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SUMMARY

1. Contrast sensitivity functions of isolated colour mechanisms were
measured at spatial frequencies from 0-2 to 32 c/deg.
The contrast sensitivity vs. spatial-frequency functions of the red (nr5)

and green (br4) mechanisms are similar, while the blue (iT3) mechanism has
lower absolute sensitivity and lower resolving power. Isolation of a single
mechanism never increases its maximum sensitivity.

2. The shape of the contrast sensitivity function of a colour mechanism
is established within the mechanism. Little if any inhibitory interaction
takes place among colour mechanisms.

3. Differences that have been reported between the sensitivities of the
red and green mechanisms, as well as the apparent 'supersensitivity' of
the isolated green mechanism, may be artifacts that result from the extra-
polation procedures that were used to estimate the absolute sensitivities
of the colour mechanisms.

INTRODUCTION

Two recent reports in this Journal have presented contradictory de-
scriptions of the spatial sensitivity of human colour mechanisms. Green
(1968) concluded that the sensitivity of the red (R) and green (a) mechan-
isms are identical, whereas Kelly (1973) reported that the R and G
mechanisms differ both in the shapes of their sensitivity vs. spatial-
frequency functions and in their absolute sensitivities5.04 Tz -0.30z -0.0hsuTj /F1 12.50 Tf 48.00 Tz T4.4848,r00 0 Td (fre8 0TUTz -0.42 Ts 62.70 Tz -0. Tz 9) Tj res5..26 0 2.60 Tf 5 27.60 0 Td 51 12.70 Tf 65.80 Tz -T,p Tj /F760 Td (fdt7Td (diff) T42.1.40 Tf 5950 Tf 56.44.j /F1 12.90048m2 Tz -0.12 Ts 49.44 0 i)) Tj.50 -12.8 65.80 Tz -T,p Tj /F760 TF1 18.72 0 Td (mec7Tf 53.22 Tz s 0.00 560 Tf 60s 28Tz -14 0 Ts 20.64 2Tf 66j /F /F1 12.6s 4as 25.80 0 /F1 12.404ta91 12.40 T81z 0.00 Ts 13Tj
-325.92  64.84 Tz 1 (mechan-) 12.50 Tf 48.00i2Tf 66459.02 T4Ts 60.36 0 Td (di6F1 12.403our) Tj 73.96 2 T4 0 Td (f2.10 Tf d Ts 36.8j 55.nt) Tj /F1 12.90 Tf 56.310 Tf 100.00 Tz 0.24 Ts 20.4d (the) Tj /F1 1 Tj /F1 1.48 0 Td (Nethe6.32 Td /F1 unctions) Tj0 0 Td (that) 1 12.40 Tf 7G 12.90043our) Tj 73.96 d (3.) Tj /FTz -0.06 Ts 28.40-0.06 Ts (1973)

69.34 Tj612 Ts 443.Tz -0.1Td (the) Tjunctionss-12.60 Td /4.73 Tz6isms



C. 1. CAVONIUS AND 0. EST.VEZ
In both of these studies, single colour mechanisms were isolated by

superimposing the test gratings on intense, structureless adapting-fields,
the spectral composition of which was selected so as to selectively depress
the sensitivity of the unwanted systems. This method has a serious draw-
back: because the spectral sensitivities of the R and G mechanisms overlap
to a great extent, chromatic adaptation is rather ineffective in separating
them, since any adapting colour will depress not only the sensitivity of the
unwanted mechanism, but also that of the mechanism that is being
measured. Further, the sensitivity of a colour mechanism when no adapt-
ing field is present can be estimated only by indirect means.

