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Abstract: Growing urban pollution leads to the rise of the carbonaceous particle content in the atmospheric
environment. To further research the influence of the humidity on transmission characteristics of polarized
light, radius, refractive index and the other parameters of aerosol particles at different humidities were
studied, and through Monte Carlo method the transmission process of different incident light in
carbonaceous medium was simulated, which could get the Stocks simulation pattern and polarization
characteristics of the emergent light. The results show that the change of increase of the relative humidity
can influence the polarization characteristic regularly. With the increase of the relative humidity, when the
incident light is linear polarization, the polarization characteristics of emergent lights will have a increasing
tendency, and can keep their polarization states; When the incident light is circular polarization, the degree
of polarization (DOP) of the emergent light will have a maximum value at the humidity of 85%, and there
will be no obvious regularity in the fluctuation of DOP and polarization angle. Therefore, when the incident

light is linearly polarized light, the emergent light has a more advantageous in the polarization state keeping
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and polarization characteristic enhancement with the increase of the relative humidity.

Key words: physical optics;

carbonaceous environment; humidity

0 5] §

R AE SRy b ST T OG5 AR B Sl 1 T A
P, HA A C Rk B AS BAT 915 B 2R 1Y, fiE
% J e 7 SR S AP ATAT Wy PR R TS SCHE A o 4
H SR b= 2R I Ik 22 57, AR 223 i) =7
W TR RIS U AT I BT

BEE O RTERSE 5 e R AY H 0%, S B0 4k
A A G W 25 TR I3 v A i 1) i I A AR 2
AR HETI, V2T AW 2R U IR AL e P
TR AR T3P 09T . G R SRk
L TR B HON BAm AR, 2T Mie HUM B
W, TRV AR BORL T RS HBCR i 41k 45 118 ) 52
Mg 0 A ) 21 2 AR FH SR R 38 7 I AU BOEAE
M52 b Bt Ol o A A IR S R T
ST OEH IR FRPET £ RoR A TSR R %
M BTk, AR TR O 2E AT T R
A RIS MR B RAE TR R R A Y 4
Ja oy AR AR X B ST TE T K =6 R R R
AR A REME XK 22 Z5 AT R U 9
Fr O R, iRt S Beas i SE BRI B At T
B FERN

HAEARZ MG RER T, B o) K He
NN ZAB RS 5 5  AE— DB AR
WIN A& T B RS, R, ) IR A 30 B2 R 0 A
— B AR b MR T B 2 AR R AT RS
Ao 745 X0 i 2 2 B9 A0F 9 SN T B 22 69 il E I
o AT IR IRCAE X RS E MR BT T 1% s
P B A O (A8 Ak, FE Mie SUSTEE 1 3Eah | R
PSR RIS AT B vk, 456 10 X IR I
R BIRZNE , 23 B A [ D D ' AT 55 01 i U e
PEBEA X IR AR A B, Ol IR C A R ER
F18 2 i AR PR A R S G AR

1 SEFTRH
EXE i ey RN KV e S W NN (2 L

transmission characteristics of polarized light;

Monte Carlo;

(B A St A, JF LAGE T4 O i HE 58 L 5 S o
JESP AT, T SRR O VA IO 22 U o A
AR G 1 FrR, HESER RIS R 2
WG SBOE HUN R S 800 8 6PN
A i Mie U RE | HUR A5 07 0L 1R E
K B e s i R AR AR F AL IR EE
WG F AT SR A I A BT 5 R 5
SR B4 D' B30 R A U e AR B 2 R
C Start D)

]
| Define reference plane and initial parameters |-7

Determine the freedom path length and
update the initial parameter after scattering

Y
| Photon transmission in medium with Mie scattering |

Y

| Choose the scattering and azimuth angle |

1

N
| Update the Stokes vectors and adjust the reference plane |

N

44 Polarization components statistics I

Laser photon
Y

C End D)

P 1 2T SRR O IR AL T 2 U o e U A K

Fig.1 Multiple scattering process diagram based on Monte Carlo

1.1 ¥BSHEE
Ar Sy FUS" 53 5 A SRR H SO 04 9T v B
i, R IR IR, LA SR 47 (0,0,0) K
AR BR IS ST AR AR &R, DL XOZ T AR R W1 MR I S
VI AT 2 5 AR A 46 O 1) 4
i%°4(0,0,1),
1.2 BHEHRSHNERN
AR B, i TECHER 8 e A
Fr(x',y' 2 Y ANEr kA28 4k .
x"=x+
V'=y+ul ()
7'=z+ul

