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Abstract: The quantitative errors of extinction efficiency during the particulate measurement caused by the refractive in-
dex are studied. And the quantitative results are acquired when the real part of the refractive index and the imaginary part
change respectively. The change ranges of the real part are 1+0.5i to 2+0.5i ata0.1 interval and 1.5+0.5i to 1.59+0.51i
at a 0.01 interval. Another the change ranges of the imaginary part are 1.57+0.1i to 1.57+1i at a 0.1i interval and
1.57+1i to1.57+10i atali interval. Firstly, the result shows the extinction efficiency change is linear with the real part
change of the refractive index, but not linear with the imaginary part change. Secondly, when both the real part and the
imaginary part change, the extinction efficiency will go to a constant value about 2.24 with the size parameter x infinitely
increasing. Thirdly, the errors are different with the change of X when the real part changes. The maximal error value is
1.168% at x =2 and the end constant value is about 0.05%. Also the extinction efficiency errors are 0.67% and 0.036%
when the size of x are 1 and 20 respectively when the imaginary part changes.

INTRODUCTION

During detecting the amount of the particulate in air,
there are many factors that will put impact on the result, such
as particle refractive index, particle size, temperature, pres-
sure. Among these factors, the particle refractive index will
contribute much to the measurement. In this paper, the quan-
titative errors of extinction efficiency during the particulate
measurement caused by the refractive index are studied. And
the quantitative results are acquired when the real part of the
refractive index changes and the imaginary part changes.

Particulate material suspended in the atmosphere, com-
monly referred to as atmospheric aerosol, is produced by
both nature and man. Naturally occurring materials include
volcanic dust, meteoric dust, spores and seeds, particles of
soil, sea salt etc. particle in the size range from 0.1um to
10um produce significant optical effects in the atmosphere
[1], also can cause many disease of body for example aspira-
tory illness, pulmonary disease, lung cancer, asthma [2] and
so on. Research on the effects of particulate matter on human
health was initiated in the 1970s [3,4]. So the determination
of the amount of aerosols in the atmosphere has become a
critical problem.

Many practical problems associated with the scattering of
light radiation in the atmosphere require knowledge of the
energy losses due to various scattering phenomena as well as
that of the angular distribution and scattering radiation. The
angular variation of the intensity of light scattered from at-
mospheric aerosols has been studied by a few earlier investi-
gators and the capabilities of laser aerosol monitoring meth-
ods have been enhanced with the advent of the bistatic mode
of operation of the lidar [5,6].
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Generally, Beer-Lambert Law and Mie scattering theory
are often used in the determination of the amount of aero-
sols. As Beer-Lambert Law:

| =1,e°¢ @)

where, | means the detected light energy with unit Watt,
I is the incident light energy with unit Watt, o,is the ex-

tinction coefficient and L is light path length with unit me-
ter.
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N is the amount of aerosols, that is the concentration and
Q. is the extinction efficiency.

Q. =1/l ®3)
I, means the radiant power scattered and absorbed by a par-

ticle.

While, during detecting the amount of the particulate in
air, there are many factors that will put impact on the result,
such as particle refractive index, particle size, temperature,
pressure. Among these factors, the particle refractive index
will contribute much to the measurement. If the imaginary
part of the refractive index increase, the contribution of light
scattered twice predominates [7]. Maria et al. also found that
by grain the larger the imaginary part of the refractive index,
the smaller the energy density trapped within the grain [8].
However, it is not feasible to determine the refractive index
of each individual particle within an aerosol population, an
“average” or effective refractive index is normally used to
represent the whole size distribution [9]. And according to Li
[10], the large absolute value of imaginary part of refractive
index in Minsk implies that the biomass burning aerosol
from vegetation fires has stronger absorption than others. An
increase in the imaginary part of the refractive index main-
taining the real part constant produces and increase in the
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maximum of the linear polarization for incident unpolarized
light [11].

In addition, Perrone shows that the backscatter coeffi-
cient of the particles are reduced as the imaginary part of the
refractive index increases, where as extinction coefficients
are weakly dependent on the refractive index [12]. And dur-
ing the measurement of particles, for transparent particles, an
increase in the particle refractive causes a decrease in the
lower detection limit [13].

As we can see that the refractive index will take great
impact on the measurement of particle concentration by us-
ing spectroscopy, so, in this paper, quantitative analysis will
be studied about the effect caused by particle refractive index
to the extinctive efficiency of the aerosols.

METHOD

Recently, Mie scattering theory has been widely used in
the measurement of tiny particles, such as environment pro-
tection, energy, chronometer, weather and aerosol particu-
late. Note that:

| = | glrarslt = gt (4)

where ¢, is absorption coefficient, ¢ is the scattering coef-
ficient, o is the total attenuate coefficient and o = ¢, + o,

L is the path length of the light source passing through the
gas with particles.

While the absorption coefficient of suspended particulate
matter can be relatively measured with the filter and pad
technique [14,15], and inverse anomalous diffraction [16]
models can be used to derive mean refractive index data for
particle [17,18]. And the refractive index is the particle opti-
cal property relative to the atmosphere and can be used in the
Mie scattering calculation to provide optical proper-
ties, typically denoted as:

m(1) = n(A) +ik(A) )

where n is the real part of the index, K is the imaginary part
of the index or the absorption index [19], A is the incident
light wavelength. According to Mie theory [16]:

Qu =23 (2n+DRe3, +b,) (6)

X

All infinite series can be truncated after n__ terms. For
this number Bohren and Huffman proposed the value
N = X+4X72+2 (7)
And this value is used here as well. In equation, X =ka
is the size parameter, athe radius of the spherical particle
and k=27 /A is the wave number and A the incident light
wavelength.
RESULT

Two ranges of the real part of the particle refractive in-
dex will be selected in this paper. One varies from 1 to 2 at a
0.1 interval, and another ranges from 1.5 to 1.59 at a 0.01
interval. Fig. (1) shows the extinction efficiency change with
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the real part of refractive index in the range from 1+0.5i to
2+0.5i at a 0.1 interval with different X .

