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PREFACE

Since 1969 various interrelations of the material and energy flows of the
planet Earth have been systematically studied at the Department of Earth
and Mining Sciences of the Hungarian Academy of Sciences. Throughout
these processes a kind of rhythmicity or cyclicity could he recognized.

A universal cyclicity relation controlling generally the material and
energy flows on the Earth and in the Universe was discovered by the author
(1973) and has been discussed since 1974 by a continuously increasing inter-
disciplinary team of physicists, astronomers, geoscientists, biologists, philos-
ophers, educationalists, etc. The main discussions took place at the 5th and
6th Symposia on the Earth’s Material and Energy Flows (Budapest, 1975
and 1978) and at sessions of the Commission on Geonomy of the Hungarian
Academy of Sciences since 1976.

The results of these investigations on the universal cyclicity relation —
found mainly by Hungarian scientists — are summarized in this volume. The
wide range of the topics originating in essence from geosciences shows a new
aspect of these sciences to other disciplines.

Accordingly, this survey on the universal cyclicity relation appears in
the geological periodical of the Hungarian Academy of Sciences.

E. Szadeczky-Kardoss

1* Acta Geologica Acadcmiae Scientiarum Hungaricae 23, 1980
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1. Phenomena of the Universe are repeated mostly rhythmically or cyclically
The rhythmic and cyclic motion can be uniformly quantified by means of velocity
values. Based on these velocity values four forms of motion can be distinguished.
They appear as linear strips in the logarithmic space-time diagram. The known durable
inorganic processes of the Universe are concentrated in these stripe (Fig. 1, p. 7.)

2. The separation of the four forms of motion is determined by the dispersity of
the medium of motion. Strip A includes the electromagnetic oscillations proceeding
in the dispersion-free medium. In the strip B the oscillations, rotations and revolutions
of the so-called mechanical matter proceeding in simple disperse medium appear.
Strip C contains the basic processes of the near-surface geological, pic-depending
chemical and biological motions of the simple disperse systems containing other particles
(dispersion in dispersion). (Fig. 4, p. 26) Strip D involves the nuclear processes in the
non-disperse medium of the elementary particles

Velocity differences cf few orders of magnitude within each strip are also due
to differences in dispersity. These are determined, however, by physical conditions and
do not affect the type of dispersion.

3. The four forms of motion characterized by velocities express in quantitative
form the dialectic principle of the antagonistic motions (“motion in contrast”). Analys-
ing in time antagonistic motions represent rhythms and cycles. The continuous repeti-
tion of the rhythms and cycles generates the main lasting phenomena.

4. The quantitative transformations, i.e. chemical and nuclear reactions and
the reaction series of the biological and social transformations generate the relatively
quick transformations of the cycles into one another. They are mostly characterized by
definite space or time parameters, forming bridges between the four velocity strips.
Narrow bridges nearly parallel to the time axis are formed by the chemical and nuclear
reactions, while wider bridges bordered by lines parallel to the space axis are formed by
the biological and social processes between the strips B and C. (Fig. 1, p. 7.)

5. The main difficulty of the wide ranging correlation of different knowledges
— i.e. the application of different terms and parameter-systems — may be eliminated
by the cycle discipline. It applies a uniform bilogarithmic space-time representation
extending from the space and time quanta 10~13cm and 10_S3 sec up to the Hubble
space of 1028cm and Hubble time of 10 18sec. Space quanta representthe smallest individ-
ually oscillating part of the space. The quotient of the space and time quanta is the
light velocity.

Acta Geologica Academiae Scienliarum, Hungaricae 23, 1980



6 SZADECZKY-KARDOSS. E.

6. Interactions between the four forms of motion is maximum in case of the
similar parameters of their cycle resp. rhythms (“principle of commensurability”).
It exists a) time resonance according to the similar frequencies; b) space resonances
generated by the similarity of the space dimensions, e.g. wavelength and body diameter;
c) resonance between the different hierarchic levels of organic, inorganic and artificial
systems within the strips of motion (“hierarchic resonance”); d) resonance between the
velocities of the four strips; e) resonances of the particles and the cosmic objects with
space parameters differing by 5 to 6 order of magnitude (“universal resonance”).

Thus the Universe represents a unique resonating system.

7. The particular behaviour of the heat energy (second law of thermodynamics)
is due to a coupled time- and space resonance between strips A and B. Heat energy
generated by the oscillation of the atoms and molecules at about 10-8 cm (1 A) in strip
A is in space resonance with the lower end of strip B, which react by time resonance
upon the infrared portion of strip A appearing in form of heat. In this way a part of the
electromagnetic energy increasing with the temperature will be irreversibly consumed.
This part of the thermal energy is the bound energy which cannot be converted in work.

The thesis of commensurability is manifested also by a lot of other phenomena.
The components of 6600 and 6400 A of daylight are commensurable with the dimensions
of the chloroplast grana of plants containing chlorophyl and thus these optimize the
mechanism of photosynthesis. Matters emitting radiation commensurable with the space
and time dimensions of the organella of mythotic cell division, highly disturb the celt
division, i.e. these are cancer-generating. Researches of pharmacological application of
this commensurability are in progress.

8. Cycle processes are conspicuous mainly in gas or liquid state but operate also
in solid state (thermal oscillation, oscillation and rotation of the molecule). Thus, the
cycle and rhythm processes are universal forms of motion, though especially in case of
superhuman dimensions these remain hidden due to the multiplied hierarchic super-
positions. Objects are processes, too.

9. In the space-time diagram including 41 space and time orders of magnitude
from the space and time quanta up to the Hubble-dimensions theoretically each object
can be plotted as a projection point of its space dimension and average life-time. This
brings new aspects concerning the quantitative relations of phenomena.

10. Joining the prolonged water-clay-life system (strip C) evolved near the Earth’s
surface the cycle view extends over the biological and social systems, as well. The assign-
ment of consciousness and social processes to the velocity system of the universal motion
processes provides new perspectives for the quantitative drawing of relationships be-
tween the natural and social sciences (see the paper entitled Cycle Parameters and System
Theory, in this volume).

1. The Main Types of Motion

Correlating the space: time data of the different anorganic rhythms and
cycles a surprising regularity has been discovered.1In spite of the extraordinary
variability of these motions, their distribution in space and time is not at ran-
dom. On the contrary, they appear mainly in four discrete groups sharply sepa-
rated from each other:

1. electromagnetic oscillation (strip A in Fig. 1),

2. oscillations and cyclic movements of the so-called mechanical matter
(strip B),

3. pic-depending chemical, geological and the main biological cycles at
Earth’s near-surface (strip C) and

4. rotations of the particles (strip D).

10Oscillatory and wave-like motions are denoted in the cycle-concept as rhythms. Periodic
or quasi-periodic rotations, recurrences and revolutions are called cycles, independently of their
forms and of their continuous or regularly interrupted nature.

Acta Geologica Academiae Scientiarum Hungaricae 23. 1980
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Fig. 1
The four permanent forms of motions and bridges of the transient movements

Each group joins apparently very different phenomena, which are, how-
ever, unified by a defined space :time relation, i.e. by an ,,eigen-speed"”2 and
determined by the four main types of matter-distribution.

The electromagnetic waves (strip A) are characterized by the well-
known rate ofroughly 300 000 km/sec. Strip A represents motions independent
of attractive forces.

Strip B unifies the supersound, sound, infra-sound, and seismic waves
on the one hand, and the revolution and the unimpeded rotations of celestial
bodies, on the other. All these motions are joined by their velocities of about
0.01 km/sec to 1 km/sec on the average. They represent the motion control-
led by gravitation and influenced at short distances by chemical bonding
forces, too. Strip B deviates at its both ends towards strip A. The aver-
age dispersities of the galactic systems are extremely low, [Paal 7, I]
thus their velocities are greater than the norm of B-strip.

Motions such as the propagation of sound 0.33 km/s in air, 1.4 km/s in
water, 3.2 and 5.8 km/s in steel for transversal, resp. longitudinal waves and of
seismic waves (about 4—13 km/s) as well as average air-, marine and river-

2 Eigen-speed of the cycle motion means its peripheral velocity v = 2 r/t being roughly
constant for a given strip, whereas angular velocity to = v/r decreases with the space and time
parameter within the strip.

Acta Geolqgica Academiae Scientiarum Hungaricae 23, 1980



8 SZADECZKY-KARDOSS, E.

eyetem current or flows (of about 0.1—0.004 km/s, 0.001 km/s and 1 km/s
velocities resp.) and even the 4—5 km/s orbit velocity of the planets belong to
strip B.

