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BSTRACiY 

Visual acuity in Conoral may be defined as the ability 

of the subject to discriminate the minute details of objects 

in the visual field. it is generally tested by placing a 

standard sot of letters of the a .phabet of graded sizes at a 

stated distance (20 ft. usually) from the subject. There are 

several instruments in use today that simulate the 20 ft 

acuity tooting by tho use of prisms and convex lenses. They 

are commonly used to test vision for driver licensing purposes. 

Visual acuity an recorded with such instruments is often reduced 

mainly because of the phenomenon referred to as apparatus 

accommodation vrhicb blurs the target. 

For tho purpose of the present experiment, visual acuity 

is defined as the rociprocal of the standard deviation (in 

second of arc) in orror, in setting two lines in alignment. The 

apparatus used is an improvement over the previously mentioned 

ones, in the cenac, that it eliminates apparatus accommodation 

and proprioceptivo feedback The present experimental results 

have been obtained to investiGate inter•-subjoct variability, 

and measurements have been obtained on five subjects performing 

a visual acuity task in white light. Additionall y all the 

five subjects performed the acuity task in reeds yello~r and 

green Ill usnlnationo e This was done to compare the acuity 

levels of subjects in various illuminations. Results obtained 



indicate an inter-subject variation of visual acuity between 

0.03 second are and 4.3 seconds are. This value is consi-

derably lower than the threshold of normal acuity which is 

of the order of 33.4 seconds of arc at a distance of 16 ft. 

Out of the five subjects one subject had a peak performance 

in red light, two in yellow and two in green light* These 

results agree closely with those obtained by earlier experi-

menters, who observed a peak performance either at the red 

end of the spectrum or in the middle of the spectrum in the 

yellow green. 
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Visual Acuity is the capacity to discriminate the 
fine details of objocto in the field of view. It is epoci-

tied in terms of tho minimum dimension of some critical 

aspects of a tent object that a subject can correctly 

dentify. Good visual acuity implies that a subject can 

discriminate fine detail; poor acuity implies that only 

gross features can be seen. 

The most common test of visual acuity is a standard 
cot of letters of the alphabet of graded sizes„ presented 
to the oubjoct at a stated distance (Pig. 1). In clinical 
practice a oerieG of test objects is used in which some 
critical aspect of each to®t object subtends an angle of 

I minute of arc at a standard viewing distance,, usually 
0 ft. for 'normal' visual acuity. the smallest test object 

that a subject can correctly identify is determined and the 
subject's visual acuity 'v' is given by the relation : 

V = 	'/D 

whore D' is the standard viewing distance and D is the 
distance at Bch this minimum test object subtends an angle 

of 1 minute of arc. 



/MM 	 B 

THE TASK OF RECOGNITION. A_SNFLLE:N LETTERS 
OF THE A~.PHABE T B-LANDOLT RING TEST OBJECT. 
ACUITY IS DE R'NL) AS THE RECD-RCCAL CF THE 
CR'TGCAL DIMENS-ON (Width of Iirt:, gap, or other) 
SLBTLNC)LC AT THE LYE. THE SNE LL-EN LETTERS 
ARE COMPOSE F OF LINES AND SE..RIFS HAVING A 
TH'CKNESS THAT 11S ONE FIFTH THE HEIGHT OR 
'\H OF THE WHOLE LETTERS. THE LANDOLT RING  

ON T5 OF A L_ NNE 	 r O;SE THrCKNESS IS ONE FIFTH 
THE ULTER 1 AMETLR. THE GAP WIDTH IS ALSO ONE 
FlP`H THE C t E r PAMME. T ER 

1111111!1 	a";.4 	"~` y 

(b) 	O (d) 

FIG. 1 _THE TASK OF RESOLUTION. (a) DOUBLE LINE 
TARGET (b) DOUBLE DOT TARGET (c) ACUITY 
GRATING (d) CHECKERBOARD. 
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1.2  Royio iJor1  t 

In 1923, Hartridgo H. (12) determined that practical) y 

in every case in which the resolving poor of the eye exceeds 

60 seconds of arc, the visibility of a contour is involved! 
He also showed that irhere there is a constant difference of 

intensity there is usually a sower limit for the difference 

threshold than rrhen there to a variation of intensity. Other 

factors eihioh affect the difference threshold are intensity 

and retinal adaptation. 

Hecht S. (13) in 1928, determined the relation between 

visual acuity and Illumination. He found that at lour intensities 
visual Acuity increases slowly in proportion to log I; at higher 

intensities it increasoe nearly ten times more rapidly in. 
relation to log I; at the highest illumination it remains 
constant rogardloes of the changes in log 1. 

In 1932, Wilcox , 'r. (25) concluded that Irradiation or 

tho apparent shift of contours is the only cause of the 

variations of visual acuity with intensity. Irradiation is 
the phenomenon by which a bright object on a dark background 

appears subjectively enlarged. 

The relation between visual acuity and Illumination 
for too trained observers were obtained by Schlaer, S• (21) in 

1937. Two different typos of test objects, a broken circle 
or '0' and a grating were used (Pig. 1) . The grating was 

Pound to give higher visual acuity at intensities loss than 
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about 30 photons and lower visual acuity above that. He 

concluded that detail perception is a function of a distance 

rather than an area. 

In 1942, Shlaer (22) and his associates found that 

visual acuity is improved by .conditions designed to increase 

the image contract , This conclusion was reached by maintaining 

expdrimentally, the intensity discrimination in retina, as the 

limiting factor in resolution.  

Handley, C. 1). (15) in 1948, found that visual 
acuity when plotted against brightness discrimination, yields 
data following Eeoht'e equation. The equation is : ' 

U 
(a_x)m  

where, 

	

I 	brightness of light 

	

a - z, z 	concentrations of sensitive substances 

and photoproducts respectively. 

	

m, n 	= orders of the photochemical and thermal 
reactions. 

	

k 	= ratio of velocity constants of the two 
reactions. 

2 
V 	0 [i+ -- - 
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whore, V = Visual acuity#  

C = Constant 

when m = n = 2 

The effect of involu ►try eye movements on visual 
acuity (16) ae observed by Kesesy, Ulkor, T. (16) in 1960. 

Ho used three types of targets s Vernier, Line and Grating. 

He concluded that acuity is neither impaired nor enhanced 
by the involuntary eye movements, present while inspecting 
a teot object. 

In 1968, J« A. Foley - .'isher (8) made measurements 
of Vernier acuity in Ito and coloured light. The results 
indicate an inter-subject variation of threshold of vernier 
acuity botreon 4 seconds are and 10 seconds arc. Peak 
performance uac observed at the red end of the spectrum or in 
the middle of the spectrum in the Irellow-green. 

Foley-Fisher in 1973 (9) observed that Vernier acuity 
varies hiiith  target line length. The variation is such that an 
increase of line length results in a smaller threshold. 

In 1973, a report was prepared in the U.S. on the 
visual acuity of youths. It shoed that 70 1S or 15,9 million 
of the youths 12 -- 17 yoara of age have at least normal or 
better thin normal acuity at distance. 
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In 1975, Gorald t oatheimer and Suzanne 2. Vickse (23) 
concluded, that a stationary retinal image is not a prcrequlaito 
for good acuity. 

Vernier Acuity which is one form of visual acuity is 

usually tested by the use of a straight line broken in the 

middle. The task is to appreciate small lateral displacements 
of one segment of the lino. 

Elvin 1arg and his aesociatoo (18) observed the visual 
acuity development in infants, in 1976, They shored that 

adult visual acuity defined as the resolution of i minute of 
are det il, is reached. during the development of children 
any where from 7 years to as short a time as 2 years of age. 

J. A. Foley - Fisher in 1976 ( 10) observed that there 
is an optimum line tidth for obtaining best performance in a 
vernier task. 

