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MEASUREMENT OF WAVELENGTH-DEPENDENT EXTINCTION TO DISTINGUISH
BETWEEN ABSORBING AND NONABSORBING AEROSOL PARTICULATES?Y

Rainer Portscht
Ulm

1. Introduction /11

For continuous monitoring of smoke and dust content of the
air extinction measuring instruments based on the double beam
compensation method have proved themselves many times over 1n
practice.

If a moncchromatic measuring setup 1s selected, extinction
measuring instruments determine the spectral decadic extinction
coefficient m(AQ) for the wavelength of the test light AQ(DIN 1349).

Mio'-%hl[;:.':-;'] (1)

with

Y ‘d_::"!l :ﬁ _ e Crutiqd. My My -'.l. (2)

In these equatlions L i1s the length of the measurement path,

rl(AQ) is the degree of spectral (pure) transmission at the test
wavelength Aq, Z 1s the particle concentration and CExt is the
extinction cross-section of the aerosol particles in the light
path. QAO(AQ) is the spectral radiant flux emitted by the source
of radiation and @AI(AQ) is the spectral radlant flux diminished
by the extingulshed portion at the point of the radiation receptor

for the test wavelength Aq. If Eq. (2) 1s substituted in Eg. (1),

1. The fundamental studies and measurements for this artlicle were
carried out during the author's work with th~ "Automatic Fire
Detection" group at tne Insticute for Electronic Communication
Engineering of fachen Technische Hochschule.

¥ Numbers in the margin indicate pagination in the forelgn text.
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this gives the following equation taking into conslderaticn the
relationship log x = log ¢ « lnx = 0,443 * lnx:

mlig)=0433.C, (i d M, M)z s

From this it follows that the decimal spectral extinction
coefficient m(AQ) is proportional to the product of the
extinction cross-section CExt times the particie concentration
z. In an approximate way this equation is aleoc valid for a
non-menochromatic measuring setup [1] insofar as the wavelength
interval A, < A < A, 1s not sele:ted too large.

The extinction cross-section characteristically deperds
on the wavelength of the test light, the size of the particles
(diameter d or a sultable parameter of grain size distribution)
and the optical constants (refraction index Ml and absorption
index M2). If for a glven particle diameter or a given grain
size distribution for the particles one plots the extinction
cross=-gection over the wavelength, then this curve %s a functlon
only of the optical constants Ml and M2.

In this paper it is shown that 1t 1s possible by measuring
the wavelength-dependent decimal spectral extinction coefficlent
to obtaln data on whether the aerosol particles in the light
path are absorbent or transparent.

Starting with the results of few transmlttance measurements
in smoke-filled optical transmission paths a theoretical estimate
of the behavior of absorbent and slightly or non-absorbent
particles in the light path of extinctlon-measuring instruments

is carried out. In the range of wavelengths studled the extlnction

cross-section and scattering cross-section can bte calculated
according to the Rayleigh approximation.



The difference in behavior of absorbent and non-absorbent
particles in relation to light extinction as a function of wave-
length forms the basis of a proposal to expand the use of
current extinctlion-measuring instruments and determine the
extinction coefficlent for two appropriate wavelengths. In
this way it 1s possible to eliminate the effect of the particile
2oncentration and obtain more exact data on the optical
propertia2s of the aerosol particles, and in particular to
distinguish between absorbent and slightly or non-absorbent
particles. This has important practical implications, 1if, for
examnple, it 1s desired to distingulsh between smoke and dust or
water vapor or if different types of smoke or dust are to be
distintulshed from one another.

2. Extinction Coeffilcient of Various Types of Smoke as a Function
of Wavelength Determined from Transmittance Measurements

Within the context of a study entitled "The Calculation and
Measurement of Extinction Properties of Smoke in the Optical
Spectral Reglon" [2] transmittance measurements were carried out
in smoke-filled optical transmlsslon paths.

