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The problem raised in this work concerns the interaction of
two lights of different wave-lengths which simultaneougly stim-
ulate a retinal element which has been investigated in the eye
of the decerebrate cat by means of the micro-electrode technique.
Only large, well isolated spikes have been used and the animal
has been dark adapted for not less than two hours with the mierc-
electrode inserted. This is our standard technique (see e. g. GrANIT,

1947).

In a way then we are dealing with the effects of colour mix-
ture upon & single element. But the aim of such work on animals

must be stated in terms of wave-
length and impulse activity: here
the question can be put very
precisely with the aid of the
schematic figure 1. We know
that an element in the cat’s eye
may be excited by receptors
of different colour sensitivities
(Gramzt 1945, 1948, Gramir
and Tawstey 1948, GErRNANDT
1947, 1949). If two receptors
overlap in spectral sensitivity in
the manner illustrated by fig. 1
and we are stimulating by a single
wave-length in the region of the
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Fig. 1. Dispram showing the over-

lepping hypothoticel absarption

curved of two photosensitive sub-
stances in the retina (ese text).
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arrow in the figure, do we then always obtain merely a photo-

chemical summation of the effects due to the addition of the
two ordinates in the figure or is it, for instance, possible for
either of the two responses so to ‘canalize’ the path that the
other is wholly or parfially suppressed?

The situation may be compared with the reflex effects of two
different nerves upon the same motoneurone, When the impulses
from these two sources enter the motoneurone, what happens?
Is the output frequency of the motoneurone augmented or di-
minished? The photochemical overlap in the equivalent retinal
experiment is a complication that always means addition of
energy to both receptors but which can be minimized by selecting
wave-lengths rather far apart.

The significance of possessing decisive information on this
point is readily understood. Such information has been obtained
in this worl.

The Technical Prohlem.

In order to give differentially sensitive receptors a good chance of
interacting it is necessary to use supra-threshold stimuli which means
that spike frequencies must be counted at onset and cessation of illu-
mination. This being so it becomes imperative to know the result im-
mediately both to be able to plan the experiment aecording to the
properties of the element isolated and in order to find out whether the
frequencies per unit time are stable enough for quantitative work.
For these reasons automatic frequency counting was introduced and
combined with an electronic shutter limiting the counting time to &
duration of 1 or 2 seconds after respectively onset and cessation of o
3 or 5 ser. illumination. The total number of impulses during the count-
ing period was direetly and immediately read off during the expen-
ment. Depending upon the stability of the preparation, from 3 to 8
illuminations were considered necessary to establish the count with an
aceuracy of within 10 0. If, owing to respiratory movements or other
g changes, the spike varied too mueh to render an neeuracy of this order
possible the result was rejected. ;

Tn the first version of this apparatus the caleulator of a Geiger-
Miiller counter was connected to the condenser coupled amplifier from
the micro-electrode over o relatively simple electronie shutter limiting
the duration of the counting period. Later a elock-work counter, de-
signed by Mr. B. Avrertus of the Nobel Institute for Physies, was
psed. This ingenions mechanical device can easily follow up to 300
impulses/per sec. which proved satisfactory. An electronic delay and
shutger, built by Mr. K. O. Doxxer and E. Astriy in this laboratory,
was started by the amplified current of a photocell, placed in a de-
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fleated part of the stimulus beam of our Wright spectrometer (WricnT,
1046). Onset and cessation of illumination were led to separate channels
of electronic delays and shutters adjustable so that the spikes at re-
spectively ‘on’ and ‘off’ could be counted by two separate Aurelius
clock-works delayed to any time after the action of the photocell, from
about & few milliseconds to 5 seconds, and counting for durations which
also could be selected within fairly wide limits. This convenient appa-
ratus was necessary for some work of Doxwer (1949) tracing time-
frequency curves in detail..In my experiments it was set without use
of the delay for instantaneous counting during 1 sec. after respectively
onset and cessation of illumination, the eye in this case being exposed

to the light only for & sec.

