UNCLASSIFIED

AD NUMBER

ADO007464

NEW LIMITATION CHANGE

TO

Approved for public release, distribution
unlimited

FROM

Distribution: Further dissemination only
as directed by Wright Air Development
Center, Wright-Patterson AFB, OH, 45433,
or higher DoD authority.

AUTHORITY

AFAL 1ltr, 17 Aug 1979

THIS PAGE IS UNCLASSIFIED




-

ol

WADC TECHNICAL REPORT 52-257 .., _ / 5

- ﬁ{,—é"/’y 7ec

. PV SNt e
_ Sl el
T / t%;,’!& e
[ L= gé, e

LUMINANCE THRESHOLDS FOR THE RESOLUTION OF VISUAL DETAIL DURING
DARK ADAPTATION FOLLOWING DIFFERENT DURATIONS

OF LIGHT ADAPTATION

AARON L. DIAMOND
ALBERTA S, GILINSKY

COLUMBIA UNIVERSITY

- " APRIL 1952

Statement A
Approved for Public Release

WRIGHT AIR DEVELOPMENT CENTER

AF-WP.(B)-0-12 APR 53 250




£y

NOTICES

When Government drawings, specifications, or other data are used
for any purpose other than in connection with a definitely related Govern-
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the Government may have formulated, furnished, or in any way supplied
the said drawings, specifications, or other data, is not to be regarded
by implication or otherwise as in any manner licensing the holder or
any other person or corporation,or conveying any rights or permission
to manufacture, use, or sell any patented invention that may in any way
be related thereto.

The information furnished herewith is made available for study
upon the understanding that the Government’s proprietary interests in
and relating thereto shall not be impaired. It is desired that the Judge
Advocate (WCJ), Wright Air Development Center, Wright-Patterson
Air Force Base, Ohio, be promptly notified of any apparent conflict be-
tween the Government’s proprietary interests and those of others.
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FOREWORD

This report was prepared by Columbia University under USAF
Contract No. AF 33((38)-22616 covering work on Visual Factors
in Cathode Ray Tube Data Presentation. The contract was
initiated under a project identified by Research and Development
Order No. 694-45, Presentation of Data on Radar Scopes, and
was administered by the Fsychology Branch, Aero kiedical Laboratory,
Directorate of Research, Wright Air Development Center, with
Dr. Kenneth T. Brown acting as Project Engineer.
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ABSTRACT

Luminance thresholds for the visual resolution of various
widths of alternating light and dark lines were determined at
various times during recovery from different durations of light
adaptation. - Increasing duration of preadaptation from one
second to five minutes raises the initial dark adaptation
. thresholds and decreases the speed of the recovery process.

The level -of visual acuity determines the range of luminance
covered by the dark adaptation curves.
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This report has been reviewed and is approved.
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INTRODUCT ION

The progress of dark adaptatior of the eye depends to a marked extent
upon the initial state of light adaptation., Varying either the intensity
of the preadapting light or the duration of the pre-exposure affects the

course of the subsequent increase in sensitivity during a stay in the dark,

This adaptution process is ordinarily traced by determining the luminance
threshold, the lowest luminance of light which can be detected, at various
intervels of time until it has reached & fairly stable level, In general,
measurements of the eye as a whole show a primary rapid drop in threshold
during the first few minutes, and a later more gradual drop in threshold
vhich proceeds for over 30 mimtes, The early part of the curve corres-
ponds to cone adaptution; the secondary decline is a function of the rods
(Hecht, 5).

Studies by Winsor and Clark (10), Wald and Clark (9), Hecht, Hailg,
and Chase (6), Haig (3), and Mote and Riopelle (8), show that duration
and luminance of pre-exposure have certain similar effects upon the shape
of the luminance threshold curve. For regions which include btoth the foves
and the periphery the presence of two distinct sections of the curve, re-
presenting both cones and rods, remires a relatively large amount of
previvus light adaptation. Following brief exposures znd low luminances,
cone adaptation is extremely rapid, and only the secondary rod portion is
in evidence., The higher the luminance of the preadapting light and the
longer the period of pre-exposure, within limits, the more the initial
threshold values are raised, the later does the rod adaptation appear,
and the longer the time required for the threshold to reach a final steady
value,

While different investigators agree on the general results just out-
liped, 1t is a question whether the luminance of the pre~-exposure light
and the duration of the pre-exposure have identical effects upon the course
of dark adaptation, & chemical formumlation of the visual cycle, proposed
by Wald and Clark (9), predicts that recovery of ths rods from short in-
tense flashes of light will be faster than recovery from prolonged ex-
posures to lower intensities., This prediction was supported by their data.
Following the short duration and high intensity the rod adaptation curve
was so rapid that it overtook and crossed the long duration, high intensity

curve, Recent experiluwents have sought to furnish dark adaptation data for

preadaptation conditions vnder vwhich the product of intensity and duration
of pre-exposure was & constant. For the peripheral retina, Heig (3) found
that an increase in the degree of light adaptation, whether produced by
raising the luminance or by prolonging the exposure, affected subsequent
rod dark adaptation in an identical manner.

