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Visual acuity and its variations 

SIR C V RAMAN 

1. Introduction 

Our visual organs are the principal gateways through which a knowledge of the 
external world finds its way into the realm of human, consciousness and in 
consequence, they play a role of immense importance in human life and activity. 
Three distinct types of sensation are recognisable in the visual pictures of the 
outer world presented to us by our eyes, being respectively the binocular 
perception of space and form, the perception of colour and the perception of 
luminosity. These perceptions correspond respectively to the three physical 

i characteristics of light considered as electromagnetic wave-motion in space 
which finds an entry into our eyes, viz., its rectilinear propagation in free space, 
the length of the waves and the magnitude of the electric-vector in them. The 
value of the information conveyed by our visual impressions depends greatly on 
their accuracy. The precision reached in each of the three types of sensation is 

- therefore a highly significant feature of our visual perceptions. They are 
respectively the acuity of vision, the power of colour discrimination and the 
photo-sensitivity. These definitive characteristics of our subjective sensations are 
of great importance in all considerations regarding the modus operandi of the 
physiological perception of light. 

Reference was made above to the propertifs of light regarded as electromag- 
netic wave-motion in space. But in considering the sensory perception of light 
following its incidence on the retinae of our eyes, thkse properties cease to be 
relevant, and We have, instead, to consider light in its quantum-theoretical 
aspects, in other words, as consisting of discrete quanta of energy. For, the 
absorption of light by the visual receptors is a necessary conditiori for its 
perception and such absorption takes place in complete quanta of energy. It 
follows that in seeking for an explanation of the various features characteristic of 
the visual perception of light, we have necessarily to proceed on the basis of the 
quantum theory. In particular, the acuity of vision, the power of colour 
discrimination and the sensitivity of our eyes to differences of intensity have all to 
be understood or interpreted on that basis. Though it is convenient to separate 
these three aspects of vision in describing and discussing the results of 
observation and experiment, they are, in reality, so closely inter related thdt we 
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have necessarily to adopt the same fundamental basis of approach for elucidation 
in all the three cases. 

2. Colour and the quantum theory 

The intimate relationship between the theory of lighbquant'a and the physiolog- 
ical effects of light becomes evident when we consider the sensations excited by 
the monochromatic rays of the spectrum. As we proceed from the red to the violet 
end of the spectrum, the magnitude of the energy-quantum in light increases 
progressively and continuously. Likewise, we perceive a continuous progression 
of colour, and there is thus a one-to-one correspondence between the perceived 
colour and the magnitude of the energy-quantum. We are, therefore, justified in 
regarding every one of the numerous distinguishable colours in the spectrum-of 
which there are some 150 or more-as primary or fundamental physiological 
sensations. The so-called trichromatic hypothesis which assumes that there are 
only three fundamental colours or only three fundamental sensations has, 
therefore, no logical basis and is unsustainable. The explanation of the known 
facts regarding the perception of monochromatic light-namely the variations of 
the luminous efficiency and the variations of the power of colour discrimination 
noticed as we proceed along the spectrum from end to end-is to be found in the 
specific characteristics of the absorbing materials which function as the receptors 
in the retina. We shall not here pause to discuss these matters further, but will pass 
on to consider the subject of the acuity of vision on the basis of the quantum 
theory. This subject is, indeed, the principal topic to be dealt with in the present 
communication. 

3. The factors influencing visual acuity 

In any discussion of the subject of visual acuity, we have to assume that the 
functioning of the dioptrics of the organs of vision is perfect. This, of course, is not 
necessarily always the case. But since the various possible defects in such 
functioning can be corrected more or less perfectly after ophthalmoscopic 
examination, they need not trouble us here. Chromatic aberration in the eye and 
its elimination by the use of monochromatic light are, however, not unimportant 
in the present context. The two factors which most notably influence visual acuity 
are, firstly, the region of the retina which is made use of, and secondly, the 
intensity of the illumination employed. Other factors are the spectral nature of the 
illumination, the distribution of light in the object under view and the 
illumination of the surrounding field. We shall here briefly recall some well- 
established facts regarding these matters. 

When we wish to observe> any object closely, we turn our eyes and 
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accommodate their focus so as to ensure that the image of the object falls precisely 
on the foveal region of the retinae of both eyes. It is well known that the visual 
acuity is highest when the region under observation falls precisely at the centre of 
the fovea and that it falls off withrextreme rapidity when the image moves away 
from that position: A movement of 10" in either direction is sufficient to reduce 
visual acuity to 20% of its maximum value, while a displacement of 20" brings it 
down to 10% of the maximum. Beyond this again, the acuity for daylight vision 
continues to fall off, but more slowly. 

The influence of the intensity of illumination on visual acuity is a matter of 
familiar experience. The acuity is highest at high illuminations and falls off, at first 
slowly, and then much more quickly, and becomes a small fraction of its 
maximum value when'the illumination is weak, even when it is well within the 
photopic range. These changes in the acuity of vision with diminishing 
illumination becomes evident, for example, when we seek to read the pages of a 
printed book by daylight in the late hours of the afternoon when the sun is about 
to set and before it has actually become dark. The smaller the print, the greater is 
the difficulty felt in recognising the letters on the page. 

