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ABSTRACT

Visual acuity in genoral may be dofined as the ability
of the subject to discriminate the minute detaile of objects
in the visual field. It is gensrally tested by placing a
standard set of letters of the alphabet of graded siges at a
stated distence (20 £t. usually) from the subject. Thero are
several instruments in use today that simulate the 20 fi
acuity tosting by the use of prisms and convex lenses. They
are commonly used to tost vision for driver liceﬁsing purposes,
Visual aculty as recorded with such instruments is often reduced
mainly because of the phenomenon referred to as apparatus

accommodation which blurs the target.

For the purposc of the presont experiment, visual acuity
1o definod as the rociprocal of the standard deviation {in
second of are) in corror, in sectting two lines in alignment. The
apparatus used is an improvement over tho previcusly mentioned
ones, in the genac, that it eliminntes appnratus’aacommodation
and propriocceptive feedback. The present experimental results
have been obtained to investigate inter-subject variabdbility,
and measurements have been obteined on five subjects performing
a visual acuity task in white light. Additionall y all the
five subjects performed the acuity taosk in red, yellow and
greon 111 uminations. This was done to compare tho acuity

levels of subjeets in various illuminations. Results obtained



indicate an inter-subject variation of visual acuity between
0.03 second arc and 4.3 seconds arc. This value is consi-
derably lower than the threshold of normal acuity which is
of the order of 33.4 seconds of arc af a distance of 16 f£%.
Out of the five aubjacts one sudject 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 obaervad'a peak performance either af the red
end of the spectrum or in the middle of the spectrum in the

yellow green.
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CEAPTER - 1

NTRODUC 0N

1.1 Definition

Visual acuity ;e the capacity to discriminate the
fine dotails of objocts in the field of wview. It is spocie
fied in torme of tho minimumldimension of some critieal
agpocts of a tost object that a subject can correctly
idontify. QGood visual aculty implies that a subject can
discriminato fine detail; poor acuity implies that onl&

groas fentures cen bo seen.

The moet common test of visual aculty is a standard
set of lotters of the elphabet of graded eigzes, presented
to the subjoct at a statdd distance (Fig, 1). In clinical
practicoe a peries of test objects is uced in vhich some
critical aopect of each test object subtends an angle of
f ninute of arc st a gtandard viewing distance, usually
20 £t. for 'mormal’ vioual acuity» The smallest test object
that a subject can correctly identify is determined and the

subject's visual acuity 'v' is givon by the relation :
Y = ﬁ'/n

vhere D' is the standard viewing distance and D is the
distance at which this minimum teat object sudbtends an angle

of 1 minute of arc.



THE TASK OF RECOGNITION. A_SNELLEN LETTERS

OF THE A_PHABET B_LANDOLT RING TEST CBJECT
ACUITY IS DEFNED AS THE RECPRCCAL CF THE

CRTICAL DIMENSOCN (Width of lire, gap,or other)
SUBTENDED AT THE EYE. THE SNELOEN LETTERS

ARE CCOMPOSE OF LINES AND SERIFS HAVNG A
THCKNESS THAT 'S ONE FIFTH THE HEIGHT OR
WDTH OF T+E WHOLE LETTERS. THE LANDOLT RING
CONSISTS OF A LN WHOSE THICKNESS 1S ONE FIFTH
THZ OUTER DIAMETER. THE GAP WIDTH 1S ALSO ONE
FiE™H THE CLTER DNAMETER

2 omr e
SaT e N
B s

) d)

!

1 ) (

FIG 1 _THE TASK OF RESOLUTION. (@) DOUBLE LINE
TARGET (b) DOUBLE DOT TARGET (c) ACUITY
GRATING (d) CHECKERBOARD.



1.2 Reviow Vork 1

In 1923, Hartridgo H. (12) detormined that practicall y

in covery case in which the resolving power of the eye oexcceds

60 seconds of arc, tho vieibility of a contour i involved.

He aloo showod that vhere there is a constont difforenco of
intensity thore is usually a lower limit foritha difference
threshold than vhen there is a variation of intensity. Othor
factors vhich affect the differonce throshold are intensity

and rotinal adaptation.

Hecht S, (13) 4n 1928, doterminod the relation between
visual acuity and Illumination. Ho found that at lovw intensitios
visual acuity increases slowly in proportion to log I; at higher
intensities it incroases nearly ten times more rapidiy in
relation to log I; at the highest illumination it remains

congtant regardloss of the changes in log I.

In 1932, wileox b. ¥W. (25) concludoed that Irradiation or
tho apparent shift of contours is the only cause of the
variations of visual seuity with intensity. Irradiaiipn is
the phenomenon by vwhich a bright object on a dark background

appears subjectively enlargod.

The relation betweon visual acuity and Illumination
for tvo trained observers were obtained by Schlaer, 3. (21) in
1937, Two difforont types of test objects, a broken circle
or 'C' and a grating were used (Fig. 1). Tho grating wae
found to give highoer vigual acuity at intensities less than



3
about 30 photons and lowver visual aculty above that. He

concluded that detail poreepticn is a funetion 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 contrast. This conclusion was reached by maintaining
expdrimentally, the intensity diserimination in retina, as the
limiting factor in resolution.

Hendley, C+ D. (15) in 1948, found that visual
acuity when plotted againet brightness diecriminétion, ylelds
data following Hecht's equation. The equation is : -

n
KI = » "x"m
{a =x)

wvhore,
I = brightnese of light
&=z, x = concentrations of sensitive substances

and photoproducts respectively.

m, n = ordors of the photochemical and thermal

reactions.

k = ratio of veloecity constants of the two

t

reactiona.



whore, ¥V = Visual acuity,
¢ = Constant

vhen n = n = 2

The effect of involuntary eye mbvemente on visual
aculty (16) was cbserved by Keesey, Ulker, T. (16) in 1960.
Ho used three types of targets : Vernier, Line and Grating.
He concluded that acuity 1s neither impaired nor onhanced
by the involuntary eye movements, present while ingpecting

a teot object.

xn'1968, Je Ae Foloy - Fisher (8) made memsurcments
of Vernier acuity in white and coloured light. The recults
indicate an inter~subject variation of threshcld of §érnier
-acuity botweon 4 seconde arc and 10 peconds erc. Peak
porformance wat observed at the red end of the gpeéctrum or in

the middle of tho gpectrum in the gellow-green.

Foloy~-Pisher in 1973 (9) observed that Vernior acuity
varies with targot line length. The variation is sueh that an

increaso of lina length results in a smaller threshold.

In 1973, a report was prepared in the U.S. on the
visual acuity of youtho. It showed that 70 % or 15.9 million
of the youths 12 ~ 17 yoars c¢f age have at least normsl or

better than normal scuity at distance.



In 1975, Gorald VWestheimer and Suganne P. [ckee (23)
concludod that a stationary retinal image is not a prerequisite

for good acuity.

Vornier Acuity vhich is one form of visual acuity ia
usually tested by thc use of a straight line broken in the
middlo. The task im to aprreciate small lateral displacoments

of one sogment of the line,

Elwin Harg and his associates {18) observed tho visual
acuity development 4in infants, in 1976. Thoy shoved that
adult visual ecuity defined as the resoclution of 1 minute of
arc detnil, is rcached during the development of children

any vhere from 7 years to a8 short a time as 2 yoars of age.