0511001-2



aohligk T2

% 5 1 www.irla.cn % 45
ﬁqj:(x,}’,Z)ﬂ?ﬁ&Ed-ﬁﬁﬂéﬁ?;(Mw /.M,M)%j’ﬁ%ff@ﬂ’»]jj‘ my(0) my(0) 0 0
WIAR5% 51 G B AR B AR Lb R — B 2 4 _|mp(0) mu(0) 0 0
M(6)= (8)
5 s 'f%'ﬁ; 0 0 my(0)  my(6)
= In(4) 2) ‘ 0 0 =my(60)  mu( 0)4 -
k. o N ONCCOR 9)%[] M G)H‘[Fﬁﬁﬁgd'% & e~

K. & BAEO, DX 5] 5340 1 BEPLEY , R 6T
e H R 1B IAETE AR sk, N ETH R B

FRE XFF 05 M A 5%, 2M1u.1<0.999 9 B} | 25 i b
JE BRI AR SR (s s e )N

" =sina( . pcosB—wsinB)/\/ l+pj + pcosa
W, =sina( w,p.cosB+usinB)/\/ l+,uj +pcosa (3)

., =—sinacosB’\/ 1—;; +p.cosa
U w]>0.9999 [ ]
W' =sinacosf3
' =sinasin B 4)
. =SIGN( w.)cosa
=, “SIGN" W55 iR AL,
1.3 B EERIERMAENTW
A A S T R i S, B SO T e
Hr "2 n YU, WAEREA R B A LR
AR
S"=R(=7,)*M(6,)* R($,) * (=¥u-1) *M(0,-1)  R(pr) + -+
R(=7)-M(6)-R()S, (5)
LM R Mueller 5[4 5 R Ay JE 5 46 15 5 0 0w
15 & F oy 3500 9 A SO v 7 % Bt 27 W
) FC S T A A B B 28 I 22 U 1 2 2% T AR
BE . TeEE S y nI RN
— Ut /.,LZ(,,”)COSO; (6)
+\/ (1-cos’0,)(1-p,,,,)
T ey T ey 73 0 R BB W 0607 AR 5%
TR R R(—)Fll R(P)FI RN

cosy=

1 0 0 0

0 cos(2¢) sin(2¢) 0
R(})= 7
() 0 —sin(2¢) cos(2¢) 0 )

0 0 0 1

I3 )38 S Mie FiCR A R R 4 Y T vk ]
fify 2 Mueller i FEFTECH /1 0 SO il o,
1.4 Mie B 81372

WEAE T, YRR r 5 ASOEBR K2
AR D) s i BRI BT Mueller %5 B4 M(0) 7] #%2 Mie
O R R AR

mn(e)zé—(|sl|2+|52|2) i mu(e):;—asy—wzv)

()= (S1S5 =552, mu( )=~ (S1S:=$:5) (9)
Horpr,

S,(0)= Z 2n+l

1 1
P, (cos0) P, (cos0)
Z n(n+1) b

ind T

(10)

©

_ 2n+1
5:(0)= Z‘ n(n+1)

ANCOLE

P:(cose)+ P:(cose)
do " sinf

a,

n+

1 _ sinf d
P, (cosf)= 2% | ( dcosf )

a4, ()= (1) () =iy (o) " ()
! libn,(mx)gn(x)_mlpn(mx)gz/(x)

by P ) )= )y (3)
! ml!fn,(mx)fn(x)_d’n(mx)éz’(x)

K. P (cosh) & Associated Legendre Z izt , K

B x=ka=2ma/\, K. F Z I F R m=m,+im,(m;=0),

P () Fl €(x)J& Riccati—Bessel PR
=N TXI2 T p(X)
E=NmI2 H,,, (1)

(2)

K T M H, |, 535185 —25 Bessel Bk pRELFIEE
2% Hankel pR%Y,
1.5 HHRMALANTE

HU 1 0 [0, w1, my(6) 27— LA AT

(cos*0-1)" (11)