In the fovea, Mote and Riopelle (8) using four intemsities (11,300,

5,650, 1,130, and 565 ml.) and four duratioms (300, 150, 30, and 15 seconds),

showed that the curves are the same for I x ¢t = C for the two higher in-
tensities and two longer durations, and also for the two lower intensities
and two shorter durations, For other values of I x t = C the curves were

. generally not the same, "On the whole, the lover intensity, longer dura-

tion curves have lower initial threshold values, steeper slopes, and
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socnar reach a final steady threchold value than the curves for higher in-
tensities and shorter durztions." (p. 673).

Thus far we have consiiered the relation between dark adaptation end
the previous light adaptation with reference to the luminance threshold €or
the detection of 1lizht, 3Besides the simnle lisht detection threszhold other
criteria of ser~itiyity during dark ndaptation are of consideradble interast,
4 question of undoubted practical imnortance is how visual acuity, or the
capacity of the eye for the recolutinsn of visual detail, increases during
dark adaptations We need to know whether different visu-~1l resolvtiom
criteria respond in the same way to chanes in the condition of preadavtu-
tion,

Recent data [summarized by Brown, (2)/suggest that the dark adapta-
tion function is fairly independent of the nartiemlar criterica of threshold.
Brown, Graham, Leibowitz, and Ranken (1) determined luminance thresholds for
the resolution of grating test objects representing visnal acuities of 1,0,
0,62, 0425, 0,083, and 0.042 as well as for licht detection following five
minutes preadaptation to a Iuminance of 1500 millilambderts, Different
degrees of visual resolution yielded similar resmlts, with cone sections
of the curves parallel to the=e for licht detection,

In further extension of this research, Brown (2) studied the effect
of varying the preadapting luminance upon the luminance threshold curves
for different acuitiss, The resultins dark adaptation functions for the
resolution of three different gratings corresponding to visual acuities
of 0,62, 0,25, and 0,042, have the same characteristic shape as the curves
for light detection,

Two eftects of the level of visual acuity were noted. First, visual
acuity is a parameter which determines the position of the curve on the log
luminance threshold axis. The higher the degree of visual acuity, the higher
the position of the curve, Second, curves for the finer gratings, represent-
ing higher acuities, drop to a final steady level after about five to twelve
minutes in the dark, Such curves characterize cone function., Only the
coarser gratings will permit the characteristic rod portions of the dark
adaptation curves to appear,

Since in both experiments the course of dark adaptation for differeat
acuities was determined following a constant duration of pre-exposure (5
minutes), the results do not indicate what hapnens following pre-exposures
of shorter or longer duration. The present experiment aims to remedy this
lack hy showing how luminance thresholds for the resolution of visual detail
during dark adaptation vary as a function of preadapting duration.

The results should provide useful information which can be applied to
several sorts of specific tasks from map or dlal reading to visual search,
Stated in practical terms the important problem is this: How luminous must
a radsr screen or dial markings be so that the operator can read them after
scanning the sky for a brief lemgth of time? What difference is caused hy
prolonging the original exposure to light? Will different tasks, requiring
different degrees of aculity, be affected in the same way by given conditions
of sdaptation?

WADC TR 52-257 2



The very early part of the dark adaptation process is of particular in-
terest. Ye need a precise description of the sensitivity of the eye during
the first mimite following different amounts of light adaptation, 3By making
frequent determinations of threshold during the primary dark adaptation
period we hope to provide these wanted data.

Specifically, the present experiment is concerned with the following
questions:

(1) How does the luminance threshold for a given acuity level vary as
a function of time in the dark,following different durations of pre-exposure?

(2) V¥hat is the precise course of such luminance threshold curves at
successive fifteen second intervals during the first minute following pre-
exposure and at subsequent one or two minute intarvals of dark adaptation?

(3) Wnat is the effact of level of visual acuity?

() With respect to visual aculty criteria, does duration of pre-exposure
influence the subsequent dark adaptation in the same way as luminance of pre-
exposure? While the present experiment does not vary both intensity and
duration of preadaptation, the resulis may be compared with those obtained by
Brown (2) in a similar experiment on the course of dark adaptation for dif-
ferent visual acuity tasks as a function of pre-exposure intensity,.

APPARATUS

The apparatus used was a modified Hecht-Shlaer adaptometer (7). Modi-
ficaticns enabling determination of acuity thresholds during dark adaptation
are discuzsed in detail by Brown (2). Furither modification in this exveri-
ment enabling determination of aculty thresholds, particularly during the
early seconds of dark adaptation, are discussed in detail below,

The Hecht-Shlmer apparatus essentially involves two optical systems:
The first is a light adaptation system which presents a Maxwellian view of
a 35 degree circular field to which the subject light adapts. Let us con-
sider the optical path of thils system from light source to exit pupil, The
light source consists of a 100 watt tungsten filament frosted bulb mounted
benind a 22 mm. circular opening filled by flashed opal glass., This dif-
fuses the light which is then controlled in luminance by neutral tint
Wratten filters, and next collimated by a lans located at a focal distance
of 12 cm from the flashed opal glass. A second lens then focuses the
parallel light to a point 6 cm distantywhere is located a 3 mm. exit
puvil through which the subject sees a field of approximately 35 degrees
diameter (visual angle)., A fixation point at the center of this field is
provided by a small cross scratched on a piesce of plain glass located be~
tween the two lenses.

