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Abstract. We have investigated the behaviour of light scat- 1 Introduction
tering by particulates of various sizes (0.1 um to 100 um) at
a small scattering angle (below %01t has been previously
shown that, for a small angle, the scattered intensities ard Ne importance of measuring the concentrations and masses
weakly dependent upon the particulates’ compositi@e-( of aerosols in the atmosphere has been highlighted by var-
nard et al, 2010. Particles found in the atmosphere exhibit 10us studies Zemp et al. 1999 Brunekreef and Holgate
roughness that leads to large discrepancies with the class?002, given the possible effect of their presence in ambient
cal Mie solution in terms of scattered intensities in the low @i Upon human health. A public directive on air quality was
angular set-up. This article focuses on building an effectivePublished European Parliamen2008 in order to establish
theoretical tool to predict the behaviour of light scattering by standards for the protection of human health. In this context,
real particulates at a small scattering angle. the observation of aerosols appears of great relevance, and
We present both the classical Mie theory and its adaptatior$h0U|d be made in accordance to the established norms. Par-
to the case of rough particulates with a fairly simple rough-ticulate matter (PM) is commonly classified in size bins —
ness parameterisation. An experimental device was built, corPMzo standing for example for particulates of aerodynamic
responding to the angular set-up of interest (low scatteringsiZ€ less than 10 um. Due to the large variety in the nature
angle and therefore low angular aperture). Measurementand size of particulates found in the environment, and their
are presented that confirm the theoretical results with goodelated properties and impacts, it is of utmost importance to
agreement. It was found that differences between the clasdistinguish between those different classes.
sical Mie solution and actual measurements — especially for N order to monitor aerosols, optical particle counters

large particulates — can be attributed to the particulate rough(OPCs) can be utilised. Their principle relies on the scatter-
ness. ing of light by small particulates: an incident monochromatic

It was also found that, in this low angular set-up, saturationlaser beam is directed towards the particulates and scattered

of the scattered intensities occurs for relatively small valuesn space. This phenomenon is fairly well described by Mie's
of the roughness parameter. This confirms the low variabilitytheory Mie, 1908, in which the intensity of the scattered
in the scattered intensities observed for atmospheric particuight strongly depends on the scattering angle of observation.
lates of different kinds. Parameters such as the refractive index, the size of the partic-
A direct interest of this study is a broadening of the dy- ulate and its shape are key factors in the scattering process. In
namic range of optical counters: using a small angle of aper&n OPC, the light flux is collected at a defined angle in order
ture for measurements allows greater dynamics in terms of© Yield information about the particulates. One can thus re-
particle size. Thus it allows a single device to observe a broadrieve the size of the particulates, under certain assumptions

range of particle sizes whilst utilising the same electronics. regarding their refractive index and shapeck etal, 1994.
Standard OPCs are able to deliver both the concentrations
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932 T. Lurton et al.: Light scattering at small angles by atmospheric irregular particles

and size distributions of particulates in a continuous and real- For a unit-amplitude incident light of wave numbeover

time operating systemR{psen 1964 Deshler et al.2003 a spherical particle, the scattered far fiélg expressed in
Donateo et a).2006 Fischer and Koshlan@008 McMurry, spherical coordinates 6 and¢ can be expressed asf de

2000 Renard et a).201Q 2008. An example of an OPC Hulst, 1957

is STAC (Stratospheric and Tropospheric Aerosols Counter). "
—IKr

This device, dedicated to balloon flights, is operated by theE 0.6) — e COSbSH(6 1
LPC2E and works at a large scattering angle{zhd under (.6.9) ikr sp52(6) @
a broad field of view (79. It is able to yield concentration e ik

profiles for particulates of diameters greater than 0.35 umES¢(r’9’¢) = Tikr Sing51(9). @)

(liquid) and 1 um (solid). Within an OPC, it is also possible ) )

to place detectors at several angles at the same fiiiie ( 1N€ Esr radial component is assumed to be null.
hammer et a).2008, enabling cross-comparison: depending ~ The expressions df;(6) andS2(¢) are the following:
on the angle, the scattered flux is more or less sensitive to

either the nature or size of the particulate. At low scatteringsl(g) - Jio —Zn +1 [an 772 (COSD) + by, 7, (COD)] ®)
angles, below 20 the scattered light has a much stronger de- = nn+1
pendence on the particulates’ size than on their naflee ( 00 5,11
nard et al. 2010. Here we make it clear that by “nature”, §,(9) = Z [6,77,(COSD) + a, T, (COH)] , (4)
we refer to the physical composition of the particulate stud- i+

ied. We do not make any assumption about the roughness,

which can be of any kind: for instance, a glass bead can bé(vhere thez,, andb,, series are the usual Mie coefficients, and

relatively smooth, whereas a glass shard will be broken and€7» andz, functions are angular polynomials, the expres-
fairly rough. sions of which are detailed wan de Huls{1957).