(12)

(13)

™

0

DNV £ 1) R AR AR A R BT AR TR H

P{0=sa<o60}=2w J my(a)sinada=§& (15)

A € M0, 1) B2 oA B BEPLERL , R IR 45 /Y
T3 WA WU A A P<P(0), U 0 SILAE b T Y T8
i34 P>P(0), BB AE A P A 0, BLRISRAS HUS f 0
1k R AT E Z )5, Jr A & ATARTE SRR 23
A1 PR P p) AR IR 0975 12314 -

Py P)=1+ mp(0)[Qcos(2¢)+Usin(2¢) ] (16)
my(0)

0511001-3



aohligk T2

% 5 2

www.irla.cn
——

% 45 K

U] S PR BT  BIU A1 0 ST LA b BRI E o o AR
A SRR AR 2

2 REXMSERATHRN

Jeil FE B 58 1) AH O I8 B8 o) A RRE 72 AR A AR R
PR M S 1T S 0] A=V JRE R B AT 5 238

SRR o £, R R R T 7 i,
OB Tk ry BATDLF R,

ri=(1=)"r (17)

P u B, R R OB 1 1 MR M AR
] B A R, W 5 TR BORE T Y S5 R
BRI,

LA B ¥ s B Gt il = 2 € AR =K I N G

-3

-
mre=mm'+(mn')_mm- ri (18)
0
[ m, m;, |\ -3 5
X i0 _ My T, p
my="t 4| 2 || -om,+2)  (19)
m,, \ M, +2 m,. | )

A my, R W S5 S AT 5 R A Iy D HE A DU

1.8
- Sand-dust 4

g "* Marine [
2 141 +++ Carbonaceous
2 y
b=} ya
g 10} Yy
[9) =
c /,/// .
E oo “‘_‘__,____///
=¥

0.2

0.1 0.3 0.5 0.7 0.9
Relative humidity f
(a) KLTP12

(a) Particle radius

W J5 RT3 me=m,4my ;. NS 0 Flw 235 3R0R
TR, AR T 05 7 51 5 m,=1.333+1.96%
107090 K1 FroR v A Y UV A SO AR = O
(6] A BORE T 1Y 2 A 7 S 38 B 8w BB,
R1ZMARTFRBARMFIFE THER
B u EUE
Tab.1 Radius, reflective index and constant value

of three different types of dry aerosol

particles
Radius Reflective
Particles o . Constant u
/pm index m,

Sand-dust aerosol 0.6 1.53+0.008i 4.8
Marine aerosol 0.5 1.38+4.3x107% 3.9
Carbonaceous .

0.37 1.75+0.44i 4.4
aerosol

MWIEF 1 PEdE, A48 =R ok 1A 5T
TR 50 RT R B P 5 RSB SR o &,
WK 2 s,

1.75
~ Sand-dust

% *** Marine
a5 1.65f +++ Carbonaceous
Eh \‘w\
‘E o 155 .,
5% T N\
&2 145} e R
E ey
B | gg—

0.1 03 0.5 0.7 0.9
Relative humidity f

(OFSRCEE S

(b) Real part of complex refractive index

o o
w S
W w
/

S
N
G

(=]

—_

W
T

AN

%,
|

I
f=3
S

»
53 -3 £ 1.103x10™
2 8 8x10 og L
T o k= ‘;
ez gz Al
55 — g2 1.101x10
4 & Haé 4
58 5 1.099x10™
- 3 E =
55 4x10 &%
= < 1.097x10™F
- B g

% g

g8 2x107 ®S 1.005x107
B0 O E .2
EE .2 .
E= 0 L L L L L T 1. 1 L

‘g 0.1 03 05 07 09 a 0931075

Relative humidity f

(c) VAN T S i 4 i 3
(c) Imaginary part of dust particle

complex refractive index

Relative humidity f

(d) LT S AT S R
(d) Imaginary part of marine particle

complex refractive index

Imaginary part of carbonaceous
particle complex reflective index

0.1 03 0.5 0.7 0.9
Relative humidity f

03 05 07 0.9

() MMERL 752 97 5 4 1 A
(e) Imaginary part of carbonaceous particle

complex refractive index

P 2 Phe A SR RE R S IR 45 S R AR A I AR A G 3R
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