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,, ·INTRODUCTION·; 
·'t" ' ( ·, 

,j 

The decrement in visual performance· following exposure to intense 

photic stimuli has been termed flash blindness. l. 2 3 
Recent reviews ' ' 

164 

of flash blindness studies have shown that human recovery time i~ depend-

ent upon many variables. Among.these are: the intensity of the target 
' . . 

stimulus, the visual acuity required to detect or identify the target, 

the spectral distribution of both the adapting flash and the target, the 

energy of the adapting flash, and the retinal area stimulated. 

However, exploration of tbe effects of intense photic stimulation 

upon human recovery times has been limited by the amount of energy 

which could be delivered safely.to the eye of the subject~ Therefore, 

it was considered desirable to dete
1

rmine the feasibility of using both 

behavioral and electroretinographic (ERG) responses of cats to visual 

stimuli as a measure of visual impairment. 

The purpose of the present paper is to present the results of 

two studies of the recovery times of cats. The first will be a report 

of an operant conditioning technique and the second will consist of 

the results obtained by electroretinography. 

CONDITIONING STUDY 

Apparatus 

The conditioning apparatus consisted of a 45 cm cubi~al plexiglas 

box with an elevated floor 10 inches above the bottom of the cage~ 

Mounted in the floor, to the animal's left, was a circular pedal, 5 cm 

in diameter which extended 12 mm above the level of the floor. On the 

outside front of the clear plexiglas box was mounted a food tray which 

was accessible to the animal through a 10 cm square opening. The 

* Present address: U.S. Anrry Medical Research Laboratories, Biophysics 
Division, Ft. Knox, Kentucky. 
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David I. Randolph 

target was a 115 volt AC 15 watt clear tungste~ filament lamp with a 

color temperature of approximately 2050°K. This was placed 15 cm 

behind an 11 mm diameter aperture. The target subtended a visual 

angle of 2-1/2°. Kodak neutral density filters were placed between 

the source and the aperture. The lamp house was mounted 10 cm out

side of the front wall of the conditioning apparatus. Three GE No. 50. 

photoflash lamps were mounted above the target light, 15 cm from the . 
cat's eyes and at the animal's eye level. Each flash lamp subtended 

a visual angle of 20° and yielded a total output of 95,000 lumen-

seconds over a period of 60 ms. The peak output was determined to be 

approximately 5,000,000 lumens at 30 ms4
• The total energy delivered 

to the corneal surface by each lamp was approximately 0,26 j/cm2
• 

Gerbrands variable interval programmer (Model Pr-JA) turned on the 

target lamp, while a Hunter decade interval timer (Model No. lO0C) 

controlled the 'duration of the stimulus presentation. A ratio pro-

A 

gra.mraer (Gerbrands, Model RP-1) controlled the number of presses for 

the positive reinforcer. 196 mg P. J. Noyes cat-food pellets were 

delivered by a Gerbrands Model D pellet dispenser wired to the ratio 

programmer. 

The conditioning apparatus was enclosed in a large (1.8 m x 

1.2 m x 1.2 m) light tight chamber, equipped with a 100 watt tungsten-

filament bulb and a small fan for air circulation. A second 100 watt 

tungsten-filament bulb was equipped with filters transmitting the 

infrared (beyond 900 millimicrons). An infrared scope was mounted 

on the exterior of the light-tight box. 

Procedure 

Three male cats*, 12-14 months old, were used in the present 
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study. The cats were initially deprived of food for 48 hours. Each 

was then placed in the conditioning apparatus in a well-lighted room 

and allowed to eat ad lib from the food magazine for one hour. This 

phase lasted for -five days, during which they were fed only while in 

the training box. The second phase of training occurred on Day 6 

when the successive-approximations method of training bar-press be

havior was instituted. The target light remained on throughout this 

stage at an intensity of 3 .86 FC, with the 100 watt tungsten filament 

bulb providing ambient illumination (3.86 IA condition). This train

ing continued until each cat sat directly in front of the food tray 

and pressed the pedal with his left front paw. After 28 days of 

training, one hour per day on a variable ratio (x = 4:1) schedule, 

the discrimination training was instituted. In this seq~nce of 

trials, the animals were rewarded for, pressing the bar in the presence 
' 

of the target light (CS) which remained on for 10 seconds. A two 

minute delay of onset of the target stimulus was then introduced when, 

the animal pressed the pedal in the absence of the stimulus •. The 

animals were then trained to a 100-percent-correct response· criterion. 

