














PARTICLE ABSORBANCE NOISE CHARACTERISTICS

processing (Case IIIB) is not limited by roundoff errors and av-
eraging periods can be extended greater than 100 seconds. The
positive deviations from the regression line for Case IIIB at At
> 32 s are explained by residual signal and instrument drift. For
At > 100 s, the noise appears to approach 0.01 Mm~!, which
may constitute the limit of detection. Therefore, Case IIIB is
the recommended method for averaging data when a precision
better than ~0.2 Mm~! is necessary. However, Case I1IB should
not be used when response time is at a premium, instead it is ad-
vised that the instrument-calculated absorptivities be used with
At = 2 seconds (Case IITA).

Averaging of Ambient Measurement Data

PSAP data taken during aircraft-based sampling were
recorded with an instrument averaging period of 2 seconds. The
raw intensities were also recorded. These data were averaged
using Case II and Case III methods. The original recorded data
and the results of averaging are shown in Figure 5. Also included
are the results from an integrating nephelometer (Model 3560,
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FIG. 5. PSAP measurement data (blue channel) during MAX-MEX ’06. From
the top: PSAP output as recorded with t = 2 s; Case II, top trace subjected to a
running boxcar average, tavg = 12 s; Case III, hexadecimal intensities used to
calculate absorption coefficient with t = 12 s; Nephelometer data (blue channel)
from the same period showing features only apparent on the PSAP data processed
with Case III.
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TSI, Inc., St. Paul, MN). The reduction in PSAP noise with av-
eraging is evident when the instrument produced signal (Ar =
2 s) is averaged by a 12-s boxcar using Case II and an even
greater reduction is obtained by independently reprocessing the
raw intensity data with At = 12 s (Case III). For direct compar-
ison, these data were not corrected for aerosol scattering as that
correction is well-known and is not the focus of this article.

Instrument Time Response

This work has focused on instrument noise. Clearly signal
averaging affects the instrument time response. We have not
completed tests to measure the true instrument response time
but for Az values greater than ~10 s, we confirm the response
time approximates Af.

Flow Response

As a caution, we note that the PSAP firmware calculates the
mass flow rate from the sensor output using a two segment spline.
We have observed that this sensor (Honeywell AWMS5101VN)
responds quadratically to flow. With the three flow parameters
entered correctly at the front panel, at flows near the recom-
mended 1 SLPM, the PSAP tested under reported the true flow
by ~10% and thus overstated the absorption coefficients by the
same amount. A quadratic calibration curve is recommended to
convert the sensor voltage to mass flow rate.

CONCLUSIONS

Elementary propagation of errors analysis shows the noise of
the PSAP technique should vary as Ar~!-> and not the previously
assumed A¢~%, This behavior is confirmed by simulated data.
Experimental tests confirm that instrument averaging reduces
the noise at a rate proportional to ~ A¢~!3. The instrument-
calculated absorptivities suffer from limited digital resolution as
well as internal roundoff errors. Instrument calculated absorp-
tivities are further limited by the instrument averaging period
setting. If the averaging setting is set too long, the faster portion
of the signal (<4s) is lost and cannot be recovered. If it is set too
short, the instrument-calculated absorptivities cannot be simply
averaged (Case I and II) to reduce the noise as effectively as
other methods. For the best performance, the instrument should
always be operated at the shortest (2-s) averaging period. Inde-
pendent values of data are then reported every 4 seconds with
a standard deviation of ~1.6 Mm~' (Case IITIA). Where better
precision is desired at the expense of time response, the hex-
adecimal values should be used to calculate absorptivities. Case
IIIB can be applied post collection, does not suffer from digi-
tal resolution limitations, roundoff or truncation errors, and is
independent of the instrument averaging period setting.

Case IIIB is only limited by the frequency of the hexadeci-
mal output. Simple averaging of the instrument-calculated ab-
sorptivities should never be done. These recommendations are
summarized in Table 1.
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TABLE 1

Measurement Goal Use

Noise Limitations

Fastest Response ASCII Output At =2

Sosp ~ 1.6 Mm™~!

Precision limited cannot be
averaged

Greatest Signal/Noise Hex Output At >=4s 8op = 100:0071.3102(A0) [ 655 of fastest signal

Future instruments based on the integrating filter method
should incorporate changes to the internal firmware. These
changes include higher numerical precision in the calculations
and reported values. Reporting of all instrument parameters for
every wavelength at one hertz is clearly justified. Because of the
At~' relationship to noise derived in Equation (4), at speeds
commensurate with aircraft-based sampling the integrating fil-
ter technique is unsuitable for measuring the spatial variabil-
ity of aerosols at low loadings. For faster response a direct
measurement of particle absorbance is needed (PAS, SP2, and
PTD).
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