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suggests the possibility that these might compete for sites 
on co)lagen or interfibrillary material with naturally 
oc~urrmg substance resembling cyanide in properties . 
This, however, is pure speculation. 
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Linearization of Evoked Responses to Sine 
Wave-modulated Light by Noise 

THE: use of sine wave-modulated light in psychophysics1 , 2 

has directed attention to problems of linearity in the 
signal transmission in the visual system. 

The first electrophysiological experiments with modul. 
ated light have revealed strong non.amplitude dependent 
distortions•,•. One of the most striking phenomena is 
that in most subjects with the modulation at 5 c/s a n early 
pure 10 c/s response is found in the occipital leads of the 
EEG. 

A tentative explanation was presented• in which the 
signal was supposed to be distorted in an early stage of 
the system. This distorted response, or a combination of 
it and a rather nndistorted response, would then be pro. 
cessed in the cortical areas in a way comparable with 
selective filtering with the filter frequency set at 10 c/s. 
It was shown that there are subjects in which indeed 
resonance effects occurred at approximately 10 c/s, this 
being at, or near, their IX·rhythm frequency. It was sug­
gested that at low percentages of modulation the quanta] 
and neural noiso may exceed the variations occasioned by 
the modulation. 

In an earlier paper•, an estimate of the quanta! noise 
near subjective threshold at 10 c/s was given. The con. 
clusion was that with certain suppositions about quantum 
efficiency, etc., the variations in tho light due to quanta! 
noise became of tho same magnitude as the amplitude of 
the modulation. Since this was calculated for a field of 
22', it can be expected tha t for one single receptor the 
modulation-noise ratio will be considerably smaller. 
Although such estimates are open to criticism, it was 
suggested that in a case where the noise exceeds the actual 
signal, in some non-linear systems the distortion would 
disappear. This leaves the question open whether and 
in what way tho signal.to-noise ratio in the actual case 
will have to be improved before the stage of distortion is 
reached, regarding the large distortions found at modula­
tion depths as low as 3 per cent. 

For a number of non-linear systems of the rectifying 
type the influence of noise on the response functions was 
calculated and it was found that a sine wave with noise 
or a non-correlated periodical signal, such as a triangle, 
sine wave, etc., added, will be less distorted by rectification 
procedures than a pure sine wave. 

This suggested the following experiment: A well-trained 
subject was stimulated with white light from a television 
projection tube which could be modulated electronically6 • 

The stimulation was porformed with a large field at 
moderate intensity, in the range of 50-200 lux equivalent. 
The level of illumination had little influence on our results. 
The responses of the subject for 10 per cent modulation 
were averaged by a OAT computer and are presented for 

5·6 els 11·2 els 

/v@ _/\@ 

-~ © 5 pV I ~@ 

li'ig. 1. Occipital response$ to 5·6 and 11 ·2 c/s. Diffuse illumination , 
10 per cent modulation, natural pupil, approximately 200 lux equiv. 
Upper t~ace: modulated light. Medium trace : responses to sinusoidal 
st1mulat10n (A and B). Lower trace: responses to sinusoidal stimulation 

and noise (G and D) 

two-eye stimulation in Figs. IA and B for 5·6 and 11·2 c/s. 
It is seen that tho 5·6 c/s gives a pure second harmonic 
response, whereas the response at 11·2 c/s displays mainly 
the fundamental frequency. If now gaussian noise result­
ing in a signal-noise ratio A 2/2a2 = 0·04 (A being the 
amplitude of the sine wave, er being the standard deviation 
of the noise) and a band-width 15-25 c/s is added to the 
modulating signal (10 and ID) the second harmonic at 
5·6 c/s stimulation nearly disappears, whereas tho funda ­
mental response at 11 ·2 c/s stimulation is much less 
affected, if at all. This may depend on the influence of 
saturation phenomena. 

If one eye is stimulated with the sine wave modulation 
and the other eye separately at the same time with only 
noise, not much change in the responses to 5·6 and 11 ·2 c/s 
is found, compared with responses to stimulation of 
one eye with sine wave modulation and the other eye 
with steady light. This, and other arguments, suggest 
that most probably the distortion is not caused at a late 
stage in the system. If these results are valid also for the 
spontaneous noise inherent in the retinal processes, a kind 
of integration has to be assumed to increase the signal­
noise ratio before the distorting stage is reached. 

The possibilities for further work with this method are 
evident, and one of these is the adding of high-frequency 
sine waves to get an impression of the high.frequency 
attenuation up to the stage of distortion. By comparing 
responses at 5-6.c/s stimulation with the addition of non. 
related high.frequency sine waves we could deduce that the 
high-frequency attenuation from 25 to 60 c/s is less than 
would be expected from the so-called De Lange curves, 
a problem discussed earlier by Van der TweeF and Levin. 
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