The second system is used during dark adaptation. This system, with

which the experimenter can mechanically replace the first, enzhles flash
presentation of a 7,3 degree test field during the dark adaptation meriod.

WADC TR 52~257 ' 3



The light source, used in the first system, sends diffused light through

a neutral Wratten wedge and balancer, a spring loaded camera smutter (the
shutter was set at a speed of 0.016 sec, for the present experiment), and
neutral Wratten fixed filters, before being maude parallel by the collimating
lens., 4 circular field stop, 4.45 cm, in diameter placed in the path of the
collimated beam, limits the test field to a visual angle of 7.3 degrees, A
second lens of 36 cm, focal length, focuses the beam at the 3 mm, exit pupil,
Fixation is provided by a red cross reflected into the ceanter of the visual
field by a 007 inch thick piece of cover glass located between the Wratten
filters and the collimating lens.

4 chin rest, used in both systems, is so positioned as to hold the sub-
ject's pupil directly in back of the 3 mm. exit pupil,

The modification enabling cdetermination of acuity thresholds was made
by Brown, Uraham, Leibowitz and Ranken (1), and is discussed by Brown (2),
This involved two minor changses in the Hechi-Shlaer dark adaptation system.
First, a holder, into which gratings can be inserted was mounted between
the wedge and neutral Wratten filters at an optical distance of 57.2 cm.
from the exit n»upil, Secondly, the red fixation cross was adjusted so that
its ootical distance 'to the e3. ; jupil was approximately 57.2 cm. Thus
accommodatioa for the cross and grating was essentially the same,

The mcdification enabling determination of acuity thresholds during
the early seconds of dark adsptation involved the addition of two Micro-
flex timers and the system diagrammed in Pigure 1. This system enuabled
accurate timing, down to an interval of 1 second, of two periods: (1)
the light adaptation period; and (2) the period between the end of light
edantztion énd the first flash during dsrk adaptation, With regard to the
lizht adaptation period, during experimentzl procedure the system cdould be
controlled either automatically or mamually.

Automatic control worked as follows (see Figure 1): Switch Sy remeined
closed throughout automatic procedure, The experimenter adjusted the optical
system to that for light acaptation by moving lever Iy located on the side
of the upparatus., This also closed switch S, Solenoid Cy was thus acti-
vated, and shutter SS was drawn upward cutting ofr the 1li ht from LS, Ad~
Justment of lever Ly also dropved the camera shutter, CS, from the 1iht
vath, althouch this i3 not shown in Figure 1. Lisht nadaptation was Tegun
when the experimenter closed switch Sq in the "starter" circuit of timer A,
Contact Ap closed immedistely, and regay B] opened, This released shuvtter
S8, allowing lizht to pass through to the subject, After a particuvlar
duration of 1licht adaptztion as set on timer A, A> opened and shutter SS
agaia cut off the light from LS, ending lisht adaptatione

As soon as light adaptation ended, the experimenter moved lever Iy up
g0 that the dark adaptnation system was moved into vod#ition, and shutter CS
was in the light nath. (Moving the lever up also opened swltch Sy, tims
reopening shutter SS,) Change to the dark adantztion sysiem had to be
accomplished in less than one second, since when light zdaptation ended,
contact Aq closed and timer B was started, One second thereafter B3 closed
and the cAmera shutter CS was trionped antomatically. In this way, a test
flash was precented to the subject precisely one seccnd after light adapts-
tion endeéd,

WalC TR 52-257 4
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Manual control was used for light adaptation periods of more than
two minutes, which is the limit of both timers A and B, Sp remained
open throughout mamual procedure, When the light adaptation system was
set in place, light adaptation began immediately. To end light adapta~
tion the experimenter closed Sz, This started timer B and closed shutter
5S simultaneously. The experimenter immediately replaced the light
adaptation system with the dark adaptation system by shifting lever Lj.
This had to be done in less than one second since smtter CS was tripped
‘automatically one second after timer B was started,

The experimenter pressed push button, P, to present flashes to the
subject after one second, This was done after either manual or automatic
operation,

Calibration of the apparatus followed the same procedure described
in detail by Brown (2), This involved four general considerations: (1)
the luminance of the light adapting field; (2) the luminance of the test
(dark adapting) field; (3) the visual angles subtended at the eye by the
lines on the gratings; and (4) the densities of the neutral Wratten
wedge and fixed filters,

