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Characterization and Calculation Methods of Depolarization Properties
of Mie Scatterers

Wang Xuezhen Lai Jiancheng Li Zhenhua
College of Science, Nanjing University of Science and Technology, Nanjing, Jiangsu 210094, China

Abstract  Mueller matrix decomposition method and Mueller coherence matrix method for the complete
depolarization characteristics of Mie scatterers are compared. The parameters of the depolarization characteristics are
discussed. It is found that when the depolarizing medium doesn’t contain other polarization characteristics, the
difference between the general polarization-maintaining indexes calculated by decomposition method and coherence
matrix, and the standard value will increase with the deviation degree of anisotropy coefficient of depolarization
along the medium’s principal axis. The maximum divergences are 0.16 and 0.07 and the relative divergences are
33% and 15% respectively. Because of the depolarization anisotropy in Mie scatterers, the polarization-maintaining
index-entropy chart can also be used to denote the depolarization anisotropy qualitatively, as well as the anisotropy
coefficient of depolarization. When the Mie scatterers show other polarization properties, for example the
birefringence and the optical rotation, the linear depolarization will show the anisotropic property. At the moment,
the linear depolarization anisotropy factor should be introduced to completely depict the depolarization characteristics
of Mie scatters.

Key words physical optics; tissue optics; polarization-maintaining index; Mueller matrix; Mie scatterers; Mueller
coherence matrix; entropy
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Table 2 Experimental results and polarization-maintaining indexes for polystyrene suspensions in

forward scattering direction

Sample Mueller matrix Dy Dp D r

1.0000 —0.0229 0.0027 0.0058]
—0.0186 0.9956 —0.0361 0.0318
1 0.995 0.995 0.995 1
—0.0129 0.0392 0.2207  —0.9656

0.0014 0.0280 0.9706 0.2231 |

1.0000 —0.0190 0.0030 0.0114]
—0.0183 0.7454  —0.0025 0.0019
2 0.7828 0.7809 0.7820 1.15
0.0013 0.0085 0.7378 —0.0648

0.0034 0.0037 0.0747 0.8530 |

1.0000 —0.0039 0.0022  —0.0097]
0.0012 0.7742 0.0310 —0.0393
3 0.8072 0.8063 0.8068 1.06
—0.0061 —0.0429 0.1234  —0.7949

| —0.0009 —0.0251 0.8146 0.1983 |
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Table 3 Simulated results and polarization-maintaining indexes for polystyrene suspensions in

backward scattering direction

Sample Mueller matrix Dy Dy D r

1.0000  —0.0690 0.0020 —0.0034]
—0.0666 0.2192 0.0012  —0.0035
4 0.3171 0.2784 0.3037 2.59
—0.0004 0.0018 0.1407 —0.0535

0.0012  —0.0012 0.0568 0.4674 |

1.0000 —0.0178 0.0057 0.00437]
—0.0171 0.1376 0.0014 0.0035

0.0009 0.0016 0.1368 —0.0091
| —0.0013 —0.0009 0.0166 0.4354 |

0.2758 0.2368 0.2599 3.17

wl

1.0000  —0.0167 —0.0019 —0.0095]

—0.0190 0.1273 0.0075 —0.0058
6 0.2299 0.2017 0.2185 2.14
0.0009  —0.0054 0.0302 —0.1853

0.0024 —0.0051 0.1901 0.2648 |
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Table 4 Experimental results and depolarization parameters for polystyrene suspensions in

forward scattering direction

Sample Depolarizing Mueller matrix r Ey E Cy
1.0000 0 0 0 T
0.0041 0.9969 0.0000 0.0000
1 1 0.0199 0.0208 0.0197

—0.0070 0.0000 0.9915  —0.0000
| —0.0019 —0.0000 —0.0000 0.9966 |

1.0000 0 0 0
—0.0042 0.7454 0.0030 0.0027
2 1.15 0.4391 0.4497 0.4070
—0.0000 0.0030 0.7409  —0.0001

| —0.0065  0.0027 —0.0001  0.8565 |

1.0000 0 0 0

0.0038 0.7759 0.0011 —0.0012
3 1.06 0.4064 0.4127 0.3743
—0.0143 0.0011 0.8050 —0.0341

L —0.0009 —0.0012 —0.0341 0.8381 |
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Table 5 Simulated results and depolarization parameters for polystyrene suspensions in

backward scattering direction

Sample Depolarizing Mueller matrix r Ey Ef C;
1.0000 0 0 0 ]
—0.0517 0.2156 0.0019 —0.0027
4 2.59 0.8949 0.9057 0.8849

—0.0007 0.0019 0.1483 —0.0276
L 0.0026 —0.0027 —0.0276 0.4712 |

1.0000 0 0 0
—0.0147 0.1374 0.0015 0.0025
5 3.17 0.9194 0.9277 0.9142
0.0002 0.0015 0.1371  —0.0030

L —0.0033 0.0025 —0.0030 0.4358 |

1.0000 0 0 0
—0.0169 0.1274 0.0018 —0.0015
6 2.14 0.9447 0.9490 0.9412
—0.0009 0.0018 0.1645 —0.0907

L 0.0052 —0.0015 —0.0907 0.3132 |
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Table 6 Depolarizing characteristics for Mie scatterers with optical rotation and birefrigent effect

Linear Linear Optical

Sample Depolarlzlng depolarization retardation rotation Di-attenuation D‘etect.lon
Mueller matrix . o direction
anisotropy /rad /()
1.0000 0 0 0 ]
0.0038 0.7759 0.0011 —0.0012
3 —0.037 1.373 2.33 0.011 Forward
—0.0143 0.0011 0.8050 —0.0341
| —0.0009 —0.0012 —0.0341 0.8381 |
1.0000 0 0 0 ]
0.0028 0.7683 —0.0013 0.0027
7 —0.015 1.574 1.72 0 Forward
—0.0102 —0.0013 0.7797 —0.0404
0.0016 0.0027 —0.0404 0.8201 |
1.0000 0 0 0 ]
—0.0517 0.2156 0.0019 —0.0027 Backward
4 0.370 0 0 0
—0.0007 0.0019 0.1483 —0.0276 (R=2 mm)
0.0026 —0.0027 —0.0276 0.4712 |
1.0000 0 0 0 T
—0.0169 0.1274 0.0018 —0.0015 Backward
6 —0.254 0.905 2.09 0.019
—0.0009 0.0018 0.1645 —0.0907 (R=5 mm)
0.0052 —0.0015 —0.0907 0.3132 |
1.0000 0 0 0 ]
—0.0116 0.6662 0.0032 —0.0006 Backward
8 —0.105 1.782 2.63 0
—0.0073 0.0032 0.7397 —0.0669 (R=3 mm)
| —0.0088 —0.0006 —0.0669  0.7237 |
0.3
0.2
101
1 -0.1
-0.2
-0.3

P 6 sr Bk 420 i LT 40 R IR VB0US 1) B TR M, (2, 2) F M, (3, 3) Y 22 {8
Fig. 6 Difference between M, (2,2) and M, (3,3) on backward scattering plane of

erythrocyte suspension with 4% mass fraction
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