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During a light rain at night, a double rainbow and an
intervening dark band may be seen in a searchlight beam
(Fig. 1). As the beam sweeps the sky while rotating about
a vertical axis in the normal manner, the rainbows and
dark band slide up and down the beam. Such an observa-
tion was made by one of us (J.H.) and was briefly re-
ported by the other,! but a general description here may
be of value since the calculations involved in identifying
the phenomenon can be used as a student exercise in op-
tics. To our knowledge, the searchlight rainbows have not
been analyzed elsewhere.

The primary rainbow is caused by the dispersion of
light at the surface of raindrops as the light enters and
leaves the surfaces.?”® Inside the drops there is a single
reflection of the light (Fig. 2). Dispersion is similar for
the secondary rainbow, but there are two reflections of
the light inside the drops (Fig. 2). The difference in
geometry of the light paths for these two cases results in
a color sequence for the secondary rainbow that is the re-
verse of that for the primary rainbow (Fig. 3). According
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Fig. 2. Deviation of light rays to give the rainbows.

to the Cartesian theory of the rainbow,?”3 the rays that
suffer the least deviation in the drops result in the greatest
intensity of light scattered by the drops. The geometry of
least deviation places the red arc of the primary rainbow
at about 42° and that of the secondary rainbow at about
51° from the antisolar point (Fig. 3). There are, of
course, rays leaving the drops at other angles, but they
are less concentrated. However, those other rays do not
leave the drops to contribute light to the observer between
the two rainbows, and the observer sees that portion of
the sky as darker than inside the primary and outside the
secondary rainbows (Fig. 2).

In the searchlight beam both primary and secondary
rainbows and the intervening dark band were seen (Fig.
1). As the beam rotated through angle ¢, both the rain-
bows and the dark band moved up and down the beam.
As we shall show, for some angles 6 of the beam with
the vertical, the rainbows and dark band disappear on the
far side of the rotation from the observer. In general,
however, searchlight operators maintain ¢ at a small

Fig. 3. Angles between
observed rainbows and a
line between the sun and
the antisolar point.




enough value (about 45°) that the disappearance does not
occur.

After the searchlight rainbows had been observed, we
initially guessed that the phenomenon was a rainbow ef-
fect because of the reversal of colors in the two colored
bands with an intermediate dark band. A curious feature,
however, was that the primary rainbow appeared higher
in the sky than the secondary rainbow (Fig. 1), which is
normally not the appearance with sunlight rainbows (Fig.
3). If the sky away from the sun is filled with drops, the
rainbows should not result from drops at any particular
distance from the observer. All of the drops in the direc-
tion of the rainbows and as distant as several miles should
contribute to the observed colors. In a casual interpreta-
tion of the scene, however, an observer may erroneously
think that the colors originate at a particular distance from
him and that the secondary bow is at a greater altitude
than the primary bow. The situation in the searchlight
case is different in that the beam clearly limits the par-
ticipating drops to those in the beam. The scattering of
light is exactly the same as with sunlight, and the light
rays of the secondary bow are at a greater angle from the
beam (51°) than are the light rays of the primary bow
(42°). To be at a greater angle from the beam means that
the secondary bow will be closer to the searchlight than
the primary bow. Since the beam is angled upward, being
closer to the searchlight means being closer to the
ground. Hence, in the searchlight rainbow case, the sec-
ondary bow will appear to be and will be comectly inter-
preted as being lower than the primary bow.

A second point of identification came in explaining
why the rainbows slid up and down the searchlight beam
as the searchlight rotated. We have chosen to follow the
position of the primary bow’s red arc to illustrate this
movement of the rainbows. Figure 4 shows the geometry
involved in calculating the position of the primary red
arc. We have calculated the ratio of the red arc’s distance
along the beam, r, to the distance from the observer to
the searchlight, d. Both observer and the searchlight are
assumed to be on level ground, though modifications for
other situations are easily made.

We wish to find an expression for r/d as a function of
# and ¢ so that the position of the primary red arc can be
found for any given orientation of the beam. Inspection of
the triangle in Fig. 4 yields

d/sinQ =v/sin(r — A - Q). 1)

The angle between the beam and the observer’s line of
sight to the red arc, €2, is about 42°.2°% After expansion
of the sine function, we have

¥/d =sinA cotf + cosA. (2)

primary red are

Fig. 4. Plane defined by the
searchlight beam and the line
of sight to the red arc of the
primary rainbow.
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Fig. 5. Ratio r/d of primary red arc.

The angle A is related to @ and ¢ by
cosA =sinf coso. (3)

Thus, for any given orientation of the beam—that is, for
any given 0 and ¢—the ratio r/d can be found by (a) solv-
ing Eq. (3) for A and (b) substituting A into Eq. (2) for
rid.

Figure 5 gives the ratio r/d for a front-to-rear half-
revolution of the beam (0 < ¢ < 180°) and for several
values of @, the beam’s angle from the vertical. The re-
sult for 45° is consistent with the observations made of a
searchlight rainbow in which @ was approximately 45°.
Note that for some values of 8 the rainbows disappear on the
far side of the searchlight from the observer.

We have not taken into account any minimum distance
the observer should be from the raindrops before the rain-
bow colors can be distinguished. Minnaert® reports a
rainbow which was only several yards from the observer.
In the observation of a searchlight rainbow made by one
of us, the colors were seen when ¢ = 0°—that is, when
the beam was directed overhead. The angle to the vertical
was about 45°, and d =~ 100 ft. Hence, the colors were
distinguishable when the distance between observer and
raindrops was about 100 ft.

Additional observations and questions follow.

(1) What is the polarization of the searchlight rain-
bows? Using a polarizing filter, find the polarization as
the searchlight swings around the vertical.

(2) Are the supernumerary bows, which are due to
light interference,”™® present? These bows are violet ones
normally seen inside the primary bow and, more rarely,
outside the secondary bow.

(3) The light rays from the searchlight are not per-
fectly parallel. How will the small divergence of the rays
affect the colors to be seen in the searchlight rainbows?

(4) The sun is not an infinitely distant point source
of light, and its finite size may affect the colors in the
normal sunlight rainbows.!® How large would the sun
have to be in our sky before our rainbows would disap-



pear? As the sun expands in its evolution to a red giant, it
will eventually reach this critical size.
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