
Conclusion 

As we have seen, there were cen- 
turies of futile attempts before the first 
successful measures of stellar parallaxes 
were made. By modern standards the 
instrumentation used for these mea- 
sures was crude, and thus the results 
obtained were remarkable. Even with 
modern instrumentation, such as the 
new Navy telescope, all possible pre- 
cautions must be taken to attain the 
required precision. The displacements 
to be measured on the photographic 
plates are in all cases small, only a 
fraction of the diameters of the photo- 
graphic star images from which the 
parallactic shifts are determined. Even 
with the fine optics of the new tele- 
scope the photographic images will 
have diameters of the order of 100 to 
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150 microns (1.3 to 2.0 seconds of 
arc), while the parallactic shifts to be 
measured will in most cases be less 
than 5 microns, and the mean error 
for the resulting parallax will be about 
0.5 micron. With such tolerances there 
is little room for either instrumental 
or human error. 
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Our knowledge of dark adaptation 
is in a curious state, for photosensitive 
pigments certainly regenerate in the 
dark, but the increase in the amount of 
pigment is insufficient to account for 
the drop in threshold. Granit, Mun- 
sterhjelm, and Zewi (1) obtained the 
first experimental evidence of this when 
they compared the electroretinogram 
response and the pigment concentration 
of frog and cat retinas after exposure 
to bleaching lights, and Rushton (2) 
has given a convincing demonstration 
in man. He showed that, during dark 
adaptation, the rods do not normally 
start functioning until over 90 percent 
of their rhodopsin has been regenerat- 
ed. Since this final 10 percent increase 
in pigment concentration accompanies 
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a greater than hundred-fold drop in 
visual threshold, sensitivity is obvious- 
ly not directly proportional to pigment 
concentration, but there appears none- 
theless to be a definite relation be- 
tween them. Dowling found in rats 
(3), and Rushton found in human 
cones (4) and rods (5) that it is the 
logarithm of sensitivity which is di- 
rectly proportional to pigment concen- 
tration. This is a neat empirical rela- 
tion, but it is theoretically puzzling, 
and the mechanism underlying the 
drop in threshold remains unexplained. 

Since the changes in threshold dur- 
ing dark adaptation are not accounted 
for by changes in the proportion of 
incident quanta absorbed, it is logical 
to ask if changes in noise level are 
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involved. This is a major factor limiting 
the performance of radiation detec- 
tors, and Barlow has argued both that 
it is important at the absolute threshold 
of human vision (6) and that it is the 
noise level that changes during dark 
adaptation (7). The experiment re- 
ported here was designed to test this 
idea, and the results are consistent 
with it. First, some supporting psy- 
chophysical evidence must be given. 

When investigating factors influenc- 
ing the shape of dark-adaptation 
curves, Crawford (8) found a simple 
way to represent the results. He de- 
termined the steady background light 
that would raise the threshold of a 
superimposed test stimulus to the value 
for that stimulus alone after a partic- 
ular time in the dark. In this way 
Crawford looked upon dark adapta- 
tion as the decrease, with time, of a 
hypothetical veiling light which he 
called the "equivalent background." 
The important simplification achieved 
by this approach is that the plot of 
equivalent background against time 
turns out to be independent of the 
parameters (for example, area) of the 
test stimulus used to determine thresh- 
old. Rushton (9) has recently con- 
firmed and extended these observations 
in many important ways. 
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The intrinsic noise of the retina, which 
is thought to limit the absolute thresh- 
old (6), can be expressed in terms 
of "dark light" (10), and it is natural 
to think of the equivalent background 
as an elevation of this dark light. Ac- 
cording to this idea the presence of 
bleached pigment in the receptors ele- 
vates their dark light, which then slowly 
subsides to its final value as the pig- 
ments are regenerated in the course 
of dark adaptation, but there is an 
obvious objection which must be met 
before this notion can be generally ac- 
cepted. If intrinsic noise raises the 
threshold more than 1000 times, why 
is this not obvious subjectively? Why, 
at the start of dark adaptation, are 
we not dazzled by this intrinsic light? 
What we do see after the bleaching 
of a restricted region of the retina is 
the dim, evanescent, positive afterim- 
age, and the question now asked is 
whether this is bright enough to be 
the equivalent-background light of dark 
adaptation. 

