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Effect of ambient humidity on scattering characteristics of

optical mirror surface
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Abstract: In imaging optical system, the relative humidity of the environment will affect the scattering
characteristics of the optical mirror surface covered with polluted particles and further affect the performance of
the system. According to the hygroscopicity, the polluted particles were divided into hydrophilic particles and
hydrophobic particles. By using the light scattering model of pollution particles, the variation of the scattering
efficiency factor of a single hydrophilic polluted particle on the relative humidity of the environment was
analyzed. On this basis, combined with the statistical models of hydrophilic and hydrophobic pollution particles,
the effect of the proportion of hydrophilic particles and the cleanliness level of the mirror surface on the scattering
characteristics of the optical mirror surface with multi-particles was analyzed. The results show that the
bidirectional reflection distribution function (BRDF) and the total integrated scattering (TIS) caused by the
polluted particles on the optical mirror surface increase with the increasing of the relative humidity of the
environment. The higher the proportion of hydrophilic particles is, the stronger the scattering loss of the optical
mirror surface is. As the cleanliness level of the optical mirror surface decreases, the influence of the ambient
humidity on the scattering loss of the mirror surface decreases.
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R 1 RNEMERF G LA TIS (4=0.55 pm G,=300)
Tab.1 TIS for surfaces with different proportions of hydrophilic particles (4=0.55 pm G;=300)

Humidity 0 0.3 0.6 0.9
TIS(A:30%) 7.01x10°° 7.14x10°° 7.54x107° 1.85x107*
TIS(A:40%) 7.01x107° 7.18x107° 7.72x107° 2.23x10°*
TIS(A:50%) 7.01x10°° 7.23x10°° 7.90x107° 2.61x107
TIS(A:60%) 7.01x107° 7.27x107° 8.08x107° 2.99x10°*
TIS(A:70%) 7.01x10°° 7.32x107° 8.25%107° 3.37x107*
TIS(A:80%) 7.01x107° 7.37x107° 8.43x107° 3.76x107*

x 2 AEEEE R ESRAH TIS (A=0.55 pm)
Tab.2 TIS for different mirror cleanliness levels (1=0.55 pm)
Mirror class 300 500 700
TIS(Xzs=0) 7.01x10° 8.10x10™ 4.56x107
TIS(Xg;=0.3) 7.27x10°° 8.63x107* 4.73x107°
TIS(X=0.6) 8.08x107° 1.02x107° 5.26x107°
TIS(Xz=0.9) 2.99x107* 5.23x107° 1.95%107
&3 AEHENGE TIS
Tab.3 TIS at different angles of incidence (4=0.55 pm G;=300)
Humidity 0 0.3 0.6 0.9

TIS(0°) 7.02x107° 7.62x107° 8.97x107° 3.71x107*

TIS(5°) 7.02x107° 7.61x107° 8.97x107° 3.71x107*
TIS(10°) 7.02x107° 7.61x107° 8.96x107° 3.71x107*

TIS(15°) 7.01x107° 7.61x107° 8.96x107° 3.71x107*

TIS(30°) 6.99x107° 7.59x10°° 8.93x107° 3.70x107*

TIS(50°) 6.95x107° 7.54x10°° 8.89x107° 3.70x107*
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