In 1977,E  Geral t estheimor c Suzanne P. ickoe (24) ohowot 
that retinal stimuli Can be tagged tiith differential local 

signs after having been pooled over regions extending several 
minutes of are. 
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CH. pT HR — II 

PACIOR9 APYECTING I8UA ► A t i`fY 

The various factors which affect visual acuity are s 

1. The dimensions of the retinal mosaic, 
2. Size of pupil, 
3. Intensity of stimulating light, 
4. Contrast of test objoct to its background, 
5. Duration of stimulus, 
6. State of adaptation, 
7. Distance of test object from the eye, 
8. Refractive error, 

9. Eye movements, and 
10. ,Age of the subject. 

2.1 	menniona f the Ro final Ioeaic  

It baa generally teen assumed that the major factor 
affecting visual acuity is the fineness or coarseness of the  
layer of roceptoro. Hoiovcr, the majority of the evidence 
suggests that the retinal mosaic is too fine enough to affect 

visual acuity. 

2.1 .1  Det a ctio 

The dtection of a small test object depends primarily 
on brightness discrimination bet Teen the background and the 
diffraction pattern of the test objects The detection of 
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bright points (stars) against a dark background has been 

thought to depend upon the fineness of the retinal mosaic. 
However #  twinkling Is mainly an atmospheric effect attributable 
to fluctuations in optical density of air intervening bottteen 
the test object and the eye. 

2.1.2  Reco n tion  I 

Landolt, 0 targets (Pig. 1) have boon used to find 
the relation between distance of test object from the centre 
of fixation. Acuity was found to be maximum at the very centre 
of the retina. The loss amounts to 25 at o. distance of 10 
minutes of are from the centre of fixation. Since Cone density 
also falls off in almost a similar manner, it has been presumed 
that Cone density plays a significant part in limiting acuity. 

2.1.3  Rosol 	s 

The limit of resolution can be defined as the limit 
for perception of separate and continuous grid lines. This 
c 

 
as found to be 21 s000nds of are by Byram (4) using a double-

alit diaphragm. This value is slightly smaller than the 
minimum angle for visual resolution (Ii. «p..) with the natural 
pupil. Hence it can be concluded that resolution is actually 
limited under normal viewing conditions,, by the effects of 
diffraction. Resolution would be little*  if any, improved 
if it were limited, instead by the fineness of the retinal 
mosaic. Incidentally the value of 21 seconds is noarly the 
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same as for the finest retinal cone receptor. i.e. the 
distance between rods or conoB is approximately 2.0 to 2.3 
microns or approximately 24 too 27 seconds of arc. 

2.1.4  „ c 1& 7aticfl  I 

It was pointed out very early that a point on the 
retina might actually belocalized within a region smaller 

than any receptor call; since an "averaging process" might 

act to fill the gaps betieen discrete receptor elements. 

Clearly the averaging must extend to the binocular situation, 

in which there in a considerable amount of independence in the 

rapid motions of the retinal image. 

2.2  §Age of 4Lu 1. 

Pupil size is an important factor in relation to 

visual acuity. A large pupil ailowe more light to the retina 

hence minimizing blur dues to diffraction. On the other hand 
a email pupil minimizes effects of spherical, chromatic and 
other aberrations. Optimal acuity occurs for pupil of 

intormediato size; the a zo icing dependent on conditions of 
illuminance, form and size of test object and individual 
differencem from one eye to another. The a ze of pupil 
has major influence on z 

2 .2.I  Retina . fl uminance  : 

The Ife  re uiatoo the amount of light to the retina. 
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When field intensity is high, aperture is small resulting in 

a reduced retinal. illuminance.. The total range of reduction 
is about 16 to I as the natural pupil ranges approximately 
from B to 2mm. 

At high field Intensities, the area of the pupil is 
reduced by 355 for each tenfold increase in field intensity 
t. r. a one log unit (factor of ten) increase in intensity 

causes an increase of about 0.8 log unit (a factor of 6.3) in 
retinal illuminance, and only about 0.2 log unit in visual 
acuity. Any possible lose of acuity through reduced retinal 
illuminance is off set by the increase in acuity resulting from 
other affects such as Ot lee -y Crawford effect and the reduction 
in optical aberrations of the eye as the pupil is constricted. 
(Stiles - Crawford effect is ; Light entering the marginal zonez 
of the pupil is lose effective for retinal stimulation than is 
light entering the contra of the pupil.) 

2.2 .2  $tiqai aberrations  t ,: 

Spherical abo ration does not have an import-int 
influonce on measurement of visual acuity, at moderate to high 
intensity iQvele for the normal eye. It may, however, be a 

significant factor in night vision, where pupillary apertures 
are large enough to bring in significant blurring by aberration 
effects on the marginal rays. 



14 

Chromatic uborration effect on acuity is largely a 
function of the va *olongth distribution of light used for 
viewing the teat objoct* Acuity aao found to be bettor 
(for all low to moderate levels of Intensity) when sodium or 

Mercury lamps were employed rather than Tungsten incandescent 

lamps. However, above 4000 m candle intensities.,, acuity 

levels are same for all , ..-umin to • It was observed that 

acuity was maximum in green or yellow light followed by that 

in red and blue light. 

Both spherical and chromatic aborration effects can be 

reduced by constriction of the pupil to the small apertures 

that are normal for high field intensities .. At such levels 

the aberrations are typically of minor importance by comparison 

with the effects of .diffraction,. 

2.2.3 t„ 1,ffra of is t 

The resolving power of an -optical instrument is limited 

by the effects of diffraction. A single point in the field of 

view appears as a act of concentric circles consisting of a 

cent .l cone of light surrounded by a series of dark and 

bright rings, 

Angular radius of the first dark ring, pt i° given by 

the relation z 

where ?. is the wavelength of the 
t~ 

light forming the image forming lens. ¶1wø bright points are 



said to be resolved whcn the bright central core of one 
falls on the first dark band of the other (Rayleigh criterion) . 

2.2.4 	 2Ppq $ 

Pig. (2) ohous the relation between acuity and pupil 
nizo. It is caor that for all small vupillary diameters the 

acuity values are found to be slightly above the predicted 

ones. This finding is In agreement with the experience of 

astronomers who have co istcntiy obtained botter resolution 
than that predicted by the Rayleigh criterion. Par example, 
Dawes euggostcd that the equation 4, *e  = .A/d0  be used instead 
of the Rayleigh equation of 

da  

A fairly constant level of acuity as the aperture 
increases from 2.5 to 5 mm represents a balance between the 
attendant reduction in tho effects of diffraction and the 
increase in the effecto of optical aberrations. 

2.2.5 2rnaçoTranefor Puna. a s 9 

At sufficiently high levels of luminance the effects 

of diffraction are limiting for artificially small eizce of 

pupil (e.g. load than 1.5 mm diameter), Diameters of about 3 mm 
arc Generally found to be optimal, but It is important to note 

that visual acuity changes very little over the normal range of 

from 2.5 to 5 mm diameter at high levels of luminance. 
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3 «  J1!TENSITT OP 3TT11ULA.TII G L GH ' 

It Io common knoulodge that lar'e objecto can be 
soon in dim light while small objects rogritro bright light 
for viewing. 

3.1  I©, Donor 

Fie cht and riintz (14) used single dark lines over a 
range of nearly 7 log unitsin background iilumivance. The 
acuity vaiuoo obtainod cover a range of more than 3 log unito. 
The thresholds of : tdth. at the lowest and highest illuminnco 
are as given bolow 

gi ,th and J1lumin[A1 M 

iimum 	 ximum 

16 minutes of are 	0#5 second of are 
4.47 x 10 mL 	 3,02 nL 

The data (pi, . 3) show rod and cone portions fitted by 
separate curvet. 