This problem can be avoided by taking advantage of the fact that if
only two colour mechanisms are present (which is effectively the case for
normal photopic vision at wave-lengths greater than 500 nm, and at all
wave-lengths for dichromats), the luminances of any pair of coloured
lights can be adjusted so that they equally stimulate one colour system,
and therefore are indistinguishable to it, although they will differ in
brightness to the other mechanism. This is the basis of the spectral com-
pensation method that Estevez & Spekreijse (1974) used to determine the
flicker characteristics of the foveal R and a cones. The same principle was
earlier used for a different purpose in the exchange threshold method of
Rushton, Powell & White (1973). If we now present grating test patterns
in which alternate bars are illuminated with lights that have different
spectral compositions, but which are absorbed equally by one receptor
system, the grating will be seen as a homogeneous field by that system,
but as a pattern of light and dark bars by the other system. We have used
this technique to measure directly the absolute contrast sensitivity of the
foveal colour mechanisms while the mean adaptation levels are kept at
constant, known values.

METHODS

Contrast sensitivity was measured in two subjects who had normal colour vision.
Additional measurements of the sensitivity of the B mechanism were made in one
deuteranope. Test patterns were gratings in which the colour and luminance of
alternate bars could be independently varied. The gratings were etched from first-
surface mirrors and placed so that the bars were illuminated by one optical system,
while light from a second system was transmitted by the clear areas. Those gratings
that had spatial frequencies below 8 c/deg were made with a sinusoidal luminance
profile, which was formed of many fine lines, the widths of which varied so as to
produce a sinusoidal envelope. The spatial frequency of the pattern of fine lines was
always greater than 64 c/deg at the observer's eye, so that the individual lines were
invisible when the larger sinusoidal pattern was well above threshold. Square-wave
gratings were used at 8 c/deg and above, for Campbell & Robson (1968) have shown
that at these frequencies the contrast thresholds for square- and sine-wave patterns
are identical when expressed in terms of the amplitude of the first Fourier component
of the grating modulation. The test gratings were observed monocularly with
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SPATIAL SENSITIVITY OF COLOUR MECHANISMS 651
natural pupils. At spatial frequencies of 8 c/deg and above, observations were made
through an achromatizing lens (Bedford & Wyszecki, 1957), which corrects for the
axial chromatic aberration of the human eye.
In order to obtain the desired spatial frequencies, viewing distances from 50 to

87 cm were used, except at the two highest spatial frequencies of 40 and 50 c/deg,
for which viewing distances of 105 and 130 cm were used. The diameter of the circular
test-field was normally 20, but was enlarged when the lowest spatial frequencies
were measured so that it contained three half-periods of the grating. Luminance of
the test gratings was 110 cd/M2 when the R and G mechanisms were measured, and
1100 cd/M2 when the B mechanism was measured. The surround was much darker
than the gratings and had a luminance of approximately 0-5 cd/M2.
The two optical systems that illuminated the alternate bars of the gratings were

identical. In each, a beam-splitter mixed light from two integrating spheres, which
were used as homogeneous sources of light. Each sphere contained a ring fluorescent
tube (factory modified Philips 57 DeLuxe) that was powered by direct current and
stabilized by feed-back from a photoelectric cell that measured the illuminance of
the inner surface of the sphere. Wratten filters were used to control the colour of the
stimuli.
Two additional homogeneous monochromatic fields were also used at times. These

coincided with the test grating and were presented in Maxwellian view by reflexion
from beam-splitters that were placed between the observer and the grating. One was
a 3-7 log cd/M2, 570 nm field that was used to depress the sensitivity of the R and
G mechanisms while measuring the contrast sensitivity of the B mechanism at high
spatial frequencies. The second auxiliary field was used when measuring the spectral
sensitivity of the colour mechanisms by a modification of Stiles' field sensitivity
method (Stiles, 1959). This was done by adjusting the test pattern so that it stimu-
lated a single colour mechanism. We then measured the radiance of a superimposed
monochromatic field that just reduced the visibility of the test pattern to threshold,
and took the reciprocal of that radiance as a measure of the relative sensitivity of the
colour mechanism to the adapting wave-length. The adapting field was formed by
light from a xenon arc, which passed through a Jarrel-Ash grating monochromator
and a pair of counter-rotating circular neutral-density wedges. Field sensitivity was
measured by allowing the observer to adjust the irradiance of the adapting beam by
tracking (B6k6sy, 1947) so as to keep the test pattern at his threshold. At the same
time the monochromator wave-length drum was slowly scanned across the visible
spectrum. The monochromator drum position was recorded by the horizontal axis,
and the neutral density wedge position by the vertical axis, of an X-Y recorder,
which (after correction for the spectral output of the adapting light) traced out the
observer's spectral-sensitivity function.

