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Abstract

In this paper, a Mie-based numerical computation érisualization program has
been used to compute the phase functions of typicahstituents of mineral dust
aerosols of Saharan origin in the visible range dfe electromagnetic spectrum of
wavelength 550nm. Computations were done for saattgangles ranging from 0 to
180 degrees and three radial sizes of 0.25, 0.5 &rfidmicrons. The results show that
there is increasing asymmetry and complexity of fhlegase functions with increasing
radial sizes for each of the selected constitueritite, Kaolinite, Montmorillonte,
Hematite, Calcite and Quartz. The behaviour of tieesonstituents as observed by
their phase functions provide information on the tigal properties and radiative
effects of the mineral dust types and is therefargeful on regional and global scales
in assessing radiative impacts of dust outbreakrase

1.0 Introduction

Generally, when light strikes a particle with arden of refraction different from the medium in whidt is
embedded, the light is refracted. The angle at lwtiie light is bent is a function of the size ahdse of the particle as
well as the wavelength of the incident light an@ thcident angle. This results in each particleitga different
scattering profile. The scattering profile is cdlldne phase function [1]. The phase function isy@description of the
distribution of the scattering by the particles.

2.0 The Scattering Phase Functions

The phase function is only a description of theritiation of the scattering by the particles [2he phase function
satisfies the normalization condition

1 AI ~ I
= p(Q,Q)dQ =1 1)
4
4
1 (a0 A
A physical meaning to the scattering phase fundsoto regardz p(Q ,Q) as a probability density. If we assume a

photon arrives from a directioé)' and is scattered, the(rf)',f)), the probability of its new direction is guararttee

fall within an available4/T steradians of solid angle [3]. The scattering pHaaction then depends only on the anfle

betweenQ andQ', where

cosd = Q0 @)
One can therefore replaqﬁ(f)',f)) with
p(f)[f)) = p(cosd) (3)

The normalization condition then becomes:
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2
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The simplified notation of (4) commonly used iref@ture [4-8] is
1t _ .
E:"l p(cosd)d cog = ®)

The simplest scattering phase function is for gguitr scattering [9]
p(COSH) =] (6)

All directions in this case are equally likely farscattered photon. The new direction of the phetnmot be predicted
from the direction it was originally traveling befoit was scattered. Van de Hulst [10] gives tratecing phase function
as
_ 1 dc,
C., dQ
where CSca is the scattering cross-section. The phase fumdsoan element of a matrix called the phase stadgte

matrix, which is a set of 4 x 4 matrix

)

I:)11 P12 P13 I:)14

p= Py Py, Py Py (®)
P31 Psz P33 P34
P41 P42 I:)43 P44

The P, component of the Phase Scattering Matrix is that&ing Phase Function [11]. In terms of the $cay
FunctionsS§ and S, the phase function is written as:

2ir
Pu(0) = [s.(6) +Is.(6) | ©
The scattering functions in equation (9), also kn@s the scattering amplitudes are given by
< 2n+1
S (cosd) -;m(aﬂn +b7,) (10)
< 2n+1
S, (cost) -;m(anfn +b,17,) (11)

where 7T, and I, are the angle dependent functions and the exparwficthe incident plane wave in Legendre

Polynomials vyields the angle dependent functionseyT describe the angular scattering patterns of sibigerical
harmonics used to describe scattering amplitudes.ahgle dependent functions are given by

_ 1

7T, (cosf) = <nd P ( cod) (12)
_d

7, (cosf) = 14 P! ( co¥) (13)

where theF’nI are the associated Legendre polynomials of the kind. The angle dependent functions are usually
computed by upward recurrence [12] from the recwreerelations

2n-1
T, = cosom,_, ———
n-1 n-1

7,=ncos7, —(n+1) 7,

m_, (14)

(15)

The angle dependent functions are alternatively ewel odd functions @f0S& :
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77, (-cos6) = (-1)"" 7z, cosd
(16)
7,(-cos8) =(-1)" 7, cosé

Following the formulation in Deirmendjian [13],
=0, m=1,m,= 3co¥ 17)