The influence of the spectral nature of the illumination on acuity is, speaking 
broadly, of the nature which might be anticipated from the consideration that the 
luminous efficiency of radiation varies enormously as between different parts of 
the spectrum. The acuity is, in fact, found to be greatest in the part of the spectrum 
which has the highest luminosity, the order being yellow, orange, green, red and 
blue. It is particularly low at and near the blue end of the spectrum which has a 
very low intrinsic luminosity. 

Since visual acuity usually depends on the perception of differences in the 
luminosity of adjoining areas in the field of vision, it naturally falls off as these 
differences diminish. Likewise, it has been found that for a given brightness of the 
test-object, the acuity improves as the surround illumination is increased, until 
the brightness of surround and test-object are equal. A further increase of 
surround illumination then causes a rapid fall in acuity. 

4. The measurement of visual acuity 

What precisely we mean by visual acuity depends on the nature of the object or 
objects under examination. It follows that there are several different ways in 
which the acuity may be defined and measured. One of the classic definitions is 
our ability to distinguish two stars in the night sky which are very close together 
as distinct objects. Amongst other tests may be mentioned, the discrimination of 
two parallel lines, the alignment of a vernier, the recognition of a break in a 
contour, the recognition of a localised thickening in the circumference of circle, 
or the appearance of a crossed pair of gratings held together at various angles 
with respect to each other. Amongst other devices which have been employed 
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may be mentioned the broken circle of Landolt where a circle with a gap is 
presented and the observer is asked to say in what segment the gap lies. 

A commercially available test-object for the study of the variations of visual 
acuity is the chart regularly used by ophthalmologists for detecting and 
correcting defects in vision. These charts are sets of letters arranged in a 
descending order of size. The observer sits at a convenient distance away from the 
chart (say 6 metres) and his vision is expressed as a fraction of this distance and 
the theoretical distance at which the letters should be read on the basis of a 
minimum visual angle of one minute of arc. Using such a chart, the changes in 
visual acuity manifesting themselves in normal vision when the illumination is 
varied can be readily observed and measured. In such measurements, three 
different procedures may be adopted. Keeping the illumination constant, the 
observer may note the effect of his gradually approaching the chart in making the 
smaller letters appear distinct. Alternatively, the observer remaining in the same 
position with respect to the chart, the power of the light source may be varied. The 
third procedure is for the source and the observer to remain in the same position 
and to move the chart away from them so that both the illumination of the chart 
and the angular dimensions of the letters progressively diminish. All three 
procedures yield comparable results. 

5. The physiological bases of acuity 

It is evident that for very fine detail of the object under observation to reveal itself 
to our perceptions, two conditions must be satisfied. Firstly, well-defined optical 
images of the object should be formed on the retinae of our eyes. Secondly, there 
should be present on the area of the retina where such images are formed, a 
sufficiently close-packed mosaic of receptor-elements that can receive the 
incident light-image and transmit the details thereof to the visual cortex. But 
there is also a third and highly important condition to be satisfied which emerges 
as a consequence of the constitution of light itself, viz., that it consists of discrete 
quanta of energy which must be absorbed as such by the visual receptors before 
the light can be perceived. We shall now consider each of these three conditions 
separately and comment on the influence exercised by them oh visual acuity. 

We have already referred to the first conditionwhich should be satisfied for the 
highest acuity of vision to be possible. Even apart from any imperfections in the 
dioptric media of the eye, chromatic aberrations and the diffraction of light by 
reason af the limitation of aperture by the pupil of the eye have necessarily to be 
taken into account. The limitations set by these factors on visual acuity are well 
understood and we need not pause here to discuss them in detail. The fine 
structure of the retina, in other words, the size of the individual cones which are 
recognised as the reqeptors in daylight vision, and the manner which they are 
disposed relativdy to each other determines the possibility of the details of the 



retinal image being conveyed to the visual cortex and thereby find a place in the 
perceived image of the object. The nature of the connections between the retina 
and the visual cortex is an important factor in this respect. The evidence that has 
been found that individual nerve-fibres carry the nerve-impulses from the 
receiving cones to the sensorium makes it easier to understand how the observed 
acuity of vision is attained. 

It is with the third factor influencing the acuity of vision with which we are here 
specially concerned. The observed diminution of the visual acuity which 
accompanies a fall in the illumination of the objects under study finds a natural 
explanation on the basis of the principles of thequantum falling on each element 
of area of the retina to put forward a rational explanation ofthe observed facts 
on any other basis. If the optical image formed on the retina is to be transmitted 
without loss of detail to the visual cortq, the number of quanta of energy falling 
on each element of area of the retina and actually absorbed by it and passed on to 
the visual centres in the brain should be such that each cone in the area under 
consideration can function fully and effectively. This would obviously not be 
possible,if the flux of illumination falling on the retina is too small, or if the 
absorbing power of the retinal pigments is inadequate to capture all the incident 
lightiquanta, and make them available for visual perception. The fact that 
photopic vision can adjust itself to very high levels of illumination is an indication 
that the visual pigments present in the retina are not capable of absorbing more 
than a very small percentage of the incident light quanta. if, in addition, the 
retinal illumination is itself of low intensity, not more than a small fraction of the 
cones in the retina can actually be functioning in any small interval of time-such 
as, say, one-hundredth part of the second-and a dropping off of the visual acuity 
to very low values is then inevitable. A simple calculation which takes aacount of 
the number of light-quanta incident on the retina during any such small interval 
of time and the number and spacing of the receptor-elements, viz., the cones 
present in the area shows that this explanation is sustainable. 
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