Stimulus colour and spectral compensation
Although it is easiest to discuss the compensation method in terms of mono-

chromatic stimuli, in practice we used broad-band filters in order to obtain higher
luminance levels. Stimuli for the R and G systems were obtained by mixing the light
filtered by Wratten 29 (deep red) and 61 (deep green) filters.
When the grating was at zero contrast, the spectral composition of all of the bars

was the same, so that the grating appeared to the observer as a uniform field of
yellow, which observers with normal colour vision could match with a monochro-
matic light of 570 nm. To measure the contrast sensitivity of the R mechanism,
contrast was introduced so that the red light in one set of bars was increased while
that of the neighbouring bars was decreased. At the same time, the green light in
each bar was adjusted in the opposite direction so that the G system continued to
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absorb an equal number of quanta from all bars. Details of the method that was
used to calculate the compensation ratios for two lights of different spectral composi-
tion that will equally stimulate a given mechanism, and will thus be seen as identical
by that mechanism, are given in Est6vez & Spekreijse (1974). In order to make these
calculations, it is necessary to have an estimate (which need only be approximate)
of the spectral sensitivity of the colour mechanisms. For a first approximation we
used Wald's (1964) 'cone' functions.
When the spectral sensitivity of the colour mechanisms were measured (Fig. 1)

it was apparent that they more nearly resembled Stiles' vr,i1z, and ai field sensi-
tivity functions (Wyszecki & Stiles, 1967), and these functions were used to recalcu-
late the compensation ratios that were used when measuring the contrast sensitivity
of the colour mechanisms reported in this paper.
To prevent the grating from fading when it was viewed steadily, the contrast of

the bars was modulated sinusoidally at 05 Hz so that, in the above example, the
R mechanism saw a pattern of light and dark bars that changed places in time. While
this made the task easier for the observer, a control experiment showed that it
yielded the same sensitivity functions as a steady grating.
The contrast sensitivity of the B mechanism was also measured with the com-

pensation technique. A grating in which the alternate bars are illuminated with a
mixture of white light and with light through a Wratten 12 (deep yellow) filter is,
when modulated in the manner described above, a strong stimulus for the B mechan-
ism, which sees the white light but virtually none of the yellow. For a dichromatic
observer, who has but one long wave-length mechanism, the ratio of the luminances
of the white and yellow lights can be adjusted so that both stimulate this mechanism
by exactly the same amount, and the pattern is seen only by his B mechanism. The
best compensation ratio was determined experimentally for each observer by alter-
nating the white and yellow fields at 20 Hz, which is above the flicker fusion frequency
for the B mechanism (Brindley, Du Croz & Rushton, 1966) and adjusting the relative
luminances of the white and yellow fields to obtain minimum flicker for the normal
observers, and no flicker for the deuteranope. For normal observers, this compensa-
tion is almost, but not quite, complete because the compensation value needed to
silence the R system is slightly different from that needed by the G system. Therefore,
in order to further depress the sensitivity of the R and G mechanisms when measuring
B sensitivity, a 570 nm, 3-7 log cd/m2 field was superimposed on the test grating. (In
principle, it is possible to measure the B sensitivity ofnormal subjects by using a pure
compensation technique if one adds two more light sources in order to fully com-
pensate the R and G systems. This would have added enormously to the complica-
tions of the optical system so we preferred to compromise for a less elegant but easier
hybrid method.)