J. A. Poley ~ Figher in 1976 (10) observed that there
is an optimum linc width for obtaining best performance in a

vornier task.

In 1977, Geral Uestheimer & Suganne P. Nckee (24) showos
that rotinal stinulil ean bo tagged with differential loeal
oigns after having beon pooled over rogions extending several

minutoo af arce.



CHAPTER -~ II

——————

FACTORS APFPECTING VISUAL ACUITY

The various factors which affect vioual aculty are ¢

1. The dimensions of the retinal mosaic,

2. Sizo of pupil,

3. Intonsity of stimulating light,

4. Contrast of test objeect to its background,
5. Duration of stimulus,

6. B8State of adaptation,

7. Distance of test ohjeet from the eye,

8. Rofractive error,

9. Eyo movements, and

10. A4ge of tho subjoect.

2.1 menscione of the Rotinal Mo 3

_It hao generally teen assumed that the méjor factor
affecting visual acuity is the fincness or coarsecness of the
layer of roceptors. Howover, the majority of the evidence
suggests that the retinal mosalic ig too fine encugh to affect

visual acuity.

2.1.1 Detection :

The dtection of a small test objeot depends primarily
on brightness discrimination between the background and the
diffraction pattern of the test object. The detection of
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bright points (stars) against a dark background has been
thought to dopond upon the fineness of the retinal mosaic.
Howover, twinkling is mainly an atmospheric effect attributable
to fluctuations in optical density of air intervening botween
tho test object and the eye.

2¢1.2 Recqgg;t;on H

Landolt, C tergets (Fig. 1) have been usod to £ind
the relation between distance of test object from the centro
of fixation. Aculity was found to be maximum'at the very centre
of the rotins. The less amounts to 25% at a distance of 10
minutes of arc from the centre of fixption. Since Cone density
aleo falle off in alwmost a similar manner, it has been presumed

that Cone density plays a significant part in limiting acuity.

2+1.3 Resolution :

The limit of rosolution can be defined as the limit
for perception of seprarate and continuoue grid lines. This
vas found to be 21 soconds of arc by Byram (4) using a doublo-
8lit diaphragm. This valuo is slightly smallexr than the
minioum angle for visual resolution (M.A.R.)} with the natural
pupil. Hence it can be concluded that resclution is actually
limited under normal viocuing conditions, by the effects of
diffraction. Resolution would be little, if any, improved
if it vere limited, instead by the fineness of the retinal

mosnice. Incidentally the value of 21 geconds is noarly the
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i

same as for the finest rotinal cone receptor. 1.e. the
distance between rods or conos 18 approximately 2,0 to 2.3

microns or approxinmately 24 to 27 seconds of arc.

2.1.4 Local ion s

It vae pointed out very early that a point on the
rotina might actually be localized within a region smaller
than any receptor call; since an "averaging process" ﬁight
act to £1l1 the gaps belween discrete receptor elements.
Clearly the ave;aging‘maat extond to the binocular situation,
in which there is a considerable amount ot’iuﬁependence in the

rapid motions of the rotingl image.

2.2 Sige of Pupil s

Pupil sigze is an important factor in reiation to
visual acuity. A large pupil allows more light to the rotina
henco miniﬁizing blur due to diffraction. On the other hand
a emall pupil minimizes effects of spherical, chromatic and
other aberrations. Optimel acuity occurs for pupil of
intormediato olge; the ai,zé toing dopondent on conditions of
1lluminance, form and size of test object and individual
difforences from one ¢ye to another. The size of pupil

has major influenco on i

2+.2.1 Reti Illuminance ¢

The Iris regulates the amount of light to the retina.
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Vhen field intonsity is high, aperture is small resulting in
a reduced retinal illuminance. The total range of roduction
is about 16 to 1 as the natural pupil ranges approximately

from 8 t0 2 nm.

At high fiold intensities, the area of the pupil is
reducod by 353 for cach tenfold increase in tield intensity
i.c. 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 possiﬁle loss of acuity through reduced retinal
illuminance is off set by the increase in acuity resulting from
othor offects such as S¢tlles - Crawford effect and the reduction
in optical aberrations of the eye as the pupil is constricted.
(Stiles - Cravford effect is8 1 Light entering the marginal zone:
of the pupil is less offective for retinal stimulation than is

light entering the centre of the pupil.)

2.2.2 0Opti aberrations .

Spharical aberration does not have an important
influcnce on measurement of wvwisual acuity, at moderate to high
intensity leévels for the nérmal eye. It may, however, be a
significant factor in night vision, where pupillary apertures
are large enough to bring in significant blurring by aberration

effocts on the marginal rays.
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Chromatic aborration effect on acuity io largely a
function of the wavelongth distribdbution of lightvuaed for
vieving the test objoct. Acuity was found to be bettor
(for all low to moderato lovels of intensity) when codium or
Hercury lamps were employed rather than Tungeten incandescent
lamps. However, above 4000 m candle intensities, acuity
levels are same for all ill-uminants. It waé observed that
acuity was maximum in green or yellow light followed by that
in red and blue light.

Both sphorical and chromatic aborraticn effects can be
roduced 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
vith the etfeéta of diffraction.

The resolving power of an optical instrument is linmited
by the effects of diffraction. A single point in the field of
view appears as & set of concentric circles consisting of a
central cone of light surrounded by a series of dark and

bright rings.

Angular radius of the first dark ring, ol is given by

the relation :

ol = 1.22 A

a vhexo J\ is tho wavelength of the
0

light forming the image forming lens. Two bright points are
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said to be roscolved wvhon the bright contral core cf one
falls on the first dark band of the other (Rayleigh critorion).

2.2.4 Acuity an a function of pupll sige 3

Fig. (2) shous the relation botwecn acuity and pupil
oizo. It ioc ocer that for all small ocupillary diamoters the
acuity valuos are found to be elightly above the predicted
ones. This finding ie in ggrecment with the exporience of
astronomers vho have consistently obtained btotter rosolution
than that prodicted by the Rayleigh criterion. For example,
Dawes suggested that the equation o'y = A/4_ be usod instoad

of tho Rayloigh équation of = _ 1°22 |
a

[+

A fairly constant level of acuity as the aperture
increasos from 2.5 to 5 mm reprocsents a balance betwveen the
attondant reduction in tho effeets of diffraction and the

increaoo in the effects of optleal aberrations.

2+2.5 Inaze Transfor Functions i

At sufficiently high levels of luminance the effeocets
of diffraction are liniting for artificially small eizcs of
pupil {(ec.g. leso than 1.5 mm diameter). Diametors of about 3 mm
aro gonerally found to be optimal, but 4t is important to note
that visual ncuity chongos very little over the normal range of

from 2.5 to 5 mm diamoter at high lcvels of luminance.
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3. IHTENSITY OF STINULATING LIGHT :

It 10 common knouledge that large objects can be
ceon in dim light vhile small objects roguire bright light

for viocwing.