Pirenno (20) obtained data on detection threshold for 
dark dicks Seen against a inozaontary (c1.03 second) flash of 
background light in the peripheral retina of the dark-adapter 
eye. Acuity varies over a range greater than 2 log units. 

liven and Brown (19) provided data on the detection 
of a single bright targot. An illuminated alit wary presented 
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against a dark background and the exposure time as well an 

the luminance of the alit was varied. The data wore found 

to be consistent with the finding by Graham and Kemp (11) 

that there to reciprocity over a wide range between exposure 

time and the threshold increment in intensity. 

3.1.1  i ecpRtnition  s 

Visual acuity increases slowly in proportion to 

log I at low intensities; at higher intensities it increases 

nearly ton times more rapidly in relation to log I; at the 

highest illumination it romains constant regardloes of the 

changes in lo 1.. 

The number of Cones per unit foveal area is much 

greater than tho number of reds per unit foveal area, which 

accounts for the relative rates of increase of rod and cone 

visual acuity with Intensity. At the highest illumination 

all the cones are excited and no increase in visual acuity is 

pogooible. 

If this division Into rod and cone visual acuity is 

correct, a completely color blind person should have only rod 

visual acuity. It is shown by a study of the data of two ouch 

Individuals that this to true. 

Experiments tare performed to find acuity as a function. 

of intensity by Conner and Ganoung (5), Shlaer (21) and 
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Shlaor, Smith, and chase (22) , using a andolt ring. The 
last to investigations also included data for a grating toot 
object and data for red and blue light,. The red line data 

fall on single continuous curves representing the pure cone 
vision. The blue line data fall on two distinct curves with 
a transition at about 0.03 photons. Values bolow this 
intensity represent pure rod vision. Those immediately above 
represent the cooperative activity of the rods and the cones, 

and yie4 higher visual acuities than either. All the rest of 
the values above this transition region represents pure cone 
vision.  

The measurement with both test objects (Landolt ring 
and Grating), shoot a break at a visual acuity of 0.16, a .l 
values below that being mediated by the rods and those above 

by the cones, (Pig. 4) . The grating gives higher visual 
acuity at intensities lose than about 30 photons and lover 
visual acuity above that. The maximum visual acuity 
attainable with the grating under the semo conditions is about 
3051 lower than that with the '0'.  It is shown that the 
limiting factor in the resolution of the eye for the grating 
is the diameter of the pupil when it is less than 23 mm and 
the size of the central cones when the pupil is larger than 
that. 

The data for canoe made with both toot objects arc 
adequately described by one and the same form of the stationary 
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state equation derived by Hecht (13) for the phot'orecoptor 

system. 

Hecht Eguatios 

Assuming a photosensitive material 'S'  which is 

changed by light to photoproducto P, A, B .... and which is 
reformed again by a thermal reaction of some of these products, 

Hecht equation for the stationary state is 

n 
KI 

where, 	I 	Light intensity 
oncentratious of senoitivo materials and 

photoproducts respectively 

m, n 	= Constants giving the orders of . the photo- 
chemical and thezwtl reactions, 

and K = Constant. 

setting the Initial concentration, a = 1, the 
values for KI for a series of values of x may be computed for 
four cases where m = 1, n = 1; in = 2, n = 1; in = 1, n = 2; 
n = 2, n - 2. By putting theca values In the form of their 
logarithms the nature of their dependence becomes independent 

of the values of the constants K and a, and may be plotted as 
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log KI versus log z or log xn  for each of the four canes. in 
this form the curves may be used to teat any sot of data that 

are plotted in the form of visual function egainet log I by 
simple superposition.. ('ig 5). They then indicate thi, 
values of o and n. 

Menn m = 2 n = 2, visual acuity is proportional to 
xn  and curve through cone data is obtained. 

Visual. acuitiv  
(Visual acuity+ 	- Visual acuity')  mac 

This is identical iith; the form found to fit the data of 
intensity discrimination for the cones. 

Zeoping visual acuity proportional to cx`,. the data. 
for the rods ;y be fitted about equally oU either when 
m = 1, n = 2 or when. m = 2, n = 9 . Choosing the latter to 

complete the similarity with the data of intensity discri-
mination, 

	

KI 	 coal o 
(Vis .al acuitymar "" Visual aoaity)2  

	

3.1.2  Re„aglt 	; 

The variation of acuity with stimulus intensity has 
been studied ith the help of grating test ob3octs. Lower 
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values for acuity at high intoneities, are attained izhen a 
grating is cmployod as a test object as compared with the 

Landolt ring (riG. 4) . $hlaor concludes that the upper limit 
of grating acuity is oat by the finonees of retinal mosaic, 
whereas for the landolt ring the limit is set by more complex 
factors . Vioual acuity, is €shown by Shiner to depend on the 

linear dimensions (critical widths) of the test objects rather 

than on their are ao. 

An apparent exception to this general trend is found 

in cxperimonto for which the test object is of higher luminance 

than the background& Wilcox (25) for example, found that with 
such an object acuity reachce a in  maximumat moderate intensity 

levels and then declines sharply as the intensity of the test 
object is further increaood, ilcox'o observations were based on 
a double bar toot abject consisting of two rectangles of fixed 

size placed side by side with the long axis vertical. 

3.3 ..3 	caliatioat  x 

Both viouai and stereoscopic acuity are affected by 
intensity of atimulatin light. (Stereoscopic acuity to the 

difference in retinal images formed in the two eyes) 	It 

was shown by Baker (1) that visual acuity is poor at Scotopic 
levels, where parafoveal or peripheral rod receptors predominate. 

As intensity level is incronsed, the thresholds of cone 
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receptors increase and hence acuity increases sharply. 

With a further increase in intensity maximum acuity is 

attained, it is maintained over a wide range of high intensities. 

4. VISUAL ACUITY AND CONTRAST : 

Visual acuity depends upon the brightness contrast 

between the test object and the background. 

Byram (3) found that a thin test line contrasting 

highly with its bacgground is detected as easily as a wider 

line of low contrast, provided that their retinal images 

are of equal contrast. For disks, however, detectability seems 
to depend on a constant flux differential rather than a constant 

contrast. Byram found that a small disk of high con*cast with 

its background is as easily seen as a larger disk of low contrast 

provided that the total change in light flux reaching the ratina 

is equal for the two. 

Handley, C. D (15) made measurements with rectangular 

targets of length -- width ratio 2, over a wide range of sizes, 
contrasts and brightness sufficient to determine the relations 
among visual acuity, brightness contrast and target size. The 

rectangles were from 2 ft to 50 ft wide; the contrast fraction, 

4I/I, ranged from 0.01 to 40; the background brightness varied 

from 0.0001 to 2500 millilamberts. When 41/I or visual acuity 

is plotted as a function of brightness, the data do, in general. 
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follows Rocht'u oquation. The departure from a simple 

photochemical theory which/' the larger targets show is probably 

due to chang©c in the functional retinal rooaic with changing 

brightnaso . 

At low contracts„ as the brightness is reduced a 

point is reachod at uhicb the test object becomes invisible 

at any aiso. 

At high contrasts, visual acuity reaches a maximums  

whorcan at low visual acuities, &I/1 reaches a minimum which 

cannot be pasood regardless of size.  

The shape of the curves relating 41/i to brightness 
to not significantly altered by changing the exposure time, 
There is some evidence to show that a 3 seconds exposure of 

the target is equivalent to two looks of 0.2 second each (big. 6 

In those studies the thresholds were determined by a 
frequency of seeing method, and the data have been considered 
in torso Of a quantum thcory of threshold seeing. I t was 
found that a threshold response involves between 4 to 8 
independent critical. events, which are largely inddpecdent of 
size, brightness and criterion of seeing. 
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5 ,  DURATION  9OP ITIrjU US 

The effects of exposure time have been studied for 

detection of a thin bright line (fiven and Brown) (19).  
Bowman (2) and of a thin dart line Kegs ey (16) . When 
exposure time to short and area of teat object is small there 
to reciprocity among the factors of time, intensity and area. 
In other words, detoctabil ty is. directly dependent on 
quantity of light; this is oven true for complex waveforms 

of onergy in time. (Long) (1?); Davy (6). 

