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LIGHT, COLOUR AND VISION*

Smr C. V. RAMAN

MUST thank the organisers for the honour
of the invitation to address this Congress.
I shall use the time at my disposal to dwell
on the fundamental aspects of ophthalmology.
We seek answers to the following questions.

Firstly, what is the process by which our eyes

are enabled to perceive light and colour?
Secondly, what are the respective roles played
by the retina and by the visual cortex in that
process ¢
to these questions can only be given if we
understand correctly the physical nature of
light and the manner in which it interacts with
material bodies.

The nineteenth century physicists, notably
Thomas Young, Hermann Von Helmholtz and
Clerk-Maxwell who were interested in the
problems of physiological optics were also the
leading exponents of the wave-theory of light,
That theory had many notable successes to its
credit. Quite naturally, therefore, it was
thought it could also form the basis,for an
understanding of the phenomena of vision.
But this is not actually the case, for the con-~

cepts of the wave-theory of light are altogether

irrelevant in relation to the interaction of light
with material bodies, These interactions can be
successfully described and understood only if
it is recognised at the very outset that light
consists of discrete units or quanta of energy.
The interplay of light and matter is a process
in which the quanta or energy-units in the
radiation are transferred from the field to the
material body or vice-versa. Unquestionably,
therefore, the quantum theory is the proper
basis for interpretalion of the facts of wvisual
experience.

The faculty that our eyes possess of perceiv-
ing colour brings the phenomena of vision into
the closest relationship with the basic notions
of the quantum theory. Light which appears
as a sharply-defined line in the spectrum is
composed of energy-quanta which are all equal.
The quantum of energy varies with the position
of the spectral line, being the lowest when it
is at the red end and largest when it is at the
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violet end of the spectrum. Thus, the magnitude
of the energy quantum varies pari passu with
the colour of the perceived light. Every one
of the many different colours we can perceive
in the spectrum has, therefore, an equal claim
with all the others to be regarded as a primary
colour and as a fundamental visual sensation.
This was indeed the criginal view expressed
quite clearly by Sir Isaac Newton in his
celebrated treatise on Optics. The widely
prevalent belief that there are only three
fundamental colours or only three fundamental
visual sensations has no rational basis.

The ability to recognise closely adjacent
regions of the spectrum as being different in
colour is a faculty that our eyes possess. The
perceivable differences in colour correspond over
extensive regions in the spectrum to very small
differences in the energy of the associated light-
quanta. This leads us to adopt a very simple
view of the functioning of the retina, namely
that it absorbs the incident light-quantum and
retransfers the energy absorbed through the
nervous pathways to the optical cortex. The
question then arises, what are the light-absorb-
ing pigments present in the retina which enable
it to perform this function? What are the
spectral regions in which these pigments
respectively operate and how are they distri-
buted over its area ?

A technique for the investigation of the
retinal processes has been devised by me which
is of extreme simplicity but nevertheless yields
highly interesting and significant results. The
observer holds a suitably chosen colour filter
in front of his eye and views an extended and
brightly illuminated screen through the filter.
After a brief interval of time, the filter is
suddenly removed. What is then observed
depends very much on the colour filter employed
and especially on the part of the spectrum
which the filter absorbs and the part which it
transmits freely.

By way of illustration, it will sufice here to
mention two strikingly contrasted cases. When
a filter dyed with methyl violet which cuts out
the yellow part of the spectrum around 5800 A
is held before the eye and then suddenly
removed, the observer sees projected on the
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viewing screen a highly magnified picture in
colours of his own retina in which the fovea
and its central depression stand out conspi-
cuously by reason of their differences in colour
and Dbrightness from the. surrounding areas.
On the other hand, when a filter dyed with
eosine which shows an absorption band in the
green around 5300 A js put in and then removed,
the screen presents the same appearance before
the filter is put in and after it has been
removed.

Using various colour filters, we can explore
the entire spectrum from end to end by this
technique. The result emerges that the visible
spectrum can be demarcated into four sectors.
The first sector is the part between the violet
end and the wavelength at which the colour
changes rapidly from blue to green. In the
second sector, the visual luminosity of the
spectrum increases progressively and reaches
a maximum. In the third sector, the observed
colour progressively changes from green to red.
The fourth sector is the red end of the spectrum.

We now proceed to the identification of the
materials present in the retina which function
respectively in these four sectors. We shall take
them in order.

Xanthophyll is the visual pigment which func-
tions in the first sector and enables us to
perceive the colours ranging from violet to
blue. It is a yellow carotenoid pigment of
vegetable origin which is present in all green
plants and enters the human body through the
medium of the food products consumed. It is
present in the retina as the well-known yellow
macular pigmentation., That it is indeed a
visual pigment is indicated by the fact that the
range of wavelengths in which the perceived
colour changes very rapidly from blue to green
is precisely the same as that in which the
absorptive power of xanthophyll drops suddenly
from a large value to zero. A further demon-
stration that xanthophyll functions as a wvisual
pigment is furnished by the effects seen by an
observer who views an extended source of light
through a polaroid and a colour filter trans-
mitting only the blue part of the spectrum.
The observer sees an image of his own fovea
projected against the source of light in which
a bright brush and a dark brush appear crossing
each other. This phenomenon is observed only
when the illumination of the field is in the
photopic levels and it disappears completely
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when the brightness is reduced to the scotopic
level. The brushes appear as a consequence of
the shape and optical properties of the xantho-
phyll molecules. These orientate themselves
parallel to the nerve fibres and hence are
arranged radially in the foveal area. They
absorb light and funection as a visual pigment
only in respect of vibrations parallel to the
chain of eleven double bonds contained in the
molecule.

Various considerations which cannot here be
set out in detail serve to exclude the possibility
of the wvisual pigments functioning in the
three other sectors of the spectrum being
carotenoids. The pigment which actually func-
tions in the second or green sector of the spec-
trum is heme in which the iron atom located
at the centre of the tetrapyrrolic group is in
the ferrous state. Heme in the ferrous state
exhibits a powerful absorption of light between
5000 A and 6000 A, the maximum of absorption
Lbeing located at 5600 A. The wavelength of
maximum visual luminosity in the spectrum is
also 5600 A, Thus, by reason of its structure
and spectroscopic behaviour, heme in the fer-
rous state fits perfectly into the role of the
principal visual pigment. One more function
is thus added to the many important roles which
heme plays in the field of biology.

When the iron atom at the centre of the
tetrapyrrolic group in the molecules of heme
is in the ferric state, the absorption spectrum
undergoes a radical change, the principal feature
being an extension towards greater wave-
lengths and a greatly increased strength of
absorption in the region between 6000 A and
7000 A. Thus, heme in the ferric state fits into
the role of the visual pigment which functions
in the fourth or red sector of the spectrum.
The third sector in which the transitional
colours of yellow and orange appear is clearly
the part of the spectrum in which the ferrous
and ferric states of heme function in co-opera-
tion with each other.

The time at my disposal does not permit of
my dealing in detail with the problems of
anomalous colour-vision. It will suffice here to
state that the existence of such anomalies and
their observed characteristics find s mnatural
explanation on the basis of the present approach
to the theory of vision. These and various
other matters will be found discussed in detail
in a memoir published by me two years ago,