3.1 Deotection :

Hecht and fiintz (14) used single dark lines over a
range of nearly 7 log units in background illuminance. The
aculty values obtained cover a range of wore than 3 log unito.
The thresholds of width at the lowest and highest flluminance

are as given below ¢

iidth and Illuminption :

Hinimum iaximu
16 minutes of arc C.5 second of arc
4.47 x 10~% nL 3,02 mb

The datn (Fig. 3) show rod and cone portions fitted by

separate curvegs,

Pirenno (20) obtained data on detection threshold for
dark disko soen againet a momontary (C.03 socond) flash of

background light in the peripheral rotina of the dark-adapted

eye. Acuity varies over a range greater than 2 log units.

Hiven and Brown (19) providod data on the detoction

of a oingle bright target. An illuminsted slit vas presonted
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againot o dark background and the exposure time as vell ao
t+he luminance of the glit was varied. The data wore found
to be coneistent‘vith the finding by Graham and Kemp (11)
that thore io reciprbcity over a wide range betwoen oxpogure

time and the threshold incrsmont in intonsity.

3+1+1 Re ition

Visual acuity incrcases slowly in proportion to
log I at lovw intensitien; at higher intensities it increases
nearly ten times more rapldly in relation to log I; at tho
highest illumination it remains constant reg@rdloas of the

changes in log I.

The number of Cones per unit foveal area is much
greator than tho number of rcds per unit foveal arca, vhich
accounts for the relative rates of increase of rod and cone
visual acuity vith intensity. At the highest illumination
all the cones are exc%tad and no increase in visual acuity is

possible.

If thio division into rod and cone visual acuity'is
correct, a completely color blind person ehogld have only rod
vigual acutity. It is shown by a study ¢f the data of two ouch
individuals that this is true.

Experimcents were porformoed to find acuity as a function

of intensity by Connor and Ganoung (5), Shlaer (21) and
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Shlaer, Smith, and Chase (22), ueing a landolt ring. The
last two investigations also included data for a grating test
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 distinet curves with
a transition at about 0.03 photons. Values bolow this
1n§ensity reprosont pure rod vision. Those immediately above
repréaent the cooperative activity of the rods and the cones,
and yicld higher visual acuities than either. A4ll the rest of
the values above this transition region represents pure cone

-

vision.

The measurement with both test objects (Landolt ring
end Grating), show a break at a vieusl acuity of 0.16, all
valuocs below that being medimted by the rods and those above
by the cones, (Pig. 4). The grating gives highor visual
acuity at intensities less than about 3C photons and lower
visual acuity nbove that. The maximum visual acuity
attainableo vith the grating under tho gamo conditions is about
305 lower than that with the 'C'. It is shown that the
iimiting factor in the rcsolution of the eye for tho grating
ic the diameter of the pupil when it 18 less than 2.3 mm and
the size of the contral cones when the pupil is larger than
that.

The data for concs made with both teot objecte arc

adeoquately doseribed by ono and the samc form of the stationary
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stato equation dorived by Hecht (13) for the photoreceptor

asystom.

Hecht Egquation :

Apsuming a photosensitive material *S' which 1s
changed by light to photsproductes F, A, B «... and which is
reformed again by a thermal reaction of some of these products,

Hecht cquation for the stationary state is @

n
KI & =S
{a - x)°
vhere, I = 1Light intensity

a-x, ¥ = Concentrations of sensitive materisls and

photeproducets respectively

o, n = Constants giving the orders of the photo-
chemical and thermal reactions,

and K = Constant.

Jetting the initial concentration, & = 1, the
values for XI for a series of values of x may be computed for
four cases vhere n = 1, n = 1; m =2, n=1; m=1, n= 23
n =2, n =2, By putting these values in the form of their
logarithme the nature of their dependence becomes independent

of the values of the constents K and a, and may be plotted as
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log KI versus log x or 1og‘xn’for each of the four cases. In
| thie form the curves may bo used to test any sot of data that
are plotted in the form of visual function againet log I by
oinple superposition. (Fig. 5). They then indicate th-

values ¢of o and n.

Vhen m = 2, B = 2, visual acuity is proportional to

7 and curve through cone data is cbtained.

Kl = Vicual acuity

2
(Visual acuity*#ax - Visual acuity%)

Thie is idontieal with the form found to fit the data of

intensity discrimination for the cones.

Keoping visual acuity proportional to xn, the data

for the rods may be fitted about equally well either when
=14, n=2o0orvhenm=2, na= 1., Choosing the latter to
conplote the similarity with the data of intensity discersi-

mination,

s S Visual ecuity —
{(Visual acuity, . - Visual acuity)2

3+1.2 Resolution :

The variation of acuity with stimulus intensity has
been studied with the help of grating test objoctao. Lover
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values for acuity at high intonoities, are attained vhen a
grating is cmployecd aoc a tcst objeet as compared with the
Landolt ring (Pig. 4). Shlacr concludes that the uppor limit
of grating acuity ic sot by the finoness of retinal mosalc,
vhoercas for the Landolt ring the limit is set by more complox
factors. Vioual acuity, is shown by Shlaer to depend on the
linear dipensions {(oritical widths) of the test objects rather

than on thoir arcas.

An apparent exception to this general trénd is found
in experiments for vhich the tesf object is of higher luminanco
than the background. Wilecox (25) for example, found that with
such an object acuity reachces a maximum at moderate intenoity
levels and then declines sharply as the intensity of the test
onact is fnrther increased. Vilcox's obsocrvations were based on
a double bar test cobjeet consisting of two rectangles of fixed
sizo placed side by side with tho long axis vertioal.

3.1.5 Localigation ¢

Both visual and stereoscopic acuity arc affccted by
intensity of stimulating light. (Stecrecscopic acuity is the
difforence in retinal images formed in the two eyes). It
was shown by Baker (1) that visual acuity is poor at Scotopic
levels, vhere parefoveal or periphsral rod receptors predominate.

As intensity level is increased, the thresholds of eoné
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receptors increase and hence acuity increases sharply.
With a furkbher 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 1ts‘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 s small disk of high con$tast 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.

Hendley, 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 aﬁd target size. The
rectangles were from 2 £t to 50 ft wide; the contragt fraction,
AI/I, ranged from 0.01 to 40; the background brightness varied
from 0.0001 to 2500 millilamberts. When AI/I or visual acuity

is plotted as a function of brightnéss, the data do, in general
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follows Hocht'c cquation. The departure from a simple
Photochemical thoory vhich,’ the larger targets show is probably
duc to chaonges in tho functional retinal mosaic vith changing

brightnoso.

At louv contractn, as the brightnoas is reduced a
point io reachod at vhich the test object bscomes invisgible

at any sigo.

At high contrasts, visual acuity reaches & maximum,
vherens at lov visual acuities, AL/l reaches s minimum which

cannot be passcd regardless of size.

The shape of the curves relating AI/I to brightnecs
is not sipgnificantly altorcd by changing the exposure time.
There is some evidonce to shov that a 5 seconds exposure of

the targot is cquivalont to two looks of 0.2 second each (Fig. 6

In these studics the thresholds were determined by =a
froquencey of sceeing method, and the data have been considored
in torms of & quantum thcory of threshold seeing. I t wes
found that a threshold rospense involves betwcen 4 to 8
indopendent critical events, which are largely inddpendent of

sigo, brightness and eritoricn of sceoing.
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5. DURATIOR OF STIMULUS :

The effects of exposure time have beon studied for
dctoction of a thin bdbright line (Niven and Brown) (19).
Bounan (2) and of a thin darl line EKeesey (16). thon
expoaure time is short and area of test object is small, thore
ie reciprocity among the factors of time, intensity and area.
In othor words, detcotability is directly.ﬁapendent on
quantity of light; this is evon %rue for éémpiex vaveforms

of ocmergy in time. {Long) (17); Davy (6).

