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Measurement about Turbid Media 180 Degree Back Scattering Characteristic
Parameters for Linear polarized Incident Light

ZHANG Dawei, LI Guo-hua
( Laser Research Institute, Qufu Normal University, Qufu, Shandong 273165)

Abstract The 180 degree back scattering character of biologic tissue and other turbid mediae can reflect the media s
information inside. Regarding turbid media as a “Black-box”, the back scattering characteristic parameters for linear
polarized light in trubid media can be expressed by a polarization plane rotation angle a, polarization maintaining factor B
and reflectivity r. A schematic of the measurement about the characteristic parameter was designed. And the milk s

deionized water solutions with different concentration were measured. When the concentration is 25%, a= 3°, B=

0.15, r = 0.09. When the solution’s concentration is changed, the three parameters will be changed, too.
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Fig. 1 Schematic represation of the measurement about
turbid media 180 degree back scattering characteristic
matrix for line polarized incident light
L: laser; B: beam splitter; C: chopper; R: plane mirror; Py, Pj:
polarizer; S: turbid media; M : detector; A : preamplifier; K : lock
in amplifier
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Table 1 Measured data of back scattering characteristic parameters of 25 % milK s deionized water solution

Order Sample P, angle P, angle Gain factor Sensibility Vi, Reading V
1 Plane mirror 0° 0 1000 1000 mV 0.304
2 25% ( density) milk 0 (0 1000 100 mV 0. 157
3 25% ( density) milk 0° 45 1000 10 mV 0. 848
4 25% ( density) milk 0 90° 1000 10 mV 0.112
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Vi= 0.848 x 10 °mV; Vy= 0.112x 10> mV
B K9 BEFEXT 632. 8 nm T8 H N 1.516, ¢
BN ASCHE, it v e
sin ¥ = sin45/1.516; sin2 Y= 0. 825

0%, 45°,90° if, 180° J5 Il BT e W B ve i R & 1

SO yg SOZ, 503, SO4 E‘Jﬁfﬁﬁ\%ﬂ]fﬂ 0 191, 0 103 %D

0. 0131 K EHRARN T FE( 8) , AT LATF 20 R 7 FE4H
r(1+ 0.828+ 0.828Bcos2a+ Beos2a) = 0.188
r(1+ 0.828Bcos2a+ 0.561Bsin2a) = 0. 1018



1116 i i o 29 &
r(1- 0.828+ 0.828Bcos2a— Beos2a) = 0.0134 0.09 0 0 0
WCSZ 7 FR2H IE R B3 MATHCAD 7 SKAETS 0 0.0134 - 0.00141 0
r= 0.09; B= 0.15; a= 3° 0 - 0.00141 - 0.149 0
XFE, BiAT LS 0 0 0 - 0.0135
r 0 0 0 2, FAE 2] 7 IR WA L AR ST 180°
S = 0 rBeos2a - Brsin2a 0 _ J TR BSOS R AR P R o
e 0 - Bsin2a - Beos2a 0 MK EE A 50% i, I € B BE ank 2.
0 0 0 - B

£2 50%HIPEBEFKARD 180° FEEETF M S H AN E IR

Table 2 Measured data of back scattering characteristic parameters of 50 % milK s deionized water solution

Order Sample P, angle P, angle Gain factor Sensibility Vi, Reading V
1 Plane mirror 0’ 0 1000 1000 mV 0.304
2 50% ( density) milk 0° (0 1000 100 mV 0.206
3 50% ( density) milk 0’ 45 1000 10 mV 1.112
4 50% ( density) milk 0° 90° 1000 10 mV 0.152
AR [FIAE B 735, AT LAV AR BNZIR LR, 4 2 £ X M

P, JiifA 08 0°,45°,90° I5F, 180° 5 ) Bt Yo it
TR BN Se N Se, S, Se W EE 5 5 R
0.2472, 0. 1340 A1 0. 01830, JEIA T () =N EFES
BEMES MR r= 0.12; B= 0.13; a= 4.2°