Jngular detection threshold is the angle aubtendcd 

by the diameter of a circular test pattern and acuity is the 

reciprocal of that angle. Since time and area are reciproca]ly. 

related, time is inversely proportional to the square of the 
diameter of the limi.nal test patch_. Bence acuity is approxi-

mately proportional to the square root of tho exposure time, 

for small timos and high levels of intensity. 

1'or bright line detection# however, area Is directly 
related to width of line, fenco acuity, or reciprocal width, 
should be proportional to exposure time. This Is consistent 

with the findings by given andBrown (19) who observed that, 

for all small times, the product of time and angular threshold 
is nearly constant for any Eivon level of stimulating 
intensity. The oeno io true for tho dark line data of Ieoaey(1 
for exposure times boloti 0,2 second. 
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For resolution, a sigmoid relationship haae °been 
observed between visual acuity and log exposure time. Acuity 

is strongly influenced by exposure time in the range of 
exposures upto about 0.1 second. Beyond that interval, 
exposure time becomes of little importance in determining 
acuity score. De'bons an.d pia, (7) have confirmed this o'bs6rva-

tion . (Pig. 7) . Further acid ty scores are found to be 
maximal for moderate stimulating intensities. At highinten-
sitiesthey are significantly to rerod. This effect may troll 
be duo to the fact that the eye is not adapted to the high 
level of stimulation in these experiments. 

6. 	VI$UA 	;t 'Y .AYR . E.OP.ADA&TtON s 

Experimentally acuity was found to be highest under 
conditions of approximate equality in luminances of adapting 
and toot fields. This holds goo d for luminances from 10 to 
10,000 ft-L. Below 10 t't-L„ borever, slgithly better acuity 
is found for conditions in which adapting level is loner than 
toot level (Fig., 8). 

Prolonged dark adaptation is necessary, of course, Ab r 
achieving the rod uision that is necessary for viewing any toot 
object at to r intensity levels. , Acuity is poor at those lour " 
levels, but it is still poorer when the dark adaptation of the 
eye is not complete.. At high intensity levels, on the othor 
hand, the eye must be given .prolonged light adaptation in order 
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that the, cones may function most efficiently. The phenomenon 

of glare or "irradiation' selves to reduce acuity when the 
eye is adapted to a dark background. intensity (tlticoz (25)) . 

7. 	1?E0 OF DtS ICE 

The measurement of visual acuity in terms of visual 

angle implies the constancy of revolving power at all testing 
distances. This is true only if the image is accurately 
focussed on the retina through accommodation or appropriate 

corrective lenses. This assumption is valid within minor 
limitations. 

A 7 chango in acuity was observed at distances of 
30 ft and 2 miles* At short distances, however, acuity has 
been found first to incroaoo and then to decrease (Fig. 9). In 
a series of tests conducted on 400 subjects with a moan age of 

19 yearn and corrected to 20120 at 20 ft. the moan acuity at 
I metro was equivalent to 20/12.3. At 40 cm the mean acuity 
was 20/14.6, and at 20 cm the acuity was 20/22.3. 

A geometric projection c t the 20/200 Snellen 'BO dram 
to scale on the fovea to shown in PPig* 10. Rusted objects 
of larger visual angle fall on parafoveal retina. Here the 

regional differences In cone size , cone density and receptive 
fields at various levels of adaptation determine limiting 
visual acuity. At only 3.5 minutes from the fovoal contfe., 
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there i.e a 5 ► drop in visual acuity. fence, there to only 
a small region an the retina, 7 minutes of arc, or 35 microns 
in diameter, within, which the highest visual acuity can be 
obtained. 

S. REPRAOTTVE ERROR AID VlS 3AL _A IIT'Y' t r ri +r.~wr 	 w i r 	no-irriuriu - r n.rrr+wYnw~r 

Several otudiea have demonstrated the acuity 

decrease correopondtng to uncorrected refractive error* 
Pig. (it) depicts the relationship betieen log threshold 
visual angle and log dioptera of uncompensated spherical error 
(myopia and byporopia combined). BOtuoen 20/20 and 20/100, it 
can be soon that the relationship is linear. In simple 
astigmatism, the increase in the threshold visual angle is 
8055 of that produced by the same amount of spherical error. 

9 • MPFRCT 0P' 15''E QVI INT. t 

Since eyes are lover motionless, the retinal image of 
an acuity tout object must affect different patterns of 
reok ptoro from one moment to the next. Effects on visual 
acuity duo to this motion may be 

(1) (lotions may be so small that they have little 
Visual effect. 

(2) They may cause a "blurring` of the retinal pattern 
of stimulation, much as the shimmer of the 

atmosphere interferes with -seeing stare through 



24 

a telescope or jiggling a camera producod a 
blurred picture,. 

(3) They may have the opposite affect in that they allowr 
the visual receptors "scan" the contours of the toot 
object. This will enhance the differential neural 
activity on rhich visual acuity depends. Scanning 
appears to be the basis for the apparently enhanced 
tactile discrimination in blind people uho road 
Braille with their finger tips. 

9.1 	 o , ente 

The unsteadiness of the oyo is such, even under good 

conditions, that typicall the retinal image is vied over 
a distance correopond&ng to a visual angle of about 3 minutes 
of arc during I second of time. The critical duration for 
vteual acuity is an interval (O.! second or less) during which 
the retinal image typically movoe through an angle leas than 
that of the separation betuocn adjacent single central cones 
(Fig. 12). 

9.1  . #  EffioctofImao T;cvemen 

ire is foufld to be remarkably steady over short 
intervals of time. It however ceders considerably ovon under 
good conditions when longer times are involved. This does not 
usually affect visual acuity but has the positive effect of 
maintaining vision during attempted steady state fixation of 
the teat object. 



uj 
2 

AC 

~ 	 o 
0 EO 	 10 2C" ° 40,• 	2- 3, 
z 

w 4C 	° • u x w 
Ln 2U 
w 
J 

L ~ 
O'u05 0u C2 	0O C-1~) 0- ?O 	G-S0 1.0 

EXPOSURE TIME (sec) 

FfG.12 _ T`i PiCAL.. EXCUFRIONS OF THE RETINAL MA  GE DURING 
OPTIMAL_ (,ON- iTIONS OF VISUAL FIXATION_ (FROM 
RIGGS, ARM °vGTC N , AND RATLIFF, 1954 ) 

r - T---1 

	

T ' 	I 

Imo, 

I{ n 

 

Ik  ~ 
I~ 

w 

FIG, 13 _ I- AGRAM TO ILLUSTRATE THE SPEC IFICAT{ON 
OF VISLAL AC,LITY_ THE VV IDT H, w CP' THE 
TEST Cr3,1EC T IS SO SMALL THAI T CAN  

UST EAREL' BE DISCRIM'NATE C` AT A 
J5«1tiCE, D, FROM THE EYF 



25 
9.1.2  Re lo of Voluntary a Iovements  I 

Visual acuity is relatively poor for a moving toot 

object oven uhan the ayes appear to be successfully pursuing it. 

Smooth eye moveconts can occur upto 40 degrees per second. A 

contributing factor may be the central inhibition of vision that 
seems to be coupled with voluntary eye movements. The inter-
dependence of eye movements and visual acuity is obviously 

dependant on a oervomechanieiu of incomparable inefficiency and 

pro oicIon among our porceptual systems. 