Craik and Vernon (11) were think- 
ing along these lines when they tried 
to estimate the brightness of the after- 
image by matching it with real light. 
They were able to make measurements 
on the afterimage for only 2 minutes, 
but they found that from 30 seconds 
to 1 ?/2 minutes it was sufficiently 
bright to account for a large part of 
the total reduction in sensitivity. It 
was too feeble to have any effect in 
the remaining 5 minutes of cone-phase 
dark adaptation, and they found it im- 
possible to use this method to investi- 
gate the rod phase of dark adaptation. 
However, in measuring the brightness 
of the afterimage they overlooked one 
of its important features-namely, that 
it does not move over the retina as 
do the images of all objects seen in 
the external world. The eye cannot 
be kept absolutely still even with care- 
ful voluntary fixation; as it moves, real 
images shift over the retina, whereas 
afterimages do not. It is true that our 
subjective impressions tell us the op- 
posite-the external world appears sta- 
tionary and afterimages appear to move 
-but this is because eye movements 
are allowed for before we perceive 
movement. 

Techniques have now been developed 
(12, 13) whereby real images can be 
stabilized or stopped in one position 
on the retina. In the simplest method, 
a light-weight aluminum cup is held 
by suction on the anesthetized cornea 
and the test object to be observed is 
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Fig. 1. Schematic representation of the apparatus used for (i) matching a positive 
afterimage with a stabilized image of variable intensity; (ii) matching two stabilized 
images; and (iii) determining increment thresholds and dark-adaptation curves. Si, S2, 
low-voltage tungsten lamps operated at controlled voltage; A, B, C, photometric 
neutral wedges; SW, a rotating shutter. The test object is mounted on a Yarbus-type 
contact lens and moves with the eye. In this diagram the subject would be in the 
foreground, in line with the test object and the screen. 

mounted directly on the cup at the fo- 
cus of a suitable lens (see Fig. 2). 
No method produces perfect stabiliza- 
tion, but this technique, originated by 
Yarbus (13), is probably the most ef- 
fective (14). When a well-stabilized im- 
age is observed it is at first seen clear- 
ly, but after a few seconds sharply 
defined contours become blurred and 
fine detail disappears. Furthermore, 
contrast fades, so that what originally 
appeared as a bright patch of light 
comes to look grey, differing only 
slightly from its background. The cause 
of these changes is itself a matter of 
great interest, but what concerns us 
here is that the afterimage, being sta- 
tionary on the retina, fades like a sta- 
bilized image, whereas the image of a 
patch of light viewed in the ordinary 
way does not. Clearly, then, to achieve 
a fair comparison between a real light 
and a positive afterimage the real light 
should be presented as a stabilized ret- 
inal image. 

In the experiment described here a 
patch of light of variable intensity was 
presented as a stabilized image and ad- 
justed until it looked as bright as the 
positive afterimage remaining from 
previous exposure of the eye to an 
intense bleaching light. This matching 
intensity was called the equivalent lu- 

minance of the afterimage, and it was 
converted to trolands, the conventional 
unit of retinal illumination. To sum- 
marize the result, the equivalent lu- 
minance of the afterimage was found 
to be the same as Crawford's equivalent 
background light, and the subjective 
appearance of the matching stabilized 
image is very similar to the afterimage 
both in its positive and in its negative 
guises. 

Methods 

The full experiment requires, first, 
the production of an afterimage by 
bleaching a region of the retina, and 
then the determination of (i) the illu- 
mination of the stabilized image that 
matches the positive afterimage and 
(ii) the decline in threshold that fol- 
lows the bleach. In addition one needs 
to know (iii) the increment-threshold 
relation for the test light used in de- 
termining the decline in threshold (step 
ii) against a background provided by a 
real light in place of the afterimage. 
It is possible to make all these mea- 
surements with the final model of the 
apparatus shown schematically in Fig. 
1, but observations on the qualitative 
similarity of stabilized images and 
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afterimages were in fact made with a 
simpler apparatus. With this, it was 
also possible to produce the stabilized- 
image equivalent of the negative aft- 
erimage, as described later. 

