THE NEW PHYSKOLOGYQOF VISION

Chapter VI. Vision in Dim Light
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(Received November 17, 1984)

THE results which emerged from the investigations set forth in the

preceding chapters are evidently of a far-reaching charzcier. Thev indice
fresh lines of approach to the basic problems which confrent us in the =& Vi
logy of vision. In the present chapter, we shall make use of some ¢f the
findings to elucidate the nature and origin of the difierences between visual
sensations at low and at high levels of illumination. We may begin by mention-
ing some facts of observation which indicate that there is a real difference

in the visual processes operating at those levels.

When an obseérver who has been out-of-doors enters a dimly lit roem,
his first feeling is that of finding himself in complete darkness. Afier a fiw
minutes, however, he begins to perceive the most brightly illuminated otjects
in the room; later, those which are less bright come into view. one aficr
another. The effect of a prolonged stay in compiete darkness is even more
striking; the sensitivity of the eye to feeble light is thereby cnormously
enhanced. Per contra, even a short stay in brightly illuminated surroundings
suffices to destroy the sensitivity thus generated. We have, asitwere, a process

- of ““switching on > of the apparatus which enatles the eve to function in
dim light. There is also a “ switching-off ”* of that apparatus which results
from exposure of the eye to bright light and this is a fairly rapid process.

Chromatic Sensations in Dim Light—Remarkable changes in our ability
to perceive colour follow as a result of lowering the level of iiiumﬁn&ﬁgn
of the objects under view. This effect may be exhibited in the following
manner. A set of five steel plates of the same size may te painted over with
enamels of brilliant hues and set side by side in the following order: White,

~blue, green, yellow and red. The observations may be made in a room -which
has been darkened and into which skylight can be admitted through a circular
window provided with an iris-diaphragm of which the mpming can be altered
as desired from a diameter of 25 centimetres dowzn to 3 mﬂhzgezmm The
illumination of the plates under view can thus be aliered over a ratio of 2500: 1.
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conspicuously greater than that of the blue region. Simple inspection enables
the observer to discover for himself some very significant results. For
example, with the particular grating employed, the first-order spectrum on
one side is very bright and the second-order spectrum on the same side is
very weak. Comparison of the two spectra shows that the visible difference
in their luminosities goes hand in hand with a notable difference in their
chromaticities. This difference is exhibited by every part of the spectrum
ranging from the red end to the violet. But the blue-violet regions in the
two spectra which are the least luminous show the difference in 2 particularly
striking fashion. Likewise, a diminution in chromaticity can be observed at
all points in the spectra of all orders when the illumination is lowered by a
large reduction in the width of the opening through which the light is admitted.
The variations in chromaticity as between the spectra of different orders are
particularly conspicuous when the observations are made early in the morning
or late in the evening when the light-flux reaching the eye of the observer is
rather low.

The spectra as seen under dim-light ** conditions, e.g., at night-time
using the moon-lit sky present a totally different appearance. They are much
shortened, the red region being totally absent. The first-order spectra exhibit
a greenish hue for the greater part, while their terminations on either side
exhibit slightly different hues. The second-order spectra on either side which
are of much lower intensity can be seen but do not exhibit any recognisable
colour, ‘

The change in the character of the spectra in passing from high-level
to low-level illumination can be followed by making the observations during
twilight hours. The changes from one type of spectrum to the other can also
be quickly effected and observed by the use of two polaroids between which
the diffraction grating is interposed. If the polaroids are in the crossed
position, the spectira are completely cut off. By rotating one polaroid with
respect to the other, the light is restored and the progressive increase in the
brightness of the red region relatively to the rest of the spectrum can be readily
followed.

We may sum up the results of the observations as follows, At the higher
levels of illumination, the chromaticity of the spectrum colours is profoundly
influenced by the magnitude of the light-flux which reaches the eye, falling
off rapidly as the light-flux diminishes. This effect is exhibited by all parts
of every spectrum. At low levels of illumination, the red end of the spectrum
is cut off, as is to be expected in view of the Purkinje phenomenon, But the
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other specfrum colours continue to be ob
1 an attenuated form, their chromati
level of illumination is lowered.

servable even at such levels, though
city decreasing progressively as the

Observations with Colour Filters.—The studies described in the preceding
chapter and in the present one may be usefully supplemented by the nid o
colour filters suitably chosen and judiciously employed. The most suitahle
filters are those which transmit restricted regions of the spectrum and effec-
tively cut off the rest. If such a filter is interposed between the eve ¢f the
observer and a diffraction grating in the method of observation described
earlier, the overlap of the spectra of higher orders with each other is effectivels
avoided and it becomes possible for the observer directly 1o compare with
each other the spectra of all the orders, Four or five orders are exhibited
on each side by the replica grating, their intensities falling off with increasing
order. The fall in chromaticity which goes hand in hand with the decresse
in luminosity is then very strikingly exhibited. Asall the spectra can be seen
simultaneously, this is a highly impressive demonstration of the fact 1ha
colour and luminosity are inseparable aspects of our visual sensations snd
have to be considered together in physiological theory. Four filters suitarle
for observations of this kind have been used, one transmitting a band at the
violet end of the spectrum, the second 2 band in the blue, the third 2 band
in the green, while the fourth transmitted the red region in its entirety an
cut out the rest of the spectrum. All the four filters exhibit the stated
effects in a very striking fashion.

If a colour filter be held in front of an observer’s eve and a white surface
under daylight illumination is viewed through the filter, the appearance of
the surface depends greatly on the actual level of such illumination. The:e
variations can be demonstrated in an impressive fashion by making the chser-
vations in a darkened room, the illumination being controlled h}"z}:e‘ use
of a circular window covered by an iris diaphragm, as has been described
earlier. The observer should view alternately the window through @.m«
the light is admitted into the room and the surface on which the‘ﬁghz *U
holdir:g the filter in front of his eve all the time. ‘ A striking daﬁ‘er&ln(@f it
then observed between the chromatic effects noticed in the two cases. A?; the
iris is progressively shut down, the window as seen ?h;eugh the iris mmmam
to exhibit the same brightness and the same brilliant r-:oiwnr zhmmghﬁm
On the other hand, the chromatic sensation excited by Qze illuminated surfice
progressively becomes weaker and weaker' a‘nd. approximates more and maore
nearly to an achromatic sensation as the iris is shut down.
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Finally, mention should be made here of a remarkable effect noticed
in observations of the same nature as that mentioned above when a red filter
is held in front of the observer’s eye and the object viewed under daylight
illumination is itself an object of a brilliant red colour, e.g., a plastic sheet
of that colour, or a steel plate covered with red enamel. By reason of the
Purkinje effect, the surface under observation would appear black if its illumi-
nation by daylight is below a certain level. If, however, the illumination
is-a little above that level, it would continue to be visible, but would exhibit
a dark red colour. In these circumstances, the effect of interposing a red
filter before the observer’s eye and then removing it is a dramatic change in
its appearance. Without the filter, the surface appears dark red; as seen
through the filter, it seems almost perfectly white,