10.  EFPECT 01` MTh  i 

Adult visual acuity ihich may be defined as the 

resolution of I minute of are detail, or 20/20 is reached during 

development of children anywhere from 7 years to as short a time 

as 2 years of ago. 

Evoked potential visual acuity was measured on 16 

infants on different occasions, by B .win 21arg (18) and his 

associates, whon the Infants were from I to 7 months of age.  

Th©y found that visual evoked potential acuity normal2y develops 

to the adult value or 20/20, by the 4th to 6th month postpartum. 

Their finding may have a parallel with the disclosure that in 

kittens the time of acuity development is the duration of the 

period of greatest canoitivity or susceptibility to the 

visual environment. 
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Objective dotcr ination of visual acuity by 

optokinetic nystagmue shows that infants I to 5 days old 

have visual acuity of at least 20/670. Visual acuity so 
obtained in children upto 3 years of ago is summarioed 

in Table I. 

A report was prepared in the U.S* on the visual 

acuity of youths which includes binocular and monocular 
acuity, without and with correction, in 1973. 7055 or 15.9 
million of the youths 12 to 17 years of age were found to 
have normal or better than normal unaided binocular acuity 

at a diotnnce` Almost 4 of the U.S. youths were unable to 
road at the 20/200 level unaided, significantly more than 

was found anion;- L3. children and slightly more than among 

U.S. adults. boys 12 to 17 years of ago were found to have 

oubstantially better binocular distance acuity than girls 
of that age, tho differences being even more pronounced than 
among children and sli htly greater than among young adults.  

Ploro than. 1/3 (34 %) . or 7.7 million of the youths 

wear glasooc or contact lenses * 5555 of this group had 

moderately to severe defoctive acuity without their glasses or 

contact lensou„ compared with lone than 1 a when tested with. 

their own lenses. 

Black adolescents were found to have substantially 



TABLE - 

VISUAL ACUITY IN INFANCY AND EARLY ~rw.rr~ rrrr 	 - 

eIILDHQQD 

Age 	Visual acuity 

0.5 month 	20/400 

1.5 months 	 20/400 

2.5 months 	20/400 

3.5 months 	20/200 

4.5 months 	201200 

5.5 months 	 20/100 

6.0 months 	 20/200 

1.0 year 	 20/200 

2.0 years 	 20/100 

3.0 years 	 20/50 

YIIIfi+rnWr.~~ rr r rr.rr 	a+.+~~~ri _ 	 - - 	r 	 wwrr.r~rrrF~ 

Data concerning infants 0.5 to 5.5 months of age from 
Fantz, R. L. in Kidd. A. B. editor: Perceptual development 
in children, New York, 1966. International Universities Press 
pp 143-173. 
Data concerning children 6 months to 3 years of age from 
Schwarting. B. H. Amer. J. Ophthal. 38. 714-715, 1954. 
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better unaided visual acuity than White, a difference similar 

but more pronounced that that found among older children and 

young adults. The prevalence of atleast normal unaided acuity 
among youths was greatest in the South, the rate being 
significantly higher than for those In the Northeast and 

A idwest. With correction, however, no such significant, 
regional differences of acuity were found.. Youths from. 
families with incomes of less than $ 3000 per year had 
significantly better unaided acuity than those from families 
with incomes of $ 5000 or more. 
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dii. Irl A P X'~i L iY 
	 ~Y 

S$TSS OF VX$T34L ACUITY 

Visual acuity indicates the capacity to resolve 
and identity the find details of objects in the field of 
vier. It is generally specified in terms of the minimum 
dimensions of some critical aspect of a toot of ect, that 

a subject can correctly identify. 

There are three ways of specifying the width or 
other critical dimensions of a test object 

(1) Width of the object, 
(2) The angle subtended at the eye by the test object 
(3) The computed width of the retinal image 

(Refer Pig. 13) • 

In clinical practice, using a acrics of test objects, 
determination is made of the small sot test object that can b' 
correctly identified by any given subject, and the subject's 
visual acuity 'v' is given by the relation s 

v = D'/D (Snellen fraction )  

where, D' = Standard viewinc distance 
(generally 20 ft. or 6 m) 

D 	= Distance at which this minimum tdst object 
subtends an ale of 1 minute of arc* 
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Thus, the subject 10 said to have 20/30 vision if, 
at a viewing distance of 20 ft, he can just respond correctly 

to a teat object which subtends an angle of I minute at a 
distance of 30 ft, This subject #  then, has poordr than normal 
acuity. 

Refer Fis. f ' _2) 

If, w = width Of teat object 
angle oubtonded by the object at the 
eye (visual, angle) ) 

then 	3 * /D (radians) = 3450 w/D in minutes of arc. 

For small angles, 
v 	P = 0.0( 029 D/v 

If #  &t' 	irnao width of object on retina 
then, w' = nv/D where, 

n 	distance of retina from the nodal point 
of the eye 

D = Distance of object from the nodal point 
of the eye. 

If n = 17 mm, for a teat objoot of 1 mm, 
then v' = 	(17 x 1)/3450 = 00.0049 tea: or 	4.9 microns 

Thug, nogloatiog the effects of diffraction, aberration 

etc. we may conclude that the image of a I minute test object 
has a width w' of about 4.9 microns on the retina. 
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Doponndiav upon the toot objects and the manner in 

which they and usod four tacks are roquirod of the subject 

in toeto of acuity. 

3.1 ETEC IONS 

This involves stating whether an object is present 

or not in the visual field. For small objects three kinds of 

toot situation have been used in experiments. 

Primarily this in a matter of abcoluto visual 
sensitivity. Under the most favourable conditions only a 
for quanta of light are needed for the detection of an object. 
Detection demands that at least one quantum of light falls on 

each of the four retinal receptors from the object s, within a 

short interval of time-* This condition can be, satisfied to r 

any bright object, no matter, how omail, provided only that 
it sonde enough light to the eye. Example I Stare at night 
each of sthich subtends a small fraction of a second of arc 

at the eye; the magnitude or apparent site of each is determined 

not by the angular site, but by the amount of light which it 

sends into the eyes ao to the phenomenon of diffraction, the 
retinal imago of a bright point is not in fact a point but 

rather .a pattern consisting of a bright central disk surrounded 
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by a Dorian of concentric bright and dark rins. This ziosna 

that all toot objects ihich are small (critical iidtho lose 
than 10 seconds of arse) provide the retina with nearly the 
samo pattorn of stimulation, regardless of test object dia-

notor. Bright central disk Farmed on the retina by a point 

source has a diameter of 1 minute 34 seconds with a 3 mm 

pupil. This implies that no manipulation of object diameter 

will permit tho noaourcz ont of visua ;. acuity (in the sense of 

resolving visual detail) rr ien bright targets are presented 
to the subject in a dark field. 

3.1 .2 ark o3qptca sta 1 ht 	rand : 

The most satisfactory acuity toot is offered by 
viewing dark fi rez) against a bright field. With a dark 
line or disk a critical size can be found toloi whicb the 
object cannot be soon no matter hoti great the luminance of 
the background. The main consideration hero is that of the 

pattern of illuminance on the retina in the vicinity of the 
Imago of the test object* The acuity for fine dark lines 
represents an intenity discrimination that is about as fine 
has over boon reported. This applies on). y to lines that are 
long enough to that a relatively large number of individual 
receptor calls is affected.. 

The detection of small dark disks or squares is 

similarly the result of roducod illuminance on the rocoptore 
affected by the imago. 



32 

3.1.3 p 20 	st Test E7b ects i 

Byram: (3) has calculated the reductions in retinal 
illuminance caused by grey lines on a white background and 

vice versa. Ilia data support the conclusion that, for the 
most part* the detection of a line target depends primarily 
on the amount by which its retinal image raises or lowers the 

illuminance on the affected receptors. This generalization 
holds good over a considerable rang e of line widths and 
object-to-background contrasts. 