In all forms of the experiment the 
test object was mounted in the focal 
plane of a Yarbus-type suck-on con- 
tact lens modified to give better opti- 
cal performance. With a lens of this 
type the image can be stabilized to 
about ?+1 minute (14); the residual 
movements are unlikely to be impor- 
tant in peripheral vision under the low- 
luminance conditions of this experi- 
ment. The test object was mounted on 
an arm 2 centimeters long attached 
to the aluminum cup of the contact 
lens (see Fig. 2). It was a white, plas- 
tic, annular screen whose external dia- 
meter subtended 28 degrees; the inter- 
nal diameter subtended 7 degrees. This 
screen lies eccentrically in the field of 
view, the center of the hole being 16 
degrees from the fovea in the lower 
visual field. The annular screen is illu- 
minated, on the side toward the sub- 
ject, by light whose intensity the sub- 
ject controls by changing the setting 
of wedge A (Fig. 1). Wedge B con- 
trols the intensity of a beam that falls 
as a uniform patch of light on an opal 
screen about 5 centimeters beyond the 
test object; the subject's view of this 
patch is limited by the boundary of the 
hole in the test object. When the sub- 
ject is matching an afterimage (as dis- 
cussed later), this beam is turned off. 
Wedge C controls the light with which 
increment thresholds and dark-adapta- 
tion curves are determined. This stimu- 
lus light is presented in flashes (of 0.1- 
second duration) by means of the sec- 
tored wheel SW. This light, too, falls 
on the opal screen, hence the subject 
sees it through the hole of the test 
object. Light beams were passed 
through green filters (Ilford 624). With 
this arrangement (incorporating sugges- 
tions made by W. A. H. Rushton) it 
was possible to determine the dark- 
adaptation curve and the decline of 
equivalent luminance of the afterimage 
following a single bleaching flash, and 
in the same session the position of the 
increment threshold curve could be 
fixed. Furthermore, important control 
experiments on the feasibility of match- 
ing stabilized images could be per- 
formed. 

Experiments have been made on a 
total of four subjects, the two authors 
having been the subjects in the experi- 
ments described here. The procedure 
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was as follows. The subject put the 
contact lens on his eye, which had been 
anesthetized with Amethocaine, and 
positioned his head, stabilizing it by 
the usual headrest and dental bite. 
He looked at a small red fixation point 
which was not attached to the contact 
lens but was movable in a plane just 
distal to the test object. The subject ad- 
justed it until he saw the central part 
of the opal screen through the hole in 
the annular test object. Small move- 
ments of the eye around the fixation 
point, thus adjusted, caused no change 
in the luminance of b (Fig. 1). 

It is not easy to adjust the lumi- 
nances of two stabilized fields to equal- 
ity, and in order to acquire confidence 
the subject made some preliminary ad- 
justments of the luminance of a while 
b was set at various known values 
(see the section headed "Controls"). At 

the same time some preliminary deter- 
minations of increment threshold were 
made by adjusting wedge C, a and b 
being set to equal luminance. The 
subject then went across to a subsidiary 
apparatus (see Fig. 2) in which the 
bleaching flash was delivered. A flash 
bulb (Phillips PF5; duration, 24 msec; 
estimated total luminous flux, 1.7 X 104 
lumen-seconds) was placed just beyond 
the hole in the test object and dis- 
charged when suitably aligned. This 
flash produced a bright afterimage 
which appeared to fill the hole in the 
test object. This done, the subject re- 
turned as quickly as possible to the 
main apparatus and proceeded to ad- 
just wedge A until the luminance of 
the annulus a matched that of the aft- 
erimage occupying the hole b. The 
lights through B and C were turned 
off during this procedure. The subject 

Fig. 2. The subject in position for receiving the bleaching flash. Shields have been 
removed. The fixation light is indicated by a white triangle. 

1311 



indicated when he was satisfied with 
a match, and the operator noted the 
time and wedge setting, then turned on 
the stimulus light for determining a 
threshold. The subject adjusted wedge 
C until he could just detect the flashes 
in the central hole of the test object. 
This was the region occupied by the 
afterimage, and it was surrounded by 
the annular image that had just previ- 
ously been adjusted to match the aft- 
erimage. Thus he matched the after- 
image and determined the threshold 
alternately until the afterimage finally 
disappeared, after which the subject 
made a few determinations of his abso- 
lute visual threshold. This entire pro- 
cedure took about an hour; since a 
subject cannot comfortably wear this 
special contact lens much longer than 
an hour at a time, it was not prac- 
tical to plot a complete increment- 
threshold curve in the main testing 
session. This curve was plotted in a 

subsequent session, and the prelimi- 
nary determinations of increment thresh- 
old obtained in the main session were 
used to correct for any slight differ- 
ences in calibration caused by differ- 
ences in the alignment of subject, test 

object, or apparatus. 
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Quantitative Results 