RESULTS

Spectral sensitivity of isolated colour mechanisms
In order to establish the validity of the compensation method, we

measured the spectral sensitivity of the R, G and B mechanisms of our
subjects to a superimposed monochromatic adapting field. Stiles (1959)
defined field sensitivity as the reciprocal of the radiance of a mono-
chromatic adapting field that raises the increment threshold of a given
mechanism to ten times its absolute threshold. We wished to measure the
spectral sensitivity of the colour mechanisms at the same luminance levels
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as those at which we would later measure the contrast sensitivity of the
same mechanisms. Since these levels were always much greater than the
absolute thresholds, we modified Stiles' technique by measuring the field
radiance that raised the contrast threshold of a mechanism to ten times its
value when no adapting field was present. The stimulus was a 3° chessboard
of 40' squares, which were modulated in counterphase at 0-5 Hz. The
spectral composition of the squares was selected so as to selectively
stimulate either the R, C, or B mechanism, as described above.
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Fig. 1. Spectral sensitivity of the R (@), G (0) and B (Lii) mechanisms
that were isolated in the present study, compared with Stiles' T mechanisms.

The resulting functions for a normal observer are shown in Fig. 1 as

relative quantum sensitivity, after correction for the amount by which
the radiance of the adapting field changed with wave-length. Stiles' n3i, 7T41,
and 75,, functions (Wyszecki & Stiles, 1967) are also shown. These were
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data. The only systematic differences between our results and Stiles' are

that the short wave-length branch of our G, and the long wave-length
branch of our BA mechanisms are somewhat more sensitive than the
it mechanisms. Judging
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Contrast sensitivity
Contrast sensitivity was measured with gratings in which only the

R or G system was modulated and also with gratings that simultaneously
modulated both the R and C systems by equal amounts. In every case,
the mean adaptation levels of the R and G systems were equal. When both
the R and G systems were modulated, the stimuli appeared to the subjects
as gratings of adjacent light and dark yellowish stripes. This condition was
included in order to have a stimulus similar to those with which contrast
sensitivity is normally measured. Normal contrast sensitivity measured
with the yellow grating is shown by the filled triangles in Fig. 2. The
resulting sensitivity function has a low frequency slope of approximately
1.0 and resembles contrast sensitivity functions that have been reported
previously (Campbell & Robson, 1968).

Contrast sensitivities that were measured with gratings that modulate
only a single colour mechanism are also shown in Fig. 2. It can be seen
from these results that the contrast sensitivities oftheR and G mechanisms
are very similar, while that of the B mechanism is much lower than either
of the other two. We fail to find the 'supersensitivity' of the G mechanism
that was reported by Kelly (1973).
The absence of low frequency attenuation in these data requires com-

ment, since attenuation is a normal characteristic of photopic vision. Two
possible explanations are that the attenuation that is usually found is
caused by lateral interactions between, but not within, the R and G
mechanisms; or that the low frequency gratings in the present experiment
were detected on the basis of hue differences between adjacent bars. The
first explanation seemed unlikely on the following grounds: the R mechan-
ism is approximately three times as sensitive as the G to light at 633 nm,
and at this wave-length it alone should determine the contrast threshold.
However, Cavonius & Hilz (1973) found normal low-frequency attenuation
when they measured contrast sensitivity with sine-wave patterns at this
wave-length. The second explanation seemed more plausible, because the
low frequency gratings had the appearance of alternate red and green bars
of low saturation. It has previously been shown that no low frequency
attenuation occurs when sensitivity is measured with gratings in which
alternate bars differ in wave-length ,but not in luminance (Horst, Weert &
Bouman, 1967; Hilz & Cavonius, 1970). To remove this hue information,
we superimposed a 615 nm, 2-9 log cd/M2 uniform field on the test patterns,
so that they now resembled a red grating with contrast modulation. Fig. 3
shows contrast sensitivity functions measured with this stimulus, after
correction for the reduction in contrast to 7T4 and 7T5 that is caused by the
adapting field. The lines in Fig. 3 were drawn by eye through the data in
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Fig. 2, and show the thresholds for normal contrast sensitivity, when both
R and G systems are stimulated with a grating pattern, and for the
compensated situation, when only one mechanism is modulated. The R and
G mechanisms continue to have similar sensitivities after hue information
is removed. However, there is now a distinct loss of sensitivity at low
spatial frequencies, and the shape of the sensitivity functions for the
isolated mechanisms now resembles the shape of the normal contrast
sensitivity function.