3.2  RE OGNIT U : 

This task involves naming th.e test object or to 

name or specify the location of some critical aspect of it. 
The object is generally largo enough so that detection 

threshold is not a limiting factor. Exaaples of objects 
used in this test are the standardized letters of the alphabets 
Swollen), and the Landolt ring or square as shown in ?ig.(i). 

In the case of the Landolt ring, the subject is 
asked to indicate the location of the gap* The size of the 
test object is gradually reduced until as its orientation 
is changed, the subject can no longer indicate the position 
of the gap. Visual acuity is than defined as the reciprocal 
of the angle in minutes subtended by a gap that Is successfully 
designated 50;S (or any other fixed percentage) of the timer 
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In clinical studios unit visual acuity is often 

taken zoo standard; recent observations have, boiover, shown 

that gaps subtending angles much oma for than I minute at 

the eye may bo Judged successfully by 0 : good subject 

Shladr (21 ) found that of th high luminance of background a 

gap of about 22 seconds can be recognized.. 

Recognition task is favoured In clinical studies 
of visual acuity, 9hlaer (21) made use ot of the Landolt rim or 
' of in a study of acuity .th white light at various levels of 
adaptatio n. Shlaor and his associates (22) also used it 
in a study involving red and blue lights. They ademonstrated 

that visual acuity for '0' test object was not much reduced 
under cenditione in which the target to background contrast 
was greatly reduced; nor was there any significant increase 
in acuity under conditions of improved contrast* They argued 
that intensity discrimination can not be a limiting factor In 
Landolt rirg acuity. Some other factor, such as the diameter 
of the fovea]. conoo t  seems to be the limiting factor at high 
stimulus intensities. 

Theoretical interpretation of the recognition task 
is limited by the difficu ..ty of analyzing its underlying 
factors. Acuity so r easured may involve intensity discrimi-
nation, but other factors, including that of retinal cone 
diameter, probably make contributions, particularly at high 
intensity levels. 
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3.3 BESOWT ION z 
rrr~r r rrrr~r~r. 

In this task the observer must respond to a 
separation between elements of the pattern. The basic 
meaeurdment is the minimum separable$ that is, the minima]. 
distance between objects for the diectimination of separa-
tenese . Typical test objoets (Pig, 1) are pare of bright 

or dark lines or dots# a row of alternate bright and dark 
lines (ac t t3r grating), and a and or checkerboard pattom 
first proposed by Goldman in 1943. Those objects have in 
common the fact that each single element of the pattern 
would be clearly identified if it were present alone. The 
presence of neighbouring contoura, however, makes it difficult 
for the subject to discriminate the separate elements of the 
pattern,. Each dark line of a grating, for instance, would 

separately be seen with a minimum width of about 0.5 second 
of arc. The series of lines, however, can only be resolved if 
their separate widths are increased to at least 25 seconds arc 
under favourable conditions. 

Veal acuity, in the context of resolution, is the 
reciprocal of the angular separation between two elements of 
the test pattern when the two images are barely resolved. This 
angular soparatton has sometimes been called the "minimum angle 
of rosolution" or MAR. (Fig. 14) . Visual resolution is akin 
to the "resolving pop, r" of a camera or telescope. The 
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theoretical. limit of this resolving power may be calculated 

on the basis of the ravelength of the light and the diameter 

of the pupil (Table Ii). 

3.3.1 teeolutjorL of J,right teat obi&cts : 

LIAR for tt o bright eq uaree or disks depends., upon 

the kind ofIllumination and the size of the test object 
employed. Values in the vicinity of 1 minute of are have 
been reported for stare on a dark background by early 
aetronomors . Somewhat higher values (about 3 minutes) have 
also been reported later. 

Por the resolution of parallel bright lines, 
threshold valuos that reached a minimum of slightly under 
3 minute of are at moderate ldvele of luminance have been 
reported. Resolution becomes poorer at levels above and 

below this optimum luminance. 

It was felt that resolution kould improve markedly if 
the width of the bright lines were increased; it would finally 

approach a limit in the detection of the fine dark line 
separating two large areas of light. 

3.3.2  Resolution of dark oblecta  s 

The resolution of two fine dark disks or lines also 

depends on the dimensions of the test object. A threshold 

separation of under 30 seconds for fine dark lines at a medium 



TABLE II 

VISUAL ACUITY 

Suellen 	Decimal 	Visual angle 	Log 	Snell- 
(minutes) 	scale Sterling (%) 

20/10 2.0 0.5 

20/12 -- 0.2 

20/16 - 0.1 

20/20 1.0 1.0 0 100 

20/20 0.8 1.25 8.1 

20/3$ 0.8 1.25 0.2 

20/40 0.5 2.0 0.3 83.3 

20/50 0,4 0.4 

20/63 0.1. 66.7 

20/80 0.25 4.0 0.6 

20/100 0.2 5.0 0.7 50.0 

20/120 0.,8 40.0 

20/160 0.9 33.3 
20/200 0.1 10.0 1.0 20.0 

20/250 1.1 16.7 

20/320 1.2 12.5 

20/400 0.05 20.0 1.3 0 
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and high level of background luminance was observed. it is 
evident that 'broadening the liner would reduce this value 
almost indefinitely as the region of separation begins to 
approach that of a single bright line seen against a dark 
background. 

3.3, 3  Grating tegJ o best  t 

This consists of a sot of parallel light and dark. 
stripes and provides a favoured means of determining viou.ai 

resolution. 4mxelly the bidthe of the light and dart elements 
are made equal. I t is generally aecoptod that the min mum 
width of cape for grating resolution is in the neighbourhood 

of I minute of are at moderately high intensity levels, Some 

of the other values are * 64 e000nd !,, 50 oeconde, 52 seconds, 

56 seconds, 40 seconds etc. 

In effect, resolution has been widely regarded as the 
moot critical aspect of visual acuity, since a vary long time. 
Results to be meaningfully related to the pattern of retinal 
illuminanco as given by calculations of diffraction effects 
within the eye and to the separation between individual cones 
in the retinal mosaic. 

40 	QALIZ,t TJt3 

Certain forms of visual acuity depend on the discrimina-

tion of small disp].a. .;e nts of one part of the test object with 
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respect to other parts. Examples are Vernier acuity and 

Stereoscopic acuity. Vernier acuity Is often tested by the 
use of a straight line broken in the middle*  The task in. 
to appreciate small lateral displacements of one segment of 
the line. When carefully performed, this experiment yields 

displacement thresholds nearly as email as those for the 
detection of single black lines* Thresholds of vernier 
acuity performance were found to vary between 4 seconds are 

and 10 seconds are by J» A. Foley — Fisher (8). 
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CHA 2 tR_ - IV 

E1PERIT7 MAL D THRTURAT?ON _ OF VtSUA1 ACUITY 

4+1 GE1RAL s 

Visual acuity io defined®  for the purpose of the present 

experiment, as the reciprocal of standard deviation (in second 
of arc) of the error in setting two lines in alignment. The 

number of oubjocts in these determinations is usually limited to 
three or four*  since the measurements as a whole indicate the 

probability of considerable inter-subject variation. The 
present experimental roe to have been obtained toinvestigate 

such inter-subject variability and measurements have been 
obtained on five oubjects performing a visual acuity task in 

white light. AU the five subjects were also tested for 
acuity in Red, Orden and Yellow light. 

An outline block di scram  of the apparatus is given 

in Pig. (15) . The target lines have a width of 2.5 mm each 
and each line has a length of 75 mm. The lines were out from 

two brace plates, one fixed and the other movable. 