Figure 3 is a plot of results ob- 
tained in a single test with H.B.B. as 
subject. It illustrates the way in which 
Crawford's "equivalent background" 
is determined. The solid circles at up- 
per left give the retinal illumination of 
the stabilized image that matched the 
afterimage at various times after ex- 
posure to the bleaching light. A small 
correction (described in the section 
headed "Controls") has been made to 
offset the fact that when the subject 
adjusted the annulus to match a cen- 
tral spot of known luminance, he was 
found to set it at a value 0.11 log 
units (on the average) below that of 
the central spot. The points at lower 
left (open squares) are the thresholds 
(in arbitrary units) recorded at various 
times during dark adaptation. Those at 
lower right (solid squares) are the in- 
crement thresholds determined with the 
same apparatus just before the bleach- 
ing flash was delivered. The latter two 
curves give us the equivalent back- 
ground-the real background that 
would have raised the threshold to the 
value found at a particular stage of 
dark adaptation. This equivalent back- 
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Fig. 3. Comparison of the "equivalent-background" light postulated by Crawford 
and the equivalent luminance of the positive afterimage. (Bottom left) Logarithm of 
threshold (arbitrary unit) during dark adaptation; (bottom right) logarithm of in- 
crement of threshold (same arbitrary unit) as a function of logarithm of background 
(in trolands). The absolute threshold is the average of several estimates. (Top left, 
open circles) Equivalent background obtained by reading from the points of graph 
at bottom left across to the graph at bottom right, then transposing to the vertical 
scale by means of the line at top right; (top left, solid circles) equivalent luminance of 
positive afterimage obtained from the stabilized image that matched it. (Subject, H.B.B.) 
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ground is plotted (open circles) in the 
upper left coordinate system by read- 
ing from the straight line at upper 
right. The values for equivalent back- 
ground and for equivalent luminance 
of the afterimage can then be directly 
compared. It will be seen that there 
is no significant difference either in the 
shapes of the curves or in the absolute 
values. 

Figure 4 shows results obtained on 
subject J.M.S. for various degrees of 
bleaching. The circles are results for 
the full bleaching flash; triangles, for 
the flash attenuated by a 1.0 density 
filter; squares, for the flash attenuated 
by a 2.0 density filter. In each case 
the open symbols are the equivalent 
background, derived as described for 
Fig. 3, and the solid symbols are the 
equivalent luminances of the afterim- 
ages. Again there is good agreement be- 
tween the two, especially in the later, 
rod, parts of the curves; here, and 

quite frequently in other curves, we 
have noted some disagreement in the 
levels of the cone plateaus. 

Controls 

This experiment depends critically on 
the ability to perform matches when 
the two fields that are adjusted to sub- 
jective equality are both stabilized and 
do not move over the retina. Such 
stabilized images fade, and it might 
well be thought that, after a lapse of 
time, any difference of brightness would 
become invisible. Indeed, when one 
views nonmatching fields under stabi- 
lized conditions one is at first struck 
by the diminution of the contrast be- 
tween them, but with careful observa- 
tion it is possible to detect a difference 
that persists (14), and one can learn 
to use this difference to make matches. 

Figure 5 represents an experiment 
in which the intensity of spot b (Fig. 1) 
was first held at a steady value while 
a succession of matches was made. 
Then wedge B was moved in such a 
way as to reduce the intensity of b 
by 0.05 log unit every 10 seconds, 
while the subject adjusted wedge A 
to maintain a match as well as he 
could. He made a gesture each time 
he obtained what he considered a good 
match, and the times and readings were 
noted. After the intensity of b had 
been reduced by 4 log units it was held 
constant for a period, then it was grad- 
ually increased to the initial value. The 
results indicate that an experienced 
subject can match two stabilized im- 
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ages, but it should not be thought that 
this is as easy or as accurate a pro- 
cedure as ordinary photometric match- 
ing. It requires training to acquire the 
knack of discounting misleading tran- 
sient effects, and to confine one's at- 
tention to the persistent cloudy images 
(see 14). There are, furthermore, two 
sources of error which we have tried 
to avoid or to offset. The first error 
occurs when the two fields which are 
being matched are held at unequal 
values for a time before the begin- 
ning of the matching procedure. Af- 
ter such treatment the subject adjusts 
the variable field to reduce the mis- 
match, but he does not move it enough, 
and for a few minutes he will ac- 
cept "matches" which are very far 
from correct. This source of difficulty 
was minimized by adjusting the stabi- 
lized image to a value matching the 
afterimage as soon as possible after 
the bleaching flash, and maintaining as 
good a match as possible thereafter. 
The second source of error was the 
tendency-visible in Fig. 5-for the 
variable annulus to be set at a value 
lower than the central spot. In Fig. 5 
this error averaged 0.03 log unit, and 
for all available results the average 
was 0.11. A correction of the latter 
value was applied in estimating the 
equivalent luminance of the afterim- 
age. 

