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Black hole shadow is expected to be observed if continuous light source is
distributed around the black hole. Owing to unstable circular orbits of photon around the black
hole, bright ring on the edge of the shadow appears. The radius of the ring is determined by the
mass and angular momentum of the black hole.

We clarified that the radius of a class of bound orbits of photon around the Kerr black hole
approaches to the event horizon if the rotation of the black hole becomes maximum. The shear of the
congruence of the photon orbits vanishes, then we can observe the photon orbit winding the horizon
of the maximally rotating black holes.

Optical vortices, the wave front is helicoid, carry orbital angular momentum. Using an improved
eikonal approximation, we derived equations that describe the orbits of optical vortex. Optical
vortex around a rotating black hole differs from the null geodesic by the interaction between the
optical vortex and angular momentum of the black hole.
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