The measuring apparatus consisted of a scurce of radlatlon
(chromium-nickel heating rods or a reflector incandescent lamp),
a smoke channel and an infrared spectrophotometer. Different
types of smoke were produced in a specified manner 1in the smoke
channel. The density of the smoke in the channel was monltored
with an additional extinction-measuring device. For each ccn-
centration of particles of a give type of smoke produced the
transmittance Ti(l) was determined in the range of wavelenghts
from A = 0.4um to A = 10um. It was setup as the quotient formed
by the spectral radlant flux ¢A1(A) over the spectral radlant
flux °A0(A)‘ The index 1 means that extingulishing aerosol
particles were found in the light path, whereas the lndex
0 indicates that no extingulshing particles were present 1n
the light path. After standardizing the measured transmittance



curves as a function of wavelength on a reference concentration

0 the product of the average extinction cross-section times £le
the reference particle concentratlion (cExt ; zo) was determined

and plotted in a double log scale over the wavelength., With

the exception of a calibration factor, this quantity corresponds

to the spectral decimal (or natural) extinction coefficient

(ef. Eq. (1) and (2)). Fig. 1 shows a few typical results.
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For sebacic acid mist,

1 S-S A S
8 z’g,’,,',_"'ﬁ,,'”,,u"‘":?“"".,,_,"" which was used to calibrate the
as (reiolve Worte)
@l o measuring apparatus, and for
0 acetylene smoke and cigarette
| oy e Uy S
b otte n s as a function
D p g
o1 of the wavelength. A strlking
i | feature 1s the difference 1in
:Liﬁ the wavelength exionent of the
w i A4 CEETSEAS A A J L 4
- quaun 2 tamw function CExt 2 for acetylene

smoke and clgarette smoke at

wavelengths above lum.
Fig. 1. Cgx¢(A) 'z, as a fun=-
function of waveleggth taken This difference also appeared
from transmittance measurements
(comparison of acetylene smoke,
cigarette smoke and sebacic it was found that wi... ..aoke,
acid mist, relative values).

Key: A) Cgye * 20 as a function
of wavelength fromtransmittance Conization at low temperatures
measurements (relative values) of cellulose-containing substances
B) Acetylene smoke

c) Sebacic acid mist (such as posterboard, small

D) Cigarette smoke wooden plates, tobacco or sack

B Navelangch cloth), a smaller drop cccurred

with other types of smc''2, Thus

which resulted from the car-

in the _raph of cExt "z over wavelength than with smoke which
was produced by burning petroleum products (such as heating

oill, acetylene, polyurethane and rubber tubing). These two
types of smoke can clearly be distingulshed from one another by
their color just by irradiating them with natural light ("white"



and "black" smoke). As an explanation for the difference in
color and the difference in the graph of CExt * Z, over
wavelength 1t has already been suggested in [2] that obviously
the optical constants Ml and M2 for the particles in the light
path are determining factors for the difference in behavior.
For smoke from petroleum products basically consiste of soot
particles and smoke from cellulose-containing substances consists
of condensation nuclel with a film of water or of tar droplets.
From this it can be concluded that the wavelength exponent of
the extinction cross-section is influenced by the optical
constants Ml and MZ'

In what follows a theoretical reason for this empirically
determined behavior of aerosol particles will be deduced. In so
doing, consideration is extended to non-absorbent particles
(water droplets).

3. Theoretical Estimation of the Wavelength Exponent of the
Extinction Cross-Section of Absorbent and Non-Absorbent Aerosol
Particles

For homogeneous, isotropic, spherical particles with a
diameter 4 and optical constants Ml and M2 (refraction index and
absorbtion index) the extinction cross-section can be calculated
as a function of the wavelengths A according to the Mie theory
[3-71:

‘3"'23 ;H':unz|ur@5-£; } (4)
The complex varlables a and b are called Mie coefficients,
which In turn via Riccati-Bessel and Hankel functlon are dependent
on the complex refraction index M Ml JM2 and the magnitude
a = md/A. Beslides the assumption that the particles are homo-
geneous, isotropic, spherical and monodisperse and that mono=-

chromatic primary radiation and single scattering exlscs, it
is, to begin with, furthermore assumed that the complex



refraction lndex M 1s not wavelength-dependent.

As follows from [2], all of the aerosols studied had grain
silze distribution with maximums less than 0.5um. Thus for the
magnitude a = nd/A in the wavelength range now under consideration
(1 um < X <10 um) 1t turns out that a < 1 or even a << 1,.

For the condition a <<), which is met for umall particle
diameters and largc wavelengths, the calculaticn of the extinction
cross=-section according to the Mle thecry 1s simplified, so
that the Rayleigh approximation can be used to describe the
extinction of light by aerosol particles.

