form part of the application,
together with the description serve to explain the
principles of the invention.

Fig. 1 shows partly in section and partly in
block diagram form an improved aethalometer in accordance
with the present invention.

Figs. 2 and 3 are sectional views of the
improved aethalometer of Fig. 1, taken on lines 2-2 and

3-3 thereof.
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Figs. 4 and 5 illustrate outputs from the
detector and voltage controlled oscillator and from the
logic circuit.

Description of the Preferred Embodiment

Referring now to the drawings, wherein a
preferred embodiment of the invention is illustrated, the
improved aethalometer 10 includes a generally circular in
cross-section, housing 11 with a radially extending slot-
12 for the reception of a light-transmitting filter 13
having parallel opposed surfaces 14 and 15. The housing
11 has a dome portion 16 with a mirrored light-reflective
internal surface 17. A single light source 18, such as a
stabilized incandescent lamp, is mounted withiﬁ the dome
portion 16 and is rigidly secured against movement
relative to the housing 11. Also rigidly secured against
movement relative to the housing 11 1is a single
photoelectric light detector 20.

Two light paths 21 and 22 are provided for the
transmission of light from light source 18 to the light
detector 20, the light paths passing through first and
second spaced apart collection and reference areas 23 and
24 of filter 13. Light paths 21 and 22 include separate
light-transmitting solid members 26 and 27, preferably
lucite rods, mounted securely in housing 11, to transmit
light from 1light source 18 to the collection and
reference areas 23 and 24 of filter 13. The light paths
21 and 22 also include a common light-transmitting solid

member 28, again preferably of lucite, disposed between
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the lower sufface 15 of filter 13 and the light detector
20. The solid member 28 is also mounted securely in
housing 11 so that it will not move relative to. the
housing.

A shutter means 30 is provided for allowing
light from the light source 18 to pass through the light
paths 21 and 22 alternately to the collection and
reference areas 23 and 24 of filter 13 while
simultaneously preventing light from passing to the other
of those areas. The shutter means 30 includes disk 31
mounted in the dome 16 for rotation about a central axis
32. The disk 31 preferably has a black matte finish to
prevent reflection and has an opening 33 therethrough to
allow light from the light source 18 to impinge upon the
ends 34 and 35 of the 1lucite rods 26 and 27. The
periphery of disk 31 is provided with gear teeth 36 for
meshing engagement with the motor driven spur gear 37.
The motor 38 preferably drives the disk 31 at a speed of
about 3.5 seconds per revolution.

As best seen in Fig. 2, two photocells 41 and
42 are mounted in housing 11 adjacent the upper end 34 of
lucite rod 26 so that they may be illuminated by the
light source 18 through the opening 33 of disk 31. 1In
particular, photocell 40 is mounted relative to 1lucite
rod 26 so that photocell 40 is illuminated and energized
at a time after the upper end of lucite rod 26 has become
fully exposed through the disk opening 33 to the light

source 18. Photocell 41 is mounted relative to lucite
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rod 26 so that photocell 41 is blocked from light source
18 and de-energized at a time while the upper end of
lucite rod is still fully exposed through the disk
opening 33 to the light source 18. Photocells 43 and 44

are similarly mounted with respect to the upper end 35 of

lucite rod 27.

In order to monitor a gas having 1light
absorbing black carbon in aerosol particulate form, the
aethalometer 10 has-a flow path 46 through the housing,
the flow path being connected to inlet and outlet
conduits 47 and 48 for flow of such gas through the
collection area 23 of filter 13.

In use, the aethalometer 10 is first zero
calibrated by inserting a clean filter 13 in housing slot
12 and turning on the light source 18 and motor 38. As
the motor driven disk 31 rotates, the ends of the lucite
rods 26 and 27 will be alternately exposed to the ligﬁt
source 18 so that light will be alternately transmitted
through the collection and reference areas 23 and 24 to
the detector 20. The output of the detector 20 will be a
analog voltage signal proportional to the intensity of
the 1light received by the detector and such signal is
then applied to the input of a voltage controlled
oscillator (VCO) 52. The VCO output will be a series of
digital pulses at a frequency proportional to the applied
voltage from the detector, and thus proportional to the
degree of transmission through the collection and

reference areas of the filter.
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The output pulse signals of the VCO 52 are then
applied to the 1logic circuit 55, shown herein for
simplicity as comprised by two AND gates 56 and 57. The
VCO signals and the outputs from the two timing
photocells 41 and 42 are all applied to AND gate 56
whose oufput will be a series of pulses for a
predetermined period during which both photocells 41 and
42 are concurrently illuminated. During this period of
time the lucite rod 26 will be fully exposed to the light
source 18, with no shadow from the disk 31 falling on the
rod 26. The length of this period of time is determined
by the arcuate length of the disk opening 33 and the
rotational speed of the disk. With a rotationai speed of
about 3.5 seconds per revolution, the time period during
which both photocells 41 and 42 will be illuminated is
preferably in the order of 1.0 seconds.

As the disk 31 continues to rotate, photocells
43 and 44 will both be concurrently illuminated and
energized for a period of time equal to that above so
that AND gate 57 will pass the VCO pulses generated while
the lucite rod 27 is' fully exposed to the light source
18.