We have found no difference be- 
tween thresholds measured against a 
background decreasing as in Fig. 5 and 
thresholds measured against steady 
backgrounds. Finally, control experi- 
ments have shown that the intensity 
of the central spot has a dominating 
influence on the threshold of a flash 
added to this spot, the intensity of the 
matching annulus having only a small 
effect. 

Qualitative Results 

With the apparatus so far described, 
the afterimage was a central disc seen 
within a stabilized annular image. 
Though it was possible to get good 
matches between the disc and the an- 
nulus-matches in which the border was 
scarcely visible-it was not possible to 
assess how similar an afterimage and a 
stabilized image appear when each is 
viewed by itself. This could be done 
better in an earlier form of the appara- 
tus, in which the test object mounted on 
the contact lens was a thin plate of opal 
glass subtending 12 by 24 degrees. The 
back of the plate was covered with 
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Fig. 4. Equivalent backgrounds (open 
symbols) and equivalent luminances (solid 
symbols) of the positive afterimage. All 
were obtained as described for Fig. 3, but 
for triangles and squares the intensity of 
the bleaching light was reduced. Approxi- 
mate percentages of pigment bleached: 
circles, 80 percent; triangles, 20 percent; 
squares, 2 percent. (Subject, J.M.S.) 

opaque paint except for a square win- 
dow to the right of the center which 
was illuminated by a beam of light 
of variable intensity. The center of 
the rectangle fell on the foveal region, 
and the afterimage was delivered (with- 
out wearing the contact lens) in such 
a position as to lie to the left of the 
fovea. Thus, the subject saw two 
squares, each of side about 8 degrees, 
with their centers 6 degrees on either 
side of the fovea. One of these squares 
is the stabilized image, the other is 
the afterimage. 

Such an arrangement is favorable for 
comparing the subjective qualities of 
stabilized images and afterimages. 
Here is what one sees. Both squares 
of light fade, color desaturating and 
brightness decreasing, and this fading 
occurs at about the same rate in the 
two images if they appeared equally 
bright initially; both suffer a blurring 
or loss of detail in the first few sec- 
onds, which leads to a characteristic 
milky, smooth, textureless quality; both 
disappear and regenerate spontaneous- 
ly, but the fine detail, color, and con- 
trast lost in the first few seconds are 
lost for good and do not regenerate. 
The loss of detail leads eventually to 
the appearance of a pair of dim clouds, 
one on either side of the point of fixa- 
tion. Thus, the subjective appearances 
of a positive afterimage and a patch 
of light stabilized on the retina are 
astonishingly similar. 

It might be thought that to repro- 
duce the appearance of a negative af- 
terimage would require complicat- 
ed manipulations of intensities in the 

stabilized image. This is not so: the 
stabilized patch of light appears nega- 
tive under the same conditions that 

afterimages appear negative. A region 
of the retina that has been exposed to 
a bright light appears as the positive 
afterimage in darkness, and when it 
is viewed against a uniform white sur- 
face it appears as a region darker than 
the surround-the negative afterim- 
age. When the opal plate forming the 
test object is illuminated from the side 
facing the eye, the afterimage changes 
from positive to negative in the expect- 
ed manner, and the stabilized image 
changes in the same way. This is a 
surprising result, for light is being add- 
ed to the whole of the test object: 
the luminance of the square of opal 
illuminated from behind as well as in 
front is higher than its surround, illu- 
minated only from the side facing the 
eye, but in spite of this, to the sub- 
ject viewing the image under stabilized 
conditions, it appears dimmer. 

It is therefore possible to mimic 
negative as well as positive afterim- 
ages by a stabilized patch of light, but 
the matches are not quite perfect. Ini- 
tially a color difference is noticeable, 
though this can be reduced by chang- 
ing the color of the stabilized image. 
Residual movements of the stabilized 
image occur and spoil the match, es- 
pecially at the edges of the test areas. 
Finally, we have noticed that, although 
it is usually possible to find a match- 
ing intensity for the stabilized image 
that holds when viewed both positively 
and negatively (that is, without and 
with illumination of the front of the 
opal screen), there are phases of dark 
adaptation where this is not possible. 
These occur early in both the cone and 
the rod phases, when the threshold and 
the matching intensity of the stabilized 
image are changing rapidly. 