Angular detecotion threshold is the angle subtendcd
by tho diameter of a circular test pattern and acuity is the
reciprocal of that angle. Since time and area are reciprocaliy-
rolated, time igs inversely proportional to the squarec of the
diameter of the liminal test patch. Hence acuity is approxi-~
mately proportional to the sguere root of the exposure time,

for small timos and high levels of intensity.

For bright line detection, however, area ;s directly
related to width of 1lino., BHenco aculity, or reciprocal width,
should be proportional to exposure time. This is consistent
vith the findings by Riven and Browm (19) who obsorvod that,
for all small times, the product of time and angular throshold
is nearly conotant for any givoen level of stimulating
inteneity. The same is truc for tho dark linc data of Keosey(1i

for oxposure times bslov 0.2 sccond,
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For regsolution, e sigmoid relationchip has "been
observed between visual acuity and log exposure time. Acuity
io strongly influenced by oxposure time ip the range of
exposures upto abdbout 0.1'saeond. Beyond that interval,
exposure time becomes of little importance in determining
acuity score. Debons and Heoia (7) have confirmed this obsorva-
tion. (Pig. 7). Furthor acuity scores are found to be
maximal for moderate afimulating intensities. At high inten-
sities they are significantly lowered. This effect may well
bo due to the faet that the eye is not adapted to the high

level of stimuletion in thesc exporiments.

Experimentally acuify wae found to be highest under
conditions of épproximate eéuality in luminances of adapting
and tost fields. This holds goo 4 for luminances from 10 to
10,000 ft-L. Bslow 10 ft-L, howvever, slgithly better acuity
is found for conditlioms in vhich adapting level is lower than
teot level (Fig. 8).

Prolonged dark adaptation is necessary, of course, Hr
achieviag the rod vision that ies necessary for viewing any test
objecf a# lov intensity lovels. Acuity &5 poor at those low -
lovels, but it iz still poorer when the dark adaptation of the
eye is not complete. At high intensity levels, on tho othor

hand, the eyoc nust be given prolonged light adaptation in order
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that the cones may function most officliently. The phenomenon
of glarec or "irradiation” cerves to reduce acuity when the

cye is adapted to a derk background intensity (vilcox (25)).

7. EFPECT OF DISTANGCE :

The measurement of visual acuity in terms of wvisual
angle implies the constaney of resolving power at all testing
dietances. This is true only 1if the image is accurately
focuased on the rgtrna through accommodation or eappropriate
corroctive lenses. This assumption is valid within minor

limitations.

A 7% changa in aculty wae observed at distances of
30 £t and 2 miles. At short distances, however, acuity has
been found first to incroasoc and then to decrease (Fig. 9). In
a serles of tests conducted on 400 subjects with a meoan age of
19 yoars and corrected to 20/20 at 20 £t. the mean acuity at
1 metro was oquivalent to 20/12.3. At 40 cm the mean acuity
was 20/14.6, ond at 20 cm the acuity was 20/22.3.

A geomotric projection cf the 20/200 Snellen 'E' drawn
to scale on the fovea is shown in Pig. 10. Eixated objects
of largor visual angle fall on parafoveal retina. Here the
regional differonces in cone sigze , cone density and receptive
fields at various levels of adaptation determine limiting

vioual acuity. At only 5.5 winutes from the foveoal coentfo,
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thore is a 5% drop in visual acuity. Hence, there ic only
a small region on the retina, 7 minutos of arec, or 35 microns
in diamcter, within wvhich tho highest visual aculty can bde

obtained.

8. REPRACTIVE ERROR AND VISUAL ACUITY @

Soveral studies have demonstrated the acuity
docrease corresponding to uncorrected refractive error.
Pig.{11) dopicts the relationschip betuween log threshold
viatal angle and log diopters of uncompensated spherical exror
(myopia ond hyporopia cembined). Betwcen 20/20 and 20/100, it
can be seen that the relationship is lincer. In sinmple
astigmation, tho increase in the threshold visual angle is

8055 of that producod by the same amount of sphorieal error.

9. EFPECT OF EYE MOVEMENTS @

S8ineco eyes are nover motionless, tho retinal image of
an acuity test object musnt affect different patterns of
rec: ptorec from onc moment to the next. Effects on visual

acuity duo teo this motion may be @

(1) Hotions may be so emall that they havo little
visual effect. |

(2} They may cause a "blurring” of the retinal pattern
of stimulation, much as thevshimmer of the
atmosphoro interferes with seeing stars through
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a telcocscope or jiggling a camera producced a
blurred picture.

(3) They may have the opposite offect in that they allow
the visual receptors "ecan®" the contours of the test
object. This will enhance the differential neural
activity on which visual aculity depends. Scanning
appears t0 be the basie for the apparently enhanced
tactile discrimination in biind people who road
Braille with theilr finger tips.

9.1 ZExtent of Dye Movements

The unsteandiness of the oye is such, even under good
conditiona, that typiecally the retinal image is earried over
a distance correcponding t0 a visual angle of about 3 minutes
of arc during {1 second of time. The eritical duration for
vigual acuity is an interval (0.1 pecond or less) during which
the rotinal image typically movos through an angle less than
that of the separation between adjacent eingle ce=ntral concs
(Fig. 12).

9.1.1 Effoect of Imano Iovemeny @

bye is foudd to be remarkably ateady over short
intorvals of timec. It however wanders considerably ovon under
good conditions vhen longor times are involved. This does not
usually affect visual acuity but has the positive effect of
nmaintaining vision during attemﬁted steaéy‘state fixation of
the test object.
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9.1.2 Role of Voluntary Eyc Novements

Viounl gcuity is recletively poor for a moving test
object cven vhon tho oyes appear to be successfully pursuing it.
Smooth cye moveronts can occur upto 40 degrees per socond. i
contributing factor may bo the central inhibition of vision that
acems to be coupled with voluntary eye movements, The inter-
dcpendence of cye movemonts and visual acuity is obviously
depondent on a cervomechanism of incomparable ;nefficioncy and

precision among our percsptual systems.

10. EFPECT OF AUE 3

Adult visual aculty which may be defined as the
resolution of 1 ninute of arc detail, or 20/20 is rcached during
developront of children anyvhere from 7 yearc to as short a time

as 2 yoars of ago.

Evoked potontial visual acuity was measured on 16
infants on different occaéiona, by Elwin Marg (18) and his
associates, vhen the infants were from 1 to 7 months of age.
Thoy found that visual evoked pctential acuity normally dovelops
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
kitteno the time of aculty development 1a the duration of the
period of greatest sensitivity or susceptibility to tho

visual onvironment,
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Objective dotermination of visual acuity by
optokinetic nystagmus shows that infante 1 to 5 dayo old
have visual scuity of at least 20/670. Visual acuity so
obtained in childron upto 3 years cf ngo is summarised
in Table I.