The luminence of the light adapting field was determined by a bino-
cular luminance match with a standard field of equal area calibrated for
luminance with the Macbeth Illuminometer, Its maximum was 14,800 ml,
with the 100 watt bulb operated at 120 volts,

The luminance of the test field was determined by a monocular lumlnance
match using the comparison standard provided with the apparatus. The
luminance of the standard field was calibrated with the Macbeth Illumino-
meter, By varying the wedge, the subject was able to match the two fields
in luminance, The maximum luminance of the test field was thus determined
to be 15,140 ml when the 100 watt buldb was run at 120 volts,

Three gratings, described by Shlaer (1937), were used in the ex-
periment, The grating lines were opaque and separated by trasnsparent
spaces of width equal to that of the lines. The visual angle subtended

" - by the distance between the contours on these gratings was calculated

from the known width of the lines, the magnification of the optical system,
and the optical distance of the grating image from the eye, The visual
acuities of the three gratings used were respectively, 0,042, 0,083, and
0062.

The filter densities were determined on a Martens photometer., The
wedge density was checked by placing several different filters of known
density in the filter holder and adjusting the wedge to obtain a match
with the monocular matching device described above, The differences in
settings of the wedge were then checked against the differences in den-
sity of the filters for which the settings were obtained,

WADC TR 52-257 6
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METHOD AND PROCEIURE

The present experiment investigated threshold luminance for an
aculty object as a function of time in dark after exposure to a 1000
ml adapting field, Two parameters of this function also studied were:
(1) duration of light adeptation; the durations used were 1 sec., 30
sec,, 5 min,, and 10 min.; and (2) the aculty value of the grating used
in the test field; the aculty values of the 3 gratings used were 0,042,
0.083, and 0,62 respectively. Since for the 0,083 acuity value there
were no sppreciable differences between the dark adaptation curves
following 5 and 10 mimates light adaptation, the 10 minute duration was
omitted for the two other acuity values; this was done primarily in the
interest of shortening the relatively lengthy procedure required in this
experiment,

A modified psychophysical method of constant stimll was used to
determine the acuity thresholds during dark adaptation, For each point
on the dark adaptation curve, flashes of 0,016 sec, were presented to
the subject with the grating randomly in positions 45 degrees clockwise,
45 degrees counterclockwise, or vertical., The subject réasponded "right®,
nleft", Wvertical® or "no"., For each point, from 2 to 5 responses were
necessary such that at least one negative and one correct response were
obtained., The threshold luminance at a point was then determined as the
mean of the highest flash luminance at a "no" response and the lowest
flash luminance at a correct response, Incorrect responses were counted
as "no" responses, :

Tis method was used because the traditional constant stimmli method
would have required a prohibitive amount of time, The method of limits,
used by Hecht (?), could not be used since threshold luminance for reso-
lution of gratings is considerably higher than that for light detection;
thus test flashes given at intervals of less thanl) seconds might have
altered the course of dark adaptation.

Data were collected for two observers, one male, A.D,, and the other
female, A.G. Both observers had normal vision, The right eye of A.D.
and the left eye of A.G. were used in all determinations,

The procedure during one experimental run involved a pre-~light
adaptation period, a light adaptation period, and a dark adaptation
period,

During pre-light adaptation, the observer sat in the dark room until
his visual sensitivity reached a constant minimum level. The experimenter
determined the constancy of sensitivity by presenting the subject every
two minutes with flashes of the test grating to be used, until the threshold
luminance of the test flash was at a minimum and did not decrease by more
than 0.2 log ml, over a period of 4 minutes., The subject was then given
a 15 second warning for light adaptation at which time he positioned his
head by means of the chin rest and looked through the 3 mm. exit pupil

at the red fixation light, Another warning was given 5 seconds before
light adaptation at the end of which time light adaptation was begun.

WADC TR 52-257 ?



The experimenter began light adaptation in one of two ways: automatically
or mamially, On automatic, the lizht adaptation system was thrown in (lever
Ly thrown down) just before the 15 second warning. Then the experimenter
had to close S3 for light adaptation to begin, On manual the light adapta-
tion system was thrown in at the end of the 15 second warning at which time
1light adaptation began,

During light adaptation the subject fixated a black cross located in
the center of the Tield. Just before the end of light adaptation 15 second
and 5 second warnings were given, and the dark adaptation period hegen.

During the first minute of dark adaptstion, flashes were given at 1, 15,
30, 45, and 60 seccrds. In a check experiment, it was found that reduction
of the interval between flcshes to as 1little as 10 seconds dld not systeme-
tically or appreciably change the shape of the dark adaptation curve, A
15 second flash interval was, therefore, used during the first mimte, F¥Flashes
were then presented every minute, or every two mimtes, until the dark adap-
tation curve reached a relatively constant minimum level or until 30 mimutes
had passed, The level of the dark adaptation curve was assumed to be rela-
4ively constant when the threshold luminance did not change by more than 0,2
log ml, over a period of 4 mimites; and the level was assumed to be at a
minimum when the curve was either at the come levelling off portion or the
rod levelling off portion, depending upon the narticular erating used, For
exumple, according to data collected by Brown, Graham, Leihowitz and Ranken
(1), the 0.62 acuity dark sdaptation curve reaches a minimun threshold at
the cone levelling off portion of the curve; our 0,62 acuiiy curves were
thus ended along the ccne level. These criteria, concerning a constant mini-
mun level, depend primarily upon determinations, made by the above authors,
of the apvearance of the rod cone dreak in the dark adaptztion curve, which
determinations are substantiated by Brown (2), These criteria are thus
felt justified, especially in view of the time gained in experimentztion,