3.1 Rayleigh Approximation for Absorbent Particles

In the region of the Rayleigh approximation (a << 1) the
following equation follows for the first Mie coefficient [6]:

2 Mt
@ =f 3 T3 (5)

The variables a, and bl are proportional to u5. The variable
b, is proportional to al. Therefore, just like all higher
Mie coefficients, these variables are ignored with respect to
ay . Thus, from Eq. (4) the following equation follows for the
extinct.on cross-section:

i 2 (M, —jMP~-1 i
"-*z-a"""{f”'?ml:m‘iv:i} (6)

Whence after a brief calculation we obtaln

d M, M (7)
Cgu"T'GM{-Mi;f?f:LZM.M;F

and

- 'S‘_'ﬂp' - u'..!- !“.“’:'
[ (nd’/4) ’ (M{-Mi-&-!}’ﬂ!hh“x" (8)




" A check for the validity of Eq. (7) is obtained by comparing
the values calculated exactly according to the Mie Theory with
the help of computer programs with the values calculated
accoriing to Eq. (7). As an example, let the following values
be substituted in Eq. (7): d = 0.2 um, A = 10 um, M, = 1.96,
M, = 0.66 (optical constants of soot). From Eq. (7) one
obtalns

Cpo= 171107 um?

This value can also be read from Fig. 2.

Y TR AT - Fig. 2 shows the extinctlion
" *:::j{ffj\ﬁ ! T, ¢cross=-sectlion CExt as a function
) gl \\\n‘ Serendy of the wavelengths in a double
J‘;;;;;igi\ﬁ\\\i\ c log scale. The calculation was
f:' ‘ -A\~\ \ &3\" carried out exactly for mono-
b : L .\\\‘\ Nl chromatic radiation and individual
é"f' \ \V&f\;\\..; particles according to the Mie
%f \H ‘:3 \\L,‘ theory with the help of computer
1 N | ‘;} L programs. The parameter for the
N curves in Fig. 2 is the particle

o

i % :
il H diameter d. The complex refrac=-

tion index was assumed to be

Fig. 2. Extinction cross- independent of wavelength., Mie
section as a function of wave-

length for a monodigpersion coefficients with respect to a;
and complex refraction index were ignored. From Eq. (4)

of soot M = 1.96-J0.66. range of visible light [4] [siec].
Key: A) Extinctlion cross-section

B) Wavelength

C) Individual particle, For further consideration
CExt * f(A), M= 1,96-J0.66,

parameter: diameter d (mono=- it is important with respect to
chromatic radiation) Eq. (7) that the extinction cross-
section C (A) of absorbent

Ext
particles in the region of the Rayleigh approximation is inversely

proportional to the wavelength (wavelength exponent n = =1).



A proof of the correctness of this estimate 1s again found in
the graph of the extinction cross-sectlon over wavelength in

Flig. 2.

exponent can be read as the sloprs

n = =1 curves.

For wavelengths greater than 5 um the wavelength

of the tangent to the plotted

A graph corresponding to Fig. 2 1s obtianed 1f one forms
the extinctlon effect factor Qg ., = C,xt/(ﬂdz/h) and plots 1t

over the wavelength,.

It can also be seen in Flg. 3 that at wavelengths greater
than 5 um the wavelength exponent is n = =1, as 1s given by

Eq. (8).
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Fig. 3. Extinction effect

factor as a function of wave-
length for a monodispersion and
complex refraction index of
soot M = 1.96-J0.66.

Key: A) Extinction effect
factor Qgxt

Bg Wavelength (

C) Single particleQQ «£(2)
D) M & 1,06-10.66 X

E) Parameter: diameter d

F) Monochromatic radiation

The group of curves in
Fig. 3 can be reduced to a single
curve 1f the extinction effect
factor Qp,. 1s plotted over the
standardizing magnitude l/a=
A/(nd) (upper curve in Fig. 4):

o). -1(2)

The index R indicates the
optical constants for soot for
which the graph drawn of the
extinction effect factor was
calculated. Standardization to
A/(md) produces a horizontal
shift in the collection of
curves shown in Flg. 3. In
Fig. 4, for constant diameters
d, a wavelength scale can be used
at any time in place of the scale
1/a = A/(nd) along the abscissa,



Fig. 4. Extinction effect
factor, absorption factor, and
scavtering effect factor for
soot (M = 1,96=-3~-0,66) and
extinetion effect factor for
water (M = 1,33-J0) as &
function of 1/a = A(mnd) for
monodispersion.

Key: A) Effect factor Q
B) Str = Scattering

C) Soot

D) Water

but this shifts horizontally as
a function of d.

