COMBINATORIAL RELATIONS IN THE EEG SPECTRUM
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The mean geometric frequency f'; of each EEG wave divides its frequency band B = £, —~f; into
subbands b and 8. For the g wave the values of g, b, and B are elements of a geometric pro-
gression with denominator equal to the invariant F of the golden section. It is postulated that
all EEG waves are characterized by an Sg system of recurrent equations, obtained by com-
binatorial generalization of a Fibonacci generating function. Theoretical invariants of the Sg
system coincide with experimental b/s ratios with a standard error of 1%. The Sg system
predicts the existence of p and ¢ EEG waves (55-118 and 118-225 Hz), which have not yet been
found experimentally.
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In certain states of the brain, certain waves of the EEG are dominant; this probably reflects the op-
timization of brain structures when they perform a particular activity.

The object of this paper is to represent mathematically the characteristics of the EEG connected with
optimization of brain activity.

EXPERIMENTAL METHOD

The processes lying at the basis of EEG formation are statistical in character. To determine the
principles governing them, it is necessary to choose an informative parameter; to use a computer for auto-
matic processing and averaging of the data, mathematical analysis of the results, and the putting forward of
a theoretical hypothesis to account for all the results; to test the degree of congruence between theory and
experiment.

EXPERIMENTAL RESULTS

Spectrograms of the spectral power of the EEG as functions of frequency, averaged in intervals of a
few seconds (obtained by means of the computer), were found to be informative. They contain definite ex-
trema, the number, magnitude, and frequency distribution of which depend on the functional state of the brain
[1-3]. By analogy between electrical waves in the brain and an electronic generator of RC type and by quan-
titative analysis of these spectrograms it has been found [4] that extrema can appear only at mean geomet-
ric frequencies of bands and subbands of EEG waves. Agreement between the theoretical equation of the
frequency distribution of the extrema and the experimental data (with an error of 4 %) suggested the useful-
ness of a search for the principles connected with extrema of the spectral power.

The most interesting and important principles are those of the g wave, dominant during mental work,
the most important function of the cerebral cortex. The boundary frequencies of the 8 wave in healthy adult
persons [5, p. 53] are: f; =14 Hz, f; =35 Hz, hence B =21 Hz; /'y = (f; ‘fz)l/2 = y14-35 = 22.13 Hz, b =
12.87 Hz, 8 = 8.13 Hz, and the ratio (21/12.87) = (12.87/8.13) differs only very little from the Fibonacci in-
variant F = 1.618..., i.e., it obeys the law of the golden gection:

=" =%5=F @)
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TABLE 1. Generating Functions and Invariants

Set S of generating Set EEG of characteristic Invaria%ts I (roots
function functions EG)

a3 = a,+ a 2—g—1=0 lg=F = 1,618...
a,= ag+ a, 8 —g2—1=0 I,= (S)1/21,465...
ay = a, + a et —8*—1=0 o= D2/31,380...
a,=a,+ q B —g— 1= Ie=Szl1,324...
as = az+ a A —g—1=0 Iy = O12= 1,272..,
a,=a,+aq & —g—1=0 I, = (/)= 1,221...

TABLE 2. Comparison of Experimental Data and Theoretical

Invariants
) X EEG waves

Experimental data and

theoretical invariants 8 @ 8 ¥
=" (in Hz)[5] 47 8—13 14—35 3555
fi= (f-f)1/2  (in Hz)- 5,29 10,2 22,13 43,87
B (in Hz) 3 5 21 20
8 (in Hz) 1,71 2,8 12,87 11,13
s (in Hz) 1,29 2,2 8,13 8.87
I Y theoretical invariants 1,324 1,272 1,618 1,272
RE’C =]/s experimental data 1,325 1,273 1,583 1,255
% difference between I and R]fs 0,075 0,08 —2,21 —1,34
1§ =1+1/1 theoretical

invariants 1,755 1,786 1,618 1,786

R5P=B/b experimental data 1,754 1,786 1,632 1,797
% difference between I3 and REP —0,08 0,00 0,87 08

The g wave is thus the optimal characteristic ratio RPS =h/s, equal to the invariant F.

Let us assume that all EEG waves accompanying intellecutal activity are described by an integral sys-
tem Sy of equations (with invariant I)), each of which is obtained by means of a single combinatorial al-
gorithm, and one of which is a Fibonacci generating function characterizing the golden section. The Fibo-
nacci numbers Fy, are a geometric progression with the denominator:

. F,+
S @

and the generating recurrent function:

FotFpey=Fpy,

3)
with indices of neighboring numbers of the natural series. From Eq. (3) we find the generalization of the
generating function of the golden section in the form of the set Sg of recurrent equations, formed in accord-

ance with the rule, "The sum of consecutive elements gj and aj of the arithmetical progression is equal to
the next element ay:

a; -+ a; = ay, )

where the indices, i, j, and k are not necessarily the neighboring numbers of the natural series, i< j< k."
If ay are irrational numbers, then
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Since the invariant S is found in many living organisms [6-8] and since the principle of duality is manifested
everywhere in nature [9], the set Sg must contain an even number of elements. The system Sg contains the
minimal even number of equations for the combinatorial data: i=1: j=2, 3, 4: k=3, 4, 5 (Table 1).

The degree of congruence of the theoretical and experimental data is shown in Table 2.

The invariants I, are elements of the integral system S obtained with the aid of a single algorithm
and connected with one another

P+ = 1n/D 1+ (0.040-0.042). (6)

It is clear from Table 2 that for 6, o, 8, ¥ waves the theoretical invariants I, 19 and the values of the ex-
perimentally obtained ratios b/s and B/b coincide with the standard error ~1%." This agreement lay at the
basgis of the writers' hypothesis of the existence of p and o waves, not yet discovered experimentally. The
5@ system contains invariants I, and L;, and it thus predicts the existence of p and ¢ waves (55-118 and 118~
225 Hz).
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