Because real atmospheric particulates are not strictly ©One shallnote that Eqs3)and @) depict an infinite series

spherical, the classical Mie solution cannot be assumed t@f terms, whose computation can of course not be carried out

be wholly valid as a scattering model; the roughness of thd" its entirety. In order to compute values §f and Sz in

particulates has an impact on the scattered fluxes. simulations, one has to truncate the sum. A maximal running
The global aim of this article is to study light scattering Order is thus defined:

by irregular particulates at a small angle. Throughout our ar- 1

ticle, “small angles” shall refer to angles smaller tharf.20 Nmax=x+4.3x3 +1, ®)

Tyvo main points should be immediately empha}sised: ﬁrStzwherex is the classical Mie particle parameters= %a with
given the weak dependgnce on the partlculates_ nature,_thlg the radius of the particle. The sums carried out up to this or-
type of megsurement ylglds first am_j foremo;t mformaﬂonder yield a maximal error of 1@ upon the results. This for-
about the size of the particulates, which constitutes the pracy, .= finds justification on both empiricalscombe 198Q

t'c"?“ appllclat|on of ‘T‘IUCh m(?lasurement.;,.; slgc?nQIy, allowf?c'catﬁ/lackowski et al. 1990 and theoretical ground€échorro
tering angle naturally entails a narrow field of view. In a first Salcedal991).

part of this paper, we present a theoretical model for the scat- To yield the scattered light intensity at angteand¢ and

tering by irregular part|cula_tes. Tr_\en, we confirm the moqelat a distance, one simply sums up the squared expressions
by measurements. Some discussion follows, and conclusmg&iven in Eq. O):

and perspectives are drawn for practical aerosol monitorin

applications. Io :
150.0.8) = 55 (1S10)PsiP ¢ +1520)*co$9) . (6)
r
2 Mie scattering for regular and irregular particulates As our study deals with small angles, we can consider that
_ . _ 151(6)|2 and|S2(6)|2 do not differ greatly. Therefore, we can

The complete Mie scattering solution was introduced by Io 5 5
Gustav Mie in 1908 Klie, 1908 and later formalised in a Is(r,0) ~ k22 (|Sl(9)| +152(0)] ) @)
more concise way through the use of Bessel functieas (

de Hulst 1957. It is, on the one hand, rather long to de- 2.2 Scattering by irregular particulates

tail comprehensively and, on the other hand, well known in
its basic aspects. Therefore, we will only point out the main
facts of interest for this study.

Methods do exist to thoroughly model light scattering by ir-
regular particulatesRenttila et al.2003 Mufioz et al, 2007,
Muinonen et al.1996 Peltoniemi et a].1989, but it is nec-
essary to have an a priori knowledge of the shape and na-
ture of the particulates studied. Conversely, our study uses
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all types of particulates, which is a hindrance to such tra- In Drossar{1990), the weighting of the two kinds of func-
ditional techniques. Moreover, we shall underline later that,tions is made using a factgt to yield the total scattered in-
for our measurements, we use averaged scattered intensiti¢snsities:
of one type and size of particulate; therefore, a statistical ap-
proach is sufficient. We propose using a simplified method tol.2(6) = 1 2(0) + (1= /)1 (6), (11)
simulate light scattering by irregular particulates. The simu- )
lation scheme we use is sufficient to show that the particulatavhere f = e~7" accounts for the partial coherence of the
roughness has an effect upon the scattered fluxes, for a smadignal.o is the standard deviation of the phases, defined as
scattering angle, a small angular aperture and for large partics = px = pZ<, with a the radius of the particle, anal is
ulate sizes. It will be shown that, as long as some moderat@ roughness parameter.is defined as a scaling factor over
roughness is assumed over the particulates studied, and féhe size discrepancies: for a given particle of mean size
the specific low angular measurement configuration, the naa rough surface entails a possible measuremettits size
ture of the particulate ultimately has no observable impactthrough the use of statistical formula of expression
on the fluxes measured; the size of the particulate is thenthe
only parameter to affect the scattered intensity. x=x(1+p9),

We rely on Drossart’'s workd)rossart 1990, on the one
hand, and a classical diffraction approach on the other hand.
In the article byDrossar(1990, a model is described to de- Drossart1990.