Strip C containing the geological and the pic-depending chemical and
biochemical processes is characterized by the eigen-speed of about 10~10 to
10~M km/sec, i.e. of 10~5to 10“#cm/sec. The main geological phenomena, such
as the formation and decomposition of clay minerals, the geomorphological
cycle, the denudation and sedimentation, the drift connected with plate
tectonics including géosynclinal, orogenic and rock forming processes as well
as the basic biochemical processes determined by the main lifetime-bodysize
relations of the living systems3belong to this strip (see Ganti in this volume).

Strip C represents the motion of systems generated partly by diffusion,
partly by different kinds of plastic deformation, e.g. as drift of continental
and oceanic plates. These motions are ruled by the van der Waals and hydro-
gen bonding forces and by some special cases of the normal valency bonds.
The junction of these different phenomena is due to the common “three-phase
dispersion” of the systems described in the next chapter.

Strip D contains the nuclear phenomena characterized by a nearly zero
translative eigen-speed, according to the minimum space dimensions but by
light velocity of rotation. Strip D represents the marginal case of motions
controlled by nuclear forces, attributed to the symmetric high velocity
rotation of the space quanta (see the next paper).

The four motion types represent a coherent series in which the motion
of the strip D is added to that of the strip B and strip C.

The appearance of motions in four main velocity types is called “univer-
sal cyclicty relation”. It describes all the known durable main types of mo-
tions except the dilatation of the Universe.

The relatively quick transformations into new cycles often due to
explosion like collisions are characterized mostly by slow starting stages before
the new cycle mostion.

The picture of the universal motion system in the bilogarithmic repre-
sentation (Fig. 1) is surprisingly simple (in contrast to those represented by
non-logarithmic, e.g. arithmetic scales). Thus, the cyclicity relation reveals
the logarithmic appearance of the structure of the Universe in the mind.

The mean velocity value of point D: vD 10 cm/s,
The mean velocity value of strip C: vc 10~7 cml/s,

*The velocity of the permanent motion of zoological individuals belongs to the
biological bridge (chapter 3). Their own velocity relative to the Earth surface is mostly near
to the lower limit of strip B (man about 0.001 km/s, birds about 0.01 km/s), but depends on their
own measure, too. “Own measure velocities” are determined by the distances travelled in the
measure of the average diameter of the objects. For this description all phenomena and processes
need a special space-scale. The result is a one-dimensional velocity value. In this paper the
problem of the “own measure velocities” will not be dealt with.

Ada Gemlogica Academiae Scientiarum Hungariait 23, 1980



CYCLICITY RELATION 9

The mean velocity value of strip B : vB 105 cm/s,
The mean velocity value of strip A: vA 3 « 1010 cm/s,
i.e. the light velocity.

The velocity difference between strip A and the proton projection-point
of strip D, i.e. between the motion in the vacuum and of the pure mechanical
matter is of 10~39—1040 order. This value characterizes the energy difference
between electromagnetic oscillations of strip A and the gravitation due mainly
by the proton strip D. By means of energy computation Dirac (1978) found the
same energy difference. (Concerning the cosmologie relations of this difference
see the next second paper of this volume).

The strips represent the peaks of the GAUSS-like frequency distribution
of natural velocities.

The frequency relations of the motions described by the four strips may
be shown only in a logarithmic scale. If the frequency volume ofthe phenom-
ena of the biological bridge (see below) would be delineated arithmetically
by a height say of 2 mm, the frequency maximum of strip C would be 10 m
high and that of the strip B greater than the galactic diameter.

At the border of two media belonging to different strips (different
dispersity types) intermediate cycle velocities appear. An example is the
periodic temperature changes at the surface of the ocean water, as ocean
belongs to strip C and the atmosphere — determining the temperature of
the ocean water — to strip B. Such marginal cases are obviously rare. For
this example | am indepted to Professor B. Bell and Professor Z. Dobosi.

Strips B and C include almost the totality of the independent natural
and artifical “solid objects”, too, e.g. many parts of the planets and satellites,
i.e. rock masses, minerals, as well as artifical objects such as buildings, instru-
ments, furnitures. Solid objects are formed by the freezing in of the cycle
motion by chemical forces in a restricted hierarchic level. Except this level
solid objects participate also in the cyclic motion systems. They move together
with the higher system to which they belong and include lower cyclic motion
systems, by which they are built up. Solid objects can be quantitatively
characterized by space-time parameters, i.e. by their main diameters and aver-
age lifetimes, too, and in this way, they may be projected also in the general
space-time system of motions (Fig. 1 in the paper: “Cycle parameters and
System Theory” in this volume). These projection points fit mostly into the
strips B or C as solid objects come into being by the preponderance of the
strengths mainly by chemical bonds and gravitation belonging to the cyclic
processes of strips B and C or by human activity. The liquidation of the solid
objects is also due to the cyclic processes of strips B and C. Thus, their connec-
tion with these strips is a genetic one.

Acta Ceologica Academiac ScicnHarum Hungarian 23, 1980



10 SZADECZKY-KARDOSS, E.
2. Motion and Dispersity. Some General Pecularities of the Cycles

The separation of the four types of motion is due to four different kinds
of dispersity. Dispersity is a fundamental particularity of the matter. It
determines almost all other pecularities.

There are four main types of matter differing in dispersity: the two
extreme kinds of the non-disperse one-phase systems (i.e. the pure vacuum
and the pure dense matter, ofthe elementary particles) and the two disperse
kinds of matter i.e. the two-phase systems and the complex more-phase sys-
tems. The motions of these four kinds of matter are represented by the veloci-
ties described by strips A, B, C and D in the universal bilogarithmic space-
time system.

Strip A represents the motion of the quasi-homogeneous “vacuum?” i.e.
of the non-disperse one-phase field.

Strip B unites the motion of the simple two-phase disperse systems con-
sisting of particles and of intraatomic and intramolecular vacuum.

Strip Crepresents the motion of the three or more phase complex disperse
(heterodisperse) systems, i.e. ofdisperse systems in simple dispersions e.g. fluid and
solid solutions, colloid and coarse dispersed suspensions and emulsion formed
in large mass by the accumulation of the liquid water exceptionally accumulated
at Earth’s (near) surface. Motions called plastic deformation are also processes
within strip C representing three-phase disperse systems.

Strip D represents the motions of the non-disperse one-phase dense matter
sistems concentrated in the nuclei, and in other elementary particles.

Thus, the different media or kinds of matter represent always a deter-
mined grade of dispersity characterized by a main velocity (mobility) v of
the system depending on the “viscosity” (rj) in a larger sense of the medium:

v = D/KT

(D diffusion constant, T temperature).

In first approximation it may be admitted that in the simple two-phase
disperse systems of strip B roughly the (extended) Einstein relation %relB =
= 1+ kB<gBis valid (@the volume of the disperse phase in the volume-unit
of the system, kB the material constant depending on the intensity of the
interaction between disperse phase and disperging medium). Then the three-
phase systems of strip Cmay be described in first approximation by the relation
fic = 1+ kBgB-(- kcgr. The constant kc depends on the interaction of the
second disperse phase from the simple disperse medium, e.g. from the “liophil
or liophob” nature of particles in the colloid systems according to the Ost-
WALD — B tjzagh continuity theory. Thus, the velocity of motion may be modi-
fied by different “stabilizing.” materials similarly to those used in colloid-
chemistry.

Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



CYCLICITY RELATION 1

The differences in velocity within each strip i.e. the widening of velocity
lines to strips can be also related to the differences in dispcrsity, i.e. to the
changes of distribution of particles in vacuum:

the (optical) density changing the light velocity within strip A

the pressure, temperature and state of the particles and disperging media
within the strip B;

the state, pressure, temperature, as well as the concentration of particles
in the disperging media within strip C;5

All these factors are in close relationship within dispersity “sensu lato”.
The kind of dispersity influences even the morphology of the moving disperse
matter. The space quanta ofstrip A are deformable ;the disperse elements of strip
B are mainly three dimensional, i.e. quasi-isodimensional. The second disperse
phase of the complex three-phase dimension of strip C are partly anisometric
sensitive two- and unidimensional elements, e.g. clay minerals and spiral biolog-
ical macromolecules, mainly joined by weak hidrogen-bonds and stabilized
only under the slow motion systems of strip C.

The question may be raised whether continuous transitions in dispersity
are existing in the Universe between strips A and B. Such systems may realize
some intermediate (interzonal) velocity realms between strips A and B.
Magnetosphere seems not to represent a transition of this kind. The about 3to 8
minute, i.e. in average 300 sec oscillation of magnetosphere corresponds to an
about 10ekm space parameter in strip B. The length of the magnetosphere is in
fact 105km at least and presumably not far from 10e km.