In the final phase of training, the cats were placed in the dark 

room in their training apparatus. A variable interval (x = 1.5 min) 

programmer was then used to present the CS for 5 second periods. The 

animals were reinforced on a 2:1 fixed ratio. Thus, the animals were 

required to maintain a relatively stable position with respect to the 

pedal, and to respond to the presence of the CS with at least two 

pedal depressions. 

At two random times during each acquisition session of the con

ditioned response, the startle response of the cats to the fj.ring of 

tbe flash bulbs was gradually adapted out by firing the flash bulbs 
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at various distances (15 to 60 cm) from their eyes,- After the tenth 

or twelfth flash, the cats did not show any noticeable startle 

response. 

The flash-blindness-recovery testing began after 46 days of two 

1-hour sessions per day of the discrimination training. 

The cats were dark-adapted for 15 minutes, during which time no 

CS 's were presented. After 15 minutes, the variable interval program 

of CS presentations was started and continued for en additional 15 

minutes. At 30 minutes, one flash bulb was fired and simultaneously 

the target light was turned on and an electric timer was activated. 

The animal's recovery time was then taken as the second bar press in 

' '~ 

the presence of the CS. This procedure was also followed after 45 
~ . i. 

and 60 minutes in the apparatus. To eliminate the possibility that 

the animals were.responding to positive after images resulting from 

the flash lamps, test trials were inserted in every tenth trial 

(approximately every third session) in which the flash bulb and timer 

were activated, but the target lamp r~mained out. In no test did 

the animals press the lever in the absence of the CS during a two 

minute observation period. 

For each animal, 9 recovery-time trials were obtained for each 

of 5 target conditions; 3.86, .334, .027, .0027 foot candles and for 

3.86 foot candles with the animal light-adapted (3.86 LA) by the con

tinuous illumination from the 100 watt tungsten lamp. Each target 

condition was randomized with respect to sessions, however within 

each session the target conditions were constant. 

RESULTS AND DISCUSSION 

The means and standard deviations for each cat's recovery times 

are presented in Table 1. As can be seen from Table 1 and Fig. 1, 
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the behavioral recovery time of cats D and M were similar, while 

cat W showed consistently longer recovery tires. 

The curves presented in Fig. 1 were approximately linear plots 

of recovery time .as a f'unction of log10 intensity. A least squares 
', 

approximation of each curve yielded the following equations: Cat W, 

Rt= -5.10 log1oI + 21.12; Cat M, rt= -3-72 log1ol + 15.48, and 

cat D, Rte= -4.oo log1oI + 13.88 (Rt= Recovery Time and I= Target 

Luminance ) . 

The recovery time to the light-adapted condition as shown in 

Fig. 1 was faster for all animals than any of the dark-adapted con

ditions. This result was predicted on the basis of previous findings 

that with the adapting flash energy constant, the recovery time de

creases as a function of increasing ambient and target illumination5
• 

This condition was used as a further control to insure that the 

animals were responding to the appearance of the target stimulus. 

A summary of the analysis of variance6 is shown in Table 2. ' 
I 

The effects due to subjects were statistically significant (P < .01) 

and could be accounted for by the individual differences in the rean 

recovery times (vertical curve displacement) as seen in Fig. 1. The 

main effect due to luminance was highly significant (P < .001). 

Neither the effect of sessions (replications) nor the interactions 

were found to be statistically significant. 