. S ) . " . Physically speaking, the weighting of the two types of
rive a statistical expression of scattered intensities for "reg'wave)é can {)e F::-xplair?ed as follgws ?he classical l\/)lllz terms

:::Ei)ruezrttl;%uI?;Ei(s)'u-rﬂea?\'Afgsfetegarr’liﬁtg:;ggns'%zilefssstr:r?;egare coherent solutions of the scattering by a sphere, where all
. y gn é . eration p ’ the different spherical harmonics interfere. Conversely, the
used in the forward diffraction approximation realm.

i L other terms are summed as incoherent waves. The weight-
We remind the reader that scattering is composed of 9

. ) ) . . arng between both types of waves accounts for a coefficient of
diffraction part and a reflection/refraction part. The deriva- partial coherencelrossart1990.

E(:Jr:;(fltgésnseparatlon can for instance be found/am de We retain this approach in the present study.

(12)

heres is a statistical distribution of standard deviation 1

. . . 2.2.2 Diffraction by an irregular particle
2.2.1 Scattering by irregular particulates

. ) . As for the calculation of the diffracted fields by an irregular
In Drossar{(1990, the intensity scattered by a rough parti- o ticle. we used a Monte Carlo algorithm. The particulate is
cle is investigated, and a statistical model is derived to ac+,nsidered to be of size a variable which is assigned a ran-

count for irregularities of the particle shape in the scatteredy,m, value within the distribution described by E&2) The
intensity. The method is based on using a weighting between . esnonding diffracted field is simply calculated assuming
the classical Mie solution and incoherent scattered intensi spherical shape of size at an angl@:
ties due to the random aspect of the phases of the scattered
signals.

In order to lighten the notation and to concentrate on the
points of interest, we remove the distance factor from the

equations. They were nonetheless taken into consideration The derivation of this result can be found for instance in
when using the model to perform our simulations. van de Hulst(1957, and represents no more than the well-

We have thus on the one hand the coherent scattered inteth(-nown fact that the Fraunhofer diffr_action pattern_ of a cir-
sities, corresponding to the classical Mie solution: cular aperture (here, the cross section of_the pqrtlcle) is ex-
pressed through the use of a Bessel function of first order.

1(01’2)(9) _ IS(1,2)(9)|2, 8 _ By repeating thIS calcu_latlon a large ngmber of times, one
yields a mean diffracted intensitf(9) which accounts for

and on the other hand incoherent scattered intensities, due {§€ various projected sizes of the irregular particle within the

the surface roughness of the particle and the random phag'@ht beam. This statistical approach is motivated by the fact
distribution induced: that the experimental data are averaged over multiple single-

particle measurements.

+00 2
2n+1
17°6) = Z <—) |an7n (COSH) + by T, (COH)|? (9) 2.3 Synthesis for irregular particulates

> J1(x sind)

d_ o
=52 = 0 g

(13)

—\nn+1
N 20/ 2141 \? 5 Following Drossart(1990, we operate a weighting process
FNOEDY (m) |bn77, (COSY) + @, T, (COSD)|”. to account for the forward direction coherence: the diffrac-
n=1 tion approximation is met within a solid angke= obL

(10) - : e
where g1 =~ 3.83 is the first zero of the; Bessel function.
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Particulate —
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Laser
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Fig. 1. Basic schematics of the experimental device used. D

Within this angle, only the diffracted parts of our calculation 1000 E

are retained. g
Such a theoretical approach must be validated by exper- ] S L ] i

imental data. In the following section, we detail an experi- = & bty 39

mental device used for that purpose.

