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Abstract：The suspending liquid consists of various concentrations of particles which are either 0．22 1xm or 0．494 Ixm in di— 

ameter and were mixed into filtered，distilled water，and serve as the scattering medium for studying the polarization proper— 

ty of radiation side—scattered by the particles．The experiment results show that the de—polarization of radiation side—scattered 

by the particles is very sensitive to the variation of the particles’diameters：the horizontal polarization degree of the side— 

scattered radiation of the particles with smaller diameters is much higher than that with larger diameters，but the vertical po— 

larization degree of the side—scattered radiation of smaller particles is much lower than that of larger particles． 
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随机分布群体粒子场侧向散射光偏振度研究 

’ 

袁兴起， 赵 琦， 陈延如 

(南京理工大学 光学工程系，江苏 南京 210094) 

摘要：由直径 0．221xm或0．494~m的粒子与过滤的蒸馏水混合构成不同浓度的悬浮液，作为研究粒子侧向散射光 

偏振特性的散射介质。实验结果表明，粒子侧向散射光的退偏振对粒子直径的变化非常敏感：直径小的粒子其侧 

向散射光水平方向偏振度远大于直径大的粒子，而其侧向散射光垂直方向的偏振度却远小于直径大的粒子． 

关 键 词：复合散射；偏振度；激光 

Introduction 

The researches on the properties of a laser radia 

tion side—scattered by the multiple particles distributed 

randomly have extensive applications in modern science 

and engineering ll-5]
．
The scattering mediums in the 

experiments consist of various proportion concentrations 

of spherical particles which are either 0．22 1xm or 

0．4941xm in diameter and which were mixed into fil— 

tered．distilled water．The horizontal and vertical po— 

larization degrees of the radiation side—scattered by the 

particles were discussed．It was found that the horizon— 

tal polarization degree of the side—scattered radiation of 

the smaller particles is much higher than that of the 

larger particles，and the vertieal polarization degree of 

which is much lower than that of the larger particles． 

The results can be practically applied to detect the di— 

ameter distribution of the particles in a multiple scatter— 

ing field(especially for the particles which are less 

than 1 m in diameter)． 

1 Basic Theory 

The classical scattering effects for small particles 

(diameter d<A)is showed in Fig．1，a polarized 

beam of radiation incident upon a very small particle 

which is positioned at O，and the incident light is po— 
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larized in the x-z plane where +z axis is the direction 

of light propagation． 

As is well known，according to the Mie Theory， 

the intensity of radiation scattered to point P from a 

spherical particle at point O(in Figure．1)and which 

is subject to un-polarized incident radiation is： 

=  -s (1) 

where lSl = lSl l + lS2 l ，Sl、S2 are the amplitude 

functions of the scattered light at x-z plane and x-y 

plane respectively． The polarization degree is defined 

as ： 

P = 
Sl l 一 l S2 l 

S1 I + IS2 I 
(2) 

The particle field in the experiment discussed in 

this report is of multiple particles，not of single parti- 

cle．The effect of the multiple particle scattering must 

lead to the variations of the intensity and the polariza- 

tion for the scattered radiation in the x-y plane
， and 

these variations aye the function of the particle size，the 

concentration，and the space size in the scattering field． 

For this report，incident radiation is linearly po- 

larized，the intensity of the scattered radiation in the 

plane perpendicular to propagation direction is： 

sin +132 1 2COS2咖 

N0 that the plane x-y is studied，0=芋，thus： 

， = in + -s - ， 

then： 

一 [ I SI I 2一1]sin 咖 咖) 

Fig．1 Geometry of classical scattering 

图 1 经典散射几何关系 

(3) 

(4) 

(5) 

so，reduced from the equation(2)，the polarization 

degree of the scattered light with respect to the linearly 

polarized incident light is defined as[ ～。] 

P：—  —  
A(西)一1+2sin 西 

2 Experiment 

(6) 

The experimental apparatus(Fig．2)were placed 

on vibration isolation pads．The structure was leveled 

so that the level of the liquid in the container and the 

beam from the laser were orthogona1．To detect differ- 

ent depths，the vertical locator can be adjusted along 

the vertical axis of the structure． 

The linearly polarized light(wavelength A as 

0．632 8 txm)radiated from the laser was not only per- 

pendicular to the liquid surface but collinear with the 

axis of rotation of the detector．Thus the fiber optics 

bundle was positioned so as to view the beam at all an． 

gular positions． 

Th e scattering medium consists of three types of liq- 

uid concentrations．0．1302 5％ ．0．005％ and 0．012 5％ 

of spherical polymer granules which are either 0．22 1xm 

or 0．494 Izm in diameter and which were suspended in 

the twice-filtered distilled water； 

The aperture is attached to the end of an optical 

fiber bundle．The other end of the fiber optic bundle is 

connected to the photoelectric multiplier． A polarizer 

(i．e．，a Polaroid sheet)could be set in front of the 

aperture．The detecting spot of the aperture was taken 

Fig．2 Experimental apparatus 

1．1aser beam 2．container of liquid and particles 

3．rotating plate 4．polaroid sheet 5．accepting aperture 

6．fiber optics bundle 7．vertical locator 

图 2 实验装置 

1．激光束 2．散射场(粒子和水?昆合液) 3．转盘 

4．检偏器件 5．接收窗 6．光纤 7．垂直支架 
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the multiple particles distributed random1 403 