Rhythmic and cyclic motions are much more common than one percepts
it. They are present everywhere and controll all movements of the Universe.
They represent the permanent and the most efficient processes. The energy
dispersion by entropy represents the complementary disordering process of
the system forming, ordering effect of cycle motions. Thus, energy dispersion
is also not an unidirectional flow.

Most of the cycles are, however, hidden from our everyday activity. Cycli-
city regulates the Universe imperceptibly. Systematic investigation from the
viewpoint of cyclicities reveal a complete, quantitative, homogeneous and vivid
concept about things.

Different rhythmic or cyclic movements belong presumably to all points
of the four strips and to the time and space parameters from the subatomic to
the hypergalactic one.

In the field of a rotating body — e.g. at the surface of the Earth — all
movements become automatically cyclic.6

6 The substrips of living systems (Ganti, 1979, in this volume) may also be related to the
annual rhythm of temperature values coded in the DNA-molccule affecting the dispersity, thus
the cyclic activity.

Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



12 szAdeczky-kardoss, e.

The so-called “flows™ are parts of great cyclic processes mainly of the strip
B. Regarding the individual flows, they are irreversible processes, hut putting
the flow into the greater cycle to which it belongs, the quasi-cyclic reiterating
nature of it becomes obvious (see also the paper of Horvath in this volume).

The laws of thermodynamics are valid of the different parts of the cycle
described as flows. E.g. velocity of flux (1) of the flow is propotionate to the E
thermodynamic force (e.g. the heat flow to temperature, electric current to the
potential difference, diffusion to concentration, generally to the gradient of the
free enthalpy): | = LE, where the proportionality factor L is the conductivity
coefficient. Changes in time of the extensive factor mass, volume, entropy
(depending on the quantity of matter) are equal to the product of L and of the
difference Y — YO of the intense factor (pressure, temperature, chemical
potential) tending to equalization:

dx

L(Y - YO).
it ( )

The diffusion and other chemical transport phenomena represent parts of
mostly hidden cycles of strip C.

Cycles are often anisometric, one-or two-dimensional, e.g. most areal
extended phenomena at the Earth’s surface. Processes in the elongated struc-
tures of biological systems, and much phenomena described as the mentioned
flows are quasi-one-dimensional. In these cases the decisive space parameter is
the longest diameter, since the cycle process is extended up to this diameter
during all rotations of the cycle.

In the hierarchy of the continuous system of cycles some cycles appear
regularly interrupted. E.g. the main petrological metamorphism appears at a
defined section of the Earth’s tectonic evolution returning once in all
galactic-solar-terrestrial cycles.

Cycles and rhythms have also limits, asthe Universe is also limited. At
the lower limit the time parameter attains roughly 10-23 sec and the space
parameter 10-13 cm. These values represent quanta of time and space, i.e.
the admitted theoretical minimal values of time and space6 performing
independent motion within the oscillating vacuum. Quanta represent the wave-
length and the inverse frequency of the strip A corresponding to the dimension
10_13cm and to the pressumable maximum energy quanta of electromagnetic
waves.

It is possible to find an upper limit of cyclicity space and time, too.
Strip A correlated with the time value corresponding to the Hubble-time of
about 1018 sec determines the maximum space value of 108 cm.6

6 Mathematically even smaller inferable time and space values can be, however, imagined.
Adequate space energy, and mass values may by computed, too. Thus “substructural” world is
drafted in this volume by Marfoidi.

Acta Geologien Acatkmiae Scifmtiarum Hungaricae 23, 1980



CYCLICITY RELATION 13

Following the Big-Bang model, it may be roughly admitted that groups
and kinds of cycles and dimensions of movements increase parallel to the
Hubble-dilatation since the Big-Bang. In this case the origo of the diagram pre-
sents the initial first moment of the heat world existed before about 16 to
20 X 109years. The subsequent phases of the development may be schematically
represented by the gradual expansion of the area of the diagram. The present
limits of the world are determined by the Hubble-time and the corresponding
space value. First strip D and A, then strip B, finally strip C came into being.
According to the geochemical, data the youngest strip Cmay exist since about
4 X 109 years.

The cycle diagram Fig. 1. is a physical picture of the known Universe
demonstrating it by the basic parameters of perception, viz. space and time. It
represents a many-sided universal “map” of the processes and objects (see the
next chapter) showing different hidden interactions and relations.

Universal constants of physics appear to determine the geometriai struc-
ture the Fig. 1. cycle diagram. The r0 and t0 origo of the diagram are the
derivatives of the PbANCK-constant h. The quotient of the space and time
quantum gives the light velocity. The endpoint of the time axis is determined
by the Hubble-constant, H. The 5to 6 order of magnitude distance between
strips A and B is due to the space-quanta number of about 10® (presumably
83+ 123 see the next paper) of the proton, and to the difference between the
atomic and nuclear differences, 10-8 cm and 10~13cm. The two endpoints of
the main (linear) section of strip B are determined by the space dimension of
about 1 A of the atoms and that of the Galactics of about 1020 cm expressing
the dependence of strip B on the chemical and gravitation forces. The position
of strip Cisdetermined by the logarithmic distance BC =2 AB. Weak physical
interactions appear in some form in almost all chemical reactions. Therefore,
it may be admitted that strip Cis in some correlation with the weak Fermi-
constant. The position of the cardinal point of strip His determined by the space
dimension and lifetime (until now) of the proton. At the same time the velocity
difference A/D of about 39 order of magnitude is the quotient of the electro-
magnetic and gravitation energies.

All these coincidences are due to the general resonance of the
cyclic motion-system of the Universe, expressed by the universal cyclicity
relation.

In the language of philosophy universal cyclicity represents the quanti-
tative and differentiated form of the dialectic concept “motion in contrasts". In
function of time the motion in contrasts (or antagonistic motion) results in
oscillations (i.e. rhythms) and (regular or irregular) cyclic movements. Four
and only four main types of durable inorganic motion determined by the
dispersity of matter in the space is possible.

Theoretically all phenomena may be plotted in this diagram.
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This suggests the possibility of a comparative quantitative multidisciplinary
research of different sciences and may serve the general survey of knowledges.

The logarithmic space-time picture of the Universe may express also
acceleration and other terms of motion containing space or time values on
different powers. In these cases the appropriate power value may he prescribed
to the axis in question.

The representation of the Universe by the space-time picture extends
over 41 time and space orders of magnitude. Thus all values of cyclicities
influenced permanently by different resonating and non-resonating factors are
principally only approaches and represent obviously stochastic phenomena.

3. Formation of the Cycles. The Bridges of Chemical and Nuclear Reactions

The conversions of the cyclic phenomena into each other, i.e. the chemical
and nuclear reactions are also not random processes. These are characterized
also by definite space-time relations and velocities. The nuclear and chemical
reactions are determined by the dimensions of the particles, atoms and molec-
ules and by the reaction times; the biochemical and social ones mostly by the
dimensions and time parameters of the biological individuals or social units
(see the paper by Ondvary in this volume). In the universal space-time system
the sites of reactions appear along some definite lines forming characteristic
non-continuous “interzonal bridges” between the strips A, B, C, D. At present
we know five such bridges: that of the instable particles along the line 10-13 cm,
that of the instable radioactive and transuran atoms about the line 10~8 cm,
that of the main chemical reactions also about the line 10~8cm, that of the bio-
chemical, biological reactions and finally that of the social phenomena both
between about 103—1013sec. The first three bridges are nearly parallel to the
time axis, the last two are roughly parallel to the space axis. (Fig. 1.)

Strips and bridges differ principally. Strips represent the realms of the
inorganic and organic, quasi-permanent cyclic motions. Bridges represent the
realm of the non-cyclic, i.e. principally transient short-time reactions trans-
forming cycles into each other, i.e. forming new cycles from the older ones.

Between strips B and C the broad bridge of the biochemical metabolism
and of the neurophysiologic processes of multicellular organisms is due to the
accelerated quasi-one-dimensional structures, i.e. vascular metabolic flow
system, and the elongated neuron cells. The acceleration works in the metabol-
ism by catalysts (it is a system of enzymatic ruled biochemical reactions), in
the neurophysiologic processes by joined electron transfer and K—Na ionic
diffusion through the cell membranes. The rate of mammalian (i.e. human)
metabolism is about 103 cm/s, that of the stimuli conduction in plants (e.g.
Mimosa) about 1.5 cm/s and that of the neurophysiologic processes in mammals
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maximum about 10 000 cm/s = 360 km/hour. The last rate represents already
B strip velocity, according to the two-phase disperse system motion of these
individuals relative to the Earth. The velocity of some man-made instruments
(the cosmic rocket) surpasses even the average of strip B. In this way, these
instruments become cyclic rotating members of strip B, i.e. satellites. High
pressure and high temperature experiments producing e.g. accelerated dif-
fusion of the aquacous vapor in amorphous substances realize, man-made
transient motions in the interzonal realm between strips C and B.

