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RAINBOW RAY

CONFLUENCE OF RAYS scattered by a droplet gives rise fo caustics, or “burning curves.”
A caustic is the envelope of a ray system. Of special interest is the caustic of Class 3 rays, which
has two branches, a real branch and a “virtual” one; the latter is formed when the rays are ex-
tended backward. When the rainbow ray is produced in both directions, it approaches the
branches of this caustic. A theory of the rainbow based on the analysis of such a caustic was
devised by George B. Airy. Having chosen an initial wave front—a surface perpendicular at
all points to the rays of Class 3—Airy was able to determine the amplitude distribution in sub-
sequent waves. A weakness of the theory is the need to guess the amplitudes of the initial waves.
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Table 4.3A. Rainbow angles for the minimum deviation rays as
they depend on wavelength and the index of vefraction of water n.

Wavelength [ndex Primary Secondary
(nanometers) n angle angle
(degrees) (degrees)
1000
900

49 49
49.70
300 49.92
700 50.34
650 3318 42 .2¢ 50.58
600 2.( 51.02
550 1.68
500 2D y )
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= SECONDARY
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ALEXANDER'S
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PRIMARY
RAINBOW
SUPERNUMERARY
ARCS

SUNLIGHT

= LIGHTED

SIDE

42°

B2 OBSERVER

GEOMETRY OF THE RAINBOW is determined by the scattering angle: the total angle
through which a ray of sunlight is bent by its passage through a raindrop. Rays are strongly
scattered at angles of 138 degrees and 130 degrees, giving rise respectively to the primary and
the secondary rainbows. Between those angles very little light is deflected; that is the region of
Alexander’s dark band, The optimum angles are slightly different for each wavelength of light,
with the result that the colors are dispersed; note that the sequence of colors in the secondary
bow is the reverse of that in the primary bow. There is no single plane in which the rainbow kies;
‘the rainbow is merely the set of directions along which light is scattered toward the observer,
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n 2> & Ef(total internal reflection)
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PLANE OF REFLECTION 77— PERPENDICULAR

“EVANESCENT
WAVE

POLARIZATION OF THE RAINBOW results from differential reflection. An incident ray
can be resolved into two components polarized parallel to and perpendicular to the plane of
reflection. For a ray approaching an air-water boundary from inside a droplet the reflectivity
of the surface depends on the angle of incidence. Beyond a critical angle both parallel and per-
pendicular components are totally reflected, although some light travels parallel to the surface
as an “evanescent wave.” At lesser angles the perpendicular component is reflected more effi-
ciently than the parallel one, and at one angle in particular, Brewster’s angle, parallel-polarized
light is completely transmitted. The angle of internal reflection for the rainbow ray falls near
Brewster’s angle. As a result light from the rainbow has a strong perpendicular polarization.

REFLECTIVITY (PERCENT)

PERPENDICULAR

— ——BREWSTER'S ANGLE
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Fig. 4.5C Theoretical scattering diagram for rainbows; spherical particles

assumed. I is the intensity on a logarithmic scale; »
micrometers (Lm); P = primary; § = sccondary; SN
) 1s

A = Alexander’s dark band.
angle = 180° - D

the deviation angle

is drop radius in

SUPCTNUMErarics;

recall rainbow

Diameter:
1-2 mm
(0.04-0.08 in)

0.5 mm
(0.02 in)

0.2-0.3 mm
(0.008-0.012 in)

0.08-0.1 mm
(0.003-0.004 in)

0.06 mm
(0.0024 in)

<0.05 mm
(<0.002 in)

Very bright violet and vivid green; the bow
contains pure red, but scarcely any blue.
Spurious bows are numerous (five, for example),
violet-pink alternating with green merging with-
out interruption into the primary bow.

The red is considerably weaker. Fewer
supernumerary bows, violet-pink and green
again alternating.

No more red; for the rest, the bow is broad

and well developed. The supernumerary

bows become more and more yellow. If a gap oc-
curs between the supernumerary bows, the di-
ameter of the drops is 0.2 mm (0.008 in). If there
is a gap formed between the primary bow and
the first supernumerary bow, the diameter of the
drop is less than 0.2 mm (0.008 in).

The bow is broader and paler, and only

the violet is vivid. The first supernumerary bow is
well separated from the primary bow and clearly
shows white tints.

The primary rainbow contains a distinct
white stripe.

Mistbow (cf. § 150)
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horizontal clouds
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