‘The outputs of the VCO 52 and the logic circuit
55 are illustrated in Fig. 4. During the time that the
photocells 41 and 42 are concurrently illuminated, the
frequency of the output signal from the VCO will be
steady. Then, as the disk rotates and begins to obscure

the end of 1lucite rod 26, the VCO frequency will
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decrease. Continued rotation of the disk can cause the
disk opening 33 to begin to expose rod 27 before rod 26
is completely cut off from the 1light, so that the
combined transmission of 1light through the two 1light
paths may cause the VCQ output to increase and then
decrease when the rod 26 is full cut off. The 1light
transmitted through rod 27 will increase as the end of
the rod becomes more fully exposed. During the time of
full exposure, i.e., when photocells 43 and 44 are both
concurrently illuminated, the VCO output will again be
steady.

If desired, the arcuate length of the disk
opening 33 may be reduced so that one of the lﬁcite rods
is fully cut off from the light source before the other
rod begins to be illuminated. The outputs of the VCO and
the AND gates for such an arrangement is shown in Fig. 5.
Since the disk opening 33 is less in 1length, the time
that the two photocells in each set are both illuminated
will be shorter than previously described. During the
time both 1light paths are fully cut off from the light
source, the output from the VCO will have a minimum
frequency.

In either event the only steady outputs from
the logic circuit 55 are then fed to computer 60, wherein
the number of pulses from each of the AND gates 56 and 57
are separately counted, with the counts being
proportional to the degree of light transmission through

the two collection and reference areas of the filter.
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The absolute amount of transmission through each of the
two 1light paths will differ because, for example, the
light path 21 will include part of the gas flow path 46
while 1light path 22 does not. However, the physical
parameters of the two light paths will remain constant so
that there will be a constant resulting difference in the
counts representing 1light transmission through the
collection and reference areas of the filter.

The aethalometer can then be calibrated by
inserting a filter having an accumulation of aerosol
particles on the collection area with a known absorption
coefficient. The aethalometer is then operated to obtain
pulse counts through the collection and reference areas
with the difference in count (adjusted for zero
calibration) being indicative of the known absorption
coefficient.

In airborne analyses, the aethalometer is
carried in an airplane with suitable apparatus (not
shown) for opening and closing conduit 47 and for
allowing outside atmospheric air to flow through the flow
path 46 at a controlled rate. The airplane is then
flown, at a desired elevation, into the cloud under
study, and conduit 47 is opened to allow the outside
atmosphere to pass through the flow path 46 so that the
black carbon particulate matter will collect on the
filter 13. With a cycle time of 3% seconds, the
computer will determine from the pulse counts from logic

circuit 55 the degree of increase of collected black
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carbon particles from the previous cycle and the
consequent absorption coefficient for the particles
collected in the cycle. As the plane leaves the cloud,
the conduit 47 is closed and the plane proceeds to the
next elevation. Runs through the cloud are repeated

until the desired amount of data is accumulated. The

disclosed aethalometer is specific to the determination

of concentrations of black carbon particles. Other
aerosols, such as ammonium sulfate, ammonium nitrate,
mineral dust, hydrated salts and so forth, may cause
atmospheric turbidity but will not affect the measuring
of the absorption coefficient of the black carbon
particles by the present apparatus.

With the use of a single detector and a
mechanically stable construction, the present
aethalometer provides much greater sensitivity and
accuracy than the previous device. Low concentrations of
aerosol particles, which would require about four minutes
to increase with the previous device can now be measured
in slightly over three seconds. This significant
improvement permits airborne analyses to be carried out
which were impossible with the prior apparatus.

The described device has a number of additional
advantages. For example, the filter 13 should preferably
be made of prefired quartz fibers so that the collected
particles may be easily chemically analyzed after removal

from the aethalometer.
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Also, the sampling period of the instrument can
be changed by simply changing the speed of the motor 38.
Thus, if the aerosol concentration is sufficiently high
that measurable amounts of particles are collected in
less than 3% seconds, the speed of the motor can be
increased so that sequential measurements are taken in
shorter periods of time. Idkewise, the speed of the
motor can be reduced to provide a larger collection time

per cycle of operation. With the disclosed photocell

i

- arrangement, the duration of the outputs of the logic

circuit 55 will be automatically adjusted so that the
outputs are only taken when the lucite rods 26 and 27 are
fully exposed to light.

If desired, the aethalometer 10, with its VCO
$2 and logic circuit 55 can be at one location while the
computer 60 can be at a remote site. In such case,
suitable equipment would be used to transmit the signals
to the computer for counting and analysis.

The foregoing description of the preferred
embodiment has been presented for the purposes of
illustration and description. It is not intended to be
exhaustive or to 1limit the invention to the precise
features described, and obviously many modifications and
variations are possible in light of the above teaching.
The embodiment was shown in order to explain most cléarly
the principles of the invention and the practical
applications thereby to enable others in the art to

utilize most effectively the invention in various other
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modifications as may be suited to the particular use
contemplated. It is intended that the scope of the

invention be defined by the claims appended hereto.
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IMPROVED AETHAIOMETER
ABSTRACT OF THE DISCIOSURE

An improved aethalometer (10) having a single
light source (18) and a single light detector (20) and
two light paths (21, 22) from the light source (18) to
the light detector (20). A quartz fiber filter (13) is
inserted in the device, the filter (13) having a
collection area (23) in one 1light path (21) and a
reference area (24) in the other light path (22). A gas
flow path (46) through the aethalometer housing (11)
allows ambient air to flow through the collection area
(23) of the filter (13) so that aerosol particles can be
collected on the filter. A rotating disk (31, with an
opening (33) therethrough allows 1light for the 1light
source (18) to pass alternately through the two 1light
paths (21, 22). The voltage output of the detector (20)
is applied to a VCO (52) and the VCO pulses for 1light
transmission separately through the two light paths (21,
22) are counted and compared to determine the absorption

coefficient of the collected aerosol particles.
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