Concentration dN/dLogD (relative units)

Fig. 2. Measurements for latex beads of 400 nm. The maximum oc-

] ) curs at around 21 mV.
3 Experimental studies

3.1 Description of the experimental device )
3.2 Samples used for experiments

The device used to gather the experimental data in this study
basically consists of a particulate chamber illuminated by aOur study is based on a set of data gathered over a large
laser beam X =635 nm) having a power of 25mW, and an variety of particulates: latex beads (in the 0.1-2 pm range),
optical canal at the end of which a photodiode gathers theglass beads (in the 5-20 um range), and sands, salts, carbons,
scattered light. This canal is set up at a scattering angle o€orundum, and volcanic ashes (in the 5-100 pm range). Latex
around 18, with the angular field of view of the photodiode beads are likely to be perfectly spherical, and are supposed
lying between 13.8and 16. The lower angular limit is de-  to reproduce accurately the Mie solution, whereas the rest
fined to avoid direct view of the laser beam in the field of of the samples represent a variety of irregular particulates.
view. The upper limit marks the angular domain when the (Note that we also consider glass beads as semi-irregular,
scattering light becomes sensitive to the particulates’ naturaince they can easily be misshapen or broken.)
(Renard et a).2010. No lenses were used to gather the scat- For the measurement of latex beads, which are provided in
tered light; scattered photons travel directly to the photodi-liquid medium, we have used the aerosol generator TOPAS
ode, which presents a diameter larger than the optical canalATM 220. Latex beads are diluted in “pure” water. The
We use a laser beam which is linearly partially polarised.aerosols travel in a chamber containing highly hydrophilic
As long as the detector is not polarised, it yields the totalsilica gel beads, to remove the droplets and water around the
scattered flux. Though roughness could alter the polarisatiomeads. Nevertheless, submicronic solid and liquid residuals
of the beam, working at a small angle of scattering makesremain in the air that is injected in the optical counting sys-
the polarisation and depolarisation phenomena negligible fotem, which could bias the calibration. Also, even if a clean-
irregular grains. ing procedure of the system is performed after each session
The particulate chamber is such that one single particleof measurements, some latex beads used for previous mea-
passes through the light beam at a time. Basic schematics afurements could remain in the aerosol generator system. We
the device can be found in Fid. The experimental device use a differential method for the measurement analysis. First,
can provide counting in 20 classes. The classes are defineal reference measurement is carried out using only pure wa-
by thresholds (in mV) which are chosen during measurementer. Then, this measurement is subtracted from the latex bead
session. measurements. If the contamination is too strong, we can also
The present article focuses mainly on irregular particu-subtract the measurements obtained previously with beads
lates. As a consequence, the uncertainty over measured sizbaving smaller diameters. The highest value of the counting
is naturally high: the “size” of the particulate is all a matter (or concentrations) provides the threshold in mV for a given
of definition, be it projected or equivalent diameter. Thus, asize of beads. Fig® and 3 present examples of measure-
degree of uncertainty over the measured particle size is, aments after applying this procedure.
a matter of fact and to our knowledge, inherent to each and The calibration for irregular particulates larger than 5 pm
every OPC. Here, our technique of measurement considers also conducted by a differential method, to remove the con-
equivalent diameter. tribution of the smaller particulates. For all samples, particu-
lates with different diameters are obtained by using sifters
(meshes of 5um, 10um, 25um and 32 um in diameter).

Atmos. Meas. Tech., 7, 931939 2014 www.atmos-meas-tech.net/7/931/2014/
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manufacturers. Thus, the relation between flux and size was
derived by considering the position of the maximum concen-
tration distribution.

: Results for particulates of different nature (minerals, car-

] bons, salts) are averaged together to study the possible de-
] pendence of scattered flux. Figleshows the scattered in-

] tensities for several particulate sizes and for different particu-

] late natures. As expected, the dispersion is very low, proving
] the independence of the scattered intensity with regard to the
] particulates’ nature at such low scattering angles.
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Flux (mV) 3.3 Estimation of the experimental roughness

parameters
Fig. 4. Measurements for volcanic ashes through a sifter of 25 um

(after subtracting the measurement through a 10 um sifter). TheThis paragraph aims to establish the link between the the-

maxima occur at around 200mV and 350mV for diameters of gretical model previously presented and the real set of data

25pum and 35 um, respectively. gathered through experiments. In order to quantify the rough-
ness parameters of solid particulates, values were calculated
from direct analysis of microscope images of the particulates.

