Viewing our world with polarizing glasses
G. P. Kénnen

In the open, we are surrounded not only by a mass of colour, but also by much polarization. The lattér
normally remains invisible to us, but with the aid of a simple polarizing sheet, like those in Polaroid
sunglasses, one suddenly becomes aware how much polarization there is. In this article, a number of

observations are described and the regularities in the natural polarization pattern are discussed.

Light is characterized by three prop-
erties: intensity, colour and polariza-
tion. The state of the light around us
is thus completely defined only if these
three characteristics are all known.
Natural light displays not only strong
variations in its intensity and colour,
but also in its polarization. In other
words, much of the light around us has
a preferential plane of vibration, and
the strength of this tendency (degree of
polarization) and the position of this
preferential plane (direction of polar-
ization) may vary from place to place.
Unfortunately, however, such varia-
tions remain almost entirely hidden
from us, since the human eye is barely
able to distinguish between unpolarized
and polarized light: we are, so to say,
‘polarization-blind’. Many animals
share this handicap with us, but not all.
Bees, for instance, can observe the
polarization of light as easily as we can
see colours, so that this particular
aspect of light is vividly visible to them.
If such animals were smart enough,
they could use the additional informa-
tion gained from their polarization
observations to their advantage.

This happens, indeed, to be the case:
in 1949 K. von Frisch showed that bees
are able to infer the position of the sun
from the polarization. pattern of the
blue- sky and use this to orient
themselves. Since then, many other
insects are found to do the same thing.

The polarized world

With aid of a simple polarizing filter,
we can easily overcome our
polarization-blindness. Such filters are
easily accessible, since they are present
in common Polaroid sunglasses. A
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polarizing fiiter transmits only one
direction of polarization. If this trans-
mission direction corresponds to the
polarization direction of light, it is
transmitted by the filter; if the direc-
tions are perpendicular to each other,
the light is weakened. The stronger the
degree of polarization, the fainter the
transmitted light.

Inspecting the world with a polariz-
ing filter rotating before the eye, one
suddenly becomes aware how much
and how varied this polarization is in
Nature: some objects change their
appearance considerably during the
rotation of the filter, others hardly at
all, and the direction of polarization
may vary from object to object. A
typical example of strongly polarized
light is the blue sky, particularly at
about 90° from the Sun. Figure 1 shows
the sky observed with a polarizing filter
directed in such a way that it maximally
transmits its light; its appearance does
not differ very much from that viewed
with the naked eye. In figure 2,
however, the filter has been rotated by
a quarter of a turn and the aspect has
changed drastically: in this case the
contrast with the clouds may even be
entirely reversed. Watching a clear sky
with a filter in the latter position, one
perceives an impressing dark band at 90°
from the Sun marking the area of
maximal polarization. D. F.J. Aragowas
the first to report this remarkable
polarization; his observation dates back
to 1809.

As mentioned, some animals do see
polarization clearly and even make use
of it. But that does not mean that they
see such a dark band in the sky as we
see with the filter: they basically see
‘something different’. Fortunately, it
does not require very much imagina-
tion to know what they are actually
seeing, since humans are still able to
catch a feeble glimpse of the real
appearance of the polarized world.
This capability was recognized by K.
Haidinger in 1844. The fact is, that in

polarized light, we see in the centre of the.

retina a yellowish structure, which is
absent in unpolarized light. Usually,
however, some practice is needed to see
it. The procedure is as follows: Take a

filter for the eye to produce strongly
polarized light, rotate it slowly, look to
infinity, and relax. After a few seconds
the yellow structure which co-rotates
with the filter becomes visible. Once
achieved, it becomes progressively easier
to see this so-called Haidinger brush and
it then may even reveal the polarization
of the blue sky to our naked eyes.

Nevertheless, our sensitivity to
polarization is only weak and we will
restrict ourselves further to observa-
tions by filters, giving far more spec-
tacular results, among them the ‘dark
band’ in the sky already mentioned.
We have to realize, however, that the
existence of this band is just a
consequence of the specific properties
of the filter, which is translating
polarization shades into intensity
shades for us. Through a filter, one
thus perceives a very remarkable
world, in which real intensity shades
are intermixed with shades resulting
from the translation of polarization
into intensity. As the eye responds
logarithmically to intensity, the most
striking differences between Nature
viewed with and without a filter occur
when the filter is in a position close to
maximal extinction. Moreover, in this
position, the image is very sensitive to
a small rotation of the filter. One may
say that the filter then shows us at its
best its translation of the ‘polarized
world’.

It is amazing that such a simple
device as a polarizing filter suffices to
give parts of our world such a dramati-
cally different appearance. This is the
consequence of two facts: our almost
complete polarization blindness and
the large amount of polarization
around us. Since relatively few people

seemed to be familiar with the pola-

rized world and no guide for it existed,
I recently wrote a book on the subject
(see bibliography). In this article I
describe some major effects in a
historical perspective and discuss the
regularities in the natural polarization
pattern.
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Gloss, reflections, and Umov’s rule
Although the blue sky is a nice
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