Tbe similarity found between the slbpes of the individual curves 

together with the non-statistically significant subjects x intensity 
f 

interaction indicates that the effect of, luminance was consistent 

for each animal. Tbe results indicated that as the luminance of the 

target is decreased, recovery times increase when the adapting stim-
1 ulus remains constant. These results are consistent with findings 
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by other investigators using human subjects7 • 

EIECTR0RETINOGRAPHY 

In the second study, we wished to determine the effects of high 

intensity photic stimulation upon the cat ERG. This was done since 

we felt that increasing the energy or varying the wavelength of the 

flash blinding stirrrulus would cause disruption in the behavior of the· 

cat. With this disruption, we would then not be confident that our 

recovery time decrements were due to the stimuli alone or to dis

tractions induced by changes in the energy and wavelength of the 

stimuli. Further, since the conditioning procedure was extremely 

time-consuming, a parametric study of the effects of variations in 
..,,. 

the wavelength of both the flash blinding stimuli and the target 

stimuli, would have been prohibitive. 

Procedure 

Animal Preparation 

Four adult male cats were used in the present experiment. Each 

was between 1-1/2 and 2 years of age and weighed 8-10 pounds. They 

were selected on the basis of similarity of coloring of the tapedum 

lucidum and tapedum nigrum in the central retinal area. Fundus 

photographs were taken of both eyes . Each eye was examined with a 

binocular indirect ophthalmoscope prior to and following each session 

to insure that no visible pathology was present. Two drops of 1.0 

percent atropine sulfate was placed in each eye to dilate the pupils 

and paralyze the ciliary rrruscles. An intravenous injection of 100 

to 150 mg of sodium pentobarbital (nembutal) was followed by 50-75 mg 

ad.ministered' interperitoneally. Several drops of 0.5 percent Tetra

caine HCl were put into the eyes. A suture was then placed in each 
/ 
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eye at the 12 o'clock position, 1 mm superior to the ·corneal scleral 

junction. This enabled us to manipulate and hold the eye in a fixed 

position throughout the experirental session. A plastic, non

conducting lid retractor was then insez:ted into each eye,. ,Cotton_ 

wick electrodes, soaked in 5 percent saline solution, were placed at 

6 o'clock, 1 to 2 mm below the inferior margin of the corneal-scleral 

junction of each eye . An intra-dermal electrode was inserted into 

the _skin of the animal, 5 mm nasally and 1 cm superior to each eye. 

A ground electrode was fastened to the external margin of one ear. 

Apparatus 

The animal's eyes were aligned with the apparatus so that the 

focal point of the light of both the illuminator and the Xenon flash - · 

lamp (Fig. 2) fell on the same spot on the corneal surface and stim

ulated the same retinal areas. A collimated beam from the microscope 

illuminator was divided into two paths by a 50 percent reflecting 

mirror. One path led directly to the right eye, while the second was 

reflected in the left eye • At the right eye, the luminance of the 

microscope illuminator was controlled by neans of a neutral density 

wedge. A motor driven rotating sector disk was inserted into the 

light path between the shutter and the illuminator. The disk rotated 

at 1 revolution per second and produced a flash of 30 milliseconds 

duration. The Xenon arc lamp system was mounted on the optical bench 

and hinged so that it could be lowered or raised into the light path 

of the right eye. The Xenon lamp power supply system was set at 1.6 

10v, 600 µfd at 500 µh for all exposures. A blackened disk calorimeter, 

placed at the focal point of the beam, enabled us to equate the mono

chromatic filter energies directly with each other and with "white" 

light. Five monochromatic filters were used. These were: blue 
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(Amax == 456 Nm), blue-green (Amax == 485 Nm), green. (Kodak XI, 

Amax == 515 Nm), yellow (Kodak filter 15, .transmitting ;,89 percent 

above 575 Nm) and red (Kodak 25 cutoff below 600 Nm with 80 percent 

transmission above 620 Nm). The neutral density wedge was used to 

adjust the energy levels of all stirrruli to equality. The disk cal

orimeter was 1 cm diameter with a conversion factor of 0.173 j/mv •. 