The second bridge between strips B and C, i.e. that of the social organiza-
tions — described by Ondvary (1978 and in this volume) — overlaps partly
the biological one but is shifted according to the greater space parameters
of these systems to the side of greater time-space values.

The third bridge — discovered by B. Gulyas (1978 and in this volume) —
contains the space-time parameters of molecular and partly prebiological phe-
nomena. Thus it describes the elementary subvital development, too. This
bridge connects the average 10—8cm/s B-strip value and the starting 10 cm/s
C-strip value.

Two bridges exist between strips C, D and the origo, i.e. that of the un-
stable radioactive and transuranic atoms and of the unstable elementary par-
ticles. Both lead to stable systems: the first one to the stable atoms, the second
one to the protons.

Thus, we live in a world characterized by infinite possibilities of the (cyc-
lic) processes, but limited by strongly defined space-time relations.

4. Strips A and B. Cycle and Rhythm. Symmetry

Electromagnetic oscillations propagating with light velocity in vacuum,
i.e. the strip A ispractically realized where the distribution of the “mechanical”
mass is sporadic, thus practically no interaction exists between space and
particles. Strip A contains the one-phase oscillations of the vacuum space
quanta, representing a boson-field, where infinite number of particles may be
in the same quantum state. According to the next paper, the propagation of the
gravitation belongs also to the ”~4-strip motions representing the longitudinal
oscillations of the vacuum space quanta in contrast to the transversal oscilla-
tions of the electromagnetic waves.

Motions of the strip B are connected with the separation ofthe two stable
particle groups nucleons and electrons of opposite charge. The strip B is essen-
tially a halfspin fermion field interpreted by the cycle motion in the next paper.
The equilibrium distance of the two particle type of opposite charge is repre-
sented by the average atomic radius of about 1 A = 10~8 cm. Thus, the
starting point of the straight section of strip B is determined by the atomic
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dimension of about 1 A. The time dimension of strip B, i.e. its continuation
to the time axis is about 10_18. This differs from the parameter 10_23s of strip
A by 5to 6 orders of magnitude, according to the difference between the space-
quanta moving as solitary units in strip A, and the protons (i.e. the main
constituents of strip B) containing about 10sto 10®space-quanta, as mentioned
before. This difference is one of the harmonics of the logarithmic 40 order
difference between strips A and D.

Strip B represents the unimpeded motions of the simple two-phase sys-
tems. It contains the oscillations of the mechanical material: ultrasound, sound,
hypersound, seismic waves, as well as the average current systems of the atmo-
sphere and hydrosphere, and the unimpeded rotations and revolutions of celes-
tial bodies7. Even such motion as the geophysical west drift of about 1800
years period corresponds to the B-strip motions as it represents the displace-
ment of the lithosphere against the main Earth’s mass modifyed only slightly
by a 1800x365 = 660 000 part, i.e. by 0.1 sec the daily rotation cycle.

Velocities of systems influenced by the forced strengths, such as friction
are diminished. These appear at the border of strip B facing strip C. Such im-
peded systems are, e.g. the atmospheric micro-turbulences (described in this
volume by B. Bei1) at the vicinity of the solid Earth surfaces, as well as most
river systems and especially marine currents. The width of strip B is practically
broadened to about 4 orders of magnitude by these impeded motions, i.e. by
the friction at the solid Earth’s surface.

The revolutions of planets and satellites determined by the second power
of the time parameter and by the third one of the space parameter appear all
within the strip B. The equation of the third law of Kepler is connected with
the cyclicity relation, since the rotation of planets is spatial, revolutions
however, plane processes,thus the energy of the three-dimensional rotation con’
verted into the two-dimensional revolution are increased by a rate of 3/2. The
A: T — or considering the 3 spatial dimensions the A¥T3relation of the rota-
tion converted into the revolution appears as A¥T 2 according the third law
of Kepler. Thus, the linear cyclicity relation implicit contains higher grade
motions, too.

Cycle is related always to rhytms, since rhyhthms are generated by
cycles. Two main kinds of rhyhtms shall be discerned. Rhythms of strip A
and those of the minor parameter part of strip B are quasi-independent
“primary” oscillations. On the contrary, rhythms observed at defined point
of a cycle depend spatially and temporally on the cycle, e.g. changing of day
and night at a given point of the planets, the pulse at some definite points of
the artery system. These kinds of rhythms are secondary oscillations. The pri-
mary rhythms of strip A are products of the atomic electron shell cycle strip B.

7 The rotation of the celestial bodies near their central bodies is impeded by the strong
mutual gravity and become synchronous with their revolution (e.g. Mercur, Moon).
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The true rhythm works mostly in thin media, i.e. in vacuum or in media
rich in vacuum characterized by small even “zero” density and relatively
great distance between the particles. Thus, the particles of the thin media
are not joined by attractive forces and oscillate unrestricted, expanding
principally unlimited in the thin medium. Thin medium surrounds as dispers-
ing phase the particles and systems of the dense one. However, intense source
force, e.g. earthquake, produces oscillations in dense media, too.

The superposition of the different hierarchy levels of motion changes the
resultant motion of the lower level of the hierarchy.

All peripheral points of a cycle of the radius r moving together with the
superposed next higher hierarchic level by the translation distance d describe
spiral line if d < 4r, but cycloid turning into sinusoidal wave line with in-
creasing d if d > 4r, e.g. d = 47r for the Moon’s revolution around the
Earth, and d — 417r for the Earth’s revolution around the Sun (Fig. 2).

The hierarchy produces transitions between cycles and rhythms. De-
pending on the velocity of the superposed neighbouring motion (e.g. revolution
of rotating planets) cycle may pass gradually into wave motion, i.e. rhythms.

Acceleration of the lower level cycle of hierarchy promotes system
development and strengthens the structure. Acceleration of the higher level
cycle of hierarchy promotes the wave nature of the lower one and strengthens
its expansion and extensivity. (These relations allow wide practical use. E.g.
industrial systems may be governed by changing velocity of the different
levels.)

According to the cycle conception( the space quanta of the particles are
rotating and the directions of the rotation, their symmetry or their parallelism

0 WT AN »

d=0 d=r d=2r d=3r

d=20r

d=40r
Fig. 2. Relation between rotation and translation
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controls mainly the attractive or repulsive forces. The main nuclear forces are
products of the symmetric rotation of the space-quanta particles (see the next
paper in this volume).

M ostly the cycle freezing appears mainly as crystal symmetry. Regular
cycles in human mind appear as scientific law. Thus, scientific law may be
described by symmetry. Both symmetry and law express regular repetition of
phenomena.8

According to the cycle concept conservation laws and the invariance of
physical laws are not static manifestations, they represent dynamic phenomena.
The macrosymmetry may be described, too — as dynamism. The concept of
“time reflexion” (Wigner) expresses the dynamism of elementary particles.

In this chapter symmetry problem is discussed on the example of the
crystal symmetry.

A two-dimensional plane cycle represents right or left rotation, it is “en-
antiomorphic”. The interrelation of two parallel rotating cycles in contact
is unstable. The stable configuration is the dissymmetry with symmetric rota-
tion (Fig. 3).

Fig. 3 Repulsion, attraction and symmetry. In the first figure the direction of rotation must
be reversed in one of the circles

The addition to these a third cycle produces one asymmetric pair and
thus a new unstability which tends to form a fourth intermediate whirl pro-
ducing the tetragonal plane symmetry. As in the tetragonal plane symmetry
a conjunctive and a disjunctive pair of forces appears, the hexagonal symmetry
characterized by a conjuctive and two connective translative forces is more
stable (Fig. 3). Most stable is the cubic space symmetry characterized by four
tetragyres. It represents quasi-perfect three-dimensionality and maximum
symmetry dynamism.

8 According to Noether, the conservation of energy (weight constancy) represents sym-
metry of gravity concerning time translation, conservation of the impulse momentum represents
symmetry by rotation. Elementary particles are characterized also by other (internal) sym-
metries, e.g. conservation of barion number (Wigner) and lepton number (Gy. Marx).
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Cyclicity dynamism allows to discuss some problems of the chemical
bond and of the crystalline field and the ligand field theory, too, related to the
Pauli spin principle. The state of the whole spin number of elementary particles
(“bozon”) is symmetric, that of the half spin numbers (fermion) is asymmetric,
i.e. the signs of their functions are changed when particles are changed (see the
next paper in this volume).

