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It is known that when sufficiently intense rhythmical light stimuli of a certain range of frequencies act on the
eyesof healthy persons or intact animals the spontaneous potentials are altered so as to take up the rhythm [5, 8-11,
14, 19, 21, 22].

Wide use has been made of this phenomenon in clinical electroencephalography both for topical diagnosis and
for assessment of function, Because in healthy persons there are individual differences, for an accurate assessment
of a pathological condition it is important to know the incidence of high or low indices of this reaction.

We here give an analysis of the effect as observed during the first 5 seconds of the operation of the light stimu-
lus at frequencies of 6, 8, 12, 14, 16, and 18 per second.

EXPERIMENTAL METHODS

The basis of the measurement was to calculate indices,* and to measure the latent period of reaction and the
amplitude of the assimilated rhythms in the EEG of the central occipital region (bipolar leads). The assimilation of
the photic flicker was studied in 45 healthy subjects aged 18~35 years. A constant sequence was maintained in chang-
ing from the low to the high frequencies. The time interval between successive frequencies was 30 seconds. The
investigations were made with the eyes open and with them shut. In the first case the light was placed at a distance
of 50 cm from the eyes, and in the second at 10 cm. We used an "ALVAR" combined light and sound stimulator,

Most of the EEGs were recorded on a 15 channel inkwriting recorder made by the same firm.

The assimilation of the photic flicker was studied both with light alone, and with combined rhythmical light
and sound stimuli.

EXPERIMENTAL RESULTS

Cerebral Electrical Response to Photic Flicker

Among 45 healthy subjects, none were found who failed to assimilate the light rhythim. There were some who
failed at one or two photic flicker frequencies only. No appreciable differences in assimilation of the rhythm were
found with the eyes opened or closed.

Latent period, The latent period for the uptake of different rhythms is very variable both from one person to
another, and in the same person. Nevertheless, at frequencies below 16 per second, the latent period is usually com-
paratively short, and it may be taken as 100-265 mseconds. Most frequently such latent periods are found at light
stimulus frequencies of 8, 12 and 14 per second. Probably the cortical cells become most rapidly reorganized to
light stimulus frequencies which are nearest to the dominant rhythm of the initial activity. Flicker frequency at
rates of 8, 12, and 14 per second represents just such frequencies, and are close to the predominating frequencies of
the natural activity which occur at 9-12 per second. It would appear therefore that the low values of the latent
periods are related to the ratio of the flicker frequency to the o -rhythm,

* The index represents the ratio of the number of waves recorded during light stimulation to the number of light pulses
in unit time.
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Moderate values of the latent period (300-430 mseconds) are found at flicker frequencies of 8, 12, and 14 per
second much less often than low values; it is only at a flicker frequency of 16 per second that moderate values of the
latent period are more common than lower values,

Long latent periods (400-700 mseconds) are very
rare at all flicker frequencies, The variations in the

ot A i B values of the latent periods of the response to successive
ot s photic stimulations appear to represent physiological
F A ook variations in the excitability of the cerebral nerve cells.
§ 77 705 However, to explain the variability of the latent period
2 gg ] g‘z: in one person (during a single investigation), we must
% ok P4 v not fail to take into account figures giving the relation-
2 ot 3 /’ o} ship between the stimulus and the phase of the oscilla-
2 20F NN 2} e~ V{/ tory process, especially between the stimulus and the
S 0t wpET T~ phase of the a-rhythm [1, 2, 7,13, 15-18, 20].
¢ ¢ 7 ’4 618 & & 2 KK B The index of assimilation of the rhythms. To de-
Stimulus rate (per second) scribe the extent to which the applied rhythms were
Fig. 1. High (1), medium (2), and low (3) indices (A) taken up, we will arbitrarily consider values from 0.6
and amplitudes (B) of assimilation of the thythm in to 0,96 to be high and values from 0.2 to 0.5* 1o be
healthy subjects, low. As can be seen from Fig. 1A, for all the frequencies

(apart from 16 per second) high indices were found in
most of the subjects, However, the most frequent were found at photic flicker frequencies of 6, 8, and 12, and leas:
often at 16 per second, Similarly, for stimulus frequencies of 6, 8, 12, and 14 per second, low values of the index
were found much less often than high. When light stimuli were applied at a rate of 16 or 18 per second the number
of low and high indices was approximately equal.

Amplitnde of assimilated rhythms. The amplitude of the assimilated rhythms were divided arbitrarily into
three categories: high — 25 pV or above, moderate — 21-24 yVv,and low — up to 20 pv. High amplitudes prevailed
at frequencies of 6, 8, and 12 per second (Fig. 1B). With increase of light stimulus frequency (14, 16, or 18 per
second) many fewer subjects produced a high amplitude of the assimilated rhythm, and there was a corresponding
increase in the number with lowt or moderate amplitudes.

From a comparison of Fig.1, Aand B it is easy to see that the high indices and amplitudes of assimilation of
the rhythm were more frequent at light stimulus frequencies of 6, 8, and 12 per second.