The diameter of the spot size at the focal point on the corneal sur-· 
I 

face was 2 mm. The equated energy for all wavelength conditions and 

"white" light was calculated to be 0.15 j/cm2 
and the duration of the 

flash was calculated at 61 / 3 as 1030 µsec for the Xenon lamp. The 

compensated equivalent luminance for the ERG stirrrulus provided by the 

microscope illuminator was approximately 5,080 mL when measured by a . 

Macbeth Illuminometer at the corneal surface. The energy levels for 

each ERG stirrrulus condition were equated in the same way with the 

same monochromatic filters and neutral density wedge used for the 

adapting conditions. Electroretinograms were recorded on two low 

level-high gain AC amplifiers of a Grass Model 7A polygraph, equipped 

with a 1-second time-marker. A selenium photoelectric cell was 

positioned on the shutter and each light pulse was monitored through 

the polygraph system. 

Method 

For each cat a 6 x 6 matrix was developed consisting of the six 

ERG stirrrulus conditions and six adapting or flash blinding conditions. 

Each animal was then dark adapted for 5 minutes. Following this, a 

2-minute ERG baseline was obtained for the recovery wavelength used. 

This baseline yielded consistent b-wave amplitudes after the first 10 

seconds of exposure. The final 90 seconds were used as the baseline 

with which recovery was compared. The animal was then flash blinded 
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and the same ERG stimulus was again presented to the exposed eye • 

total of 36 combinations of ERG stimulus and adapting wavelengths 

were presented in a random order in two sessions for each cat. 

The height of the b-wave of the cat 1 s ERG was measured in mms 
I • 
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A 

of pen deflection and transformed into microvolts. The baseiine data 

obtained for each animal on each ERG 'waveleiigth stimulus prior to 

flash blinding was used to compare recovery of the ERG. For all 36 
• 

combinations, the means of 15-second time blocks were computed for 

the first five minutes or until the animals~ post-flash ER~ e4ualed 

the pre-flash ERG. The reans of 30-second blocks were obtained over 

the next 5 minute period. For :recoveries in ·excess of 10 minutes, 

the means were computed for every 60-second block of ERGs • Since the 

ERG was considered :relatively stable for each animal but.differed 

between animals, the recovery of each animal was followed by computing 

the percentage of the original ERG b-wave height (post-flash b-wave 

height/pre-flash b-wave height x 100) for each of the time blocks. 

The percent ERG recovery was plotted as a f'unction of time for each 

animal for each of the 36 combinations. From these, six points were 

selected. These were the JND, or the time :re4uired for two success-
1 

· 

ive ERG b-waves to be just-noticeably-different from the noise level 

of the apparatus, and at 10, 25, 50, 75 and 100 percent recovery. 

RESULTS AND DISCUSSION 

A summary of each of the six :recovery levels is shown in Tables 

3 and 4. The rows in each matrix of both tables represent the wave

length of the ERG stimulus while the columns show the wavelength of 

the adapting stimulus. The units in Table 3 are in seconds and are 

the means for the four animals • As is apparent from this table, the 
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time it took to recover from adapting wavelengths of 456 and 485 Nm 

was significantly greater than the recovery to 620, 575, 515 Nm and 

"white" conditions. The units in Table 4 show the relative effective

ness of each wavelength in producing flash blindness when compared to 

the red adapting condition. In this table it can be noted that for 

the JND matrix, the 456 Nm adapting cond.i tioh was from 11 to 4 7 times·· 

more efficient at producing delays in the start of recovery of the 

ERG than was the red adapting condition. These effects were even more 

apparent at the 100 percent ERG recovery level, where for an adapting 

flash of 485 Nm, it took an average of 1234 seconds to recover fully 

to the 485 Nm ERG stinrulus, while for the,620 Nm adapting condition, 

the mean recovery time for the 485 Nm ERG stimulus was only 19 seconds. 

This is a factor of 65:1, indicating the relative efficiency of this 

wavelength in the production of flash blindness. 