Also of interest 1s how
the extinctlion effect factor
QExt is made up a8 a sum of the
scattering effect factor QStr
and the absorption effect factor
QAbs‘ The abs»rptlon effect
factor for scot was also cal-
culated according to the Mie
theory and is shown by the broken
line in Fig. 4. As shown by the
graph, for values of 1/a = A/(rd)
> 2.5 in the reglon of the Rayieigh
approximation only the absorption
of the particles in the light
path 1s a determining factor for
the graph of

o (sakC)

Only for values of 1/a<2.,5 does the scattering of the soot

particles produce a quantitatively significant contribution.

The approximation of the extinction cross-section and of

the extinction effect factor given in Eq.

(7) and Eq. (8) is

no longer valid, however, if the absorption index M2 of the

particles goes to 0.

3.2 Rayleigh Approximation for lion-Absorbent Particles

If M, 1s set equal to 0 in Eq. (¥) or Eq. (8), then Cp,.

also equals 0.

according to Eq. (5) and Eq.

The reason for this can be seen in the derlvation
(6), because with a vanishing

immaginary part of the complex refracticn index (M2 + 0) the
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Mie coefficlent a, is always imaginary and, according to Eq. (4),
the real part of an imaginary quantity 1s zero. Therefore, for
the case of non-absorbent , articles the approximation according
to Eq. (5) 1s not permissible, but rather additional terms with
higher powers of a must be consldered.

Starting with the series expansion of the bessel functions,
one obtains the following equation for the first Mle coefflclents:

g’ 1
[ L 20000 2 - S 4 MM
3 |Mu'-uu'z"‘+-'4u’|u'-h :’n (9)

-¢-|.

and from this, 1lgnoring the members of the second term of the
denominator containing 02, we obtaln:

1+M°12
S ' v
b 12T foram
-"l M: (,) "('_Ml) (10)
In the denominator of Eq. (10) one also lgnores the expression /T4

(0:3/3)2 considering the second term, then we obtain the
followling for the real part of ap:

] .. 'J‘J ""’
TS 4 Re u}aq'j (ll)

Thus, according to Eq. (4) one obtains

iU :- LR T

Cou @ < A 4 Re 111“‘*“, (12)
or
P
cl-"i“ J': Re {:ﬁ;l Q:l}

(13)



'For non-absorbent particles M = Ml'(M2 = () and

2 M-
Cu= 3% 50 a2y FikS

This approximation is alos obtalned 1f the scattering corss-
secticn of non-absorbent particles 1s determined directly. The
following equation applies [in (15)=(18), Str = scatteringl:

L
Cou= 32 F, 0+ i P (15)

If one again uses the approximation according to Eq. (5) for
the first Mie coeffilcient, then one obtalns:

: (16)
‘*'%"'%"f'ﬂ;':‘ir

Co w2 e (MI=Mi=1P +QM, M)
WERT A MI-MIs 2P 2M My

For non-absorbent particles (M2 = 0) we obtalr

2 .d* (M=)
Com 3% 7 (i (18)

An important point with respect to Eq. (14) and Eq. (18) 1s that
the scattering cross-section of non-atsorbent particles, whilch
with a lack of absorption equals the extinction cross-sectlion of
the particles, 1s Inversely proportional to the fourth power of
the wavelength (wavelength exponent n = =4),



In Fig. 4 1s plotted the scattering cross-section of soot
particles (R index) and the extinction cross-section of water

droplets (W index) over 1/a = A/(nd) in a double log scale.

The

units along the abscissa and ordinate are chosen to be identlcal.
It is obvious that the scattering cross-sectlon of absorbent and
non-absorbent particles in the range of the Raylelgh approximation

follows the derived 1/7‘1I law.

3.3 Implications for Extirnction Measuring Technigues

Between the two limiting cases of strongly absorbent
particles (e.g. soot) and non-abscrbent particles (e.g. water
droplets), the extinct on cross-section of which follow a

Y iy i o S ey s
‘J. ) R r- Cior frai
s -C:w.-.,;.m dec dum

| l.‘-_'.‘l_. B i
: 1 D e My 1

Errnnwa]wwl

Fig. 5. Extinction cross-
section as a function of wave-
length for & mondispersion (d =
0.23 um) and a refraction index
of M, = 1.96, Parameter: ab-
gsorpfion irndex Mz.

Key: A) Extinction cross-section
B) Wavelength

C) Single varticle

D) Parameter

E) Monnchromatic radiation

1/A and 1/A“ law respectively,
there is e sliding transition

28 will be explained by i1.lerring
to Fig. 5.