It was also found coavenient, for the second and succeeding mimates, to
present flashes 30 and 15 seconde before the minmute, This provided informa-
tion enadbling the experimenter to obtazin a more accurate bracket, between
a correct and a negative response, Tor eack mimnute,

It was found that for the short light adaptation duraticas, up to 3 or
4 runs could be obtained in one experimental session. That is, exzch experi-
mental point was determined by froem 2 to 5 flashes, which meant that from
2 to 5 pre-light, light, and dark adapteticn sequences were necessary, Dur-
ing one session, then, the dark adaptation period o one run could serve as
the pre-light adaptation period of the following run, exverimental time there-
fore being minimized. Under ro conditiomns, however, was the subject in the
darkroom for & contimuous period of longer than 1 1/2 hours. This meant
that for the longer light adaptaticn durations only one or two runs were
poscible in one session,

RESULTS
The data have been organized into two basic functions, each described

with respect to the parameters investigsted, First, let us consider thresholad
luminance for an object of constant acuity as a function of time in the dark
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following exposure to a lizht of a constant luminance, A parameter of this
function investigated involved the duration of light adaptation. See Tables
I, II, and III and Figures 2, 3, and 4, The experimental procedure followed
in obtaining the data in Figures 2, 3, and 4 varied only with respect to the
aculty values of the grating used (specified in each Figzure).

The data are described separately for each observer, There seems to be
no significant difference between these two observers for any of the curves
in Figures 2, 3, and 4,

_ The following observations msy be made with regard to these curves.
They are generally similar in form to the acuity dark adeptation curves ob-
tained by Brown, Graham, Leibowitsz and Ranken (1) and Brown (2), Thay are
steep during the early minutes of dark adaptation, and in some of these
curves a break occurs which is usually explained in terms of the rod-cone
Duplicity theory described by Hecht (5).

The influence of light adaptation duration as a parameter of the function
in Figures 2, 3, and 4 becomes evident in the disappearance of this rod-cone
break for the shorter durations of light adaptation. Two other effects oc-
cur as the duration of light adaptation is decreased: There is a shift of
the rod-cone break toward the early portion of the dark adaptation curves
along the time axis, and the curves begin at lower threshold luminances and
reach asymptotic levels more quickly,

With respect to differences between Figures 2, 3, and 4, i,e., between
the different gratings used, there does not seem to be much change in threshold
luminance values between a grating of an acuity value of 0,033 and one of an
acuity value of 0.042 (see Figures 2 and 3), However, a marked change occurs
with the use of a grating of an acuity value of 0,62 (see Figure 4), This
change is first evidenced in the disavpearance of the rod-cone break. Further,
it is seen that the differential effect upon threshnold luminance of light
adaptation duration is minimized. There is a slight displacement towards
lower threshold luminances when light adaptation duration is reduced from
5 minmtes to 30 seconds, but no appreciable, further decrease in threshold
luminance level when light adaptution is reduced from 30 seconds to 1
second duration, Finally, the threshold luminance for the 0,62 grating
during dark adaeptation following all three light adaptation durations is
considerably higher than that for the 0,042 and 0,083 gratings. (These
general observations are more specifically described in discussion of
Figure 6 below.)

Let us now consider the second function, threshold luminance as a-
function of the duration of light adaptation; Two parameters may be de-
scribed with respect to this function: (1) time in the dark (see Figure 5);
and (2) the acuity value of the test otject (see Figure 6). The data for
the two observers are averaged in Figures 5 and 6., This seemed justifiahle
in view of the general agreement between the data of the two observers in
Figures 2, 3, and 4, It also seemed advisable in the interest of greater
reliabilitv of the points determining the function,

First, with general regard to the function itself, there is seen a
steep rise in the curve from one second to approximately five minutes of

WADC TR 52-257 9



TABLE I

Log threshold luminance in millilamberts during dark adaptation
after different durations of light adaptation. Visual acuity = 0.042,
Subjects AD and AG,