With all the wave-lengths and the full intensity range of the spectrum
available the number o't;ﬁssaihle combinations of stimuli is legion. By
means of the Wright rimeter 2—3 wave-lenpths can be applied
singly or together onto the same retinal area in proportions selected by
calibrated wedges. Clearly it becomes a most fundamental question how
to select the particular stimuli and intensities to be tested, singly and
together, in order to study the problem formulated in the introduction.

The Theoretical Problem.

Since the spectral distribution of sensitivity of all elements,
so far isolated in dark adapted retinae of cats (Grawir, 1947)
shows the influence of visual purple (VP) it is necessary to know
the VP-curve of this retina with a high degree of accuracy. It has
been shown that the pure on-elements are likely to be the purest
VP-elements (Grawtr, 1947, GrawiT and Tansrey, 1948, Doxnyer
and Grawit, 1949) whilst a considerable number of the onjoff-
elements, despite full dark-adaptation, have humps deviating
from the smooth VP-distribution of sensitivity. The pure scotopic
dominator which is the VP-curve of the on-elements, needed for
this work, was carefully measured by Dowwer and GramiT
(1949). This curve is slightly narrower than the VP-curve of
extracts in solution. In comparing the effects of any two wave-
lengths in the dark adapted eye we can measure the ordinates of
energy of the two stimuli in the visual purple units obtained from
the curve of DoNNer and Graxir (here called DG-ordinates)
and thus know where we are in terms of the dominating photo-
chemical substance in the dark adapted eye. The DG-ordinates
thus represent reciprocals of the DG-curve, the latter being a
plot of sensitivity (= reciprocal of energy) whilst for this work

we have to return to the corresponding energy values in the
spectrum.
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If two wave-lengths are tested separately on a pure on-clement
and both are adjusted to equal DG-ordinates of emergy, their
responses, in terms of spike frequency, should be equal at all
intensity levels if the receptors of the element concerned are pure
visual purple receptors (also if other types of receptors are present
but too few to influence the response or if actively inhibited),
If this rule holds good, it also means that onfoff-elements which
behave in this fashion are dominated by visual purple to such an
extent that they cannot be used to solve the problem we wish
to solve.

Ezperiment I. Inasmuch as one desires to use spike frequency
as an index of colour effects it iz imperative to know whether the
statement just made is true or not. It has been repeatedly tested
and found to hold good, in fact, I have never seen any deviations
from thie rule for pure on-elements. Now the range of spike fre-
quencies in relation to stimulus intemsity is, on an average,
smaller for the on-elements than for the onfoff-elements and this
malees the test in experiment 1 léss stringent than otherwise would
be the case,

Ezperiment 2. This showed that the rule, tested in experiment
1, also held good for several onfoff-elemnents. The test was gener-
ally earried out in either or both of two ways: (a) with a neutral
filter interposed the frequencies were counted in a mumber of
wave-lengths for equal DG-ordinates of energy. Then the filter
was removed or further filters added. Again the rule was found
to hold good both for ‘on® or ‘off’ frequencies at all the wave-
lengths selected. (b) two wave-lengths in the spectrum, generally
0.520 u green and 0.640 u red, were adjusted to equal DE-values,
some multiple of unity for which the spike frequencies were id_ﬁn-
tical on the counter, Then, adding the red and green and, sim-
ultaneously dividing the intensity for each of them by 2 so that
the energy sum of the two remained equal to that of the indi-
vidual stimuli, the frequencies should be constant. Several onfoft-
elements actually behaved in this way. The spike frequency for
the sum of the halves was found equal to the spike frequency of
the individual stimuli when our rule held good. This iz 8 very
gensitive test and therefore it became the standard method by
means of which those onfoff-elements were weeded out that t0
all appearance behaved according to the rule, 4. e. as if they had
been pure on-elements merely reflecting the properties of the
homogeneous visual purple channel of reception.
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Since full understanding of this argument is essential let us
repeat it in slightly different terms: if only VE-receptors are in-
volved the superposition of red and green (equated in energy
for visual purple), each at half their former energy levels, will
produce exactly the same photochemical effect as either full
light alone. Therefore the response should be unchanged by this
procedure. The onfoff-elements that behaved in this way thus
declared themselves to be unsuitable for the present investigation.

