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Validity of effective medium theory in light scattering of compact
internal-mixed particles
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Abstract: Optical properties of compact internal-mixed aerosol particles composed of black carbon coated
with sulfate were carried out utilizing discrete dipole approximation (DDA) and Bruggeman effective
medium theory for the size parameters from 0.1 to 25. The validity of effective medium theory(EMT) in
the light scattering of compact internal mixture was performed based on the comparison of both methods.
For the monodisperse particles, the EMT does an adequate job of simulating the extinction-, absorption-,
scattering-, backscattering-efficiency factors, asymmetry parameters, extinction-to-backscatter ratios and
single scattering albedos in Rayleigh scattering region with all the relative differences less than 7% .
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Nevertheless, the EMT does not do an adequate job in the range of Mie scattering except for the cases

that the inclusions of the internal mixture are small enough with the volume percentage less than 1%.

Usage of the EMT can mainly lead to significant underestimations of the scattering efficiency factors but

overestimations of absorption efficiency factors and asymmetry parameters when the size parameters are

more than 4. For the polydisperse particles, the EMT does an adequate job for the optical parameters

with the relative differences less than 9%.
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Fig.2 Extinction efficiency factors for four situations and relative
differences at four different radius ratios as a function of

size parameter
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Fig.3 Absorption efficiency factors for four situations and relative
differences at four different radius ratios as a function of

size parameter

A2 42 R WA 5 B E 12% (13% . 12% Al 13% L)
5 ZE RIS DX, A 22 40K, IO AR A2 L R 1Y
443 I AE 55% .82% .88% Fll 86% LA N , 4 RS %
KT 30, BRI FEA L il I sseoR K7



1480 BREEY & M

% 43 A&

E 2 2R AR /N (18 4% Lb) H B8R A7 T TR A R Bk
O RO B B ARG T I OROR I X
B TR B BN B A RN TS A B
FIEC X, BT DL A5 S W O R T A K U X
SREERRIRE
2.1.3 #ABEFERT

B4 JE U442 R, i DDA R 854 i H
W0 AR B R R R TR D R R o i 22 il R
SR AT . B AT O RCR N T AR LK iR —
0, 10 AR D 22 0028 Tt K PR — B0, 1 B R 0
DD, AH X 22 4/, IUAS 248 R A9 0E 2 0 7
2% 1% 1%F1 1%L P 5 2E KB X, A X i 25 45
K, DA AR HT A E 5 90 76 66% 64% , 18% FiI
A%, BRIESHKT 4 01, AN R KZ
RGBS ORI, BBl /I | A X iR 25 8/ | 457 3L
A IO B A A R PR R R R R Sl R
BHIX, AR L AR A A5 S U ORI T
T A6 2K BB X, A7 R T B S0 T P9 3 4 o 4/
A3 FH U BRI 7

3 M":-'-121 T R
-IZ' 44 “__T. .frl.|r-'—'||.i-'
= ¢ . '
4 L1 - 13
3." ] UER fad
|_' -:-I' C ik ;r\:-"-.a"..l
. i 2 Piieintetimen - I
':'-i 4 I E 20 =ik 1 J
k| o T qopeis : B
- = s o |
I+ 2 ur ---------- q_:_\?"f\l'; .I_ !
1ok 2
4 178 y
g 2 s
i ’:‘:"""H"—"""-Hi-“ﬁ"*;-.
e 2t Y
0 _ghe703 i 1
.1 ol 1 ]

Rize parameter Sia parametler

[ 4 PUASEAR T, PORM R T B 2805 R LA B A - 22 Bl
REZ 5 21k
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Tab.1 Optical parameters for polydisperse particles of log—normal distribution
Ooxt Oa g Ojsca ol Obisca SSA
0r(1/2) 0.005 95 0.002 48 0.003 46 0.002 8 0.000 14 42.366 34 0.417 53
r14(1/2) 0.005 91 0.0025 0.003 42 0.002 81 0.000 139 42.4152 0.422 15
r12(1/2) 0.005 79 0.002 53 0.003 26 0.002 82 0.000 138 41.998 14 0.436 98
Bruggeman(1/2) 0.005 78 0.002 54 0.003 24 0.002 92 0.000 129 44,726 06 0.439 41
Maximum deviation(1/2) 3% 2% 4% 8% 6% 5%
0r(1/3) 0.003 54 0.002 47 0.001 08 0.002 83 0.000 131 27.093 33 0.695 79
r/3(1/3) 0.003 53 0.002 47 0.001 06 0.002 84 0.000 13 27.142 99 0.700 2
2r/3(1/3) 0.003 48 0.002 49 0.000 99 0.002 85 0.000 129 26.968 86 0.714 42
Bruggeman(1/3) 0.003 49 0.002 49 0.001 0.002 88 0.000 127 27.584 88 0.71218
Maximum deviation(1/3) 1% 1% 2% 3% 2% 2%
0r(1/5) 0.002 71 0.002 47 0.000 237 0.002 85 0.000 127 21.290 23 0.912 36
2r/5(1/5) 0.0027 0.002 47 0.000 231 0.002 85 0.000 127 21.293 88 0.914 37
4r/5(1/5) 0.002 69 0.002 47 0.000 213 0.002 85 0.000 127 21.21477 0.920 79
Bruggeman(1/5) 0.002 69 0.002 47 0.000 222 0.002 86 0.000 126 21.355 16 0.917 62
Maximum deviation(1/5) 1% 0% 0% 1% 1% 1%
0r(1/8) 0.002 51 0.002 47 0.000 045 0.002 86 0.000 126 19.9017 0.982 26
r/2(1/8) 0.002 51 0.002 47 0.000 043 0.002 86 0.000 126 19.900 23 0.983 02
7r/8(1/8) 0.002 51 0.002 47 0.000 038 0.002 86 0.000 126 19.870 65 0.984 87
Bruggeman(1/8) 0.002 51 0.002 47 0.000 041 0.002 86 0.000 126 19.909 1 0.983 49
Maximum deviation(1/8) 0% 0% 0% 0% 0% 0%
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