Time in dark Duration of Light Adaptation
1 sec. 30 sec. 5 min,

AD AG AD AG AD AG
1 8€C., "0.60 -O.GO "0045 -0030 9.24 0.79
15 " -1048 "1050 -0085 "‘0090 0.14 0014
30 ¢ -1,66 -1,55 -1,00 -1,06 -0.16 O.11
45 M -2.01 -1,75 =1,25 =] 25 =-0,36 =0.21
60 =2,06 -1,85 =] ,20 =1,35 "0.56 =0,56
2 mn. "'2.21 "2021 "1041 "'1.61 "1.00 '-0‘90
3 " "2.31 "2.41 "1.4‘6 "'1.61 "1.25 "1.35
4 " =2.,26 -2.51 ~1.61 -1.61 -1.45 -1,40
5 " "’2.31 -2046 "'1.61 "'1071 ‘1.45 "1.45
6 w -2.56 = =2,71 =-1,61 -1.71 -1,40 -].45
7 " -2.41 -2.51 -1081 -2.11 "'1.40 -1060
g " =256 -2.66 "'2.01 -2.11 "'1.55 "1.55
9 ® -2.66 -2,66 -2.16 =2426 -1,50 -1,55
10 =2.66 =-2,61 =2,46 =2.41 «1.55 ~1,70
11 v -2,61 «2.76 =2+36 ~2,46 -1,55 -1,75
12 * =2.76 =2.71 «2.51 -2+46 -1,36 ~1,36
13 ¢ ~2.66 =2.71 =-2.56 =2.61 -1,61 -1,61
14 -2.86 =2.86 -2.71 -2.,61 -1.81 -1,76
15 » -2.91 -2.86 ~2.71 =2.76 -1,91 -1.86
16 * =~2,86 -2,86 =271 -2.86 ~1,96 -2.06
17 " -2.86 =2.86 "2071 ‘2081 "'2.14 ‘3.46
18 * -g.91 «3.01 ~-3,01 -2.81 -2.14 =2.,56
19 -2,86 -2.96 -2.86 -2,91 -2,19 =2.56
20 -2.96 -3.11 -3.01 ~-2¢39 =-2,56
21 * -2,91 =3.01 -2,39 =2.56
22 " ~2.96 -2,91 -2.44 =266
24 n 4.01 -3.06 -2.54 .2066

2 ¢ -2,79
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- TABIE II

Log threshold luminance in millilamberts during dark adaptation after

different durations of light zdaptation.

- AD and AG,
Time in dark
L] 1 sec,
AD AG
1 sec, -0,65 =0.55
* 15 " =135 =-1.,45
30 " -1,64 1,70
bs ® ~1la76  =1.95
60 " -2406 =2,10
2 min, ~2.,21 =2,20
3 " =2.31  =2,30
h n ~2,06 ~2.,35
5 " -2,71 =2450
6 " =2,71 =2,55
7 " ‘2-31 -2.&5
g -2,86 =2,U5%
g n =2.581 =2,50
10 °® =2,51 =240
11
12 ¢ -2,71 =2.40
13 "
14 " ‘2-“1 -2.#0
15 #
16 " -2441 =2,35
17 "
18 " ~2461
19 "
2 " -2.71
21
22 " ~2,61
23 "
24 n -2.61
25 "
26 "
27 "
28 "
29 "
3 "

WaDC TR 52-257

Visual acuity = 0,083,

Duration of Light Adaptation

30 sec,

AD AG
~-0,30 0417
“0.73 “0.?3
~0.93 -0,78
=1s30  =04%0
“1335 -1.30
“1-33 ‘1¢h7
~1e63 =1,43
-1.76 -1.62
‘1.?8 -1.70
-1.86 '1'70
=2,06 ~1,93
-2016 -1l9o
=2,31 <2,10
-2,31 =2,11
2,41 -2,25
-2.56 -2.u5
-2.u6 -2.56
-2.61 -2.65
-2,61 =2,56
-‘2.81 -2.71
-2,81 -2,55
-2.86
~-2,91

11

5 min,

AD AG
049k 0.99
0.39 Oul4
Oglu -0.06
6,00 ~0,11

-0.16 -0.#6
-0‘99 -0001
-1024 -1-12
=122 1,12
-1'37 ”1.27
-1,27  =1.37
-1.12 '1.63
-1.’4'2 “1.72
-1.32 7

. =1a32 =1,461
-1.52 -1.81
-1.5 =1.76
-1,61 =1,76
‘1.95 -2.00-
-2,15 =2,11
=2425 =2,21
-2,30 =2.05
-2.’40 "'2. 10
-6.50 -~'31

Subjects
10 min,

AD AG
0.99 1.09
0659 0429
0.4 -0,01

-0,06 =0,11
-0,31 -0.41
~1,25 ~1,20
=125 -1435
- l' 25 -lguo
-1,50 =1,40

~1,40
-1.60 -1.40
‘1.“5 “1.30
-lglﬁ"_s -1.50
'1055 ‘1035
‘1.60 -1.70
-1.53 -1,95
-1,82 -2,00
-2,01 =2,16
°2016 -2.21
—2' 16 -2 .L‘6
=2.31 =2,51
-2 .ul "2 .66
-2 .47 -2. 56




TABLE III

Log threshold luminance in millilamberts during dark adaptation
after different durations of light adsptation. Visual aculty = 0.62,
Subjects AD and AG,