I
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Spatial frequency (c/deg)

Fig. 3. Contrast sensitivity of isolated R (0) and G (Lii) systems when hue
information has been suppressed by superimposing a 615 nm, 2-9 log cd/M2
field on the grating test-patterns. Continuous lines are the means of the
sensitivities of the separately modulated R and G systems (upper branch)
and the simultaneously modulated R and G systems (lower branch) from
Fig. 2. The dashed line is the mean of the R and G sensitivities (Fig. 4), dis-
placed by a factor of 4-5 along the frequency axis, and 8 on the sensitivity
axis, to bring it to the position of the normal observer's B mechanism (V).
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DISCUSSION

The present data are summarized in Fig. 4, which also shows the results
of Kelly (1973) and Green (1968). Except at low frequencies, the sensitivity
of our B mechanism agrees reasonably well with Green's. The fact that
we find higher sensitivities to low spatial frequencies may be due to
individual differences among observers in the number ofB receptors, or to
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Fig. 4. Sensitivity of isolated R ([l) and G (0) systems. The data below
8 c/deg are from Fig. 3; data at 8 c/deg and above are means ofFigs. 2 and 3.
Lower symbols (V) are the sensitivity of the B mechanism of the normal
observer. Continuous lines: sensitivity functions from Kelly (1973). Dashed
lines: sensitivity functions from Green (1968).

the fact that the luminance of our stimulus for the B mechanism was

approximately three times that used by Green. It is also possible that the
low frequency branch was influenced by the fact that our grating was

modulated at 0.5 Hz (Kelly, 1974). Although we tested for possible effects
of temporal modulation on the contrast sensitivity of the R and G systems,
we did not do so for the B system. Both Green's results and ours differ from
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Kelly's B mechanism. This may have to do with the fact that Kelly
measured the sensitivity of 7,, whereas we measured t3. The combination
of green phosphor and 45A filter that Kelly used to produce his blue
stimulus yields a mean luminance of 124 td, which from Green's threshold
versus intensity function is within the range in which short wave-length
sensitivity is dominated by the iT1 mechanism, whereas in Green s study
and ours the stimuli were within the luminance range in which iT3 is found.
It is unlikely that rods contributed to our sensitivity at low spatial
frequencies, for our stimulus was approximately ten times brighter than
the level at which rod saturation is complete (Aguilar & Stiles, 1954).
Our R and G data also agree fairly well with Green's, both in shape and

in absolute sensitivity. Kelly (1973) reported that the R and G mechan-
isms have different sensitivities at all spatial frequencies and that the
sensitivity of the isolated G mechanism is substantially greater than the
sensitivity that is found when both R and G systems are stimulated. This
difference between R and G sensitivities is puzzling, for it implies that the
Weber fraction oftheR mechanism is about five times as large as that of the
G mechanism, whereas Stiles (1959) concluded that they are nearly equal.
Further, there is a logical contradiction in Kelly's suggestion that the
excess sensitivity of the G mechanism is inhibited by the R mechanism,
which, because of its lower contrast sensitivity, cannot detect the grating.
It does not help to postulate that the R mechanism does not need to see
a pattern, but only to be stimulated in order to inhibit the G mechanism,
for when measuring the sensitivity of his G system, Kelly stimulated the
R mechanism with a strong adapting field, which should have induced the
R mechanism to inhibit the G, if it were ever to do so.
The data in Fig. 3 provide further evidence against the argument that

the sensitivity of the C mechanism is influenced by the R mechanism. If,
as Kelly suggests, reducing the sensitivity of the R mechanism by adding
a uniform red adapting field allows the sensitivity of the G mechanism to
increase, the effect should appear in our data. It does not: after correcting
the measured contrast sensitivity of the G mechanism by the amount by
which the red adapting field dilutes the contrast of the stimulus for it4,
the maximum sensitivity of the G mechanism is essentially the same as
when no adapting field was used.