In this way crystals represent frozen systems of active symmetries. On
the contrary symmetries of biological systems are not frozen. The frequent left
rotation of biomolecules loosens contacts, therefore one of the elements of
hexasymmetry receives central position producing peripheral pentasymmetry.
Biological pentasymmetry is probably correlated with the role of five-valency
elements P and N in their macromolecules, too. The close relation of pentasym-
metry with the Fibonacci row and with the golden section predominant in arts
and expressing vital relations are often described. New adaptation of these
relations was found by Lendvai in musicology, too.

5. Strip C. Bond of Geologic-Chemical-Biological and Social Phenomena

Strip C is characterized by the complex three-phase dispersions. Thus
the velocity within these dispersions is decreased by about further 10 orders of
magnitude as compared with strip B. In addition to the common chemical va-
lency bonds the weaker van der Waals and hydrogen bonds also appear in
etrip C. The continuously changing assemblage of water molecules, the joining
of scales ofclay minerals and other phyllosilicates, the double spiral structure of
many living organic molecule-systems are all characterized by hydrogen or/and
van der Waals bonds. These bonds generate the sensitive structures of all the
three members of the water-clay-life system characterizing strip C. The con-
trast of the weak bonds existing beside the strong ones is reflected in the two-
and one-dimensional crystals of large specific surfaces increasing the sensi-
tivity of the C-strip structures.

In strip C the most complex and at the same time the most infrequent
phenomena in the Universe interrelated with Earth and Man appear. Strip C
phenomena are at present known only at the nearsurface zone of the Earth.
These are generated by accumulation of a highly particular material at the
Earth’ssurface, that of the liquid H20. W ater combines two extremely opposite
elements: the most typical volatile hydrogen and the oxygen forming more
than 70% volume per cent of the inert solid phases, i.e. rocks. Consequently,
water is one of the most efficient solvent, the mighty presence of which enables
the steady formation and cyclic rejuvenation of different terrestrial solutions
(sea-water, mineral water). W ater is characterized by the lowest boiling point
among the main volatile components of the planets and by extremely high
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heat capacity moderating the changes of temperature at the Earth’s surface.
The mighty liquid sphere and consequently the mainly horizontal flow system
are specially characteristic for the Earth’s surface, too.

Gravity, surface temperature and the molecular weights ofthe compounds
ofthe outer spheres of planets prescribe mainly the changes in mass and compo-
sition of planets. The accumulation of water is a consequence of the gravity
potential and of the surface temperature of the Earth the last being deter-
mined mainly by the solar distance.

The water-rock interactions create the afore-mentioned special terrestrial
phases, clay and related minerals characterized by high absorbing capacity.
The fine dispersed system of clay or related minerals and the solutions form
the three or even more phase dispersions where the velocity of the disperse
phase is decreased by about 10 order of magnitude as compared with strip B.

This slow motion, mostly diffusion, enable reactions even with changes of
the molecular structure depending not only on temperature and pressure, but
chiefly also on concentration of the components.

Clay minerals as lubricant and as steadily changing, transforming,
decomposing and rejuvenating phases produce a softened and uninterrupted
cycle system at the Earth’s surface.

Subsequently to the accumulation of water and the formation of the clay
cycle, a third great step of terrestrial development is induced, that of the conti-
nuous presence of one-dimensional organic macromolecules. Sensitive C—C—C
bond aliphatic chain structures are frequent in other celestial bodies, too.
Similar molecules and their derivatives,however,may be continuously preserved
only in the low velocity complex disperse water system under the softened
radiation and motion system of the Earth’s surface. Cyclic changes of energy
mainly of solar origin and of the related anorganic chemical reactions at
the Earth’ surface produce reaction-series within these macromolecules, too.
Their reactions are, however, accelerated by the extremely high specific
surface of the sensitive unidimensional structure and become even more
accelerated by their bends at certain critical places, producing the catalyst-
enzym mechanism. The reaction-series of the very long moleculesreflect regular
environmental changes by molecular coding and then automatically as a
system already quasi-independent of the slight momentary effects.

In this way the self-governed biochemical system is produced. The bio-
logical systems emerge from the slow realm of strip C, forming a velocity bridge
between strips C and B. Living systems gradually invade the interzonal area
between the strips B—C, quite “impassable” so far for anorganic phenomena.

M any new reactions appear in the multicellular organism since about one
billion years and on the continents since about 400 million years. Further
velocity increase was produced by the development of the vascular flow
system of the primary metabolism and by the conductivity of the elongated
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cells of the neuron system. Conductivity by electron transfer in the neurons
represents a new far-reaching biological invention. Velocity was increased so
far by morphological changes using C-strip chemical attractive force. Now a
pecularity of strip A, the electric conductivity is joined to the biochemical
processes avoiding the attractive gravity forces of strip B. The maximum
velocity of neural conduction in high mammals attains about 100 m/sec.

Shrinking of time or/and augmentation of space parameters are the most
particular abilities of biological systems. Life is characterized by the dialectic
unity of two opposite processes: the maintenance of the biological cycle system
and the acceleration of internal reactions.

The unidimensional fibre structure of the organic macromolecules com-
bined with ATP results in a very active high energy level. It is suitable for
accomodation, even for changing environment. Life extracts C02 from the
(NH42C 03 of the primary ocean water and produces CaC03 since more than
three and a half billion years. The fine laminated organosediment, stromatolite,
a product mainly of filamentous blue-green algae is known already from
2.6 x10 9years old limestones). The synchronously released ammonia forms N2
and together with the bioproduct 02 it produce gradually the special recent
terrestrial atmosphere. A consequence of this atmosphere is the evolution of
the continental life and the high grade information systems of Man.

Thus evolution processes are especially significant in strip C.

Biological evolution represents new adaptations to the environments by
improving automatism and abilities. It is connected with the increase of the
expedient codes in the chromosomes, and due to evernew informative autom-
atisms.

Social evolution is aresult ofthe differentation of works (trades) and their
relations, discussed in the paper “System theory and cyclicity relation” of this
volume.

These main grades of evolution may be characterized by the following
additive pecularities to the former ones:

— Common celestial bodies: gravitative differentiation,

— Earth’s near-surface: diffusion chemistry,

— Living systems: self-reproduction, accelerated and coded reaction-
series, with i feed-back, information, distinction of values,

— Human society: differentiation of trades, collective code systems of
information, e.g. languages.

The spiral line ofevolution is the resultant of reversible cyclic and transla-
ture forces of higher hierarchic levels. (J. HorvLth and T. Jermy in this
volume.) Evolution may be characterized quantitatively in the space-time
diagram describing rotation around a given point of the strip B or C and
synchronous shift quasi-parallel to the strip.
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Evolution is an increase ofthe complexity of a cycle process characterized
by slow energy increase, and internal space and time changes. Simple phase
transformation, e.g. a polymorphic transition according mostly to pt-changes
does not represent evolution. Evolution is mostly — perhaps even always —
connected with the chemical change of the system, i.e. with a change in con-
centration of the components. It is not a change at random. It depends on the
past of the system, too, which takes active part in the evolution. If changes
exceed a definite limiting value, new cycles are formed from the old ones
(transformation) and the evolution may eventually pass into revolution (see
also the mentioned paper in this volume).

6. Interactions of Different Motion Systems. Commensurahility and Resonance

Interactions within the same strip are represented by the hierarchic intra-
positions and superpositions of rhythms and cycles discussed mainly in the
paper “System theory and cyclicity relation'I of this volume.

Interaction and unilateral effect between different strips are maximum if
their motions are spatially or temporally commensurable, i.e. in the case of
resonance sensu lato. Unilateral effect appears if energies commensurable in
space or time are not commensurable in intensity (e.g. radiation energy of Sun
at chloroplasts).

