
C E R E B R A L  E L E C T R I C A L  R E S P O N S E S  O F  H E A L T H Y  P E R S O N S  

TO R H Y T H M I C A L  L I G H T  OR L I G H T  A N D  S O U N D  S T I M U L I  

L, G .  M a k a r o v a  

Institute of Neurology (Director - Active Member AMN SSSR Professor 
N. V. Konovalov), AMN SSSR, Moscow 
(Presented by Active Member AMN SSSR A. V. Lebedinskit) 
Translated from Byulleten'  f~ksperlmental'noi Biologii i Meditsiny, 
Vol. 84, No. 12, pp. 7-11, December,  1962 
Original  ar t ic le  submitted February 20, 1962 

It  is known that when sufficiently intense rhythmical  l ight stimuli of  a certain range of  frequencies ac t  on the 
eyes of heal thy persons or in tac t  animals  the spontaneous potentials  are a l tered so as to take up the rhythm [8, 8-11, 
14, 19, 21, 22]. 

Wide use has been made of this phenomenon in c l in ica l  e lec t roencephalography both for topical  diagnosis and 
for assessment of function. Because in heal thy 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 8 seconds of the operation of the light st imu- 
lus at frequencies of 6, 8, 12, 14, 16, and 18 per second. 

E X P E R I M E N T A L  M E T H O D S  

The basis of the measurement  was to ca lcula te  indices,* and to measure the la tent  period of react ion and me 
ampli tude of the assimilated rhythms in the EEG of the central  occ ip i ta l  region (bipolar leads). The assimilat ion of 
the photic flicker was studied in 45 heal thy subjects aged 18-38 years. A constant sequence was mainta ined  in chang- 
ing from the low to the high frequencies. The t ime interval  between successive frequencies was 30 seconds. The 
investigations were made with the eyes open and with them shut. In the first case the l ight was placed at  a distance 
of 50 cm from the eyes, and in the second at  10 era. We used an "ALVAR" combined light and sound stimulator. 
Most of the EEGs were recorded on a 18 channel inkwriting recorder made by the same firm. 

The assimilat ion of the photic flicker was studied both with light alone,  and with combined rhythmical  l ight 
and sound stimuli.  

E X P E R I M E N T A L  R E S U L T S  

C e r e b r a l  E l e c t r i c a l  R e s p o n s e  t o  P h o t i c  F l i c k e r  
Among 45 heal thy subjects, none were found who failed to assimilate  the l ight .rhythm. There were some who 

failed at  one or two photic flicker frequencies only. No appreciable  differences in ass imilat ion 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 la tent  period is usually com-  
parat ively  short, and i t  may  be taken as 100-268 mseconds. Most frequently such latent  periods are found at  l ight 
stimulus frequencies of 8, 12 and 14 per second. Probably the cor t ical  cel ls  become most rapidly  reorganized to 
l ight stimulus frequencies which are nearest to the dominant rhythm of the in i t ia l  act ivi ty .  Flicker frequency at 
rates of 8, 12, and 14 per second represents just such frequencies, and are close to the predominat ing frequencies of 
the natural  ac t iv i ty  which occur at 9-12 per second. It would appear therefore that the low values of the la tent  
periods are related to the ratio of the flicker frequency to the cz-rhythm. 

* The index represents the ratio of the number of waves recorded during light s t imulat ion to the number of light pulses 
in unit t ime. 
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Moderate values of the latent  period (300-430 mseconds) are found at  fl icker frequencies of 8, 12, and 14 per 
second much less often than low values; [t is Only at  a fl icker frequency of 16 per second that moderate  values of the 
la tent  period are more common than lower values. 
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High (1), medium (2), and low (3) indices (A) 
and ampl i tudes  (B) of assimilat ion of  the rhythm in 
heal thy subjects. 

Long la tent  periods (400-700 mseconds) are very 
rare at  a l l  f l icker frequencies. The variations in the 
Values of the latent  periods of the response to successive 
photic st imulations appear to represent physiological  
variations in the exc i tab i l i ty  of the cerebral  nerve cells. 
However, to explain  the var iabi l i ty  of the latent  period 
in one person (during a single investigation), we must 
not faiI to take into account figures giving the re la t ion-  
ship between the stimulus and the phase of the osci l la-  
tory process, especia l ly  between the stimulus and the 
phase of  the cr [1, 2, 7,-13, 15-18, 20]. 