A roport uae preparad in the U.S. on the visual
aculity of youths which includes binocuiar and monocular
acuity, vithout and with correction, in 1973. 705 or 15.9
million of the youthe 12 to 17 years of age were found to
have normal or better than normal unaided binocular acuity
at a distnnce. Almost 4% of the U.S. youths wera unable to
read at the 20/200 level unaided, significantly more than
ves found amon: U.3. childron and slightly more than among
U.S. adulto. Boys 12 to 17 ycars of age were found to have
gubstantially deticr binocular distance acuity than girls
of that age, tho difforonces being even ﬁora pronouncoed than

among children and slightly greater than among young adults.

More than 1/3 (34%), or 7.7 million of the youths
vear glasses or contact lenses. 558 of this group had
modorately to sovera defoctive acuity without their glasses or
contact lenscus, compared with loss than 15 when tested with

thoir own lonnoes.

Black adolesecnts vere found to have subotantially



TABLE - ¥

VISUAL ACUITY IN INFANCY AND EARLY

CHILDHOOD

Age ( Visual acuity
0.5 month 20/400
1.5 months 20/400
2.5 months 20/400
3+5 m@nths 20/200
4.5 months 20/200
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

Data concerning infants C.5 to 5.5 months of age from

Fantz, R. L. in Kidd. A. H. 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
SChwartingt Bo H. Amer, Je. Ophthal. 380 714"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 yocuths was greatest in the South, the rate dbeing
significantly higher then for those in the Northeast and
Midwest. With correction, however, no such significant,
regional differences of aculty were found. TYouths from
families with incomes of lesas than & 3000 per year had
8ignificantly better unalded aculty than those from families
with incomes of § 5000 or more.
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CHAPPER - III
TESTS _OF VISUAL ACUITY

Viau#l acuilty indicates the capacity %o rosolve
and idcntify the fino details of objects in the field of
viev. It is ggnerally ospecified in terms of thoe minimum
dimcnsions of some critical aspect of a test obisct, that

a subject can correctly identify.

There aro throe ways of specifying the width or

other critical dimensions of a test object @

(1) vidth 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 elinical practice, wsing a serica of test objocfa,
determination is mado of the small est test object that can b
correctly identified by any given subjecct, and the subject's
visual acuity ‘v' is given by the relation ¢

v = D'/b {Snellen fraction)

vhere, D' = Standard viewing distance
(generally 20 ft. or 6 m)

D = Distanco at which this minimum tdést objoct

subtonds an angle of 1 minute of arc.
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Thus, the subjoct is saild to have 20/30 vision 1if,
at a viewing distance of 20 ft, he can juct respond corroctly
to a tcot object vhich subtends an angle ¢f 1 minute at a
dietaonce of 30 ft. This sudbject, then, has poordr than normal
aculty.

Refer Pig. 2

I, v = width 8f test odbject
P = angle cubtonded by the object at the
eye (vipual angle)

thon P = w/D (radiens) = 3450 w/D in minutos of arc.

For small angles,
v e /B = 0,00029 bfw
If, v'* = 1image width of object on retina
then, w' = nw/D where, .
n = distance of rotina from the nodel point
of the oye
ﬁ', = Distance of ebjeét from the nodal point

of the oye.

If n = 17 mm, for a tost objeet of 1 um,

then w' = (17 x 1)/3450 = ©0.0049 mm or = 4.9 micronms

Thua, neglocting the offcets of diffraction, aberration
etc. we may conciude that the image of a 1 minute toet object

has a width w' of about 4.9 microns on the retina.



ypeg of Acuity Taplko f

Doponding upon the test objecis and'tho pmannor in
vhich they ard uscd four tasko are roguirod of the subjoct

in testoc of acuity.

3.1 DETECTIONNM

This involves stating vhether an objeet is present
or not in the visual field. For small cobjects three kinds of

test situntion have bveen uwsed in experimente.

ﬁ K ;_ iy 4 | t

Priparily this ia a mattor of absolute visual
gsonsitivity. Under the most favourable conditions only a
fow quanta of light are nesded for tho detection of an object.
Detection demands that at leaa@ one quantum of light fallo on
each of the fow retinal reocepteors from the object, ﬁithin a
short interval of time. This condition can be satisfied by
any bright objoct, no matter, how small, provided only that
it sonds onough light to the eye. Ixample 3 Stars at night
cach of which subtends & small fraction of a second of are .
at the cyej the nagnitude or apparent sige of cach is determined
not by the angular size, but by thd amount of light vhich it
sends into tho oyc. Duce to tho phenomenon of diffraction, khe
rotinal imagoe of a bright peint is not in fact a point bvut

rather a pattorn consisting of a dbright central disk surrounded
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by o gorios of concentric bright and dark rings. Th}é ooang
that all test objects vhich are omall (critical widtho less
than 10 oeconds of are) prqvide the reting with nearly the
sano pattorn of stimulation, rdgardless of teot odject dia-
nmoter. Bright central disk formed on the retina by a peint
sourcc has a diametor of 1 miﬁuta 54 soconds with a % mm
pupil. This implies that no manipulation of object diameter
vill permit tho meaocurcmont of visual eacuity (in the sense of

recolving vicual detail) vhen bdright targete;are presented

to the subject in a dark field.

The moet aatisfactory acuity tost is offorecd by
viowing dark fipure:d against a bright field., Uith a dark
line or disk a eritical sige esn be found bolow which the
object cannot be scen no matter hoq groat the luminanco of
the background. The main considoration herc is that of the
pattern of illucinance on the retine in the vicinity of the
image of the tost objecte The acuity for fine dark linos
represento an intenity discrimination that ies about as fine
hao evor boen roported. This applies onl y to lines that are
long enough 60 that a reletively large number of individunl

receptor cells is affoctod.

Tho dotection of owall dork diske or squares is
gimilarly the rooult of rcodueed illuminance on the rocoptors

affcocted by the inago,.
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S.1+3 XLow Contrast Test Objects 1

Byram (3) hao calculated the reductions in retinal
1lluminanee caused by grey lines on a white background and
vice versa. His data support the conclusion that, for the
most part, the detoction of a line target depends primarily
on the amount by which its retinal image raises or lowers the
1lluninance on the affected receptors. This genoraligation
holds good over a considerable range of line widths and

object-to-background'contraats.

3.2 RECOGNITICR :

Thino task involves naming the test abject or to
nane or specify the location of some critical aspect of 1%,
The object is gonerally large énough g0 that detection
threshold is not a limiting factor. Examples of objects
uged in this test are the atandarﬁizéd letters of the alphabvets

(Snellen), and the Landolt ring or square as shown in Pig.(1).

In the case of the lLandeolt ring, the subject is
asked to indicate the location of the gap. The size of the
teat objoct is gradually reduced until as its orientation
is changed, the subject can no ionger indiéaté the position
of the gap. Visual acuity is than defined as the reciprocal
of the anglie in minutes subtended by a gap that is successfully
designated 5055 (or any other fixed percentage) of the time,
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In clinical studies unit vigusi écuity ies ofton
tekon os atandard} rocent observations have, howover, shown
that gaps subtending angles much nmallor than 1 minuto at
th: eye may bo judgod successfully by o goed subjoct.
Shladr (21) found that with high luminance of background a

gap of nbout 22 seconds can be recogniged.