Pime in dark Duration of Light Adaptation
1 sec, 30 sec, 5 min,
AD AG AD AG AD AG
1 sec. 1,04 0.69 1,60 1.05 2,43 2.43
15 " 0.19 0.54 0,80 0.65 1,58 1,55
30 -0,31 Oa2l 0,00 0445 1,48 1.62
kg u 0621 0.04 0.25 0025 1,53 1,25
60 " ~0441 0,14 0,10 0.10 0.88 1,21
2 min. -0.26 -0.01 -0.60 "0.“’1 0. 19 0.59
3" 0426 ~-0.01 ~0,36 -0,6 0.1k 0.29
L n ~0,26 0436 =026 -0,61 0.09 -0,21
5 n ~0,16 -0, 46 ~0,36 -0,66 0.04 ~0.l1
6 " 0,31 -0,21 -0,36 -0,.51 -0,06 0.02
? " ~0.21 -0.41 -0¢31 -0,36 0.14 0,04
8 " 0,31 ~0,21 -0.21 =046 0.09 ~<0,01
9 " -0.31 "'0."-"6 "0.36 -0."1‘6 -0.06 -04?1
10 " ~0426 ~0,46 ~0,36 -0.41 -0.06 ~0,16
11 *® ~04,31 -0a51 ~-C.51 ~0,61 0,04 ~0,31
12 " -0,21 0,61 ~0436 ~0656 -0.06 -0.11
13 " ~0,76 -0.41 -0,21 ~0.16
1 " -0,71 -0,56 -0,16

WA\
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Figure 2, Dark adaptation curves for visual acuity (VA) = 0,042 followling
5 min., 30 sec., and 1 sec, preadaptation (PA) to & constant luminance of
1000 ml. Subjects AG and AD,

WADC TR 52-257 13



| F‘
\ VA = 0.083

3
Y "ro AG PA DURATIONS
\ .
$ o 10 min
3 \\ * S5min
<t Lix @ 100and 5 min pts.
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Y ;‘0-;:$Ln-o-:dt-° x 30sec
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‘o ,\x > S J °

n
L
(:/

'
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LOG THRESHOLD LUMINANCE (ML)

TIME IN DARK (MIN)

Figure 3. Dark adaptation curves for visual acuity (VA) = 0,083 following
10 min,, 5 min., 30 sec,, and 1 sec. preadaptation (PA) to a constant luminance
of 1000 ml, Subjects AG and AD,
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VA = 0.62
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Figure L,

30

Dark adaptation ~urves for visual acuity (VA) = 0.62 followin

5 mine, 30 sec., and 1 sec, preadaptation (PA)to a constant luminance of

1000 ml, Subjects AG and AD,
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1ight adaptation duration, after which little or no effect occurs up to
ten mimtes. It should be noted that whether the curve actually reaches
a constant level at exactly five minutes cannot be determined from the
data, The total change in threshold luminance, as the duration of light
adaptation is changed from one second to five minutes, is between 1,5 and
2.0 log ml, in threshold,

With respect to the parameter of time in the dark, there is a downward
displacement of the function along the log threshold luminance axis as
time in the dark increases. Time in the dark does not significantly
affect the form of the function, however, during the first minute of
dark adaptation, It is only later in the course of dark adaptation that
the function begins to become less steep. That is, duration of light
adaptation has a marked effect upon the level of threshold luminance during
the first mimite in the dark but has much less effect after sixteen minutes
in the dark.

Examination of the acuity parameter shows that during the first
second of dark adaptation as the acuity necessary to resolve the test
object increases, the threshold luminance also increases., ¥or a change
in acuity from 0,042 to 0,083, this holds only at the higher light
adaptation durations, For a change in aculty from 0.083 to 0.62, however,
the change in threghold luminance for resolution of the test object is
marked for all light adaptation durations, constituting, on the aversge,
an increase of approximately 1.5 log ml.

DISCUSSION

These results agree essentially with previous measurements of dark
adaptation following different durations of light adaptation, Despite
important differences in procedure and in criterion of threshold,the
dark adaptation process is found to respond in much the same way to an
increase in the period of light adaptation, Two effects are generally
characteristic: As the exposure to light of a constant intensity lengthens,
1) the initial thresholds rise, and 2) the speed of dark adaptation de-
creases, A third effect occurs when the threshold criterion is sufficiently
low to permit rod response, In thls case the longer the pre-~exposure,
the more prominent is the primary cone dark adaptation and the more delayed
ia the secondary rod adaptation.

