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Abstrac t: The scatter ing intensity and po la rization properties o f different size partic les are sim ulated by the R icatti Besse l

functions. A s the size o f particles inc reases, the sca tter ing intensity increases; as the size of partic les increases, the horizonta l

po lar ization becom es unsymm etrica l wh ile ve rtica l polar ization invariab le; w ith the imag inary pa rts o f com plex refractive index

increasing, the scatte ring intensity decreases. F rom these properties, va rious k inds o f pa rtic les can bem easured and taken apart.
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球形粒子的散射和偏振特性研究
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摘要: 利用黎卡地 贝塞尔函数模拟了不同粒子尺度的散射光强和偏振特性。当粒子尺度增加时, 散射光强增加;

水平偏振变得不对称, 而垂直偏振没有变化; 当粒子的折射率虚部增加时, 散射光强减少。从粒子的这些散射特性和偏

振特性, 可以测量和分辨不同尺度的粒子。
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Introduction

In recent years, theoretical treatments of scattering o f

spherical partic les have undergone considerable pro

gress
[ 1~ 5]

. Scatter ing of electrom agnetic w aves by a sphe

rical particle embedded in a vacuum o r in a homogeneous

no abso rb ing med ium is described by M ie scattering for

ma lism
[ 6, 7]

. The exact solution is g iven by an expansion

in vector spherical harmon ics. Several authors have at

tempted to generalize the M ie theory for the case of a

spherical partic le embedded in an absorbingmedium
[ 8, 9]

.

In this paper, the scattering intensity and other scat

tering characteristics of interest are calcu lated w ith the

R icatti Bessel functions. It is feasible to measure and dis

t inguish from different part icles.

1 Theory

TheM ie scattering funct ions an and bn are g iven by:

an =
n (x ) n  (mx ) - m n (mx ) n  ( x )

n (x ) n  (mx ) - m n (mx ) n  ( x )
( 1)

bn =
m n ( x ) n  (mx ) - n (mx ) n  ( x )
m n ( x ) n  (mx ) - n (mx ) n  (x )

( 2)

W here n ( ), n  (  ), n (  ) and n  (  ) are the R ic

ca tiB esse l funct ions and the ir derivat ives w ith respect to

the argumen t . m is the re la tive complex refractive index

of a particle w ith respect to the host m edium, assum ing

the refractive index of the hostmed ium is 1. The size pa

rameter x= 2!am /∀, w here a is the rad ius of the sphere,

and ∀ is the w avelength in vacuum. The R iccati Besse l

functions are def ined as n ( ) =  Jn (  ) and n (  ) =

 [ ( Jn (  ) + iy ( ) ] , w here Jn ( ) and yn (  ) are the n

order spherical Besse l functions of the first and the second

kind. The R iccati Bessel funct ions and their derivatives

are eva luated at tw o complex arguments x andmx.

The R icatti Bessel functions are n ( x ) and #n ( x )

are g iven by:
n (x ) =

!x
2

1 /2

Jn+ 1 /2 (x ) ( 3)

#n (x ) = -
!x
2

1 /2

N n+ 1 /2 ( x ) ( 4)
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and n (x ) = n ( x ) + i #n (x ) ( 5)

Primes denote differentiation w ith respect to the argu

men.t

The scattered intensity o f a p lane e lectromagnetic

w ave of w aveleng th ∀ tha t is incident on a no absorbing

dielectric sphere o f radiusa and rea l refractive indexm is

g iven by
[ 1]
:

I =
I0∀

2

8!
2
r
2 ( | S1 |

2
+ | S2 |

2
) ( 6)

W here r is the distance ( r ∀) from the sphere, I0 is the

inc idente intensity. The scattering functions are defined as

i1 ( ∃) = |S1 (∃) |
2
, i2 ( ∃) = |S2 ( ∃) |

2
. S1 and S2 are the

comp lex amplitudes function, they are def ined as:

S1 ( ∃) = !
∀

n = 1

2n + 1

n( n + 1)
( !n an + %n bn ) ( 7)

S2 ( ∃) = !
∀

n = 1

2n + 1

n( n + 1)
( %n an + !n bn ) ( 8)