In Fig. 5 1s plotted the
extinction cross-section of
particles with a different
absorption index M2 as a function
of the wavelength in a double log
scale. The calculation was
carried out for spherical, homo=-
geneous, isotropic particles
with a diameter d (monodispersion,
here d = 0.22 um). The refraction
inde~ used was M, = 1.96 (scot),
and the absorption index was
varied between M2 = 0 and M2 =
SR

It i1s obvious from Fig. that
the extinection cross-section 1s
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strongly dependent on the absorption index M2 with the twe
limiting cases of wavelength exponents n = =1 for absorbent
particles (0,1 < M, < 1.5) at wavelengths of A > 5 um and

n = -4 for non-absorbent particles (M2 = 0) at wavelengchs of
A >0.5 um as well as the transition region between these two
cases.

It can also be seen that the effect of the refraction index
Ml on the graph of cExt (A) 18 much smaller than the effect of
the absorption index Mz. From this it follows that by measuring
the extinction coefficlent as a fuaction of wavelength or with
2 appropriate wavelengths absorbent particles can be distingulshed
from non-absorbent or slightly absorbent particles because the
wavelength exponent of the extinectlon cross-secclon can be used
a8 a measure for the absorption index of aerosol particles in
the light path.

This regularity 1s also valid in the case which shows up 1in
practice 1f the grain size distribution of the particles 1s
described by a polydispersion, if the dependence on wavelength of
the refraction and absorbtion index 1s taken into consideration
and a non-monochromatic measuring setup is selected [1,8,9].
Calculations ' *rformed for standard logarithmlic distrlbuclons
(4,5,7] have shown that the equations derived above are also
valid with still good approximatlion in this generallzed case
as long as the condition for the Raylelgh approximation is ful-

filled:
(=41

i.e., as long as the dlameters of the particles are small with
respect to the wavelength of the test light.

To this end let us consider Fig. 6 as an example.

43
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Fig. 6. Average extinction

cross-section as a function of
wavelength for polydispersion
(log of standard distribution

g = 0,23 um, A

= 1.4 and

refraction index M} = 1,96,
o

Parameter:

absorpt

n index M2.

Key: A) Average extinction

cross-section
B) wavelength

C) Log standard distribution
D) Monochromatic radiation

in varyling amounts, a certain integrat! n effect takes place over

the wavelrngth.

In Fig. 6 1s plotted the
average extinction cross=-section
as a function of wavelength for
a logarithmic standard distribution
with a median value of g = 0.23 um
and a spread of A= 1.4 and for
a refraction index of M, = 1,96,
The absorption index M2 was

varied.

As in Fig. 5, the two

limiting cases for absorbent and
non=absorbent particles can be
recognlized by the wavelength

exponents n = -1 andn = -4 at
wavelengths of A >5 uym, and also
transition between these two

cases at wavelengths of A > 1 um.

Due to the fact that according
to the logarithmi: standard
distribution not Juct cuae par-
ticle diameter but various
particle diameters affect the

average

»>xtinetion cross-section

The curves of the polydispersion are flatter and

lecs curved than the monodlspersion curves.

In addit'~n, another special feature should be pointed out,
namely that the absorbent particles may scatter more than the

transparent particles.
B

consider Eq.

In this connection we will once again

Let Rch’Ma) stand for the factor given by the last
(17) -- this factor specifies the dependence of
the scattering cross-sectior. on the optical constants:

fraction in Eq.

£15
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(M} =MI=1P +2M M, P (19)

ROM VMY = g2 M2 20 520, My

and

chﬂ‘;l.irj'.‘"““j' (20)

[str = scatteringl.

This factor will be discussed in more detall below. In Flg. 7
R(M,,M,) is shown graphically as a function of the refraction
index Ml with the absorbtion index M2 as the variable. The
scale 18 linear.