T ovem©nt of the movable plate and hence of the target 
line was imparted by a small d«c« motor by suitable cac 
arrangement (t?ig . 16 and 17)..  The motor was caused to be 
driven by a 6 V doe* relay. The relay in turn was operated by 
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a one--shot multivibrator, Input to the multivibrator was a 
eerioc of pseudo-random pulses fed from a Tape Recorder. The 
pulses Caro purposely chosen to be random to eliminate any 
propricoptive feedback in tho subject. The subject control 
switches consisted of a toggle switch with Loft-.Off-Right- 

action, operation. 

A source of light tao placed behind the plates and 

whenever the two slits (lines) were in alignment, light would 

pass through the elite in the plates. This was picked up by a 

photocell connected In a battery circuit having a fixed 
resiotanco. As the plate moved from side to side with the help 

of the motor, the photocell picked up the momentary pulse of 

light of anatina through the elite when they are in perfect 
aliprsment. This momentary light pulse is converted Into a 

voltage pulse by the photocell and its associated circuit. 
"hose pulBo.s were recorded on a stele channel pen recorder. 

The subject was made to sit in a rolexing chair facing 

the plates at a distance of about 16 ft. from them. The 
subject was coked to indicate theinstant of the alignment of 
the target lines, by pressing the subject control switch, ' connects 
to another atnale channel pen recorder* The instants of 
pressing the switch wore thus recorded on this recorder. 

The error In each alignment is then the difforonco of. 
instants (times) of indication of alignment of the lines in the 
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two rocordero The experiment was repeated with green, red 

and yellow light by placing appropriate filters between the 

source of light and the subject. 

Each subject was given two sessions of 15 minutes each. 

The mean and hence the standard deviation of error (in second of 

arc) s found in each case. The reciprocal of the standard 

deviation as defined before, gives the acuity of that subject 

for that particular light #  in second of arc. The average 

standard deviation could be taken as an indication of the 

threshold for comparison with the roaultu of other workers. 

The reciprocal of standard deviation is taken as the Index of 
Performance. 

The function of each block of Fig, (15) is as described 

below i 

4.2 BA0KDIAGRArA 	ANfiI0fl z 

Tapp Recorder  I 

This forma the source of the random signal, taped 

proviouol y. This signal is used to trigger the one-shot 

irnultivibrator. The random signal eliminates any proprioceptive 

feedback in the subject, i.e w  the subject is kept guessing a .l the 

time about the sudden movement or abrupt stoppage of the 

movable plate. This would result in the performtnco of the 

subject being much more close to his actual or true performance. 
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IlMoQtabia 1-ultivibrator I 

Input to the multivibrator is the pseudo-random puleeo 
from the Tape Recorder. The pulses first pace through a 
Differentistor before reaching the muitivibrator. 

Different&ator 

The random pulses ftorn the tape recorder are dirferen- 

t .atod and rectified by diode DI (Fig. 18) to pass pulses of 

arpropriato polarity to transistor T4 of the multivibrator. 

:ho time constant of the difforentiator is given by-
the relation , 

T = RC 

Choosing R = 20 Zile Ohm and C 	0.1 micro farad 

.*. Time constant = 20 z 10' x 0*1 x 1f~6 

2 milli second 

1lult&VL]2rato '__..Doeir;n 3 

Transistors T1 and T2 are NPi3 transistors (2 N 2369) . 
These tracaistoro are used generally for fast switching action. 
For the 2N 2369, transistor : 

1 = 10 mA; 	V 	= IV; hp~ = 40/120; 

For a supply voltage of 12 V, 
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Buitter Resistance s 

	

R yc 	2 
S 	1c(oat) 	 10 x 1O!  

200 ohms 

R0  was chosen as 220 ohms. 

Collector reslatance Re 	Supply voltage - 

C 

10 	 1 Kilo gim. 

Chosing W - 	2*2 X 

R+ 	= -4 5_ 	a. a 	(i) 
! 	2 

Also  z 	12 	,,  

	

2 	 1 

From i) 	T.5 R1  + 1 	R2 	2 .R I  

or 1.5R2  = 0.5R1  

or 	R1 	3 R2 	 (iii) 

1.leo p 	.,. o(pat) 	I 	 - 	2 	from U i. ) 

• •6  from (iii) 
2 
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Chosing 
h., { 1!3 X1 	= 30 

R »H.9 » 	28.2.. -~ 2»6_ . 	6,,. 
3 R2 	3 R2 

2 	30 

	

or 	5 	to 

R2 	25.5 Xilo Ohm 

Chosing R2 	 27 Kilo ohm 

From (111) 	R 	= 3 R,.2 

3x 27 Kilo Ohm 

81 Kilo Ohm 

Chose R1 	100 Kilo ohm. 

Chosing C = 10 micro farad, 

time constant of the circuit, 

t = 4»f9xa 	0 
0.69 z 100 z 103 x to x, o 6 

0.69 second 

2 
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The output of the TIultivibrator is taken from the collector 
of transistor T2. 

~ { tchintRelay s 

Output of Transistor 'T 2' is passed through transistors 

T3 and T4 for purposes of current amplification. A 6 V d.cs. 

Relay is connected to the collector of transistor T4. bhen 
the muttivibrator gets triggered, the relay gets energized, 
otherwise it stays in the OFF position. A diode (D2) is 

also connected across the rel ay for protection of transistor 
T4. Depending upon the signal from the tape recorder, the 

mud. tivi brato r , gets ON and OFF alternately and consequently the 
rel ay also gets energized and deenergired correspondingly. 

Plotor Drive : 

The 6 it d,c. coley operates a small motor. The motor 

used is a 28 V, Universal motor. This motor is coupled to 
the movable plate by moans of a pulley and hook arrangement. 
This results in the linear rnovdmont of the plat-- from one end 

to the other as the motor rotates (angular rotation) or 
stops dopending upon i1hothor the relay gets deenergizod or not. 
i.e. The motor is given suitable voltage for its operation 
t hrouglh an Auto Transformer and its eon tinuous movement is 
interrupted by the mom^ntary energisation of the relay. 
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Tarr~ot Lines 

The tarGet lines each 2.5 mm in width and 75 mm in length 

are formed by cutting auto of these dimensions in two brass 
platen. the plates are placed longthrieo and supported on 
grooves cut from a brass rod. One plate, is kept fixed and the 
other movable. The +r whole assembly Is fixed to a kolito shoot 
which forms the base of the apparatus. The kelite sheet has 

a hole cut out in the middle to accommodate the light+rsourco. 
The bravo platen are plated one behind the other and matched so 
that the alit in each coincides with that in the other 
perfectly. The movable plate is set facing the subject while 
the fixed plate lies hidden behind it. The movable plate 
moves from end to end in the groove along the length of the 
fixed plate. The rotatory motion of the universal motor is 
converted into linear motion of the movable plate by suitable 
arrangement. 

Tulsa ahanor t 

An oscillator vas used to provide contincue pulses of 
magnitude 2 V and at frequency of around 15 O/3 to the single 
channel recorder connectod to the subject control snitch. 
Uhenevor the subject pressed the control switch to indicate 
alignment of the slits (lines) , this momentary pulse would 
overlap the continuous signal to the recorder from the oscillator. 



8ubj ent Coni ro l ,3T it ch  I 

This use an ordinary Oi OPP snitch, the switch being 

generally in the O? 1? pooition. An the movable plate continued 
its to and fro motion, the subject was asked to indicate the 

+ex ct instant of the alignment of the two slits (by viewing the 

light patio ng through them) by pressing the control switbh. 