With regard to the initial rise in threshold, a comparison of Figure 5
with the plot of thresholds at 6 minutes in the dark following various
lengths of exposure to 333 ml, presented by Wald and Clark (1937), shows
both figures to be generally similar, Both figures express the fact that
as duration increases, the threshold rises, at first rapidly, then more
slowly, finally becoming constant in about 5 to 10 minutes,

With respect to this function the data of Hanes and Williams (4) (See
Figure 2, p. 368) are also of interest, They measured the effect of
varying durations of light adaptation upon the time required for detection

of supra~threshold signals sppearing on a typlcal cathode ray tube screen,
The luminance of the signal was varied as one of the parameters of the
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function of detection time versus duration of light adaptation. Thus,

their situation required light adaptation for a certain duration and then
dark adaptation until the eye became sensitive enough to just detect a
target of a certain lurinance, We might therefore expect that their curves
of detection time versus duration of light adaptation, with target luminance
as a parameter, should be similar to our curves of log threshold luminance
versus duration of light adaptation, with time in the dark as a parameter,
We might expect this similarity because detection time is determined by

a threshold response (when the subject just begins to see the target )

and also because we are, in effect, changing target luminance when we

select different values of time in dark, since the target, or test field,
in the present study is actually at different luminances,depending upon |
the change in sensitivity during dark adaptation.

What is expected is generally borne out, That is, both the Hanes and
Williems data and our own show that beyond approximately five mimtes,
the duration of light adaptation has no appreciable effect on subsequent
sensitivity in the dark., Also, the longer the time in the dark following
light adaptation (or the dimmer the target or test field), the smaller the
differential effect of different durations of light adaptation.

With respect to the relation between duration of light adaptation and
the speed of subsequent dark adaptation,a comparison of the one second
function with the other curves in Figures 2 and 3 is illustrative, Dark
adaptation for the lower acuity levels is very mach more rapid following
one second of irradiation than it is following longer exposures. The
one second curve reaches a constant minimum within about 12 minmutes,
while curves for the longer durations are still incomplete after 30
minates in the dark,

The change in rete of dark adaptation was shown by Haig (3) and by
Wald and Clark (9) to apply to rod dark adaptation exclusive of cone
functioning, Haig identified two components in this change of rate, a
decrease in the slope of the function, and a displacement to the right
on the time axis, With increasing pre-adaptation the latter effect is
evident in the curves of Figures 1 and 2. The rod portions of these
curves are displaced increasingly to the right on the time axis as
duration of preadaptation increases. The alteration in slope of the
dark adaptation functions is less clear, Following exposures to light
longer than one second the early portions of rod dark adaptation are
"hidden behind the cone function, and changes in velocity of rod adap~
tation cannot be detected. More data following lower luminances of
the adapting light appear to be needed in order to obtain a sufficient
number of purely rod functions for comparison,

While our experiment does not permit a definite answer to the question
of the relative influence of duration and luminance of pre-adaptation
upon the dark adaptation process for different acuities, the effects of
varying duration are very similar to the effects of varying luminance
shown by Brown (2). In general, the initial thresholds are lower, and
the time reguired for complete dark adaptation decreases rapidly as
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either the luminance or the duration of the pre~adapting light decreases,
With regard to the form of the acuity dark adaptation curves, the influence
of both duration and luminance of pre-exposure is most marked during the
early stage of dark adaptation, Progressively less effect appears as

time in the dark increases. In our data, the disappearance of a definlte
rod-cone break after brief exposures to light parallels Brownts finding
for low luminances, However, a strict comparison of the portions of the
two studies in which the total quantity of previous light adaptation was
the same, but of lower luminance and longer duration in one case, higher
luminance and shorter duration in the other, ylelds a discrepancy. No
rod-cone breaks were found by Brown following 5 mimautes exposure to 100 ml
(and lower). Our curves for the same acuity (0.042), using 30 sec. of
preadaptation at 1000 ml, show the break in the case of both observers,
This is apparently a departure from a reciprocal relation between time

and luminance of light adaptation (cf 8),

With regard to the effect of the level of visual acuity, the present
data agree very well with those of Brown, Taken together with the findings
of Brown, Graham, Leibowitz and Ranken (1), tnese three studies clearly
establish the independence of the form of the dark adaptation function
£rom the criterion of threshold, Visual acuity determines the level of
luminance covered by the dark adaptation curve. As the acuity required
for the resolution of the test object increases, the curves are displaced
upward on the log luminance axis. Curves corresponding to the higher
degrees of aculty represent cone functioning only, and drop to a final
level after about 5 to 12 minutes in the dark,

SUMMARY

Dark adaptation curves representing three levels of visual acuity
have been determined following preadaptation for from one second to
ten minutes to a constant luminance of 1000 ml.

1) At all acuity levels, the initial thresholds rise, and the speed
of dark admptation decreases as duration of preadapting light increases
from one second to approximately five minutes, These effects are less
pronounced at the highest aculty investigated, 0.62. A threshold response
at this level represents cone adaptation exclusively,

2) At lower acuities, 0,083 and 0,042, an additional effect occurs
as a function of duration. The shorter tke period of light adaptation,
the less prominent is the primary cone dark adaptation, and the sooner
does the rod dark adaptation appear,

3) Duration of light adaptation has a marked effect upon the level
¢f threshold luminance early in the course of dark adaptation. The
effect becomes progressively reduced as time in the dark increases.

4) As the level of aculty increases, the threshold luminance also

increases, dcpending upon the amount of change in acuity and the pre-
adapting duration.
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