Concentrations at a given size are retrieved from the meagor each cross section delineated on a picture, the centre of

surements by subtracting those at the size below. Figure gravity was determined, and the statistical distribution of the

presents the result for volcanic ashes through a 25 um siftegistances between points at the edge and the centre was cal-

Two maxima of concentration are present. The first one is ascylated. An average over the distribution gives a mean radius,

sumed to correspond to concentrations of particulates havingnd a simple standard deviation calculation yields the rough-

a diameterD smaller than the sifter mesh. The second one iSneSS parametef (See Eq_]_2) The Operation was reiterated

assumed to represent particulates having a diameter smallgger a large number of particulates for each sample. Thble

than the diagonaD+/2 of the mesh. Thus, it is possible to displays the results calculated.

retrieve two calibration values of scattered intensities (flux)

versus size for each sifter by considering the value of the flux3.4  Numerical simulation results and comparison with

at the end of the maxima. measurements

For glass beads, we considered the size distribution pro-

vided by the manufacturer instead of the mesh size (therigure8 displays the results of a series of simulations per-

sifters are only used to remove pieces of broken beads anfbrmed using the method described in the previous para-

aggregates). For particulates around 100 um diameter (silicographs. The geometry used was chosen to fit that of the

carbide), we considered the size distribution provided by theexperimental device presented: the light scattered by the

www.atmos-meas-tech.net/7/931/2014/ Atmos. Meas. Tech., 7, 9839-2014
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Fig. 6. Picture of glass beads used for the experiments (sourceFig. 7. Picture of sand grains used for the experiments (source:
PROGRAZ2 databasero, 2013. PROGRA?2 databasero, 2013.

. . . Table 1. Estimated roughness parameters for some of the samples
particulates X =635 nm) is received under an angular aper- ¢died.

ture of 2.2, at a low central scattering angle (}5The sim-
ulation results are directly compared to the measured values. Sample Mean diameter ~ Estimated
The types of particulates used for the measurements are

—3
twofold: on the one hand, latex beads of size less than 2 um, Glass beads 100pm .24 10

. . Sand 85um (136
which can be considered smooth, thus are expected to match Corundum 120um 051
the Mie theory and, on the other hand, irregular particulates Volcanic ashes 20 um 073

of size greater than 2 pm, for which no particular smooth- Salt 310um @47
ness can be assumed. Largely overlapping sets of data (i.e.
both rough and smooth particulates of the same size ranges,
in particular over large sizes) are to our knowledge not eas-

ily achievable. The ATM aerosols generator cannot work forrameters were introduced in the model, ranging from=310
beads greater than 2um. Above that limit, powders can b(?o 0.01, in order to simulate the detection of real, rough par-

generated with other kinds of generator and carried to th%iculates. As one can identify in Fig, the larger the rough-

gerosol cogntmg qu'Ce through air ﬂOWZ but t.h?y prgsent %hess parameter, the more severe the discrepancy induced with
risk of possibly being agglomerated. Besides, it is difficult to respect to the Mie theory. This affects both the overall scat-

maintain the largest particulates suspended in air without any, eqd intensity — which lowers as the roughness parameter

undesired orientation effeciqugeron et al 2004. grows — and the trend in the slope of the intensity vs. di-

For each size of rough particle, given the weak dISperSIonameter. Note that the simulated intensities in the roughness

already demonstrated, a single flux value was calculated, €Ol odel are only displayed for particle sizes greater than twice

responding to the average scattered intensity of the whole Vahe wavelength used: as a matter of fact, the roughness of the

riety Of. rough particulates studied. Error bars are presented irf.')articulates: cannot be seen under that limit. Therefore, the
both dimensions. Drossart model, though consistent with the Mie theory un-

1 5Fgor the S|mulat|ogs, partlctulz:.tes of .retfr?:_:;'.v € mldex: der the 2x limit, does not make real physical sense for those
~>J Were assumed as a starting point. [1his value CoIes, yiqe sizes. Note that in Fi@ a slight smoothing of the
sponds to the precise index of the regular latex beads use@LI

. . ; rves was performed, with a sliding window of spatbQ
in the lower size range of our measurements. Firstly, the thebf the total size range.

oretical Mie scattered fluxes were calculated, upon the angu- As shown in Fig8, there is a perfect agreement between

?r (ijntelrb\\/allz[gla\?"; flfGO]tWhiCh dis t??t gaptgreg db;:jt?et;r)]hoto-t model and measurements for the smallest sizes. On the other
lode. mv ofiset was identified and added fo e sca "hand, the scattered flux for irregular solid particulates is

tered intensities, corresponding to the electronic offset of thﬁower than the classical Mie solution would predict for regu-

Instrument. lar particles of the same size; the irregular particles measure-
ments are nonetheless reproduced by the roughness model.

Following this first step, several different roughness pa-

Atmos. Meas. Tech., 7, 931939 2014 www.atmos-meas-tech.net/7/931/2014/
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running the simulation taking into account this slight param-
, eter difference does not yield major changes: the Mie oscil-
. lations undergo a minor shift, but the intensities for middle-
sized particulates remain unchanged.

