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The light at the end of the rainbow

Everyone knows that rainbows present the brightest and best range of colours. But this has
more to do with how we see natural colours than with rainbow optics
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sky, was a great champion of meteorological accuracy in

painting. His enthusiasm was, if anything, more evident in
print than on canvas. In 1830, he offered some observations
that ““can hardly fail to be useful to the Landscape Painter”.
With an air of patient reproach, he notes that the “*“morning and
evening Bows are more frequent than those at noon, and are
far more imposing and attractive from their loftiness and span;
the colours are also more brilliant, ‘Flashing brief splendour
through the clouds awhile’ ”. For us, as for Constable, the
rainbow evokes both curiosity and aesthetic delight: few other
sights in the sky are as memorable as the rainbow’s vivid
colours. Our eyes tell us that the rainbow is a paragon of
colour, so much so that *‘all the colours of the rainbow™ has
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become a byword for variety and vividness. But analysis of the
spectrum that we see in a rainbow does not bear this out.

To describe rainbow colours we must refer to some real, but
seldom considered, idiosyncrasies of colour vision. For exam-
ple, most of us are sure we know what “‘white”” means. Our
explanations may range from “white means that there is no
colour”, to “white must be an equal mixture of all colours™.
Surprisingly, neither statement is true. We can call many
different kinds of light white, and our convictions will change
with both time and place. Our descriptions of other colours can
be equally fluid, but we can begin to make sense of the elusive
colours of the rainbow, and improve on the state of affairs
described by the physicist W. J. Humphreys in 1940: “The
‘explanations’ generally given of the rainbow may well be said
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Figure 1 Rays of light that hit a raindrop are reflected with a Primary rainbow *
| deviation of at least 138 degrees, left. Waves, right, show how
interference makes several bows and the dark bands between them
==}

to explain beautifully that which does not occur, and to leave
unexplained that which does.”

Basically, a rainbow is an image of the Sun distorted by
falling raindrops. To explain how a rainbow is formed, we need
to look in some detail at the way light passes through a
raindrop. Imagine a ray of sunlight hitting the centre of a
raindrop, at right angles to its surface. Some of this light goes
straight through the middle of the drop and some of it is
reflected back on itself—in other words, it is deviated by an
angle of 180° from its original path. Other rays of sunlight
parallel to this one enter the drop nearer to its edge, and
therefore at more glancing angles to its surface. The rays are
refracted (bent) as they enter the raindrop, then are reflected
from its rear surface and refracted again as they emerge into

You are looking along the surface of an imaginary 42° cone: as
raindrops fall, they lie for an instant on the cone, and the
rainbow that you see is a mosaic of minimum deviation rays
from all these drops (see Figure 2). Only drops on the cone can
send you the rainbow light. For the bow to last more than an
instant the drops must fall continuously.

And because the edge of a shower of rain can pass quickly
across the position where the rainbow might form, the bow can
appear or disappear rapidly. As long as you see sunlit drops at
the correct angle, the rainbow will be with you. However, if
any part of the circle where the rainbow can form lacks either
drops or direct sunlight, then that part of the bow will not exist.
This accounts for the fragments of rainbows we often see.

Because of the fixed relationship between the rainbow and