Interactions between strips B and C are especially complex if objects are
in direct contact, e.g. at borders ofthe atmosphere, hydrosphere, biosphere and
lithosphere. These interactions are topics ofdifferent geosciences, especially ofthe
geonomy. In the remote interactions between different strips the temporal
and spatial resonance phenomena are specially unambiguous. Examples for
temporal (frequency) resonances sensu stribto are well known. Maximum and
mostly complex spatial resonance appears if the strip A wavelengths and the
strip B body measures are commensurable. Interactions already are known be-
tween very hard X-rays and nuclei (Mossbauer, effect). Strip A oscillations of
greaterwavelength are also mainly generated by strip B mechanical objects with
space dimensions of similar order of magnitude. E.g. radiochemistry and pho-
tochem istry represent mostly interactions of similar space dimensions between
strips A and B. Between strips A and C are also clear resonances depending on
the approximate commensurability of the strip A wavelength and the strip C
dimensions of biological objects. E.g. assimilation is due to the roughly commen-
surable wavelength of solarradiation with the structure elements of chlorophyll.
Commensurability is supposed between biological rhythms of animals’ pulse,
respiration and the terrestrial micropulsations (Drischell 1974, Author 1974,
reservation against: Veré in this volume). The sensory structures of the eye
is commensurable with the most intense wavelength of solar radiation at the
Earth’s surface. Cancer may be produced by radiation comprising wavelength
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from 3000 to 3200 A and 2500—2600 A, emitted by many carcynogen foods
and chemicals (I1ringworth 1976) and commensurable with the chromatide
and the mithotic apparatus, i.e. with the organella related to the carcynogenic
hyperactivity. Moreover, the carcynoma is related by a temporal resonance to
the mentioned ultraviolet radiation, too. The carcynogenic wavelength corre-
sponds in strip Cto 102to 104sec,i.e. some minutes to 180 minutes and this time
intervals corresponds to that of the main phases of the mitogenesis (prophase
90 min, metaphase 20 min, anaphase 5to 10 min, telophase 40 min). Carcyno-
gene are, however, e.g. hard X-rays, too, commensurable with the fine com-
ponents of the chromatides.

Commensurability exists between strip B and C, too, e.g. audibile are sounds
roughly commensurable with the dimensions of mammal organism and organs.

Commensurability rule may be established as a guiding principle for pur-
poseful selection of biological irradiations. They are influenced, however, by
physical absorption, by dependence on speed relation — as in the case of sound
explosion and Tserenkov radiation — and by many other factors, too.

The wavelength to body measure commensurabilities are a quite new
and significant territory of researches.

There are at least five kinds ofresonance: 1. the well-known time resonance
characterized by the commensurability of the frequencies, appearing in the
time-space diagram by directions parallel to the space axis. 2. Space resonance
characterized by the commensurability of space measures (mainly wavelengths
and body diameters), appearing in the diagram along parallels to the time axis.
3. The hierarchy resonance maintaining the cooperation between the different
hierarchic levels of systems and functioning parallel to the four motion strips
A, B, C, D.4.The velocity resonance between the four strips expressed by their
velocity relation of 1:2 :4 :8 order of magnitude. This resonance appears
in the space-time diagram in the direction perpendicular to the strips. 5. The
“five order” space parameter resonance expressed by the five to six order of
magnitude space and time coincidences of the main cosmic systems (see the next
chapter).

Resonances are governed by the law of the harmonics which by means
of simple whole numberrelation ofthe frequencies quantifies not only the wave
motions, but also the formation of micro-particles, the functions of macro-
objects, the systems of human and cosmic measures. The details for particles,
and for cosmic and human systems are discussed in the next three papers, for
geological phenomena and their cosmic relations in the book by Benksé.

Thus, Universe isauniform motion system governed byresonance relations.
Since the intensities (amplitude) of resonance phenomena are, however, de-
scribed by Gaussian curves ofdifferentshapes and synchronously countless factor
are working, the correspondence of the cycles and rhythms is not exact. There
are discrepancies — distortions, postponements, different kinds of hysteresis,
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omissions — both in time and space, obscuring the function of the universal
resonance relations.

The resonance structure of the elementary particles is determined by the
(m 8") relation (m — 1 ... 7, n = 1... 6) according to the next paper of this
volume. With the increase of the space quanta (i.e. the “elements” of the par-
ticles) the number ofthe resonances increases decreasing their intensities. Thus,
the (m 8") relation does not appear in macrosystems.

Presumably the physical interactions are also governed by the universal
resonance relation. Physical interactions represent changes ofenergies, impulses
and moments between different kinds of matter, i.e. between cyclic and
rhythmic motions of the strips and bridges (For their interpretation see the
two next papers of this volume.)

In strip C occur mainly chemical phenomena. Physical effects are trans-
mitted to strip C mainly by the commensurability relation.

According to the classic view in the Universe, the total mass of matter is
constant, masses of each level in the most simple case being also constant;
mM = N(2r)3Q though the number and the masses of the elements within the
level may change. In quantum-mechanics this is not valid, particles are emitted
or absorbed by nuclear reactions, photons by electromagnetic interactions, etc.
Therefore, the vacuum of different levelsisexchangeable, it is collective for the
Universe. According to the new cosmology of Dirac even the number of the
protons thus the mass of the matter of the Universe increase by the dilatation
This is corrobated also by the cycle conception, see p. 83. “Cyclicity and Cosmol-
ogy”). In this way, the mass of the hierarchic levels, or at least that of certain
levels also increases: it is submitted to a cosmological evolution.

In this view the law of the indestructability (“stability”) of matter is
valid within the Universe, too, but at the surface of the dilatating Universe
new material is formed by the transformation of inactive space quanta into
rotating ones (see the next paper).

Gravity, chemical forces, nuclear forces characterizing strips B, C and D
represent attractive forces. These strips are characterized by rotating space
quanta forming generally the particles of the mechanical matter. Their sym-
metric or parallel rotation produces attractive or repulsive forces. Electromag-
netic oscillations, especially the heat of the strip A realize mainly repulsive
forces. The opposite forces create one another.

At the scale of the Universe mutual creation may be delineated by the
Big-Bang model. First at maximum heat repulsive force prevails. By differen-
tation of matter into positive- and negative-charged particles the attractive
forces, are strengthened, too. Thus, the joining of matter and the formation
of celestial bodies are enabled. Strips B and C appear and the realms of all four
strips expand. Repulsive forces function, however, below a characteristic
minimum space dimension within these strips, except black holes. Concerning
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further development of the Universe, two main kinds of possibilities may be
postulated: 1) the permanent continuation of the expansion, i.e. a non-cyclic
Universe in the universal cyclicity discussed by Gy. Paal in this volume, 2)
the turn hack ofthe expansion into contraction, i.e. an ever pulsating Uni-
verse discussed in the papers p. 83. and by Clubé in this volume.

7. Hierarchy and Interdisciplinarity

Superimposed minor and major cycles represent successive “organi-
sation levels” according to the hierarchic sequences (see the paper by Dudich
in this volume). The sequence cell-tissue-organ-organism-life community-bio-
sphere representthe hierarchy of living systems. Atom-molecule-crystal-rock-
planetary sphere-planet forms one of the organic hierarchies.

Four main stages ofthe hierarchic evolution in stript B may be discerned:

1. Cosmic nebulae consist of “plasma” according to the extremely low
pressure, dispersity and density at 2.7° to 20° K.

2. Stars according to their very high temperature of million degrees are
mainly in plasma state.

3. Heavy stars (white dwarfs, neutron stars, black holes) with extremely
high pressures, densities and different temperature values are assumed to
consist partly of neutrons, formed from protons and electrons under high pres-
sure, even of collapsed particles.

4. Planets and satellites consist of (sub)nuclear particles forming atoms,
molecules, crystals, rocks, finally complex (fluid -f- solid) planetary bodies,
according to their temperature between about 20° to 10 000° K.

The biological systems together with their particularly highly differen-
tiated hierarchy roughly delineated by the presence of the liquid H20 are in-
comparably less in mass and in temperature range. The hierarchic structures
of the biological system appears in strip C.

The old and always reviving aspiration to synthetize knowledges by inter-
disciplinary researches may he furthered by systematic investigations of all
systems of hierarchies.

By the explosion of information new necessities for interdisciplinary sur-
veys are born. It is believed that without such a survey science may grow too
confused and the value of many specialized researches will become questionable.
System theory is regarded as a possible method for the general corroboration
of interdisciplinary researches. This volume contains a paper (by E, Szfics)
discussing the limits of these aspirations, too. However, not alone the research
of system theory, but that of the hierarchy of systems require elucidation.