Fig. 3 shows the recovery time in log10 seconds as a function of 

the ERG stimulus wavelengths for the JND, 10, 25, 50, 75 and 100 per

cent recovery criteria for each of the six adapting wavelengths. From 

this figure, it can be seen that the difference between the blue 

(456 Nm) and blue-green (485 Nm) adapting energies is low, except at 

the J1iJD criteria, where the recovery time to the blue-adapting stim

ulus is slightly (but not significantly) higher than that produced by 

the blue-green adapting stimulus. At the JND criterion, there are no 

significant differences between green (515 Nm), yellow (575 Nm) and 

red (620 Nm) and white adapting stimuli. The differences between the 

blue and blue-green curves and the remaining curves, while not remain

ing constant, show separations of more than one log unit. It is also 

apparent that as the recovery criteria are raised from the J1iJD level 

to the 100 percent recovery level, the recovery times appear to fall 
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into three distinct groups. The longest recoveries are still the 

result of the blue and blue-green adapting conditions, but the green, 

white and yellow now appear to be distinctly separate from the red 

adapting condition . 

.As is apparent in Fig. 3, the differential effects of the ERG 

recovery stirrru.li were negligible. In all cases, there, were no dif

ferences in the recovery time of the ERG due to manipulation of the 
• 

wavelength of the ERG stirrru.lus. Thus, the recovery times at any ERG 

wavelength stimulus, i.e., 486 Nm, were the same as any other ERG 

stirrru.lus wavelengths for the same adapting stirrru.lus. The absence of 

slopes indicates that there was little, if any interaction between 

the adapting wavelengths and the ERG stimulus wavelengths. 

These findings can be interpreted in two ways: First, Granit 1s 8 
. 

description of the absorption characteristics (wavelength sensitivity)

of rhodopsin, the photochemical substance found in mammalian retinal 

rods, shows a peak of absorption at about 502 Nm. The curve shows 

that little absorption occurs at either 575 or 620 Nm, while at 456 

and 485 Nm, it approaches 80 and 95 percent respectively. It can 

thus be postulated that at the higher wavelengths, the amount absorbed 

by the rhodopsin is negligible and represents a very small portion 

of the available photo-pigment. Thus, recovery is more rapid as the 

proportion of energy absorbed by the retina decreases. Conversely, 

at the lower wavelengths which coincide with the region of maximal 

absorption of rhodopsin, an intense flash would cause more photo

chemical conversion of rhodopsin than had occurred at the higher 

wavelengths. This results in longer recovery times due to the re

duction of retinal sensitivity resulting from the decrease of avail

able rhodopsin necessary to initiate a retinal response. However, 
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~. , there were apparently no differences between the recovery times to 
green, white and yellow adapting stinruli where according to this [i; I 

r· ;G-

l I 

,.. 

hypothesis green (515 Nm) should yield the same, or longe! recovery 
times than blue (456 Nm). This may partially be accounted for by 
noting the spectral transmittance characteristics of the green, 
(Kodak XI, No. 11) filter used in the present study. This filter 
shows a maxirrrum transmittance at 515 Nm of approximately 60.2 :i:,iercent 
with approximately 30 percent at 485 Nm and 2 percent at 455 Nm. 
Above 515 Nm, a much larger amount of energy is transmitted than 
below this point, such that 15 percent of the energy is still trans
mitted at 620 Nm. This relatively greater amount of energy trans
mitted above 515 Nm would tend to decrease the amount of bleaching, 
since the absorption above 515 Nm is far less than below 515 Nm. 'rhe 
'vhite" adapting stirrru.lus used in the present study, when averaged, 

•' would also peak in the green, although with a wider distribution 
across all wavelengths. 

' 

' 

' ,. 

,.1 ~-. 
~~). 