It can be seen from Fig. (1) that the extinction efficiency
increases with the real part of the particle refractive index at
a certain X, however the increased scope becomes smaller
and smaller with the X adding. Moreover, when the real part
of refractive index is over than 1.3, the extinction efficiency
will go up first to the climax at about x=3 and then down.
Finally, it will end at a constant value with the X infinitely
increasing, which is about 2.24.
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Fig. (1). Extinction efficiency change with the real part of the re-
fractive index at 0.1 interval.

In another range of the real part of refractive index, from
1.5+0.51 to 1.59+0.5i, the extinction efficiency changes
with the real part are shown as Fig. (2). And the right picture
denotes the amplificatory part in the local box of the left
figure, which is labeled in Fig. (2). From Fig. (2), the extinc-
tion efficiency also becomes increasing with the real part of
the refractive index. And just as same as in the range from
1+0.51 to 2+0.51 ata 0.1 interval, the extinction efficiency
will go up first to the climax at about X =3 and then down
till reach a constant value.

Then, the change tendency of the extinction efficiency at
X =3 can be drawn as Fig. (3), from which it can be seen that
the extinction efficiency change is linear with the real part,
and so do at other X .

Therefore, the quantitative error caused by the bias of the
real part of the refractive index can be calculated and shown
as in Fig. (4). In this figure, all error data are computed when
the real part of the refractive index varies 1%. And according
to Fig. (4), the errors are different with the change of X.
they ascend first and then descend, and will go to a constant
value with the infinite X . the maximal error value is 1.168%
at X =2 and the end constant value is about 0.05%.

Just like in Section 3.1, two ranges of the imaginary part
of the particle refractive index will be selected. One varies
from 0.11 to li at a 0.11 interval, and another ranges from
1i to 100 at a 1i interval. Fig. (5) shows the extinction
efficiency change with the imaginary part of refractive index
in the range from 1.57+0.11 to 1.57+i at a 0.11 interval
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Fig. (2). Extinction efficiency change with the real part of the refractive index at 0.01 interval (the right picture denotes the amplificatory part

in the local box of the left figure).

with different X . In addition, four different particle sizes, for
example X =5, 10, 15, 20, are selected to show the extinction
efficiency change with the imaginary part of the refractive
index, as shown in Fig. (6).

It can be seen from Figs. (5,6) that the extinction effi-
ciency does not change linearly with the imaginary part of
the particle refractive index at certain X . With the imaginary
part of the refractive index increasing, the extinction effi-
ciency will fall down first and then rise up at about
m=1.57+0.51 .

Moreover, to all the imaginary parts, the extinction effi-
ciency will go up first to the climax at about X =3 and then
down. Finally, it will end at a constant value with the X infi-
nitely increasing.

In another range of the real part of refractive index, from
1.57+11 to 1.57+101, the extinction efficiency changes with
the imaginary part are shown as Fig. (7).

Extinction efficiency change with the real part of
Refractive index at x=3

2.6
1. 49 1.51 1.53 1.55 1.57 1.59
n (the real party of refractive index)

Fig. (3). Extinction efficiency change with x=3.
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1% bias of the real part of the refractive index
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Fig. (4). Quantitative error(%) at different x.

According to this figure, the extinction efficiency also
varies nonlinearly with the imaginary part of the refractive
index, just like in the range from 0.1i to 1i. But the differ-
ence is that the extinction efficiency will decrease all long
with the X infinitely increasing, till to a constant value about
2.2.
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Fig. (5). Extinction efficiency change with the imaginary part of the
refractive index at 0.1 interval.

Therefore, the quantitative error caused by the bias of the
imaginary part of the refractive index can be calculated and
shown as in Fig. (8). In this figure, all error data at differ-
ent X are computed when the real part of the refractive index
varies 1%. And according to Fig. (8), the errors are different
with the change of X and the bigger the size X, the smaller
the error. The extinction efficiency errors are 0.67% and
0.036% when the size X are 1 and 20 respectively.

the imaginary part of
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Fig. (6). Extinction efficiency change with the imaginary part of the refractive index at 0.11 interval with x=5, 10, 15, 20.
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Fig. (7). Extinction efficiency change with the imaginary part of the refractive index at 11 interval.



Quantitative Study on the Extinction Efficiency Error

0.8  Extinction efficiency error (%) caused by 1% bias of the
imaginary part of the refractive index

0.7 1 .

0.6 r |

Error (%)
(=}
=

0.2 F &

0.1 \,,,,,‘,,‘7‘7
A S e e S . o
0 \ | !
0 5 X 10 15 20

Fig. (8). Quantitative error(%) of extinction efficiency caused by
1% bias of the imaginary part of the refractive index.

CONCLUSION

Firstly, it can be seen from the result data that the extinc-
tion efficiency change is linear with the real part change of
the refractive index, but not linear with the imaginary part
change. Secondly, to the changes of both the real part and
the imaginary part, the extinction efficiency will go to a con-
stant value about 2.24 with the X infinitely increasing.
Thirdly, to the change of the real part, the errors are different
with the change of X . They ascend first and then descend till
to a constant with the infinite X . The maximal error value is
1.168% at X =2 and the end constant value is about 0.05%.
However to the change of the imaginary part, the result is the
bigger the size of X, the smaller the error. The extinction
efficiency errors are 0.67% and 0.036% when the size
of X are 1 and 20 respectively.
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