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Multi-image Mirage through Stably Stratified Atmosphere: Ray
Tracing and Possibility of Retrieving Temperature Profile
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Abstract

In January 12th, 2013 very rare mirages, which comprised of one inferior inverted mirage and several
superior inverted and erect mirages, were observed in 10-20 km distance over frozen Huhren Lake in
Nemuro province, Hokkaido. To reproduce this mirage, using very stable temperature profiles, ray tracing
was performed and qualitatively successful results can be obtained. It is found that the minimum region
of the radius of curvature causes totally internal reflection for rays emitted near the Earth’s surface and
these rays form mirages. When there is a maximum region below the minimum region, rays reflected in
this maximum region travel to far distance and overlap with those reflected in the minimum region,
resulting in multi-image mirage in a certain distance range. Inferior mirage with a single image is also
reproduced through the totally internal reflection in a stable condition. The extremum altitude of the radius
of curvature coincides with the inflection altitude of temperature, and the inflection altitude from convex
downward to convex upward corresponds to the altitude of a maximum radius of curvature in a stable
atmosphere. Conversely, the inflection altitude from convex upward to convex downward corresponds to
the altitude of a minimum radius of curvature. Further, multi-image mirages include more information of
atmospheric thermal condition than single-image mirages and thereby the possibility of retrieving tempera-

ture profile through solving the inverse problem is also discussed.
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