The second explanation is based upon the findings of Wald 9 and 
others of three cone pigments with different absorption maxima. In 
the primate the three cone pigments were found to have maxinrum ab
sorption at 445, 535 and 570 Nm. The cat has been shown to possess 
both rods and cones in its retina, although the former are in greater 
abundance and the latter in a lesser number than in the human eye. 
Absorption maxima at 450, 540 and 610 Nm were found by Granit8 for 
the light-adapted cat eye. He also indicated that the scotopic
photopic dominator curve shift for the cat's eye was almost identical 
to that of man (p. 122). In the present study, the differences in 
recovery times for the adapting stinrulus wavelengths at each ERG 
stimulus wavelength may be the result of the selective absorption of 
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. I . 
the three cone pigments . Thus, the 1maxinrum at 450 Nm found for the 

cat's eye would reflect the operation of tful "blue" cones at the 460 

and 485 'Nm adapting wavelengths, the "~re'en" or 540 Nm maxirrnnn at 

the green, white and yellow adapting wavelengths and the "red" or 610 

Nm maximum for the red adapting condition. The variability in re

covery times would therefore be a :function of the number of retinal 

elements maximally responsive at each of the three wavelengths. · The 

ERG is a response of the retina as a whole to.light stimulation. 

With fewer "red" cones, the effect of adaptation to red light would 

be less than adaptation to other wavelengths, since only a fraction 

of the total available cone pigments has been affected. Conversely, 

if the "blue" cone pigment was p~sent in greater quantity than the 

"red" or "green", recovery would be longer, due to the greater amount 

of pigment bleached. 

Of the two interpretations of the wavelength differences observed 

in this study, the latter appears to be the more tenable, since the 

experimental system was such as to preclude a low dark-adaptation 

(scotopic) level. The one-pulse per second flicker at the luminosity 

used to generate the ERG would contribute to a state of light adapta~ 

tion. Thus, cone responses should be more influential than the rod 

responses in the production of the ERG decrement following flash 

blindness. 

Several conclusions can be drawn from this study. 1. The pro

duction of flash blindness in cats is largely dependent upon the 

wavelength of the adapting flash. 2. Maximum visual impairment occurs 

when the adapting flash in either blue or blue-green, regardless of 

the ERG stimulus wavelength. 3. The blue and green stimuli were up 

f . I . .!,, 
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· 65 times more effective in producing flash blindness than were the 

red, yellow, white and green adapting flashes. 4!. No differences 

were found between the wavelengths of the ERG stimuli used to meas-

11; ure the recovery time of the cat. 
I 
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1. Recovery time of 3 cats ~s a function of logi 0 target luminance 

following i5 minutes dark adaptation. Points to the extreme 

right show recovery times for the light-adapted condition. 
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Table 1. The Means and Stand.al:'d Deviations of the Recovery Tines (in 
seconds) for the Three Cats for the Five Target Conditions 

6arget Intensity (Foot Candles) 

Cat ~.86 (LA} ~ ~ .027 .0027 

D X 6.73 12.99 13.57 20.21 24.86 
CJ 4.25 4.82 5.62 9.15 12.48 

w X 6.48 18.03 22.36 31.91 32.71 
CJ 2.22 7.01 6.51 16.91 12.97 

M x 5.46 13.51 17.40 20.37 25.63 
CJ 1.11 5.43 8.48 9.97 10.24 

ill,, 'i 
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.. 

.f 
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·s;,, ·h. 



Table 2. Surmnary of Analysis of Variance for the Recovery Tirres of Cats for the Five Intensities 
and Three Sessions (Replications). [Winer, p. 213] 

level of 
Source df ss Mean SS1,uare F Significance -
Subjects 2 1,177.20 588.60 5 .73 < .01* 
Intensity 4 7,596.07 1,899.02 18.50 < ** .001 

Sessions 2 30.55 15.28 0.15 N .S. 

Subjects x Intensity 8 466.82 58.35 0.57 N .s. 
Subjects x Sessions 4 318.28 79.57 0.78 N .S. 

Intensity x Sessions 8 713.73 89.22 0.87 N.S. 

