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Fig. 1. Coherent rainbows. (a) Schematics of the experimental setup. A pulsed white laser (WL) is focused into

the sample (S) by a lens with focal length about 5 cm, the transmitted light shines on the image screen IS1, while

the reflected light shines on the IS2. (b)—(i) Coherent rainbows from different materials: (b) water, (c) acetone,

(d) absolute ethyl alcohol, (e) soft drink, (f) ice, (g) plastics, (h) wax, (i) colored glass (in reflection mode). Scale

bar shows the size of the outgoing beam.
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Fig. 2. Coherent rainbows changes when the power of the white light laser is increased from zero to maximum

and then is reduced from maximum to zero, as indicated by the direction of arrow: (a) The sample is water;

(b) the sample is colored glass.
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Fig. 3. Collinear experiments with two lasers. (a) A white laser (WL) and a green laser (GL) are aligned co-linearly

and focused into the sample (S) by a lens (L) with focal length about 5 cm. M is a half reflecting mirror. A 532 nm

interference filter (IF) is placed behind the sample. Single color rings are observed on the image screen IS. (b) Green

rings appear when a white laser and a green laser are aligned co-linearly and focused into the water. (c) No rings

appear when the white light is blocked. (d) Green rings appear darker when the green laser is blocked.
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Fig. 4. Schematics of the formation mechanism of the co-
herent rainbows: (a) Optical path difference along the ra-
dial direction with the white laser focused into the sample;
(b) derivative of the optical path difference along the radial
direction (the left part), ¢ is the outgoing angle which de-
termined by the derivative and ¢¢ is the maximum angle,
two sub-beams at 1 and 7] have the same outgoing angle
¢1; (c) coherent rainbows with an 532 nm interference filter,
the white laser goes through the water sample horizontally;
(d) coherent rainbows with an 532 nm interference filter,
the white laser goes through the water sample from bottom

to top.
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Fig. 5. Formation mechanism of the coherent rainbows: (a) Coherent rainbows from a colored glass in the reflection mode;
(b) the morphology of the colored glass illuminated by the white laser, as viewed under a microscope; (c) the surface topography
of the colored glass along the dash line in (b), which is Gaussian as measured by a step profiler; (d) two sub-beams at (r1, h1)
and (7], h}), with the incident angle ~, illuminate on the surface of colored glass, where they have the same slope «, 6 is the
angle between the incident light and the tangent line, d is the distance of these two tangent lines, Ah and Ar are the height
difference and the radial distance between (r1, h1) and (7, ) respectively; (e) optical path difference along the outgoing angle;
(f) the derivative of the surface profile fig. 4(c) (the left part), ¢ is the outgoing angle, ¢¢ is the maximum angle, two sub-beams

at 71 and 7] have the same emitting direction ¢1, s is the area between ¢g, ¢1 and ¢}.
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Fig. 6. Simulation results (wavelength is set to be

600 nm): (a) Simulated interference pattern along the
radial direction; (b) simulated interference pattern;

(c) observed coherent rainbows from colored glass.
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Abstract

Focusing white laser into samples, many colorful rings (coherent rainbows) come out. Such phenomena have been
observed in many materials like water, acetone, absolute ethyl alcohol, soft drink and other liquids, and ice, colored
glass, plastics, wax and other solids. From the center of the coherent rainbows to the outer side, the distance between
neighboring rings becomes larger and larger. The coherent rainbow is an interference effect, whose optical path difference
is induced by locally heating the material with the laser beam. Especially, the coherent rainbows from colored glass in
reflection mode can be described with a simple formula, with which simulated results fit the observed interference pattern
very well. Several possible mechanisms like nonlinear optical effect, thermal lens effect and self-phase modulation effect

are excluded.

Keywords: coherent interference, self-phase modulation, thermal lens effect, optical nonlinear effect
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