7,=0,7,=co¥¥ ,7,= 3cof &) (18)

the scattering phase functions are expanded irstefrihe Legendre polynomials in the form
N
P,(cosf)=> B p (cod) (19)
1=0

where @ is the scattering angle arﬂ is determined from the orthogonal properties ofjdredre polynomials in the
form

20 +1%
B = > R, (cosd) p ( cod)d cof (20)
-1
With the normalization condition of (1) and if N (h9) is made large enough to ensure accuracy@mgeogence, then
B, =1land f, = 39
_B (21)
g= 1
3

Thus, the asymmetry factor represented by g in¢ah)be deduced from the phase function.
3.0 Results
3.1 The phase function plots

The phase functions of the constituents of the destsols are shown in Figures 1.5-1.7. The pla¥e Ispecific complex
refractive indices for the specific constituentailcite, Hematite, lllite, Kaolinite, Montmorillite and Quartz.
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CALCITE

Phase Function: m=1.54+0.11, ¥=3, w=0714079, ¢=0.770903
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Figure 1.5a:Phase Function plots of Calcite, Hematite antk|lliadial sizes 0.2&M
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Figure 1.5b: Phase Function plots of Calcite, Hematite ante|lliadial sizes 0.2Em
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Phase Function: m=1.54+01i, x=6, w=0.516891, g=0.80757
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Figure 1.7a:Phase Function plots of Calcite, Hematite antklfor; radial sizes 1.4m
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Figure 1.7b: Phase Function plots of Kaolinite, Montmorillonite and Quartz for; radial sizes 1.0 /m
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3.2 Discussion Of Results

The plots of the phase functions are in agreeméhtMie-derived phase functions for various valoésize parameters
as recorded by Petty [14]. There is also a closeesgent among the phase functions for the diffesea® parameter.
Gerber and Hindman [15] report that this suggdsds the particle radius is the major contributiorthie shape of the
phase function. As the radial size increasespttese functions in the forward direction (angless lthan 90 degrees)
have large amplitudes than in the backward dirasti@ngles greater than 90 degrees). We notictdoradial size 0.25
micrometer (Figurel.7), that there is a broad lobenhanced scattering between scattering angld8dégrees) and a
large variation of amplitude for scattering and&20-180degrees).

The phase functions plots show an increasing asyrymaed complexity of the phase functions with g&sing radial
size. There is more symmetry in the forward thackbard directions for small size parameters, inttticethat that small
sized aerosols scatter radiation in the forwarédtion more efficiently. The phase function ploksoayield values of
single scattering albedo and asymmetry factor ag/stat the top of each plot. Typical average valugingle Scattering
Albedo for constituents of mineral dust aerosolthwadial sizes of 0.25 micrometers is 0.85 invisible wavelength of
550nm and the asymmetry parameter is 0Tt single scattering albedo for radial size 0.&rameters and 1.0
micrometers is 0.81, while the average asymmetcyofais 0.71 and 0.79 respectively. Single scatterlbedo for
hematite increases steadily with increasing rasiiad, starting with a value of 0.47 for radial siz85 micrometers, 0.52
for 0.5 micrometers and 0.56 for 1.0 micrometers.

4.0 Conclusion

The three radial sizes computed: 0.25, 0.5 andricfons, show that at angles less than 90 degseatiering is more
enhanced in the direction of propagation of thediat radiation. Averaged single scattering albfmtahe three radial
sizes as indicated at the top of each plot are, @.74 and 0.85 for the constituents of the dustsm except hematite
(0.47, 0.52 and 0.56). Hematite shows a flat otiepaafter scattering angle of about 50 degreiesehematite is an
absorbing constituent of the dust aerosol, thisepatshows that the absorption is more at scagfemngles of more than
50 degrees at visible wavelengths.

In conclusion, one can infer that dust aerosolepixfor one with very high hematite content, withter more than
absorb incident radiation. The inference of thisregional and climate impact is that with moreiatidn scattered by
dust aerosols, dust aerosols are likely to resuiteigative radiative forcing (cooling) of the atilosre. However, dust
aerosols high in hematite, will exert positive edidie forcing (heating) of the atmosphere.
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