Discussion 

The quantitative results show that, 
irrespective of the extent of bleach- 
ing, there is good agreement be- 
tween the equivalent luminance of the 
afterimage and the equivalent back- 
ground. In other words, the threshold 
during dark adaptation is a differential 
threshold against the background pro- 
vided by the positive afterimage. The 
continued activity causing the positive 
afterimage is what elevates the thresh- 
old when bleached pigment is present; 
as pigment is regenerated this spuri- 
ous dark light, or intrinsic noise, de- 
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g. 5. Control experiment in which age is constant and apparently deter- 
ightness matches are made on two stabi- mined by the cones. Just after the 
red images. (Circles) Settings of wedge 

that produced satisfactory matches to break the dark light of the cones must that produced satisfactory matches to 
e center spot B, whose luminance is be higher than that of the rods, yet 
presented by the line. (Subject, H.B.B.) it is the dark light of the rods that 

one matches. Thus, in both cases the 
brightness of the afterimage is found 

ines and allows the threshold to drop. to depend upon the system which has 
eached pigment does not make the the lower dark light. The implications 
ceptors unresponsive, it makes them are not easy to discern because of the 
)isy. uncertain relation between subjective 
One may well ask why this explana- brightness and luminance in rod and 
)n for the changes in sensitivity dur- cone systems; it is a strange result 
g dark adaptation was not obvious for which we do not have a satisfactory 

the earliest investigators, and why explanation. 
Crawford's notion of equivalent back- 
ground light was not more enthusias- 
tically taken up. The answer is that 
stabilized images fade, and that as 
they fade the bright equivalent-back- 
ground light is converted into the dim 
positive afterimage. But there is more 
to this than simple adaptation analo- 
gous to the decline of a steady signal 
in a condenser coupled system. When 
light is added equally to two faded but 
unmatched stabilized patches of light 
there is a reversal in appearance--the 
brighter patch now appears dimmer, 
even though the intensity of light fall- 
ing on it is actually higher. This is 
intelligible if fading corresponds to the 
reduction of amplification rather than 
to the passive decline of signals in a 
linear system, and it is hard to avoid 
the conclusion that fading is caused 
by a mechanism analogous to "auto- 
matic brightness control." Further- 
more, the fact that the negative after- 
image and the negative-appearing sta- 
bilized image match when the positive 
images match suggests that the feed- 
back is actuated equally by genuine 

Conclusion 

We can now suggest a definite view- 
point on the relation between the 
neural and photochemical parts of 
dark adaptation. Bleached pigment 
in the receptors does not make 
them unresponsive to light, it makes 
them noisy, and in the positive after- 
image we actually see this spurious, 
light-like, disturbance that persists long 
after the bleaching light has been ex- 
tinguished. The retina responds to the 
continued input by reducing the ef- 
fectiveness of the signals from the re- 
ceptors in the region, and we see this 
"automatic brightness control" in op- 
eration when a stabilized image or a 
positive afterimage fades. We observe 
its consequences when additional light 
of uniform intensity falls upon the ret- 
ina and we see the negative afterim- 
age, or the corresponding negative sta- 
bilized image. The fact that the equiv- 
alent luminance of the afterimage was 
found to equal the equivalent back- 

ground light suggests that the increased 
noise of receptors containing bleached 
pigment is the fundamental cause of 
all the changes that occur during dark 
adaptation. 

Summary 

When the photosensitive pigments in 
a patch of retina are bleached, the 
threshold is elevated for 30 minutes or 
more, and one is aware of a continuing 
sensation of light from this region. This 
positive afterimage was matched by a 
stabilized image in an adjacent retinal 
region. The threshold was found to be 
the same for light falling on the after- 
image and for light added to a stabi- 
lized image of matching luminance. 
Thus, the threshold during dark adap- 
tation is the increment threshold against 
the background of the positive after- 
image. It is concluded that the eleva- 
tion of threshold associated with bleach- 
ing is due to a spurious disturbance 
or "noise" generated in the receptors, 
and that reduction in the fraction of 
quanta absorbed is comparatively unim- 
portant. This noise is not normally ob- 
vious because afterimages fade like 
stabilized images. There are indica- 
tions that fading results from a feed- 
back process akin to an "automatic 
brightness control." 
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