
become available earlier in those cells 
that receive a priming dose of inter- 
feron before becoming infected by the 
spreading infection. In some cases, the 
early availability of larger amounts of 
interferon may be sufficient to abort 
the infection. 

Data comparable to some of the fore- 
going have been obtained independently 
by Friedman, who also showed that the 
enhancement phenomenon requires pro- 
tein synthesis (9). 
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with Colored Test Objects 

Abstract. Visual acuity was meas- 
ured with a grating test object in which 
alternating bars were matched in bright- 
ness but differed in wavelength. If the 
wavelength difference between adjacent 
bars was great enough, acuity scores 
were obtained which were as high as 
those obtained with test objects in 
which there was a large brightness dif- 
ference between adjacent bars. 

Visual acuity is a measure of an ob- 
server's ability to perceive fine detail. 
Most experimental, and all clinical, 
tests of visual acuity use stimulus pat- 
terns in which there is a brightness con- 
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Human Visual Acuity Measured 

with Colored Test Objects 

Abstract. Visual acuity was meas- 
ured with a grating test object in which 
alternating bars were matched in bright- 
ness but differed in wavelength. If the 
wavelength difference between adjacent 
bars was great enough, acuity scores 
were obtained which were as high as 
those obtained with test objects in 
which there was a large brightness dif- 
ference between adjacent bars. 

Visual acuity is a measure of an ob- 
server's ability to perceive fine detail. 
Most experimental, and all clinical, 
tests of visual acuity use stimulus pat- 
terns in which there is a brightness con- 
trast between the test object and the 
background from which it must be dis- 
criminated. Indeed, visual acuity is 
often treated as if it were a special 
case of brightness discrimination. This 
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is not unrealistic since, in everyday life, 
brightness gradients are almost certain- 
ly the most important cues for visual 
discrimination. It has been reported 
that acuity is degraded when the test 
object and its background are equally 
bright but differ in hue (1); however, 
several recent studies (2) indicate that 
this may not be true when saturated 
stimuli are used. We have tested this 
proposition by measuring acuity with 
highly (but unequally) saturated mono- 
chromatic test objects which differ from 
their backgrounds in wavelength but 
not in brightness. 

Foveal visual acuity was measured 
with a grating target which appeared 
to the observer as a series of equally 
wide bars filling a 1-degree-circular 
aperture centered in a 30-degree achro- 
matic surround. Even-numbered bars 
were illuminated by one optical system, 
and odd bars by another similar sys- 
tem. Each system included filters and 
a grating monochromator, set for a 
nominal bandpass of 10 nm, so that the 

wavelength and intensity of the two sets 
of bars could be independently varied. 
The width of the bars could be 
changed optically to subtend visual 
angles between 0.5 and 2.0 minutes per 
bar, permitting measurement of acuity 
from 0.5 min-l to 2.0 min-1 (20/40 
to 20/10 in Snellen notation). The 
gratings were presented in Maxwellian 
view, with the observer's head position 
maintained by use of a forehead rest 
and dental impression block. Correct- 
ing optics and a 1.5-mm artificial pupil 
were used to reduce axial chromatic 
aberration. The following data were ob- 
tained from two emmetropic observers 
who had clinically normal color vision 
and whose photopic brightness matches 
resembled the photopic "standard ob- 
server." 

Individual brightness-matching func- 
tions were obtained between 422 and 
680 nm by step-by-step matching of 
stimuli which were separated by 5 nm. 
The luminance of the resulting stimuli 
could be approximately matched by 
a 7.5-millilambert extended source. 
These brightness matches were then 
used to equate all the acuity test ob- 
jects and backgrounds. During a series 
of observations the wavelength and in- 
tensity of one set of bars remained 
fixed. These bars will be arbitrarily re- 
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Figure 1 shows how acuity changes as 
a function of wavelength separation 
between test object and background. 
As expected, acuity is poor when only 
a small wavelength separation exists be- 
tween adjacent bars. As wavelength 
separation is increased, acuity improves 
until it reaches a maximum of about 
1.3 min-1. This maximum is essen- 

tially the same as the observer's acuity 
measured with a conventional test grat- 
ing made of adjacent black and white 
bars. An intentional brightness mis- 
match between adjacent colored bars 

improves acuity only when the wave- 
length separation between bars is small; 
once maximum acuity has been reached 
no further improvement can be effected 

by introducing either a small (0.1 log 
unit) brightness mismatch or by com- 

pletely occluding one set of bars. We 
note parenthetically that examination of 
a number of these records did not re- 
veal any consistent unusual effects when 
test object and background were il- 
luminated with complementary wave- 

lengths. 
As a check on the method of ad- 
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Fig. 1. Visual acuity measured with grat- 
ings in which adjacent bars are equally 
bright but differ in wavelength. In (a) the 
background bars were 430 nm; in (b), 520 
nm; and in (c), 650 nm. 
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Fig. 2. Wavelength interval (AX) between 
those test-object wavelengths (above and 
below the background wavelength) which 
give a visual acuity of 1.0 min-l. Line: 
least squares fit to log AX plotted against 
background wavelength. Data points: ses- 
sion means for observer CC. Data from 
AS were similar, but showed a slightly 
narrower AX interval at all wavelengths. 