Recognition task is favoured in clinicel studies
of vioual acuity, Shlasr (21) made use of the Landolt ring or
'C!' in o otudy of acuity with.ahite 1ight at various levels of
edaptatio n. Shlacr and his éaso&iates (22) also used it
in a study involving red aﬁd blue lights. They demonstrated
that visual acuity for *C' test objoct was not much reduced
under ccnditions in which the targot to background contrast
was greatly roeducod; nor was there any slignificant increase
in acuity undor ccnditiéna of improved contrast. Thoy argued
that intensity discrimination can not be a limiting factor in
Landolt iiqg acuity. Some other factor, such nos tho diameter
of the foveal cones, scems to be the limiting factor at high

stimuluo intensities.

Theoretical interprotation of the recognition task
ig limited by the difficulty of analyzing its underlying
factors. Aculty oo measured may involve intensity discrimi-
nation,'but othor factors, including that of retinal cone
diamotor, probably make contridbutions, particularly at high

intonoity lowsls.
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In this task the obsorver must respond to a
separation between elements of the pattern. The basic
neasurdment is the mininum separable, that is, the minimal
distance betwsen objects for the disciimination of separa-
teness. Typical test objocts (Pig. 1) are pairs of bright
or dark lines or dota, a royv of alternate'bright and dark
lines (actity grating), and a grid or checkorboard pattern
first proposed by Goldman in 1943. Thesc objects have in
conmon the fact that each single elemont of the pattorn
would be cloarly identified if it were present alone. The
presence of neighbouring contours, however, makes it difficult
for the subject to discriminate the separate elements of the

pattern. Each dark linoc of a grating, for instance, would
separately be seen with a minimum width of gbout 0.5 second
of arc. 7The series of lines, however, can only be resclved if
their separate widths are increased to at least 25 seconds are

under favourable conditionn.

Visval acuity, in the context of resolution, is the
rociproeal of the angular separation betweon two elements of
the test pattern when the two images are barely recolved. Thie
angular soparation hap sometimes been called the "minimum angle

of rosolution" or IAR. (Fig. 14). Visual resolution ic alkin

to the "resolving porexr™ of a camera or telescope. The
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theoretical limit of this resolving power may be calculated
on the basis of the waveclength of the light and the diameter
of the pupil (Tabdle II).

3.3.1 Resolution of bright test objiects :

FAR for two bright sq uares or disks depends, upon
the kind of illumination and the sige of'the test object
employed. Values in the vicinity of 1 minute of arc have
been roported for stars on a dark backgroﬁnﬁ by early i
astronomors. Somevhat higher values (about 3 minutesn) have

also been reported later.

Por the resolution of parallel bright lines,
threshold valuos that reached a minimum of 8lightly under
1 minute of are at moderate lévels of luminance have bsen
reported. Resolution bgcomes poorer at levels above and

below this optimum luminance.

It vas felt that resoclution would improve markedly if
the width of the bright lines were increased; 1t would finally
approach a limit in thg detection of the fine dark line

soparcting tvo large areas of light.

3.3.2 Resolution of dark obiects 3

The resolution of two fine dark disks or lines also
dopoends on the dimensions of the test object. A threshold

separation of under 30 seconds for fine dark lineg at a médium



TABLE « II

VISUAL ACUITY

Snellen Decimal V%g;lﬁ‘];tzggle sﬁgf e gzzii;ng (%)
20/10 2.0 . 0.5

20/12 - 0.2

20/16 | ” - 0.1

20/20 1.0 1.0 0 100
20/28 0.8 ©1.25 § 0.1

20/38 0.8 1.25 0.2

20/40 0.5 2.0 0.3 83.3
20/50 0.4 0.4

20/6% | 0.8 66.7
20/80 ' 0,25 4.0 0.6

20/100 0.2 540 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
evidont that brosdoning the linec would reduce this value
olmoat indefinitely as the region ¢of scparation begins to
approach that of a single bright line seen against a dark

background.

3.3.3 Grating te b H

Thio consists of o sot of parallel light and dark
stripesand provides a favoured means of determining viousl
regolution. Gonerally the vidths of the light and dark elements
are mado equal. I t is generally acceptod that the minicum
wvidth of sttppe for grating resolution is in the neighbourhood
of 1 minutc of arc at moderatoly high intensity levela, Some
of the other values are : 64 eoconds, 50 seeondg; 52 geconds,

56 seconds, 40 gseconds otc.

In effaoct, resolution haa been widely regarded as the
zoat eritical aspect af visual acuity, since & very long time.
Results can be meaningfully related to the pattern of rétinal
illuninanco as given by calculations of diffraction effeocte
wvithin tho eye and to the separation between individual cones
in the retinal moséic.

4. JOCALIZATION :

Certain forms of visual acuity depénd on the discriminae
tion of mmall displacseints of onc part of the test object with
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respect to other parts. Examples are Vernier acutty and
Stersoncopic acuity. Vernier acuilty is often teetéd by the
use of a straight line broken in the middle. The task inm
vto appreciate small lateral displacements of one segment of
the line. When carefully pexrformed, this experiment yields
displacement thresholds nearly as small as those for the
detection of single black lines, Thresholds of vernier
acuity performance were found ¢to vary between 4 éeconds are

and 10 seconds arc by J. A. Foley - Pisher (8).
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CHAPTER = 1V

EXPERIN:DTAL D TERMINATION OF VISUAL ACUITY :

4,1 GQEHERAL 13

Visual acuity 4o defined, for the purpose of the present
exporiment, as the reciprocal of standard deviation (in seocond
of arc) of the orror in setting two lines in alignment. The
number of ocubjocts in these determinations is usually limited to
thrce or four, since the measurements as & whole indicate the
probability of consideradble inter-subieet varietion. The
prusent experimental results have been cbtained to investigate
such inter-subject variability and measurements have been
obtained on five subjects performing a visual acuity task in
white light. A1l the five subjects were also tested for
acuity in Red, Grden and Yellow light.

An outline bloek disgram of the apparatus is given
in Fig. (15). The targot linos have a width of 2.5 mm each
and each line has a length of 75 mm. The lines were cut fron

two brass plates, onc fizxed and the other movable.

Hovement of the movable plate and hence of the target
line wae imparted by a small d.c. motor by suitable cam
arrangemént (Fige. 16 and 17).. The motor wes caused to be

driven by a 6 V d.c. rolay. The rclay in turn was operated by
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& one-ghot multivibrator. Input tc the multividrator was a
aerics of psoudo-random pulges Ped from a Tape Rocorder. The
pulses wereo purpogely chooen to bo random to eliminato any
propricoptive foedback in tho sudject. The subject control
swvitches consigtod of 2 toggle switch with Left~-0ff-Right~

action, operation.

A sourco of light vas placed behind the plates end
whenever the two slits (lines) werc 4n alignment, light would
pass through the slits in the plates. This was picked up by a
rhotooell connacted &n a battery cireuit having a fixed
resiotanco. As tho plate moved from side to side with tho help
of the motor, the photocell picked up the momentary pulse of
light omanating through the slits vhen they are 1& perfect
alignment. This momontary light pulse is converted into a
voltage pulsc by tho photocell and its assoclated circuit.