Cerebral Electrical Response to Combined Light and Sound Stimulation

In 25 out of the 45 subjects studied we investigated the assimilation of the rhythm in response not only to light,
but to light and sound stimuli presented together. Only a few reports deal with the stimulation of the rhythm when
two or more afferent stimuli are applied. In experiments on animals [9] and onhealthy children [6} it was shown that
the assimilation of the rhythm may be enhanced if a sound stimulus is applied at the same rate, with or without a
tactile stimulus, Clinical electroencephalography has also provided information on the influence of additional stimu-
lation on the course of the cerebral response to light stimulation [1, 3, 4,6, 12].

We have applied coincident (isorhythmic) and non-coincident (heterorhythmic) sound and light stimuli, For the
heterorhythmic stimuli we used chiefly sound signals at a frequency of 21 or 50 cycles,

For the isorhythmic light and sound stimulation, in 18 of 25 healthy adults we found an improved assimilation
of the rhythm representing a positive interaction of two stimuli directed to different analyzers; this result is in line
with results obtained on healthy children [6]. This improvement was shown as an increase in the amplitude or in the
index of the assimilated rhythm, and in a greater regularity (Fig. 2A); it might occur at a particular rate, or at other
rates, although exceptionally the addition of the sound impaired the assimilation of the rhythm.

With combined light and sound stimulation there was usually an increase of 5 pVin the amplitude of the
assimilated thythm over and above the amplitude of the rhythm when the light acted alone; less frequently the

* Normally indices of 0.2-0.3 are found only in isolated cases at comparatively high stimulus rates.
+ Normally amplitudes of assimilated rhythm below 16 ¢V are found only at high stimulus rates of 16-18 per second.
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increase was of 3-4 or 8-12 V. The increase in the index was usually insignificant (usually of 0.2). Scmetimes,
addition of the sound reduced the uptake of the rhythm in the temporal BEEG leads also, though here the deteriora-~
tion was much less than was found in the central occipital regions.

P g S il
L T LT
A AL

197
79
V4
0
60
57/
74
70
20
¥/

Number of observations

A A A A

MWWwwmwmwwwﬂu
b ity b A M

] Tt

Fig. 2. EEG of the left (s) and the right (d) centraloccipitalregions, Deteriora-
tion of the uptake of the flicker frequency after the addition of (A) an isorhythmic
and (B) a heterorhythmic sound stimulus,

Vertical scale(s) in millivolts (¥¢) or microvolts (uxe); horizontal scale(s) in seconds (ccx).
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Fig. 3. Change of uptake of the rhythm with (A)
tsorhythmic and (B) heterothythmic combined light
and sound stimulation. 1) Deterioration; 2) im-~
provernent,
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In 6 of the 25 subjects, addition of the isorhythmic
sound stimulus caused no improvement but rather a deteriora-
tion of the extent to which the rhythm was assimilated; the
interaction of the excitations developed in the different an-
alyzers must therefore have had a negative effect. A graph
of the changes in the uptake of the rhythm with isorythmic
ligiit and sound stimulation is shown in Fig. 3A, It is in-
teresting that in 2 of the 6 subjects, reduction of the uptake
of the rhythm caused by association of sound with the light
coincided with a tremor; in one subject the tremor occurred
at the first application of the additional sound stimulus, It
may have been that in the remaining three subjects, the de-
terioration of the uptake of the rhythm was an indication of
some kind of latent functional cerebral defect. However,
we must also consider another possible explanation: although
the light and sound stimuli were presented at the same rate,
they were not always strictly synchronized, i.e., each sound
stimulus did not coincide in time with the light flash, The
extent of this phase difference in the stimuli might be such
that the light stimulus fell during a refractory phase induced
in certain nerve cells by the sound stimulus~at a time when
the response to the light stimulus might be reduced.
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With heterorhythmic light and sound stimulation the assimilated rhythm was always determined by the light
and not the sound. It was interesting that in most of the subjects studied (Fig. 3B) the addition of the sound to the
light heterorhythmically not only failed to impair synchronization already induced by the light, but quite frequently
actually enhanced it, as was shown by an improved uptake of the rhythm (Fig. 2B).

Under the influence of combined sound and light the amplitude and the index of the assimilated rhythm some-
times changed simultaneously in the same direction; usually only one of the two indices changed. This last type of
reaction is evidence that the amplitude change and the index of the assimilated rhythm are different functions,

The results reported indicate that to improve the extent to which the rhythm is assimilated it is not necessary
for the sound and light stimuli to be coincident, Auditory stimulation appears to act rather as a nonspecific stimulus
able to combine with other forms of afferent stimulation to enhance the excitability of the nerve cells of the visual
analyzer, and so to increase the extent to which the rhythm is assimilated. We may postulate the presence of various
mechanisms facilitating the action of the additional sound stimulus, mechanisms such as the spread of the excitation
from the auditory into the visual analyzer (cortico-cortical influence), or the spread of excitatory influences to the
visual analyzer along cortico-reticulo-cortical pathways.

SUMMARY

The reactions of 45 healthy persons aged 18-35 years to light flashes at 6, 8, 12, 14, 16, and 18 per second were
studied. The index of assimilation of the rhythm, its amplitude, and latent period were measured. The incidence of
high and low values of these indices varied according to the stimulus frequency.

In 25 out of the 45 persons, the assimilation of the rhythm was investigated when light was applied alone or
together with sound (iso- and heterorhythmic st1mu11)

In most cases the addition of sound facilitated assimilation of the rhythm,
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