termined for a few wavelength pairs 
by the method of constant stimuli, in 
which the gratings were exposed for 
0.5 second. The resulting acuity plotted 
against wavelength of the test object 
was almost identical to the same func- 
tion determined by the method of ad- 

justment. However, visual acuity was 

uniformly 0.2 min-1 higher when meas- 
ured with the method of constant 

stimuli, which we attribute to the fact 
that a conventional 50 percent frequen- 
cy-of-seeing threshold was used with 
the constant stimuli, whereas when the 
method of adjustment was used the 

grating had to be seen on each trial. 
The effect of wavelength separation 

on acuity is not constant across the 
visible spectrum. Good acuity is at- 
tained with a small wavelength separa- 
tion when both test object and back- 

ground are illuminated with short wave- 

lengths (Fig. la) while a wide wave- 

length separation is required to obtain 
the same acuity when adjacent bars 
are illuminated with long wavelengths 
(Fig. lc). In order to describe the de- 

pendence of acuity on wavelength sep- 
aration in a different part of the spec- 
trum, the following measure was taken: 
functions similar to those in Fig. 1 
were obtained by using backgrounds at 
10-nm steps between 430 nm and 650 
nm. The widths of these functions were 
measured at the point at which they 
cross an arbitrary criterion of 1.0 
min-l (AA in Fig. lb) and were 

plotted as a function of the back- 
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plotted as a function of the back- 

ground wavelength (Fig. 2). Contrary 
to our prior expectation this function 
does not closely resemble the normal 

wavelength discrimination function 

(4), particularly in that it does not rise 
in the short wavelength region. Log 
AX increases linearly with background 
wavelength (mean product-moment cor- 
relation of 0.96) but we do not assign 
any physical meaning to this fact at 

present. 
Even if the brightness of the test 

object and background are matched in 
the external stimulus, brightness gra- 
dients will exist on the retina as a re- 
sult of diffraction caused by the system 
exit pupil. We do not believe that 
these retinal brightness gradients are 
the effective cues for discrimination in 
this situation, however. The AX func- 
tion (Fig. 2) rises more sharply than 
one would predict from a diffraction 

explanation. Also, retinal brightness 
contrast produced by diffraction will 

generally be less when the test object 
and background are equally bright than 
when either is black. If acuity were 
mediated by brightness contrast alone, 
it should be improved by increasing 
contrast. However, occluding one set 
of bars completely does not improve 
acuity once good acuity has been ob- 
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Since Kuffler (1) first described the 
concentric center-surround organization 
of the receptive fields of ganglion cells 
of the cat's retina, subsequent studies 
of these fields (2-4) have revealed 

only this form of organization, with 
one exception noted by Rodieck and 
Stone (5). However, Stone (6) has 
shown that the cells in the area cen- 
tralis are much smaller than those in 
the peripheral retina, which raises the 

question whether the receptive fields 
of cells in this area also have the con- 
centric center-surround arrangement. 
We have now made special effort to 
examine the receptive fields of units in 
the area centralis, recorded using 
varnished tungsten microelectrodes. 
The receptive fields were plotted on 
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tained by means of wavelength sepa- 
ration between test object and back- 

ground. We therefore believe that good 
acuity is possible without significant 
brightness contrast on the retina. 
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tangent screens placed at distances up 
to 5 m from the cat's eye. The location 
of these units in the area centralis (de- 
fined as the area of retina in which 

ganglion cell density exceeds 3000 cells 

per square millimeter) was checked 
histologically on whole mounts of the 
retina (4). The other techniques used 
were identical with those described by 
Rodieck and Stone (4, 5) except that, 
for some animals, decerebration was 

replaced by nitrous oxide anesthesia 
(70 percent N202 and 30 percent 02) 

(7) and paralysis of the extraocular 
muscles and immobilization of the eyes 
were maintained by a continuous in- 
fusion of Flaxedil and Curare (7) 
(12.5 and 2.5 mg/hr, respectively). 

It proved very difficult to isolate 

1277 

tangent screens placed at distances up 
to 5 m from the cat's eye. The location 
of these units in the area centralis (de- 
fined as the area of retina in which 

ganglion cell density exceeds 3000 cells 

per square millimeter) was checked 
histologically on whole mounts of the 
retina (4). The other techniques used 
were identical with those described by 
Rodieck and Stone (4, 5) except that, 
for some animals, decerebration was 

replaced by nitrous oxide anesthesia 
(70 percent N202 and 30 percent 02) 

(7) and paralysis of the extraocular 
muscles and immobilization of the eyes 
were maintained by a continuous in- 
fusion of Flaxedil and Curare (7) 
(12.5 and 2.5 mg/hr, respectively). 

It proved very difficult to isolate 

1277 

Specialized Receptive Fields of the Cat's Retina 

Abstract. Three new types of receptive field have been found in the cat's 
retina. The responses of these fields to flashing lights and moving objects sug- 
gest that the manner in which they code visual information may be quite 
different from that of the center-surround fields described in previous studies. 
These "specialized" fields were all found in the area centralis. A definite func- 
tional difference, corresponding to the known anatomical difference, between 
this region and the rest of the retina, is suggested. 
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