First, let us enumerate an approximate sequence of the anorganic and
biological hierarchic levels or systems (Fig. 4) and characterize these levels
and their elements by the most decisive parameters.
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Peculiarities of macrosystems may be described by 12 independent groups
of parameters, called cycle parameters (seethe paper “System-theory and Cyclic-
ity” in this volume). Four of these parameters describe the main particularities
of the lower level of hierarchy of which the system consists, 2 parameters
characterize the own motions within the system and 6 parameters those of the

0 space quantum; (I) electromagn. oscillation; @ particle: 3 atom; 4 molecule; 5 crystal;

6 rock; 7 planetary sphere, satellite; 8 planet; 9 star. 10 planetary system; 11 star clusters;

12 Galaxy; 13 Metagalaxy; 14 Universe; 15—16 organic megamolecule; 17 organellum; 18 cell;
19 tissue; 20 organ; 21 organism; 22 population; 23 state

Fig. 4. The main objects and movements. Objects and systems being motions (processes) are also
represented by the space and time parameters diameter and average life time (i.e. reciprocal
frequency). The description of a hierarchic level requires 5 independent cycle parameters at least
(see the text). But systems belong to the same higher level and consist of similar elements (i.e.
lower levels), thus are sufficiently represented by their own space- and time-parameters

next higher levels influencing directly the system and the dispersity. Thus, the
minimum number of motions increases additively by 6 units advancing to the
next lower level (see table p. 28).

The collateral biological sequence branchesoff from the main anorganic
sequence at the level ofthe molecule and “returns” at the level of planet (Earth)
to the main sequence.

Already a first approximate description of the universal hierarchic struc-
ture by orders of magnitude requires 5independent parameters for each level
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at least: the minimum number of motion Nm, the number of the elements (sys-
tems) of the levels: Ne, their average diameter 2r, their average densities q,
and the average free place of each elements fte.3

Table 1. contains these 5independent cycle parameters from the 12 ones.®
(The 6th parameter: mass (M) isnotindependent M = Nm(2r)3g). Some param-
eters are correlated, however, with the neighbouring levels. The average
volume of the free place # is dependent, e.g. also from the volume parameters of
the next lower (i — 1) level, beside the own average diameter and number of
elements:

#=(2r)3-2Ve[(2r,_D3+ i7A_J.

Theoretically all levels, i.e. systems are formed by the multiplication of
the next lower level — becoming sub-systems or elements of the next higher
one — with a synchronous qualitative change characterized by a new set of
additive motions, beside those of the elements.

Systems represent developing units and the twelve cycle parameters
describe the state of the system in a given moment of the R rotation number.
An exhaustive description of a system contains that of its development, too,
by the continuous curves of cycle parameters in the function of time. The right
planning of artificial systems is a model construction of the 12 cycle parameter
curves.

In the last million years man and hierarchy of artificial systems are devel-
oped by the mighty growth of the human observing-transforming-reflecting
systems. This trinity of abilities pruduces the systems ofinstruments (technics)
and ofthe reflection (religions —% arts —»sciences), i.e. the duality of the human
artificial and transforming-reflecting power. The hierarchies of this artificial
duality differ from the preceding “natural systems” mainly by the smaller
number of R and by the appearance of the highly specialized differentiation
of the self-conserving property of the cycles: “purpose” (“aim”) and
“value” (see the paper “System theory and Cyclicity” in this volume.)

According to the presence or absence of free space (e.g. vacuum) within
the level, the universal anorganic hierarchy sequence is divided into four main
parts: two tight groups of levels without significant free place and two wide
ones with predominating free space. Microparticles form six tight levels, chem-

9The determination of these parameters for elementary particles is enabled by the model
of the progressive setting up of the particles according to the next paper. Each element forms a
system consisting, of elements i.e. “sub-systems” which represent the systems of the next lower
level.

10The Neparameter appears in a more comprehensive description (System theory and
cyclicity in this volume) regarding the form types of elements, too, as (n -j- u) parameters and
the Nmparameter as the q co-ordinates of the elements.
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15
14
13
12
11
10

Level

®

Universe

Supergalaxies

Galaxies

Stars planet systems*

Planets

Satellites

Planetal spheres (groups of rocks, etc.)

8 Rocks and fluid units (e.g. rivers,

~

= N w b~ oo

flows, magma masses)

Phases, fluid or solid (e.g micromin-
erals, subflows, macromolecules)

Molecules
Atoms
Nucleons
Electrons
Neutrino

Space quantum

Minimum
number of
additive

The main inorganic hierarchy

All numbers represent approximative values m” 10’

AblEge
number of
the elements

motion types (subsystems)

6
12
18
24
30
36
(36 —)42

-48

-54
60
66
72
78
84
90

10*
105
10~
210’
10’
10’
101

10’8

1079
102
101
123-83
83

2r

(cm)
Average diameter of the
level

108
1027
102 to 1023
10" - 1013
—10'"
10" to 10s
10"

104

10-’ tolO-3
-io -7
10-«
lo-’3
<;10-13 (rest mass)
2 «10~13 (rest mass)
-i0 -1

Avera(gsé %rgr?sity of
the level
1O -ai
?
35 102
2+10-72
0.7—-55
-0.7-5.5
(0.7)2.5- 8.0 (<)

(-1)2.7-8.0

-(12)- 20
-1
-1
1.67 m1016

(c)
Average volume
of the free space

1084
104
102
1012
0
0

o

0
10-2
(10-8)3
0

0
0
0

M = Nf(2)>q
@
Average mass’ of the level

10%4
1050
1045
2 +103
6 - 102Z7(Earth)
102
1010—1020

3 -105

1- 10 - 103
1-10 «10-2
1-100 «(1.67 +10-29
1.67 + 10- 2%

091 « 10-27

* Solar diameter = 1.39 « 10e km, Solar volume —1033 cm3. Comets, meteorites (unifying the levels 8 and 9), etc. are omitted.

The 10-13 cm diameter represents the vacuum space quantum. The rotating space quanta forming the “elementary” particles
are diminished by about 5 order of magnitude in consequence of the nuclear force produced by their symmetric rotations. In this vol-
ume, however, this problem is not dealt with.
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ical unit appears in 2 wide, the macrosystems including celestial bodies in
5 light, cosmic systems at least in 4 ivide levels. (See the Table.)

These four hierarchic levels are correlated with the 4 universal motion
types: strip D characterizes the motion types of the 6 levels of the micropartic-
les, the mainly diffusive motions of the 2 open chemical levels atoms and molecu-
les in one another are joined to strip C, the 5 closed levels of the macrosystems
move according to the strip B, and the oscillations of strip A occur mainly in the
free places between the elements of the at least 4 levels of the cosmic systems.

Considering the hieararchic levels of the main universal systems a space
parameter difference of about 5to 6 order of magnitude is observable, in which
also the man (and other living systems) can be fitted: nucleon 10-13 cm, atom
10-8 cm, macromolecule-micromineral 10~3 cm, man 102cm, satellites 107 cm,
stars 10I12cm, galaxies 1022—1023 cm, Universe 1028 cm. (Similar results by
Gy. Paarl)

The bilogarithmic space-time picture is a unique method for description
of the Universe’s different phenomena, for reveal their essential, but often
hidden pecularities and relations. It allows to quantitatively compare and
synthetite the different phenomena of our biological, social and cosmic environ-
ment, since it is based on the two parameters space and time of motion, i.e. on
the essence of things. Thus the space-time picture is an instrument of multU
disciplinary and interdisciplinary researches.

The hierarchy of the different known systems represents the current
scientific view of the knowledges. Different sciences are represented by the
different parts of the hierarchies. Starting from the cycle conception even a
quantified system of the sciences may be given by the consistent pattern of the
hierarchies in the function of space and time. This description differs from the
normal cycle velocity diagram only by the historical human-centric interpreta-
tion of the time by the reversion of the physical time parameter.
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CUCTEMA CBH3M YHUBEPCAJ/IBHOW LUKANYHOCTMU
3. CAIELKM-KAPAOLLL

Pesome

1. ABneHuns BceneHHol B CBOEM 6GONbWMHCTBE — PUTMUYHO MAN LUKAMYHO — NOBTOPSA-
I0TCA. PUTMUYHbBIE U UMKNNYHbIE ABNEHWNSA ABUXEHWUIA MOTyT 6biTh €4MHO KONMYECTBEHHO Onpe-
feneHbl 3HAYEHNAMUN CKOpPOCTed. Ha OCHOBaHWMM 3TUX 3HAYEHWUI CKOpoOCTell MOTyT 6bITb Bblaene-
Hbl 4. popMbl ABU>KEHWS, KOTOPble Ha NoraputMmuyecknx gmarpammax npocTpaHcTBa— Bpeme-
HU NpoABNAOTCA B opMe NMHERHbIX nonoc. B aTux monocax CryujeHbl OCHOBHble MPOLLECCHI U
aBneHnsa BceneHnHolt (puc. 1).