In add ition to scattering and absorption, asmonochromatic

electrom agnetic inc idents a spherica l particle, it has a

property called its degree of polarization. The degree o f

po larizat ion is g iven by
[ 6]
:

P =
i1 (∃) - i2 ( ∃)
i1 (∃) + i2 ( ∃)

( 9)

2 D iscussion

It is interest to ca lculate some resu lts obta ined from

the above expressions. Fo r example, the scattering intensi

ty of different size particles are shown in Fig. 1. The de

gree o f po larizat ion o f d ifferent size particles is show n in

F ig. 2. The re latives o f function be tw een the scattering in

tensity and the comp lex refractive index are shown in

F ig. 3. From these figures, w e can know the scattering

character istics of a spher ical particle w ith a laser beams

inc ident on i.t In this simu lation the parameters are used,

I0 = 10
7
W# cm

- 2
; ∀= 1. 06&m.

Fig. 1 G raphs of scattering inten sity versus scattering ang le for a= 0. 1&m,

a= 1&m, a= 10&m, w herem = 1. 33 and ∀= 1. 06&m

F ig. 1 show s the trend o f scattering intensity o f dif

ferent size partic les. As w e can see from th is plo,t w ith the

increasing o f a va lue, the scattering intensity increases

too. Due to the particle is a sphere, the scattering intensity

show high symmetry. Furthermore, the forw ard scattering

intensity is strong, wh ile the backw ard scattering intensity

is w eak.

F ig. 2 show s the trend o f deg ree of po larization o f

different size particles. It can be seen that the change o f

the degree of po larizat ion is eviden ,t w ith the a value in

creasing, the ho rizontal po larization become unsymmetrica l

w hile vert ical po larizat ion invariab le, and the value of the

deg ree o f polarization decreased.

Fig. 2 Graphs of degree of polarization versus scattering angle for a =

0. 1&m, a= 1&m, a = 3&m, a= 6&m, wh erem = 1. 33 and ∀=

1. 06&m

F ig. 3 show s the distribution of scattering intensity as

a function o f comp lex refractive index. A s w e can

Fig. 3 Graphs of scattering inten sity versu s scattering angle form = 1. 33,

m = 1. 33+ i∃ 0. 5 andm = 1. 33+ i∃ 1. 0, wh ere a= 6&m and ∀=

1. 06&m

see from this p lo,t w ith the imag inary parts of complex re

fractive index increasing, the scattering in tensity de

creased, because when the imag inary parts o f complex re

fractive index increase, the absorption of the particles in

creases too. On the o ther hand, the scatter of the partic les

decreases. (下转第 112页 )
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着一个初始啁啾参量的最佳值, 且该值随入射功率的

不同而变化。依据入射功率选择合适的初始啁啾参量

Fig. 6 Function of the m ax imum transm ission d istance and pu lse p erch irp

ing

能使传输距离大幅提升,如图 6中,当脉冲平均功率为

4dBm时,在 C0 = 3处有初始啁啾脉冲传输距离近乎

是无初始啁啾脉冲的 2倍。但应注意到,初始啁啾也

不可太大,不然会增大脉冲的相互作用,而降低系统的

传输性能。

3 结 论

利用初始啁啾补偿单模光纤色散效应有一定适用

范围、受到一定条件限制, 仅当 C 0∋2 < 0的条件下, 线

性初始啁啾对于脉冲的二阶色散 (线性色散 )有一定

的补偿作用,而对于三阶色散, 线性初始啁啾非但不能

进行色散补偿,反而加剧了三阶色散对脉冲传输的不

良影响。这是由于三阶色散效应所致的非线性啁啾变

化是极其复杂的,不能简单地用初始线性啁啾予以补

偿。在实际光纤通信系统中,要综合考虑二阶及三阶

色散效应的影响, 进行合理配置, 以达到最佳补偿效

果。
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3 Conclusion

It is very interesting to study the scattering o f a

spherical part icle. In th is simu lation, the scattering inten

sity d istr ibution is obtained when the size and the comp lex

re fractive index w ere changed. The po larization properties

of different size partic les w ere a lso ana lyzed. From these

properties, it is feasib le to detect and dist inguish from dif

ferent particles.
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