Conclusion: For pure on-elements and a considerable number of
on/off-elements the curves relating impulse frequency to log
stimulus intensity in the fully dark adapted eye must be inde-
pendent of wave-length, provided that such curves are plotted in
DG-units representing the visual purple distribution of sensitiv-
ity. This conclusion is simply a corollary of the experiments 1
and 2. This corollary, besides, was sometimes directly tested by
plotting the appropriate curves from the data. Bub experiment
2 (b) gave the same result far more quickly and was just as re-
liable if a few more wave-lengths were added from the other end
of the spectrum. It did not prove necessary to measure a large
number of curves in different wave-lengths,

The D@G-ordinates of energy are thus accurate emough to re-
present stimulation of an element by those receptors that contain
visual purple. It is, of course, impossible to neglect this highly
sensitive photochemical substance and we therefore have to pro-
ceed along the course laid out above which implied elaboration
of methods by means of which the VP-contribution to the stimulus
frequency could be assessed. The safest way is clearly to make the
two stimuli equal in terms of DG-ordinates knowing, as we do,
from the experiments just reported, that if the frequency re-
sponses to these wave-lengths then are equal they will remain
equal at all levels of intensity available in the spectram.

If the responses differ in spike frequency for two stimuli of
equal DG-ordinates then something else has been stimulated be-
gides visual purple and the experiment becomes a great deal more
interesting. To these cases we shall now turn our attention. All
of them refer to onfoff-elements.

Spike Frequency and Stimulus Intensity.

: T_ha spike frequency-log intensity curves of the on/off-element
in fig. 2 are plotted on DG-energy units as abscissae for 0.620 @
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(red) and 0.520 g (green), on-components in full, off-components
in broken lines and it is clear that it is impossible to find a red
onfoff-response identical with a green one for any point on the
abscissa barring the extremes. By sliding a vertically placed ruler
along the abscissa this will immediately hecome evident. Hers
then is a case in which, despite equal DG-energy values, one

wave-length can be dis-

= ,!152.0 off tinguished from another

E ; by measuring the fre-

L 308 6200ff / quencies at ‘on’ and ‘off’
o

or their off/on-ratio. The
element of fig. 2 belongs
to a quite common type,
the one for which the on-
component is suppressed

4o 520 nh": by inhibition in the high-
_ © intensity range while the
cmy=-® | Lop energy frequency of the off-com-

+4 ‘o 100 1000 ponent still is rising, Ae-

Fig. 2. Spike frequency-log intensity curves cording to ADRIAX I:l.":fﬂ]
for on- and off-components of a red (.620 e and this kind of behaviour
o green 0.520 u gtimulua, The logarithmio ab- d _ the hiok-
geisana are in terms of multiples of energy nec- €ven dominates the Lig

essary for visual purple threshold response. intensity response of the

The two places marked B and & in the p
middle of the figure show the energy levels at whole optic nerve of t'hz
which the red and green wers combined for simul- cat, It should be note

taneous etimulation. The energies are obtained A s © inhihisien
by projecting the vertical lines for B and G on ﬂls:t m fig, 2 I!:I]I!hl ;
ultimately occurs in the

to the abeciese.

on-component for h?th
wave-lengths and that, in general, the types of curve are similar
though not superimposable by appropriate shifts E_L]ung the
abscissa. Thie, too, is characteristic of the cat's retina. Such
curves can only be measured accurately by-ultrernntmg between
the wave-lengths selected so as to maintain the retina in the
same state for the wave-lengths to be compared. Actually
the curves illustrated are of a considerable degree of accuracy,
1192 counts, representing 56 illuminations (counts doubled becouse
of ‘on’ and ‘off’) averaged into 24 values. The high intensity in-
hibition for the green ‘on’ was observed on the screen and found
to be almost complete but it could not be measured accurately
because & high-threshold spike from another element with smaller
gpikes interfered in the counting machine. (Both loudspealer
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Table 1.