Those pulses were rocorded on a single channcl pen racorder.

The subject was made to sit in avralexing chair focing

' the platos at a distance of about 16 f£t. from them. The

spbjact vap askoed to indieate tho instant of the alignment of

the target lines, by preesing the cubject control switch, comnect¢
to another ainaie channsl pen recorder. The instants of»

prossing the switch wore thus rocorded on this recorder.

Tho errorlin cach alignmont ie then the differonco of
instants (times) of indication of alignment of the lines in the
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.

two rocorderas. Tho experiment was repeated with green, red
and yellow light by placing appropriate filters betweon the

sourcce of light and the subject.

Fach subject was given two sessions of 15 minutes each.
The mean and hence the etahdard deviation of error (in second of
arc) was found in each case. Tho reciprocal of the standard
devintion as dofined before, gives the aculty of that sudject
for that particular light, in second of arc. The average
standard deviation could be taken as an indication of fhe
throshold for comparison with the rosults of other workers.
The reciprocal of standard deviation is taken zae the Index of

Performance.

The function of cach block of Pig. (15) is as described

below @

4.2 BLOCK DIAGRAN EXPLANATION 3

Tape Recorder

This forms the source of the random signal, taped
proviousl y. Thio signal 15 used to trigger the one-shot
multivibrator. The random éignal climinates any proprioceptivev
feedback in the subject, i.e. the sudbject is kept gueaaiég all the
time about the sudden movement or abrupt stoppage of the
movable plate, This would result in the performance of the

subject belng much more close to his actual or true performance.
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Honostable Fultivibratoxr 3

Input to the multivibrator is the pseudo-random pulses
fror th: Tape Recorder. The pulses first pass through a

Differentiator before reaching the multivibrator.

Differentiator :

The randon pulses ffom the tape reccrder aro differen-

tiated and reetified by diode D, (Fig. 18) to pass pulses of

1
arpropriate polarity to transistor '1‘1 of the multivibrator.

The time constant of the differentiator is given by
the relation ,

T = RC

Choosing R = 20 Kilo Ohm and € = O.1 miero farad

. » Time constant = 20 x 103 x 0.1 x 10“6

= 2 ni1lli second

Hultivibrator Desinn 3

Transistors T, and T, are NP transistors (2 N 2369).

1 2
Theso transistors are used generally for fast switching action.
For the 2 N 2369, transistor @

Ip = 10Ama; Vop = 1V hpp = 40/120;

For a supply voltage of 12 V,



1INDYID  AV1I3d ANV HOLVIGIAILTINW 30 WYHOVIA 8L 913

09 NI = ¢g anNv la . s3001a
L 020ENZ = Yy
POLOS =— &
AVI3N D G°A 9 = AVI3Y 6962 NZ =— 1 aNv 'L 1 SHOLSISNVYL
’
%02
.NM,, .@M
Nze WLZ 17 022
—~~
L1
v
LY K a
vy /_
u %L2 ‘L
1
. <y ||
L
WLV ;T.
| an O -
“z
AV I3Y wzz2 %00L % Aguee
! |




42

Emitter Resistance :

v .
R ce . - e B

e Ic(aat) 10 x”10’3

= 200 ohns

Re was chosen as 220 ohms.

Supply voltage - V

Collector reslotance Re - ee

Ic
12 -2 ,
= : gﬂ) = = 1 Kilo Qh!lh
Chosing Rg"a‘ 2,2 K
R : )
-——-—!—-—-——-— = -J-&s—: PR (1}
R' + R2 2

From (1) 15 R1 + 145 RZ &= 2 R1

or 1.5 Rz = Ous R"
or R‘ = 332 RN ] (i.ii)
1
Also, ~w~9§§§§l- = Ib = *E:iw - zﬁf from (41)
i 9.4 _ _2.6
= R, " 3R, from {(4ii)



Chosing bpp( .y = 30

RS, . 226 256
' 2

3 82
LOHOS. == 30
- 8‘5 A }'}.,_.J,Q___
. Rz 30
f2_>_.19..
or 8.5 4 10 2 3
PN 82 =2 25.5 Kilo Ohm
Chosing R2 = 27 Eilo ohm
From (111) R, = 3 R,
= 3 x 27 Kilo Ohnm
= 81 E1lo Ohm
Chose R1 - 100 Eilo Opm.
Chosing C = 10 mierc farad

time consetant of the circuit,
t = 0069 X 81 . & C
= 0.69 x 100 x 10° x 10 x 10~6

= 9.69 second

45
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The output of the Hultivibrator is taken from the collector

of %ransistor TZ'

8 ins Reley 3

Output of Transistor Te, is passed through transistors
T3 and T4 for purpoges of current amplification. A 6 V d.c.

Rolay ic connected £0 the collector of transistor T tthen

4‘
tho multividbrator gets triggered, the relay gets energized,
othervise it stays in the OFF position. A diode (Dz} is

also connected across the rel ay for protection of transistor

T Depending upon the signal from the tape recorder, the

4(
multivibrator gote ON and OFF alternately and consequently the

rel ay also gets energized and deenergised correspondingly.

Hotox Drive :

The 6 V d.c. rolay operates a small motor. The motor
uged ic a 28 V, Universal motor. This motor is coupled to
the movablo plate by means of a pulley and hook arrangement.
This resulte in the linear movdmont of the platc from one end
to tho othor as the motor rotates (angular rotation) or
stops deponding upon vhother the relay gets deenergizod or not.
i.e. The motor is given suitable voltage for its operation
through an Auto Transformer and its continuous movement is

interrupted by the mom-ntary energivation of the relay.
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Target Lines :

Tho target lines each 2.5 mm in width and 75 mm 4n length
are formed by cutting olits of these dimensions in two brass
plates., The plates are placed lengthwige and supported on
grooves cut from g brass rod. One plate, is kept fixed and the
other movable. The vhole gosembly is fixed to a Bakolite sheet
which forms thce base of the apparatus. The Bakelite sheet haa
a hole cut out in the middle to accommodate the lightesourco.
The braso plates are placed one behind the other and matched so
that the slit in cach coincides with that in the other
perfectly. The movable plate ia set facing the subject while
the fixed plate lies hidden behind it. The uovable plate
moves from end to end in the groove along the length of the
fixzed plate. The rotatory motion of the universal motor is
converted into linear motion of the movable plate by suitable

arrangenent.

Pulso Shaper

An osciliator wae used to provide continous pulses of'
magnitﬁao 2 V and at froguoncy of around 15 C/S to the single
channel recorder connectod to the subject control switch,
Vhenevor the subject pressed the control switch to indicate
elignment of the slits (lines), thie momontary pulse would

overlap tho contimuous signal to the recorder from the oscillator.
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Subject Control Swuiteh ¢

Thic wao an ordinary OR«OFF pwitch, the switch bsing
gonerally in the OFF pooition. As the movable plate continued
its to and fro motion, tho subject was asked to indicate the
ex~ct instant of tho alignment of the two slits (by viewing the
1ight passing through them) by pressing the control switbh.
This inotant was rocoxrded on single channel recorder 4
»(alevito corporation, UsS.A.) as a pulse over the continuous
signal from the osecillators I t should.be romembored that the
control switch is always in the OFP poeition except for the
instant it ie broupght to the OO position, by the sudject,
to indicato alignment of the slits {lines).