A remarkable and unexpected
fact here 1s the increase 1in the
R(MI’ME) factor and with it the
increase in the scattering cross-

section as a function of M2 ir
the particles in the light bath

' N Foo s

st Ity are not transparent (M2 = 0)
Fis_ T R(M 'Mz) factor es a but absorbent (M2 > 0)- As an
function of The refractlion explanation for why absorbent
index M. Varlable: absorption
index M2 particles have a stronger

scattering effect than trans-

parent particles, it 1s suggested
in [6] that according to Huyghens principle any inhomogeneity in
the medium of propagation (i.e. within the particles) causes a
disturbance of the primary light wave giving rise to a scattered
wave. If the particles 1in the light wave possess an additional
absorbtion component, then the scattered portion of the particles
also ilncreases accordingly, among other things also because for
the small particles in the Rayleigh region the optical path
distances within the partlicles 1s so small that the internal
stray light portions cannot be significantly weakened by
absorbtion and thus also contribute to the increased scattered
radiation.
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From Fig. 7 1t can also be seen that the R(Ml'MJ) factor
1s 0.347 for soot particles and 0.0417 for water particles. If
the following quotients are setup:

KM M) 007
Rtﬂ..ll,l. 00417 (21)

then it follows that with the same particle diameter and the same
wavelength the scattering cross-section of soot 1s 8.33 times
larger than the scattering cross-section of water (Eq. (20)).

This factor is also again found in the graph shown in Fig. 4

in which the extinction eross-section (= scattering cross-section)
of water droplets with a constant particle diameter runs parallel
to the scattering cross-section of soot particles over the wave-
length in the range of the Rayleigh approximation. However, 1t

is smaller than the scattering cross-section of soot particles

by Just this factor of 8.33.

Conversely, this means that gliven the same diameter the
concentration of water droplets must be 8.33 times greater than
the concentration of soot particles in order to cause the same
amount of deflection on a stray light meter or in a stray light
detector given the same wavelength.

4, Examples of Applied Uses

In commercial extinction-measuring instruments whilch operate
according to the double beam compensation process incandescen
lamps are used for radiation sources and silicon photodiodes
are used as radiation receptors. The wavelength of the test light
is 0.8 um,

It is possible to expand the use of an extinction-measuring
instrument which can be used for determining wavelength exponents
by adding, for example, a second radliation receptor and a separate
measuring channel. If a lead sulfide photoconductor is used for



the second measuring channel, then the radiation extinction in
the region of A = 2 um can be measured. In this wavelength
reglon the radiation source emlits sufficlent radiation. In this
range window glass is still transparent for infrared radiation
and the water vapor bands do not interfere with the measurement.
To distinguish this additional test beam from the first test

beam and from the reference beam the familiar methods of time,
phase or frequency selectlion can be used in the electronic
evaluation circult.

In order to facllitate the numerical evaluation of the
measurement it 1ls suggested to digitize the test values of both
channels, read them into a microcomputer via lnput gates and
process them digitally. Setting up the quotlent between the
test beam and reference beam in both test channels, setting up
the mean value with respect to time, calculating both extinction
¢ 2fficients by taking the logarithm and standardlizing on the
test path distance and setting up the quotlients between both
extinction coefficients are algorithimic procedures which can
be performed more elegantly, flexibly and efficlently on a
microcomputer than by using analogous electronic modules. It /16
is also possible, using output gates from the computer, to check
or control the lamp voltage, the switching of the effective
range, the calculation and monitoring of limit values and for
setting indlicating instruments or alarms.

Setting up the quotient between the two test channels
eliminates the particle concentration (Eq. (3)) and the ex-
tinction cross-section (or extinction effect factor) at wave=~
length Al is divided by the extinction cross-section (or extinction
effect factor) at wavelength Az. Referring to Fig. 4 this can
be explained by means of an example.

Let 1t be assumed that the particles have a dlameter of

17



d = : pm =038 pm

and that the wavelength of the test channels are Al = 0,8 um
and 12 = 2 Uum, In thls case, the abscissa scale for l/a agrees
with the scale for A,

If there are soot particles in the test path, th2n the
upper curve in Flg. 4 with the equation

HORLY

is valid. At Al one reads QExtRl = 2,6 and at A2 one reads

QExtHE = 0,6. From this the following quotient can be computed:

[ (22)

For the wavelength exponent of the extinction cross-section for
soot particles we obtain:

" ..ﬂﬂ!.....'ﬂ-_m
" log(s,/2y)  —log(2/0.8) (23)

If there are water droplets in the test path, then the lower
curve in Fig. 4, with the equation

o)1 )

is valid. At Al one reads QExth = 0,2 and at A2 one reads

= —3
QExtw2 6.5 10 “. Therefore we obtain

Tog WOR
dw = 308 and = '_':‘:‘:’.“xi" =574 ((.“ )



It 1s a question for further analysis whether the quotients
q or the wa elength exponents n are used to characterize the
particles the light path. In both cases, however, it 1is
possible to distinguish between absorbent and transparent
particles.
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