This instant was recorded on single channel recorder 

(clovito corporation„ U $.A t) as a pulse over the continuous 

signal from the oscillator, I t shou .d . be remembered that the 
control switch is alto in the OPP position except for the 

instant it is brouhjit to the 091 position, by the sub, oct 
to indiaoto altgrim-ont of the slits (lines) , 

Trio Chnnr of Recorder  a 

Since a single unit two channel recorder use not a'vailabl 
two single channel units were. used. The two units for ident-i i' 
cation purposes can be discriminated as: Clovite Corporation 
(U.).c,.) recorder and Philips recorder. 

Cleviter Cori ratti n focordor  s 

This was basically a two channel recorder but since 
only one unit was in working conditions  it was used as a 
single channel pan recorder, 
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This rocordor had three adjustable paper speeds t 

5, 25 and 125 mm/soc. The recorder was operated at the speed 

of 5  mm/oec or 300 mm/gin# throughout the experiment. Ave 

mentioned earlier a continuous signal from an oscillator was 
given to this recorder. Over this signal was superimposed 
the momentary pulsoa given by the pressing of the subject 
control n,itbh. 

This single channel pen recorder had varying spends of 
0.5 mm/min to 500 mm/mm.. During the entire course of the 
exporimcnt, the recorder was run at a speed of 250 mm/mm . The 
output from the photocell and its associated ciroui.t was 
recorded on this rocorder. 

The recorded outp ut of this recorder gives the 
instant of the actual alignment of the elite !lines) in 
the plates. On the other hand, the Clevito Corporation 
recorder output gives the instant of alia rent of lines as decide 
by the observer. The difference in the instants (or times) of 
the two records, is then the error in alignment. 

The rosults of the experimental work carried out and 
the conditions reached therein are discussed, in the 
succeeding chaptor. 
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RESUL'T'S 	OQNG ,U:3IONS 

Visual acuity tests acre carried out on five subjects in 

both white as well as coloured light, Each subject was given 

two sessions of 15 minutes each. The error in each alignment 

given as tho difference in sins tnts (times) of the output of 

the two recordorc "arc determined. A total of 30 readings was 

considered and oplit into six groups of five readings each. 

The mean and standard doviation for each group was calculated. 

The reciprocal of the standari deviation known as the Index of 

Performance was obtained for each of the five subjects in 

white, red, ,green and yellow lights. The results are as 
shown in Table III. 

5.1  DISCUS 

The visual acuity thresholds obtained for the five subjects 

lie between 0.03 cocond are and 4.3 second arc. This va iuo is 
conoidorably loiter than the threshold of normal acuity trhich 

is of the order of 33.4 cocond of arc for an object width of 
2.5 mm and distant 16 ft. from the eye. 

Tho best singlo performance for any one experimental . 
session (subject PE in rod illumination) Fig. (20). gave a 

threshold of 0.3 second of are. It in considered therefore 
that although exceptional subjects may exist with visual 
acuity thresholds lode than 0.3 to 0.4 second are the smaller 
thresholds if any, obtained may be due to a failure of 



eta 

Low light 	 Green light 

joCt8 
	 3u.b j I ct8 

j g 	NAT 	C3 	1: 	c ,s 	 F-t T 

I--Bet  

0.838 1 63 0.969 2.394 0.348 5.045 0.766 	2.070 0.635 
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Propriocoptivo feed oh. 

rho rar3ulto of viaua3. acuity p fozmanoo in oolou. d 
ilhiinatirn .ipOv by i or (1) in 1949. Give an order of 
ouperiorit,y of rod., yoilo r, white and blue vhhilot t s000 of 
later reooarohero tvo an order of' , e Uow„ thito, red and 
blur, , In neither coo r,-ao a p rfs aaoo in erect tll+ ina— 
Lion Gtvont  bt thane rei,ulto indicate two pooaibie diotri-
uu.ti.cn . iiithor a nt'olt performance at the rod end of the 
opootrur dti tntuhinri to*ior .h Uuo or a peak •porfor'acc in 
the bithdl.o of the oroetra:m 4tain4.obir totrrnrdo either ond. 
Of the pz' oout ronulto one: zubjoct (PE) fig. ( 3) gave a 
dtotributiou in agroo ant with the firot o .ce and the 
z'ctaindor wore oouoiotcnt ttitb the later distribution PICO. 
(24) and (25) and (27) It would therefore ap-car that both 

t,ypee of diotrtbtion oco' r and oublooto fit into one or 
other cat000ry. Aloe PL o. (19) to (22) give a co pnrttive 
otudy of the porfomanoo of the five cubjocte#  In white rod 
yellow, and groan lighto. 

It boa boon knoin for over 50 ycar that individ;aaio 
* difforod in their =occa cnt of corroot alignont of vernier 

typo ocaloa * end o, tical range finder oporatoro of the first P 

€;orl Car wore 000t e ci an individual Foro eorroct Lori. The 

preocut ro into indicate that ouch an effect in a purely 

viat2o1 one and in no a y related to a. poe tblo proprioorastive 
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feedback. It is possible that the effect may be duo to 

imperfections in the optics oif the eye # or to irregularities of 

the retinal mo. sic. 

There was no evidence that shorter or longer times 

occurred in cantor or later experiments and the short and 
long times wore found to be distributed randomly in all 
eequ--noes of experiments. The reulte therefore indicate that 
the human eyetc a fails to optimize itself to obtain the beat 
poeoibl performance by the correct solution of an optimum 
time to be spent in making each alignment. It is suggested 

that a limit ie imposed on the temporal summation of information 
giving improved performance, by the time interval for which a 
subject can maintain concentration on the task. Subjects 
will then tend to make judgamonta well within the time limit of 
concentration in order to reduce the probability of having 
to "start again" 

5.2 `S` 1AR OF CQ - UUSIO-NS AND P1 OBLE IUCOUNflRED 

(a) Thresholds of visual acuity performance vary 
between 4.4 second are and 4.3 second arc. 

b) Subjects fell into two classes when perfotming 
visual acuity tasks in coloured Illumination, with either a 

peak of performance at the red end of the spectrum, or peak in 
the middle of the spectrum in the yellow-green. 

/U 9c1~ 
mat U.U'RkRV 9lh1VER iY Of ROO tKE? 

4 OORKE~= 
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(c) Subjocts each possess an inherent zero-error 

in making visual alignments which is entirely a visual. 

phenomenon. 

(d) The Universal motor while in operation had consi-

derable noise level and so also Clevlite Corporation Recorder. 

This would have per-haps disturbed the subject. This 
disturbance, hovovor,.being common to all the subjects 
would not make any significant difference in the overall 
result. Rowover, it is desirable to use an audio signal in 
the room of the magnitude of the motor noise thereby eliminating 

any error. 

C e) The motor could not be run continuously for more 
than 15 minutes at a stretch as it used to get heated up 
furiously. It would have been better if the motor could 
have been kept running for half an hour. or so continuously. 
This tould help in finding the acuity even. under extreme 
atr,.in of the eye natthing the moving alit (line). 

(f) The movable plate also got heated up due to 
friction while moving in the ,groove of the brass rod. 
Supporting the plate on rollers would perhaps remedy this 

maladyi 

(g) Owing to labk of S-10e and various other eane4aMMe--

conot raints the experiments, could not be, unfortunately, 
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perfozmed on a reater number of subjects. Also number of 
experimental e©esiono could not bo increased for the same reason. 

5.3  SCDP1 FOR FURTHER IJORR  I 

(a) Teets may be conducted by using standard illumination,, 
with varying dt.etanceo of object from the eye. 

(b) - The target trine length could also be varied to 
study Ito effect on acuity. 

(c) Also target line width may be varied to study 
how it affects the acuity.  

(d) Provision could be made in the optical. system for 

the insertion of a er all correction lens in order to produce 
the beet image on each subject. 	This would help in determining 
whether a subject needed correcting lens for a particular colour 
light or not, and if oo its power. 

This boing a maiden ventur3, more interesting results 
and aide by side #  morn improvements may be in store for future 
experimenters. 
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