at every 5。in the plane parallel to the liquid surface in 

the experiment，At each spot three intensities of the 

side·scattered radiation were detected：first
．
the inten． 

sity of the total scattered radiation
， acquired with no 

polarizer；second，the horizontal polarization intensitv
． 

acquired with the pass direction of the polarizer parallel 

to the liquid surface；third，the vertical polarization in． 

tensity，acquired with the pass direction of the polariz． 

er perpendicular to the liquid surface． 

3 Results and Discussion 

The polarization degrees in table 1 are estimated 

according to the equation(6)，i．e．，for the particle 

field consisting of particles in diameter 0．22 LLm and 

having a concentration of 0．002 5％ ．the de．polariza． 

tion relative values estimated for the total scattered ra． 

diation intensity．The 8 group 

the results obtained at variable 

values in the table are 

depths from every ob· 

serving angle西．The values vary slightly。and it indi． 

cates that the degree of the total radiation intensity de． 

seends a little with the depth increasing but changes 

gently，all at 0．8 or so．This shows that the total effect 

of multiple scattering approximates to the theoretical 

calculation of the single·particle scattering． 

Table 2，3，4，5 illustrate the comparison of the 

horizontal polarization degree and the vertical polariza． 

tion degree of side·scattered radiations of the two types 

of particles in three concentrations f all of these data 

are acquired at the surface of the liquid)．Included 

Table 1 Polarization degree of the detected total radia- 

tion scattering intensity(for 0．22pro particles 

with a concentration of 0．002 5％ ) 

表 1 散射总光强的偏振度 

(粒子直径0．22pro，浓度0．002 5％) 

with these data points is that for the horizontal polariza． 

tion．the polarization degrees of the smaller particles 

(0．22 m)are all higher than that of the bigger parti． 

cles(0．494p,m)；but for the vertical polarization．the 

polarization degrees of the smaller particles are all lower 

than that of the bigger particles．Moreover
， the polariza． 

tion degree of vertical polarization varies greatly with the 

angle~pchanging，this cannot be acquired from the theo． 

retical analysis for the single particle scattering and it 

Table 2 Polarization degree of horizontal polarization 

scattering radiation (for 0．22pm particles 

with three concentrations) 

表 2 水平偏振散射光的偏振度 

(粒子直径 0．22pm，三种浓度) 

Table 3 Polarization degree of horizontal polarization 

scattering radiation (for 0．494pm particles 

、 th three concentrations) 

表3 水平偏振散射光的偏振度 

(粒子直径 0．494prn。三种浓度) 

Table 4 Polarization degree of vertical polarization scat- 

tering radiation f for 0．22pm particles 、 th 

three concentrations) 

表4 垂直偏振散射光的偏振度 

(粒子直径0．22pro。三种浓度) 

Table 5 Polarization degree of vertical polarization scat- 

tering radiation f for 0．494pm particles 、 th 

three concentrations) 

表5 垂直偏振散射光的偏振度 

(粒子直径 0．494prn，三种浓度) 
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exhibits the characteristics of the multiple scattering． 

This is very useful to detect the particle diameter in a 

multiple scattering field．Besides，within the range of 

experimental concentrations(0．012 5％ ～0．002 5％)， 

as the concentration gets lower，the intensity of each 

scattered radiation and its polarization degree all get 

higher． 

4 Conclusions 

The polarization degree of the radiation side··scat-- 

tered by the multiple particles distributed randomly is 

studied，and the following results are obtained： 

(1)In a multiple scattering field with particles of 

any diameter，the polarization degree of the total side- 

scatterdd radiation intensity decreases with the detecting 

depth increasing． 

(2)The vertical polarization degree and the hori— 

zontal polarization degree of the side—scattered radiation 

show an absolutely reverse phenomenon，i．e．，the ver- 

tical polarization degree decreases with the diameter of 

the particles decreasing，on the contrary，the horizontal 

polarization degree increases with the diameter of the 

particles decreasing． 

(3)Such characteristics of the side-scattered radi- 

ation in the multiple particle scattering field are all the 

same as shown in(1)and(2)for variable concentra- 

tions adopted in the experiment． 
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