] Enorgy ratio R/B Red alone Blue alone | Red + Blue
Yoo ] |
1 T RAT. - —13 ‘
L BT S | — 8 — 06 —10 |
o e b S | | — 0 — 8 !
| "MEaiiaaiiisayl R —& -

and screen were always used to control the isolation of the spike
as well as the response. Thus the spikes were both seen, heard
and counted.)

The combinations R(ed) and Gfreen), marked in the figure,
were selected for simultaneous stimulation, the red being about
one half the energy of the green. At the lower intensity-level red
gave 21—7 for respectively ‘on’ and ‘off’, green 11—2. The sum
of R 4 G gave 19—9. At the higher intensity level the red gave
16-—28, the green 23—-20. The sum R 4 G was 16—31. The inter-
esting point here is that at the lower level of intensity, the absolute
frequency of the red was higher at ‘on’ than that of the green and,
vice versa, lower at the higher level of intensity. It is therefore
clear that it was not the higher frequency as such that, as it were,
took charge of the element when R and G were added but the
properties of the ‘red’ that dominated over the properties of the
‘green’. In both cases the “red reaction” determined the re-
sponse of the element in the sum, both at ‘on’ and ‘off’. It suc-
ceeded, so to speak, in dominating the path. The green was then
made 150 fimes stronger than the red and now succeeded in im-
pressing its value upon the sum,

It is difficult to evaluate inhibition quantitatively. It can only
be done in cases where there is a high spontaneous frequency de-
pressed by the light. This depression can be measured and the
minus sign, used below, means the number of impulses sub-
fracted per unit time from the spontancous frequency owing to
the inhibitory effect of the stimulus, Above is & case combining
0.650 ¢ (Red) and 0.460 g (Blue) in which the latter was kept
at & constant intensity and the former decreased in steps, Table 1
presents to the left the energy ratios Red/Blue. It is o case of
inhibition of the on-component of an on/off-clement, The spon-
taneous frequency was 16 per sec. and the decrease of this thythm
at the onset of illumination is tabulated,

The blue light is always kept the same, and the inhibition due
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to it varies but lLittle. As the red is weakened so the inhibition by
it alone weakens but that of the sum R 4 B is practically constant
in the last three horizontsl rows. In these the inhibition for the
sum exceeds that of the eingles. Only the strongest red of the
uppermost row was of the relative order of magnitude necessitated
by the DG-scale. In all the other rows the red was far too wesk
relative to the blue so that red receptors must have contributed
heavily to the element, in every case reinforcing the inhibition
of the blue,

One generally tries to avoid the elements with heavy spontaneous
frequency because the rhythm rarely keeps constant and for this reason
I have comparatively few cases in which inhibition could be expressed
-guantitatively. I shall take another very striling ease of inhibition of
the on-component. Wave-length 0.640 g (R) on the DG-ordinates gave
an inhibition of — 20. When pitted against the equivalent DG-values
for 0.420, 0.500 and 0,520 g the inhibition at “on™ were respectively
—16, — 14 and — 14. whilet esch of the three individual stimuli had
given respectively —5, 45 and — 3, all on the DG-ordinates. There
was a progressive change in this experiment because 0.520 g later
gave =+ 0. A number of other intermediate wave-lengths also gave
values of that order. All these, when pitted against each other, geve
values around zero or slightly positive values suggesting VP-dominance
from 0.600 to 0.420 u. But the extreme red in 0.640 p always hed this
remerkably strong inhibitory component, clearly due to special re-
ceptors, that maintained their preponderance in any combinstion.