F DA B0 T DU H 24 SRR VR A R IR
&, a, B, r IX=ANREE SR R A T AR B
AR, XA X = AN S HRE S BUR SR A TR B S
B, FEHAE U R A B

S RS R R E A1) MRS LA
RGBS, 2) TRE5 15 5 R o A I 75 3 3) e
RGN R C BUARI W ZE N T mIR 8
77 DL KGR, Py, Py YICEB AR H A B A\ A7
(e T S 28 b, AT LUK ks 7 6 A 8] 5 70
AL, R R BRI by O T eIV ) g S
P, TG B4 BT3B AL RS A6 b, AU TBOK 2848 1
JE ND-201 B, FHLEA &l fKm a8 2% & B 3 iR
ERAT W PE Y Ay, HT B BOK A R i A A EROR S,
FNBHATT N 5 M QY 40pF, AP0 JLA(E 5, H e
< VF L TG B LA LA £ 80 dB
PA Lo AT NEREORZE, TR BRI, B TH
BT E N VX-VY, BRI 775, JF-E vX
BRI EON 0, 15 5 K/ 87 3R 5 th; 1E
IR R R /B C B R T A
V5, T R A G35 AR 0 ek 000 85 110 R o 2 5
RN OGN N AR A N ON 2 G
FOFE RT3 SEI0 0 R, 1% S it 4 ) & %
ZEWNB T — A A2 I FR RS

1 W. S. Bickel, J. F. Davidson, D. R. Huffman et al. .
Application of polarization effects in light scattering: a new
biophical tool [ C]. Proc. Natl. Acad. Sci. USA,
1976, 73:486~ 490

2 Willem P. van De Merwe, Donald R. Huffman, Burt V.
Bronk. Reproducibility and sensitivity of polarized light
scattering for identifying bacterial suspensions [ J]. Appl.
Opt., 1989, 28(23):5052~ 5057

3 Burt V. Bronk, Stephen D. Druger, Willem P. van De
Merwe. Measuring diameters of rod-shaped bacteria in
vivo with polarized light scattering [ J].
Journal, 1995, 69(9): 1170~ 1177

4 M. L
light backscattered by randomly oriented nonspherical

Opt. Lett., 1995, 20(12): 1356~ 1358

5 N. J. McCormick. Particle size distribution retrieval from

Biop hysical
Mishchenko, J. W. Hovenier. Depolarization of
particles [ J].

backscattered polarized radiation measurements: a proposed
method [J]. J. Opt. Soc. Am. A, 1990, (7): 1811~
1816
6 A. Dogariu, C. Kutsche, P. Likamwa et al.. Time
domain depolarization of waves retroflected from dense
colloidal media [ J]. Opt. Lett., 1997, 22(9):585~ 587
7 Andreas H. Hielscher, Judith R. Mourant,

Bigio. Infulence of paticle size and concentration on the

Irving J.

tissue
Appl.

diffuse backscattering of polarized light from
phantoms and biological cell suspensions [ J].
Opt., 1997, 36(1):125~ 134

8 LiHui, Xie Shusen, Lu Zukang et al.. A new model of
the light scattering in biological tissue for visible and near
infrared region [ J]. Acta Optica Sinica ( % % % 4R),
1999, 19(12): 1662~ 1666 (in Chinese)

9 Ryan C. N. Studinski, L. Alex Vitkin. Methodology for
examining polarized light interactions with tissues and
tissuelike media in the exact backscattering direction [ J] .
Jouranl of Biomedical Optics, 2000, 5(3):330~ 337

10 E. Collett. Polarized Light: Fundamentals
Applications [ M]. New York: Marcet Dekker, 1993

11 Li Guohua. Optics [ M]. Jinan: Shandong Education
Publishing Company, 1990. 459~ 462 (in Chinese)

and