Kelly suggests that the crucial difference between his experiment and
Green's was that his stimuli were presented continuously, while Green's
were flashed. We usually modulated our stimuli sinusoidally at 0.5 Hz to
prevent them from fading. However, we also did a control experiment in
which steady gratings were used. This did not result in any systematic
differences, and the R and G sensitivities remained the same.
The spectral sensitivities of the R and G mechanisms overlap. As a
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result, when the R and G mechanisms are isolated by means of chromatic
adaptation, the adapting light affects the sensitivity of the mechanism
that is being measured as well as the sensitivity ofthe unwanted mechanism.
Therefore, the absolute sensitivity of an isolated mechanism can only be
estimated by extrapolating from the sensitivity that is measured at two
or more adapting-field luminances to the hypothetical sensitivity when no
adapting field is present. The difference between R and G sensitivities that
was reported by Kelly could result from a basic difficulty in this extra-
polation technique, which is that a small error in the measured sensitivi-
ties, or in the ratios of the adapting field luminances, can lead to a large
error in the extrapolated sensitivity. This occurs because in order to
estimate the absolute sensitivity, the measured sensitivity must be multi-
plied by a correction factor that is proportional to k- 1/k - r, where k
is the ratio of two adapting field luminances and r is the ratio of the
measured contrast thresholds. (A similar correction factor is implicit
in Green's method.) If the extrapolation method is to work, r must
approach k as the luminance of the adapting field increases. A slight error
in the measurement of either r or k can therefore have a large influence on
the results. In one example from Kelly, k = 2 and r = 1 966, so that an
error of less than 2 % in either k or r can cause the correction factor and
the extrapolated sensitivity to become infinite. In the face of such a
problem, the fact that Kelly and Green were able to use the method at all
suggests that their data must have been very reliable indeed.
However, the fact that the extrapolation is so sensitive to random error

also means that any small systematic error in either k or r will lead to an
incorrect estimation of the absolute sensitivity of the colour mechanism.
Moreover, the effect on the extrapolated sensitivity of a measurement error
will depend on the initial values of r and k. For example, in Kelly's cor-
rection factors for the R and G systems, a 1 % error in r or k would cause
a 10 % error in the position of the sensitivity function of the C mechanism,
but only 3 % in the R.

In addition to being sensitive to possible measurement errors, the
extrapolation method requires that the shape of the modulation sensitivity
function remains constant as the adaptation level is changed. This seems
to be true of Kelly's data, but is not always the case (Nes & Bouman, 1967).
A further disadvantage is that in the experiments that were reported by
Kelly and Green, the adaptation level of the R and G mechanisms was not
specified, which makes it difficult to compare the shapes of the sensitivity
functions between the two studies, or even within one study.
The compensation method that was used in the present study appears

to be relatively insensitive to small errors. The major source of potential
error lies in the fact that it is necessary to know the spectral sensitivity of
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a colour mechanism in order to determine its absolute sensitivity. The
measured sensitivity functions that are shown in Fig. 1 are similar enough
to 7T.., 1T4., and FT. that we felt justified in using Stiles' tabulated values.
Even if the spectral sensitivity was incorrect, the resulting error in the
contrast sensitivity of a colour mechanism will be only proportional to the
error in its spectral sensitivity. Unlike the extrapolation method, there is
no danger that a small error in measurement or calibration can become
greatly magnified when the absolute sensitivity of a colour mechanism is
calculated. This is true even when an adapting field was used to suppress
hue information. The position of the contrast sensitivity functions was not
estimated by extrapolation, but by correcting for the amount by which the
adapting field diluted the contrast of the stimuli, again assuming that the
mechanisms were n4r and f5,. The present method also has the advantage
that (to the extent that the spectral sensitivity of the colour mechanisms
is known) the adaptation level of the individual mechanisms can be
set at any desired value within the luminance range of the light sources.
In this experiment the adaptation level of the R and C mechanisms were
kept the same (except when the red adapting field was added), so that it is
meaningful to compare the resulting sensitivity functions with one another.