We have also ascertained, through numerical simulation,
that the larger the angular aperture, the less marked the flux
discrepancy effect, or put in different terms — the larger the
aperture, the higher the roughness parameter needed to lead
to saturation. Because we are restraining ourselves to a nar-
row field of view for experimental studies, these results shall
E not be presented thoroughly here, but could constitute some
- interesting matter for further studies.

A Latex beads

O Glass beads

Rough particles
10.0 —— Clossical Mie solution

—— Roughness model

Scattered intensity [V]

o
o
o
o
=)
o
o

Diameter [um]

4 Discussion
Fig. 8. Comparison of measurements for different kinds of partic-
ulates with both the classical Mie solution (plain black line) and The model calculations were computed assuming a refrac-
the roughness scattering model, for different roughness parametetéve index close to that of the latex beads used for the experi-
(plain red lines). The abscissa is the diameter of the particles studments. We could as well have assumed a different index (e.g.
ied, and the ordinate is the scattered light flux in an arbitrary unitthat of a carbon particulate). This would have resulted in a
(mV), directly proportional to the actual light intensity. Note that |ower curve for the regular Mie solution; however, we would
the two curves fop = 9x 10~3 andp = 102 are almostidentical,  isg have encountered a lower saturation phenomenon when
due to the saturation phenomenon explained in the text. increasing the roughness parameter.
Also, we have investigated — though not presented here —

Figure8 also shows that a lower saturation limit is quickly the effect of a broadening of the field of view. It was ascer-
reached when increasing the roughness parameter. By thtsined through simulations that the larger the field of view,
saturation phenomenon, we mean that the scattered interthe less sensitive the effect of the particle roughness. This
sities ultimately reach a plateau once a certain degree o€onfirms the fact that a narrow field of view is interesting in
roughness is exceeded. We can estimate that the saturatiamder to yield the saturation process, and thus to lower the
regime in our precise geometrical set-up is encountered foscattered intensities for large particulate sizes.
p > 0.01, regardless of the refractive index parameter. As a A direct interest of this study is that, due to the small scat-
matter of fact, this saturation regime corresponds to a domtering angle and angular aperture, the decrease in the intensi-
inant diffraction effect of the rough particulates; as the re-ties for large sizes of particulates naturally enables a broader
fractive index does not play any role in the diffraction pro- dynamic range over the measurements. Thus, it becomes pos-
cess, it is understood that the scattering flux data of all typesible to monitor a wider range of particle sizes whilst relying
of particulates shall collapse on the same curve. The abovesn a single photodiode and electronics device. The geome-
mentioned saturating roughness parameter value is relativeliry of our measurements has reduced by a factor 10 the in-
low and is very easily met by any kind of irregular parti- tensity of light scattered for the largest particulates (100 pum)
cle found in the atmosphere (see Tahb)eThe fact that the  with respect to the classical Mie theory. This opens up the
diffraction part is the main contribution to the scattering pro- possibility to detect larger particulates than using standard
cess for large and rough particles has already been utilisederosol counters, whilst also detecting the smallest aerosols
by studies such adlanowski et al(2012. In these studies, near 0.2 um.
the size of complex-shaped particulates is retrieved through In our experimental procedure, we were required to choose
the estimation of diffraction patterns. a compromise between the accuracy of size determination

Glass beads present an intermediate behaviour, plotted bder the smallest particulates and the dynamics of the diam-
tween the standard Mie solution and the roughness modekter range. The accuracy is approximatel).05 um for di-
This is wholly coherent with the expected surface state ofameters below 1 um in our laboratory measurement device.
glass beads: they are supposed to be fairly smooth, yet possbviously, the accuracy of size determination for the small-
bly exhibiting a broken surface, some agglomeration or beingest particulates can be improved by increasing the power of
misshapen (this can be noticed on F&). Their roughness the light source. A 100 um particulate illuminated by light
parameter should thus be low, though not perfectly null (seesource of 100 mW would provide a scattered flux converted
Table 1 for a numerical estimation of the roughness param-to a voltage of 4V, which would be close to the saturation
eter of glass beads). Note for completeness that the refradimit of a conventional detector and electronics. In this case,
tive index of the glass beads used £ 1.56) is close to the the accuracy of the size determination for the submicronic
1.59 value assumed for the simulations. As a matter of factaerosols would be increased by a factor of 4.
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