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Abstract

Vector ray tracing model is used to simulate the propagation of light into a single-layer spherical
droplet and a single-layer oblate droplet. Rainbow fringe and hyperbolic umbilic fringe are ob-
tained by using the boundary of the number of outgoing rays in the same direction in the primary
rainbow region. Single-layer spherical droplets have only rainbow fringe, which is independent of
droplet size when the core-shell ratio is constant, while single-layer oblate droplets have both
rainbow fringe and hyperbolic umbilic fringe. With the increasing of aspect ratio, the curvature of
the rainbow fringe increases first and then decreases. The hyperbolic umbilical fringe moves first
in the direction of decreasing scattering angle, and then in the direction of increasing scattering
angle, which can be used to measure the shape of single-layer droplets.
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Figure 1. Vector ray-tracing model of the layered spherical droplets illuminated by parallel light
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Figure 2. Diagram defining the angle of the exiting ray
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Figure 3. The light scattering angle of (1, 2, 2) path and (1, 4, 2) path in the equatorial plane of a single-layer spherical
droplet varies with the incidence angle
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Figure 4. Evolution of the elevation boundary of the exiting rays in different scattering planes and the Z-coordinate of the
exiting point (a = 100 um, e = 80 pm)
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Figure 5. Optical caustic structure of the primary rainbow region of a single layer spherical droplet under parallel light ir-
radiation (a = 100 pm, e = 80 um)
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Figure 6. Evolution of the elevation boundary of the exiting rays from different scattering planes and the Z-coordinate of the
exiting point (a/c = 1.17)
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Figure 7. Evolution of the elevation boundary of the exiting rays from different scattering planes and the Z-coordinate of the
exiting point (a/c = 1.20)
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Figure 8. Effect of aspect ratio on optical caustic structure in the primary rainbow region of single layer droplet
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