Dominant Wave-Lengths in Mixtures.

The theoretical problem. T shall now proceed to another type of
experiment in which all spectral stimuli always are at the same
constant multiple of the visual purple curve in DG-units. For
all wave-lengths the wedges are set for the DG-curve and
the spectrum is used without additional filters. This means,
about 200—500 times the threshold strength depending upon the
sensitivity of the element. For the sum of red and green we use
the half filter in the beam so as to keep the energy sum cuns‘fnnt
in terms of visual purple. It is clear that red and green enter into
the energy sum, each with their half values, because of the half-
filter interposed. If there is complete mixture the mean value
mightr be obtained. If either of the two dominates in the response
the value of the dominant wave-length at half intensity will ghow
up unless the spectral curves of the substances represented in the
two wave-lengths have a zone of overlap adding something to the
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1 G, full | G, holf | B, full | B, bolf |Half R 4 G J
| ﬂn—-uffn...........,..l 27—16 | 21—9 | 2530 | 21—16 l 2318 [
Offfon-rabio v evvrnrannns] 0.6 0.4 12 0.8 K3

effect of the dominant wave-length. In any case it is clear that
for a detailed analysis it is necessary to know the full values of
the singles, their half values and the sum of the latter. With only
visual purple present the sum of the half values will equal either
full value and this is the situation already discussed above (Ex-
periment 2) on p. 284.

Experiment. These schematic deductions are easily tramslated
into an experiment which, accordingly, consists in determining the
spike frequencies for R =1, Rf2, G =1, G/2 and I-L—;-_-L} Above
are tabulated the results of an actual experiment with R (0.640 )
and G (0.520 u), on an average 7.4 counts (= illuminations) for
each figure. Counting peried is 1 sec.

Within the limits of accuracy obtainable in such experiments
it is clear that half the sum of the red and the green has repro-
duced the half-red value, The offfon-ratios show this very strik-
ingly. They are identical and twice the value of the green offfon-
ratio for the half value.

If the red path in this manner ‘canalizes’ the clement when
pitted against some other path it is often possible to stimulate
the dominant path by some fraction of the energy required for
the DG-ordinates and yet to obtain dominance in the sum. In
another element the red (0.640 ) full value for on-off, counted
during 1 sec., was 44—37, its half value 39—32. The green (0.520 u)
full value 42—24, its half value 41—15 and the sum of the half
values 44—33. There were on an average, 7.4 counts for each
value and the accuracy was about 10 9%. The on-component thus
did not change much and behaved as if it had been dominated
by visual purple but the red half value for the off-component
came out in the sum. Then the experiment was repeated with the
red stimulus reduced in strength to one quarter of its earlier
DG-value. The result was: for the new red full value 44—329,
its half value 45—20, G full value 43—25, G half value 41—15,

R4+G
and the sum of —g  gave 43—29. Into this sum red entered
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with 1/8 of its original strength and yet it not only dominated the
result for the off-component but this component (29) actually
was greater than the amount (20) which the red half value could
have contributed alone, not to mention the green half value that
was only 15. In combination with 1/2 G the 1/8 R actually pro-
duced an off-effect corresponding to 1/4 R. This probably significs
that in this element the red modulator also to some extent was
stimulated by the green stimulus. By reducing the strength of
the red stimulus its frequency-intensity curve reached a portion
of steeper rise (as can be seen by plotting the red off-values given
above) s0 that it became a more sensitive index for red than at
the higher intensity level.

Conclusion. By these experiments the principle has been estab-
lished that in a combination of two wave-lengths one of the two
may be prepotent and impress its particular distribution of on-
and off-frequencies upon the sum. Such facts can, of course,
only he established when the two wave-lengths differ in their
individual effects so as to provide us with an index for measuring
the dominant and the suppressed wave-length.

Tests with Other Wave-Lengths.