Kelly and Green reach different conclusions concerning the low frequency
branch of the contrast sensitivity functions. Green found that the slope
of this branch is constant irrespective of whether the grating is detected
by a single mechanism or by more than one mechanism, and concluded
that lateral inhibitory interactions occur exclusively within individual
cone systems. Kelly found that the slope increases when more than one
mechanism is stimulated by a grating and concluded that spatial inter-
actions occur both within and between cone mechanisms. Our data do not
permit a definite answer to this question. We find little difference between
the contrast sensitivity functions that are measured when the R and G
systems are stimulated together, and when they are isolated. This suggests
that most, and perhaps all, of the low-frequency attenuation occurs within
the individual colour mechanisms.
The difference between our results and those of Kelly and Green cannot

be explained by assuming that our separation of the R and G systems was
less complete than theirs. In a separate experiment, we used the same
compensation technique to measure the contrast sensitivity of one pro-
tanope and one deuteranope. When the protanope was tested with the
compensation ratio that was selected to stimulate the C system, his
sensitivity was the same as that of a normal observer. However, when
he was given the stimulus for the R system (i.e. the compensation condi-
tion that is selected not to stimulate the G system), his contrast sensitivity
was only 10% that of a normal observer. If we assume that the protanope
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has a normal C system, but no R system, these results suggest that our
stimulus for the R system can only stimulate the G system in normal
observers by 10 %. The complementary experiment with the deuteranope
showed that the compensation conditions that were selected to stimulate
the G system resulted in 16 % stimulation of the R system. This is sub-
stantially better than can be obtained with chromatic adaptation where,
because of the overlap in spectral sensitivities of the R and G systems, the
maximum isolation that can be obtained with the adapting and test wave-
lengths that were used by Kelly and Green is a ratio approximately 4: 1.
The most probable explanation for the 'supersensitivity' of the G

mechanism that was found by Kelly is that the sensitivity of the visual
system changed as he changed the luminance of his adapting field. The
extrapolation technique requires that sensitivity remains constant. Kelly
was of course aware of this and explicitly tested to see whether sensitivity
remained constant (Kelly, 1973, fig. 9). Unfortunately, he did so at adapta-
tion levels that were lower than those at which he measured the contrast
sensitivity of the G mechanism. No photoreceptor system can remain
linear indefinitely as adaptation level is increased, and the adaptation
levels that Kelly used when measuring the G mechanism (3.5-4.1 log td)
approach those at which bleaching of cone pigment can be measured.
Kelly did not find 'supersensitivity' for the R mechanism, but the
sensitivity of the R mechanism that Kelly reported was measured at sub-
stantially lower adaptation levels (2'5-3-1 log td). In a separate experi-
ment, we measured the flicker sensitivity of the R and G -mechanisms at
the same adaptation levels as Kelly used, and found, as he did, that the
G mechanism was 'supersensitive' but the R was not. However, when we
measured the sensitivity of the R mechanism at the same adaptation levels
as those at which the G was measured, it also became 'supersensitive'.
This suggests strongly that when very bright adapting fields are used, the
response of both the R and C mechanisms becomes non-linear. Because
the extrapolation technique is very sensitive to errors, a change in sensi-
tivity of only a few per cent may be enough to produce a large apparent
'supersensitivity'.

Green's data (Green, 1968) do not show 'supersensitivity', nor should it
be expected. Green changed the luminance of the grating test-object,
rather than that of the adapting field. Since the grating was always much
darker than the adapting field, changing the luminance of the grating has
almost no effect on the mean adaptation level, and hence should not change
the sensitivity of the colour mechanism.

Dedicated to Professor L. H. van der Tweed on his 60th birthday.
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