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Abstract

With the advantages of simple structure, low-cost, large field of view, and high image quality, the transmission
optical system is widely used in detection system, microscope, telescope, etc. However, the research on the illumination
distribution law in the focal plane of transmission optical system is rarely reported. In this paper, this issue is studied.
During the study on the first-order scattered light distribution law in the focal plane of the transmission optical system,
the limitations of the two-parameter Harvey bi-directional scatter distribution function (BSDF) scattering theory are
found, namely in the condition of small scattering angle, the two-parameter Harvey BSDF theory cannot accurately
describe the scattering properties of the optical surface material. So the scattering model of the transmission optical
system under small scattering angle is established by introducing parameter [, and the accuracy of the new theoretical
model is verified experimentally. This model complements the two-parameter Harvey BSDF scattering model and
broadens the application scope of the Harvey BSDF scattering model so that it can better explain the imaging law
of scattered light spot in the focal plane of transmission optical system. At a small scattering angle, the conclusions
can be drawn from the new theoretical model as follows. 1) The irradiance of the final image plane increases linearly
with the increase of the incident optical power. 2) In the transmission optical system, the contribution of each optical
surface with the same scattering properties to scattered spot irradiance in the final image plane can be expressed by a
Gaussian function. 3) The irradiance of scattered spot in the final image plane can be expressed as the superposition of
n Gaussian functions, where n is the number of optical surfaces with different scattering properties in the transmission

optical system.
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