We proceed to observations with elements in which various
wave-lengths were used at their DG-values at the maximum in-
tensity of the spectrum and the half filter employed for the sum
go as to keep the energy sum constant in terms of visual PMP,]G'
The first spike to be mentioned is one with post-excitatory 1n-
hibition in the green at 0.520 p for which the on-off values were
8— —1, i. e. a slight suppression of the spontaneous activity at

T"“ '-_1:

‘off’. The 0.640 g red gave 11— - 1 the sum

i. e. the value of the green. In the same experiment the violat
0.420 alone gave 8— -= 1 and combined with the green 10——1
perhaps summation at ‘on’ but preponderance of the green post-
excitntory inhibition at ‘off’.

A very perfect experiment is illustrated by Table 3. There was
practically no spentaneous rhythm. The green 0.520 varied be-
tween on-off-values 18—4 and 19—5 during a couple of hours
while it was combined with lights in a number of other wave-
lengths, all values adjusted to the DG-curve, the sums obtained
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0.ae0l0.co0l0.s80| 0.520 (0.460{0.440(0.420

0.640

F Wavelemgth in p

S s R o5 | 24| 24 | 19 [18—19) 26 | 16 | 23
Singlos g Jntwel 78 faEl 5 &l e
e L L E IR IR

with the half filter. There were 5—6 counts for each value, 2 see,
counting period.

From 0.640 to 0.600 u the off-effect diminishes towards the
middle of the spectrum. The combination with 0.520 regularly
brings out the value of the green on-component whilst the red
off-component maintains itself somewhat better and approaches
a mean value between the constant green and its own wave-
length, In 0.600 and 0.580 ; the green 0.520 already dominates
in the sum. In the short wave-lengths there is a sudden rise of the
on-component in 0,460 g but this is suppressed in the combination
with the green. The same happens to the drop of the on-component
in 0.440 and the new rise in 0.420. The green 0.520 maintains itself
as the dominant wave-length in every match, and there is a
measurable sign of something else at ’off” only in combinations
with the extreme red and violet. Increased off-effects in the short
wave-lengths are quite common. Sometimes they are maintained
against & low off-value in the green (0.520 4) but more often than
not the green is relatively more dominant in combinations with
blue and violet than in combinations with red.

It is perhaps not necessary to present further examples. Suffice
it to mention that in an experiment similar to the one of Table 3
the green (0.520 u) agein was combined with the same short and
long wave-lengths and that the value for the off-effects fell prac-
tically on the mid point between the low green off-effect (19)
and the others which varied from 42 to 21 with maxima in 0.640
(42) and 0.440 p (30). In this case there was no dominance but
perféct mixture of the two effects. The on-component varied but
little from wave-length to wave-length,

Red modulators are common and by several methods easy to
demonstrate and were therefore well suited for the demonstration
of the principle that has been established. I often tested the violet
1n 0.440 or 0.420 u in the cases where experimeénts were performed
with the combination red and green and noted that, if the off-

20~—491378. Acta phys. Scandinay. Val. 18,
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effect was stronger for red than for green (DG-units), then it
nearly always had a small rise in the violet too. This observation
is merely mentioned in passing and I do not intend to diseuss
alternative explanations of i,

Discussion.

The results obtained are, of course, dependent upon the use of
the DG-ordinates as units of energy. Despite this uniform scale
there have been gualitative differences in interaction from easeto
case although red dominance has been easier to demonstrate than
prepotency of other wave-lengths. Activation of red modulators
is favoured by the inecrease of energy necessary to compensate
for the low sensitivity of visual purple in the extreme red. Never-
theless green dominance has been seen from time to time (Table
3) and, also, if, in red dominance, the red stimulus is shifted in
steps from 0.640 u towards the green at 0.520 u it i8 but rarely
that in 0.580 g the red component succeeds in showing up against
the green component of the stimulus whatever the nature of the
latter. To maintain prepotency the red modulator generally must
be stimulated within 0.640 to 0.600 g. The best effects have been
obtained with the red at 0.640 u.