Subjects x Intensity 
16 735 .47 45 .97 x Sessions 0~45 N .S. 

Error ...22. 2z240.6z 102.67 
Total 134 20,278.77 -. --

* f 2,60 = 4.98 

** f 4,60 = 5.31 
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WAVELENGTH OF ADAPTING 
/., 

STIMULUS 

JND 10" 25'l 

456 485 515 575 620 WHITE 456 485 51S 575 620 WHITE . 456 485 515 575 620 WHITE 

456 81 83 9 12 4 12 105 108 12 18 6 17 187 184 17 26 8 30 

485 77 62 7 II 7 8 105 81 II II 9 II 147 147 14 15 II 16 
U) 

515 282 297 119 9 13 7 :::> IOI 5 10 6 12 16 389 169 17 15 10 25 _. 
:::> 575 125 120 12 4 6 12 151 137 16 6 7 15 241 191 21 10 10 21 
~ 
.... 620 102 81 9 7 4 9 115 90 12 9 5 14 233 193 17 II 8 20 U) 

WHITE 97 87 9 8· 4 8 129 102 14 12 6 14 210 168 23 19 8 21 
C!) 
a:: 
w 

LL. 50'l 75" 100'1. 
0 

::c 
485 515 .... 456 575 620 WHITE 456 485 -Sl5 575 620 WHITE 456 485 515 575 620 WHITE 

C!) 
z 456 272 305 24 35 II 46 383 468 36 54 14 79 701 815 79 135 17 225 w _. 
w 485 239 296 19 20 14 25 328 630 26 29 17 37 600 1234 101 83 19 131 
> 
ct 
3: 515 580 253 28 20 13 32 780 387 46 32 18 51 1170 701 133 92 37 121 

575 336 283 30 15 14 28 511 402 40 24 20 56 893 747 90 56 38 173 

620 422 320 24 17 II 30 680 455 3!5 . 28 17 46 1076 668 105 75 49 113 

WHITE 341 247 33 29 12 32 532 369 46 47 15 47 771 573 105 90 23 94 

Table 3. Mean recovery times in seconds f'or the six criteria at 
each ·combination of' adapting stimulus and ERG stimulus wavelengths. 
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JND '10% 25o/o 

WAVELENGTH OF ADAPTING STIMULUS (Nm) 

456 485 515 575 WHITE 620 456 485 515 575 WHITE 620 456 485 515 575 WHITE 620 

456 20 21 2 3 18 18 2 3 3 23 23 2 3 4 -E 485 11 9 

17 

20 

22 

20 

3 

2 

2 

12 

42 

22 

22 

23 

9 

17 

20 

17 

18 

13 13 z -

"-
0 

515 47 

575 21 

TE 24 

620 26 

2 

2 

2 

50% 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

2 

75~ 

3 

2 

2 

3 

39 

24 

26 

29 

17 

19 

21 

24 

2 _. 2 

2 

3 

2 

2 

.. 100% 

3 

2 

3 

J 

.· I 

456 485 515 575 WHITE 620 456 485 515 575 v:HITE 620 456 485 515 575 WHITE 620 

456 25 

485 17 

515 45 

575 24 

IT 28 

28 

21 

19 

20 

21 

2 

2 

2 

3 

620 38 29 2 

3 

2 

2 

2 

4 

2 

2 

2 

3 

3 

27 

19 

43 

26 

35 

33 

37 

22· 

20 

25 

40 27 

3 

2 

3 

2 

~ 

2 

4 

2 

2 

3 

2 

6 

2 

3 

3 

3 

3 

1· 41 • 48 

I. ~32 65 

32. 19 

24 20 

34 25 

13 ..,.. I 

5 4. 

4 2 3 I 

2 ,.; 5 I .. 

5 ';' 4 4 

Table 4. Relative recovery times at each adapting wavelength whe·n compared to the 
620 Nm adapting stimulus f'or each ERG adapting stimulus at each recovery criterion. 

... 
·cf. 

., 
•' 

• 

C 

; 

I 