Tyo Channel Recorder ¢

S8ince a2 singlo unit two channel recorder was not availabl
two single'channal units were used. Tho two units for identifi-~
cation purposes can be discriminated as: Clovite Corporation

{U.8.A.) rocordor and Philips recorder.

Clevite Corpcration Rocordor ¢

Thic was basieally a two channel recorder but since
only ono unit was in working condition, it wvas used as a

pinglc channel poen rocordor.
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This rocorder had threec adjustadble paper speeds
5, 25 and 125 mm/scc. The recordor was operated at the speed
of 5 mm/oce or 300 mm/min. throughout the experiment. 1s
mentioned earlior a continuous signal from an oscillator was
givon to this recorder. Over this signal was superimposed
the momentary pulses given by the preseing of the subject
control stritbh.

iips Recordoex 3

This single channcl pen recorder hzd varying specds of
0.5 mm/min to‘SOO mn/min., During the entire course of the
exporimcnt, the recordor was run at a speed of 250 mm/min. . The
output from the photocecll and its asaociated-circuit wvas

recoxrded on this rocorder.

The recordod outp ut of this recorder gives the
instant of the actual alignment of the slits $lines) in
the platos. On the othor hand, the Clevite Corporation
recorder output gives the instant of alignﬁant of lines as decide
by the observer. Tho difference in tho inatanta {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

pucceeding chaptor.



CHAPTER - ¥

RESULTS & CONCLUSIONS

Visual acuity tests were carried out on five subjects in
both white as well as coloured light, Dach subject was given
two sessions of 15 ainutes each. The error in each alignment
given as tho differenco in inst:nts (times) of the output of
the two recordors worc determined. A total of 30 readings was
conpidored and oplit into six groups of five readings each.
The mean and standard doviantion for each group was calculated.
The rooiprocal of the standard deviation known as the Index of
Performance was obtalned for cach of the five osubjects in
vhite, red, greon and yellov lights. The results are as
shown in Table III.

5.1 DISCUSSICH

The wvisual acuity thresholds obtained for the five subjeéte
lie between 0.03 cocond arc and 4.3 second arc. Thie wvaduo is
ccngiderably lower than the threshold of normal aculty vhich
18 of the ordor of 33.4 second of arc for an object width of

2.5 mm and digstant 16 ft. from the eye.

?ho best single performance for any one experimental
sossion (subjoct PX in rod illumination) Pig. (20). gave a
throshold of 0.3 sccond of arc. It ia considered therefore
that although exceptional subjects may exist with visual
acuity throsholds leds than 0.3 to 0.4 second arc the smaller

thresholds 1f any, obtainod may be due to a failure of
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Fropriocoptive fecdbacl.

Tho rosulto of visual accuity porformance in coloured
1lluninotion given by Inkor (1) in 1949, give an order of
puperiocrity of red, ycllou, whito und bluc wvhilot theoo of‘
later regearchors give cn oxrder of Rellow, whito, réd and
bluc, In neoither caco ﬁna o porformance in green illusinne
tion given, but thono rcuulto indiento two posasible diotri-
tuticnn. Dithor o pooh porformance at tho rod end of tho
orectrun diminiahinc tovardn tlue or a posk . porforcones in
the middle of tho sroctrun dininiohing townrdo cithor ond.
Of the praoont rerultso onc cudbjoet (FI) £ig. (23) govo o
diotritution in agrecnent with thoe firot cnge cnd tho
rconindory wore conglotont with tho lator distribdbution Pigo.
(24) ond (25) and {27). 1t vould thereforo aprcor that both
types of distribtutions ocour and cubjccto £it intec cno or
other catogory. Aloe Il o. (18) to (22) give o eomparitive
otudy of tho porformance of tho five ocubjocta, in whito,rod
yollow, and groen lighto.

It haé boeen known for ovar 50 ycars that individualo

© 44fforod in thoir noocconcnt of corroet nlignmont of vornior _
typo oealoo, ond o, $iend range finder oporators of tho first -
torl4 tar werc aopigncd on individual zoro corroction. 7he
prcocnt reosulto indlento that oueh an effoct in o pupcly |

vicunl ono and in no v y rolaoted to n poosible propriccrutive
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foedback. It is peosible thot the effect may be due to
inperfoctions in tho optics o6f the eye, or %o irregularitiocs of

the rctinal mocaice.

There was no covidonce that shorter or longer times
occurred in carlior or later experimends and the short and
long times wore found t0 be distributed randomly in all
sequ nces of oxporiments. The reculte thorefore indicate that
the buman systenm fails to optimige 1itself to obtain the best
posoibl: performance by the correct sclution ¢f an optimunm
time to bo spent in making each alignment. It 18 ecuggested
that o 1imit is imposed on the temporzal summation of information
giving improved performance, by the time interval for which a
subject can maintain concontration on the task. Subjects
will then tend to make Judgoements well within the time limit of
concentration in order %o reduce the probsbility of having

to "gtart again”.

5.2 SUIZIARY OF CONCLUSIO-NS AND PROBLENS ENCOUNTERED 3

(a) Thresholds of visual acuity performance vary

between Q.4 second arc and 4.3 second arc.

{(b) Subjocts f£all into two classes vhen perfofming
viéual aculty tasks in coloured illumination, with cithor a
peak of performance at the red end of the spectrum, or peak in

the middle of the spectrum in the yellow-greeén.

O G &1
GETTRAL 1IBRARY UNIVERSHY OF REORKEE
rNDORKEL
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{c) Subjocts each possess an inherent gero-error
in making visual alignments vhich ig entirely a visual

phenomenon.

(d) The ©niversal motor while in operation had consi-~
derable noise 1éve1 and so also Clevlite COrporation chorder¢
This would have por-~haps disturbed the subject. This
disturbance, howovor, being common to all the subjects
vould not make any significant differcnce in the overall
result.A Howover, it is deéirable to use an audio signal‘in
the room of the magnitude of the motor noise thereby eliﬁinating

any error.

(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 btetter if thé motor could
have been kept running for half an hour. or so continuously.
This would help in finding the aculty even under extreme
atr:in of the eye watching the moving slit (line).

(f) The movable plate alsc got heated up due to
friction vhile moving in the groove of the brass rod.
Supporting the plate on rollexrs would perhaps remedy this

nalady.

(g) Owing to labk of f£ane and various other eemsdanto-

conoctraints the experiments, could not bve, unfortunately,
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performed on a greater number of subjects. Alao number of

experimental scssiono could not be increased for the same reason.

5.5 SCOPE FOR FURTHER UORK 1

(a) Tests may be conducted by using standard illumination,
with varying distances of object from the eye.

{b) - The target kine length could also be.varied to
study ito effect on acuity.

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

(d) Provieion could be made in the optieal system for
the insertion of = snmall correction lemns in order to produce
the best image on cach subject. This aoula help in determining
vhether a‘subjeat needed correcting lens for a particuler colour

light or not, and if so its power.

Thio boing a maiden venturce, more interesting results
and side by side, moro improvemonts may be in store for futurec

experimenters,
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