Onece more I want to draw attention to the interesting fact
that, when the red end is characterized by an increased off-
response, 8o also is the violet at 0.420 u though in this region the
increase generally is somewhat smaller. Gerwawpr (1948) de-
termined the offfon-ratios at the threshold of the dark adapted
eve for 72 elements and in this material found the probability
for maximum offfon-ratios to be only 0.18 in the green as against
0.47 in the red and 0.39 in the blue. The offjon-ratio in his work
was caleulated on threshold sensitivity, 1. e, reciprocal of threshold
energy, In a later set of experiments of the same type GERNANDT
(1949) measured the offfon-ratios of a number of elements in the
whole spectrum and found some for which the values inereased
towards the two ends.

The animal may or may not diseriminate with the aid of the
offfon-ratio as such. The significant point in our measurements is
that the variations in relative spike frequency at ‘on’ and ‘off’
serve to indicate differences in the rates of rise and fall of the
frequency-log intensity curves for different wave-lengths, When an
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animal turns its eye towards the coloured light these differences
will emerge in the pulsations of frequency set up by the stimulus.

The demonstration that two wave-lengths may interact in such
a fashion that, to judge by the frequency pattern, one is pre-
potent and the other one suppressed is of particular interest
against the far less striking evidence for the opposite process, a
facilitation leading to pooling of the effects of the two wave-
lengths at ‘on’ and ‘off’, Within a considerable range of relative
intensities the elements are thus easily triggered in favour of either
of two wave-lengths in a most interesting alternative fashion.
The explanation may be that the wave-lengths used in this work
have been rather far apart and that for this reason we have struck
the effects which psychophysically are known as contrast phenom-
ena. These are characterized by that same aspect of exclusion
of one alternative in favour of another. We shall proceed to test
this proposition by successive illuminations. The selection of
wave-lengths in this work has been determined by the desire to
create a situation that could be analyzed. Phenomena of summa-
tion would provide greater difficulties if, as seems probable, they
would require wave-lengths that did not differ by specific signs.

These experiments, as far as they go, are not without interest
for our ideas about colour mixture. The final mixing of colours
may well be a central process but the retina itself has here been
shown to deliver a message determined by synaptic interference
with consequent suppression or enhancement of one part of the
spectrum, There are therefore interesting retinal problems of inter-
action involved in colour mixture. For this reason negative
coefficients in work on colour mixture as well as deviations from
Abney’s law seem perfectly reasonable.

Sommary.

Well isolated elements picked out by the micro-clectrode
technique from the dark adapted retina of the cat have been °
stimulated with one or two wave-lengths of a spectrum and the
discharge of spikes counted at ‘on’ and ‘off’.

In many isolated elements the log intensity—spike frequency
curves have been shown to run & different course for different
wa":*u-Iengﬁhs, When this is so two wave-lengths can be shown to
elicit different relative frequencies at ‘on’ and *off’ within a large
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range of variation in the energy ratio of the two wave-lengths,
The pure on-elements and a considerable number of on/off-gle-
ments do not have these properties; wave-lengths equated for
equal visual purple activation at one energy level then remain
equated at all intensity levels.

When two wave-lengths, which can be differentiated by their
relative spike frequencies at ‘on’ and ‘off’, are acting simultaneously
on the same element it is generally found that either of the two
is prepotent and succeeds in maintaining its offfon-ratio in the
surn whilst the properties of the other one are suppressed.

By maling such comparisons in equal retinal visual purple
units the contribution of wvisual purple stimulation can be kept
constant for all wave-lengths to be combined. By these means
contributions from other types of receptors to the interaction
patterns of two wave-lengths can be distinguished.

Several examples of interaction between the effects of two
wave-lengths upon the same element are given. They substantiate
the coneclusion that interaction can take place when one wave-
length simultaneously stimulates two photochemical substances
with ordinates overlapping the same spectral region.

For the experiments support has been received from the Rocke-
feller Foundation and the Swedish Medical Research Council.
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