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Ray trace simulation of rainbow with interference by phase shift
Makoto SATO

A new calculation method of rainbow angles for wavelengths is proposed, which consists of a ray trace simulation and a

phase shift calculation. Because supernumeraries inside the primary bow is caused by optical interference, a simple ray
trace method is not able to treat the phenomena. However introducing an idea of complex intensity according to phase
shift, we can simulate the rainbow with good approximation and less amount of calculation.
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Fig. 1 A main rainbow and a secondary rainbow.

Fig. 2 Supernumeraries inside the same primary bow in
fig. 1, but in different direction.
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Raindrop

Fig. 3 Ray trace through a raindrop. 7 and R represent
transmission and reflection. Suffix number for R is the
count of reflection inside the raindrop and for T"is one
larger than the count.
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Fig. 4 The angle where the differential coefficient of
outgoing angle to offset x of incident ray equals zero is
the angle of rainbow.
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Fig. 5 Calculated relations between angle of elevation @ and offset x of incident ray for some m. Refrac-
tive index n of raindrop is 1.33.
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Fig. 6 Refractive index of water. The 4 data in graph
are from reference 1. The temperature of water is 20
degree in centigrade.
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Fig. 7 Illustration of complex intensity of a ray. Radius
of a clock panel represents intensity, and angle of an ar-

row represents phase.
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Fig. 8 Intensity is obtained as vector sum of complex
intensities of rays in same outgoing direction.
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Fig. 9 Calculated results of Airy integration and the
ray trace with complex intensity. Although the angle is
shifted higher side from Airy integration result, the pat-
tern of supernumeraries shows good agreement qualita-
tively.
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Fig. 10 Calculated results for some wavelengths. Scatter-
ing intensities are normalized with injecting light inten-
sity and are plotted in log scale. Diameter of raindrop is
0.1mm.
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Fig. 11  Raindrop diameter dependent of super-
numeraries.
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Fig. 12 A photograph of supernumeraries. The width of
supernumeraries becomes wider as height becomes
higher. The diameters of raindrops in higher position in
the sky are supposed to be smaller than those in lower
position. This photograph was taken at 18:30 on August
12, 2010.
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