The index of  assimilat ion of the rhythms. To de-  
scribe the extent  to which the applied rhythms were 
taken up, we will  arbi trari ly consider values from 0.6 
to  0.96 to be high and values from 0.2 to 0.5* to be 
low. As can be seen from Fig. 1A, for a l l  the frequencies 

(apart  from 16 per second) high indices were found tn 
most of the subjects. However, the most frequent were found at  photic flicker frequencies of 6, 8, and 12, and l ea~  
often at 16 per second. Similarly,  for stimuIus 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 approximate ly  equal.  

Ampli tude of assimilated rhythms. The ampli tude of the assimilated rhythms were divided arbitrari ly into 
three categories:  h i g h -  25 gV or above, moderate  - 21-24 gV, and low - up to 20/~v. High ampli tudes 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 ampli tude of the assimilated rhythm, and there was a corresponding 

increase in the number with low'I" or moderate  ampli tudes.  

From a comparison of Fig. 1, A and B t t  is easy to see that the high indices and ampli tudes of assimilat ion of 
the rhythm ~vere more frequent at  l ight stimulus frequencies of 6, 8, and 12 per second. 

C e r e b r a l  E l e c t r i c a l  R e s p o n s e  to  C o m b i n e d  L i g h t  a n d  S o u n d  S t i m u l a t i o n  
In 25 out of the 45 subjects studied we investigated the assimilat ion of the rhythm in response not only to light, 

but to light and sound stimuli presented together. Only a few reports dea l  with the s t imulat ion of the rhythm when 
two or more afferent stimuli are applied.  In experiments on animals [9] and onhea l thychi ldren  [6] it was shown that 
the assimilat ion of the rhythm may be enhanced if a sound stimulus is appl ied at  the same rate, with or without a 
t ac t i l e  stimulus. Cl in ica l  elec~xoencephalography has also provided information on the influence of addi t ional  stimu- 
lat ion on the course of the cerebral  response to light st imulation [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 l ight  and sound stimulation, in 18 of 25 heal thy adults we found an improved assimilat ion 
of the rhythm representing a positive interaction of two stimuli directed to different analyzers;  this result is in l ine 
with results obtained on heal thy children [6]. This improvement  was shown as an increase in the ampli tude or in the 
index of thg assimilated rhythm, and in a greater regular i ty  (Fig. 2A); i t  might occur at a particular rate,  or at  other 
rates, although except ional ly  the addit ion of the sound impaired the assimilat ion of the rhythm. 

With combined light and sound st imulation there was usually an increase of 5 gVin  the ampli tude of the 
assimilated rhythm over and above the ampli tude of the rhythm when the light acted alone; less frequently the 

* Normally indices of 0.2-~3.3 are found only in isolated cases at compara t ive ly  high stimulus rates. 
I" Normal ly  ampli tudes of assimilated rhythm below 16 pV are found only at high stlmulus rates of 16-18 per second. 
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increase was of 3-4 or 8-12 gV. The increase [n the index was usually insignificant (usually of 0.2). Sometimes, 
addition of the sound reduced the uptake of the rhythm in the temporal EEG leads also, though here the deteriora- 
tion was much less than was found in the central occipital  regions. 

Fig. 2. EEG of the left (s) and the right (d)centraloccipitalreg[ons.  Deteriora- 
tion of the uptake of  the flicker frequency after the addition of (A) an isorhythmic 
and (/3) a heterorhythmic sound stimulus. 

Vertical scale(s) in millivolts (:lie) or microvolts (.lia'e); horizontal scale(s) in  seconds (eel'). 
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Change of uptake of the rhythm with (A) 
lsorhythmic and (B) heterorhythmic combined light 
and sound stimulation, 1) Deterioration; 2) ira- 
provement. 

In 6 of  the 25 subjects, addition of the isorhythmic 
sound stimulus caused no improvement bat 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 tsorythmic 
light and sound stimulation is shown in Fig, 3A, tt 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 s t imulus-a t  a t ime when 
the response to the light stimulus might be reduced. 
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With heterorhythmtc 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. 213). 

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 nonspectfic stimulus 
able to combine with other forms of afferent stimulation to enhance the excitability of the nerve ceils of the visual 
analyzer, and so to increase the extent to which the rhythm is assimilated. We may postulate the presence of various 
mechanisms facliitating the action of the additional sound stimulus, mechanisms such as the spread of the excitation 
from the auditory into the visual analyzer (eortico-corttcal influence), or the spread of excitatory influences to the 
visual analyzer along cortteo-rettculo-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 stimuli). 

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