2. BblgeneHune 3TuX yYeTbipex (HOPM [BUXEHUS OGOCHOBBLIBAETCA AUCMEPCHOCTbIO CPeAbl
ABUXeHUs. Monoca A 06beANHAET 3N1eKTPOMErHUTHbIe Kone6aHunA, nponcxogsauine B 6esgucnepc-
Holi cpefe; nonoca B — kone6aHuns, BpaleHns n opbuTanbHble ABMXKEHWUS TaK Ha3biBaeMbIX Me-
XaHMuYyecKux mMatepuit, npoxoasline B NpocToii gucnepcHoit cpede; nonoca C — NpuNoBepXHOCT-
Hble Teonornyeckme, XumMmyeckne u G6MoNOrMyeckne OCHOBHbIe MpoLecchl, 06YCNOBNEHHbIE pucC,
(KOMNNEKCHbIX) ANCMEPCHBIX CUCTEM, COAEpXalyMX YacTulbl pa3MUYHOi NOABUXHOCTK; nonoca
£) _ AfepHble npouecchl 371eMeHTapHbIX YacTul, NPOXOAALLMe B HeAUCMEPCHON cpege.

Pasnnuns ckopocTeii, COXpaHAtO LW Mecs BHYTPN HEGONbLWIOTO KONMYECTBA NOPAAKA BENU-
UWH, ABNEHWNA BHYTPW HEKOTOPbIX MONOC TaKXe MOTYT yKa3blBaTb Ha ANCMNEPCHbIe OTAUYUSA, HO
OHU 06YyCnOBAEHbl COCTOAHMEM W He KacaloTcs Tuna gucnepcuii.

3. XapakTepnsyemble CKOpPOCTAMMU 4 (QOpMbl ABUXEHWA B KONMYECTBEHHOW thopme Bbl-
paxat T AuanekTnyeckoe OCHOBHOE MOJOXEHUE [BUXKEHUS B yCNOBUAX NpoTwusopeuus. [eno B
TOM, YTO ABVXXEHWA B YCNOBUAX NMPOTUBOPEYNA TOYHO TakXe BO BpPeMeHM NOAPa3eNnsioTca Ha
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pUTMbl U LUKAbl. HenpepbiBHOE NOBTOpPeHUWE PUTMOB W LUKIOB CO3faeT U NPOPOXaeT 3aHOBO
MHOXEeCTBO NepPeMeHHbIX ABNEHUI BceneHHON.

4. TOYHO TaKXe oOnpefeneHHble pa3Mepbl NPOCTPaHCTBa — BPEMEHW XapaKTepusywT
KauyeCTBEHHble ckauku, 3aBepliallyne npeobpasoBaHNs LUWKNOB APYT B Apyra: XMMUYeckue u
fflepHble peakyuu, 3aTeM 6MONOrMYeckMe W couManbHble CKayku, MpejCcTaBnAlOLiMe Cepumn
peakunin 6MONOTrMYECKUX NPOLECCOB. XMMUYECKMNE N AfepHble peakunn o6pasytoT y3KMe mMoCThbl
MexAay 4 nonocamy LUKANYHO-PUTMUYHBIX ABUXEHWA, NOYTM napanfienbHble OCU BPEMEHU;
6uonornyeckne u couuanbHble npoueccbl — 6ofiee WMUPOKME MOCTbI, OTPaHNYEHHbIE TMHUAMM
6onee-meHee napannenbHbIMW OCK MpocTpaHcTBa (puc. 1).

5. TpyAHOCTb WHUPOKON YBA3KMU APYT C APYTOM 3HaHWA, Bblpaxar LWy cs B NPUMEHEHUN
B Pas/MUYHbIX HayKaX pasNNuHblX CUCTEM KOOPAMHAT M Pa3HbIX «TOYEK 3PEHUA», AaHHbIW LUKANY-
Hbl/i MOAXOA WCKNOYaeT TeM, YTO OonpefenseT BbiBefeHHble U3 KBAHTOBON 3HEPrun KonnyecTBsa
npocTpaHCTBA U BpeMeHW, OTNPaBAAACL OT KOTOPbIX, KaK OT 06LUero Hayana KoopAauHart, npu-
MeHseT eAUHYI0 CUCTEMY N0TapuiMNYeCKUX BbIYNCAEHWNIA, pacNpoCTPaHAOLWYOCA A0 pasMepoB
npocTtpaHcTBa U BpeMmeHn Xo66na. KBaHT BpemeHn — nopsagka 1025cek, KBaHT npocTpaHcTBa —
nopsgka KO~'-5cM. YacTHOe OT fleneHns KBaHTa NPOCTPaHCTBA HAa KBAHT BPeMeHW fJaeT CKOPOCThb
ceeTa. KBaHT npocTpaHcTBa NpejcTaBnser co60l0 HaWMEHbLIYIO CAMOCTOATENLHO ABUXYLLYIOCA
(konebntowytoca) yYacTb NpocTpaHCTBA.

6. B3aumHoe BNuAHuE 4 QopM ABUXEHWNI ABNAETCA MAKCUMANbHLIM NPU COU3MEPUMOCT U
pasmMepoB LUWKNOB W PUTMOB. FABNEeHMe pe30HaHCa BPeMeHMW, W3BeCTHOe MO 4YacToTaM, Takum
06pa3om pacnpocTpaHMMO TakKXe M Ha Pe30HaHCbl MPOCTPAHCTBA, MPOUCXOAALLME N3 COBNAJEHUNSA
no ANvHaMm BOJH.

OfHUM M3 NPOABNEHWIA [aHHOIO MONOXEHMWA ABNAETCA TepMUYeCKUn ahpdekT. ATOMHON
pasmepHOCTM nopaaka 1A (nonoca B) cOOTBETCTBYeT 4acToTa, BbipaxeHHaa B 100 ru. Takum
06pa3oM 3NeKTpOMarHuUTHble KonebaHWs Takoi vacToTbl (Nonoca A) NPpUBOAAT B KonebaHue aTo-
Mbl (TepMuueckas Bubpauusa), 6narogaps 4emy 4acTb [JaHHOrO OTpe3Ka 3M1eKTPOMarHMTHOMN
JHepruu, Bo3pacTatolias c TemnepaTypoii Tenna, HeobpaTumo pacxopyeTrcsa B (opme Tenna.
OTclofa BbiTeKaeT 2-e OCHOBHOE MOJIOXeHWe TepMOAMHAMUKN, COFNaCHO KOTOPOMY OfHa 4acTb
KonuyecTBa Tenna npegctaBnseT cob60l0 CBA3AHHYI 3HEPrui0, KOTOPYK Henb3fd 06paTuTh B
pa6oTy.

MonoxeHne cOpasMepHOCTN CKa3blBalOTCA WU B pafe ApYyrux asneHnin. KOMNoHeHTbl CON-
HEYHOrOo CBeTa C ANMHON BONH B 6600 1 6400 A coOTBETCTBYIOT NO pasmepaM X/N0PONNACTOBbLIM
rpaHymam pacTeHWi, cofepxawmx xnopounu, n Takmum 06pasoM ONTUMMUIUPYKT MexXaHU3Mm
(hoTOCMHTEe3a. MaTepuu, ncnyckarowme ny4ym ¢ AAMHOW BONH, COOTBETCTBYIOLULE pasMepHOCTAM
BPEMEHMN M MPOCTPaHCTBAa MUTOTUYECKUX OPraHennoB fefleHNAa KNeTOK, MewWatT JefleHNo Kne-
TOK, M TemM caMbIM, Bbl3blBalOT pakoBble 3ab6onesaHns. (HauaTbl mccnefoBaHus OTHOCUTENbHO
NeKapCTBEHHOro NPUMEHEHUS 3TUX copa3MepHOCTei. [lanbHellllne NpUuMepsbl B TeKCTe.)

7. LuknnuHble npoueccbl 0C06eHHO 3aMeTHbl FNaBHbIM 06pa3omM Npu rasoBoOM U XUAKOM
COCTOAHUAX MAaTepuUu, HO MPUCYTCTBYIOT U B TPeBAbIX Tenax (TennoBble KONe6aHUA, MONEKYyNap-
Hble KOonebaHUs U MoneKynspHaa portayus). LLMKAMYHbIe U PUTMUYHBIE NPOLECChl, TaKUM 06-
pas3om, ABNAOTCA YHUBepPCanbHOW hopmMoii ABUIKEHUS, XOTA BCAeACTBME MHOTOUNCIEHHBIX nepap-
XNYEeCKNX HanoXeHWin — ocobeHHO B CNy4yae pasMepoB, MpeBblilAWMUX YeNoBeKa — 4acTo
CKpbITbl. B gnarpamme npocTpaHCcTBa — BPeMeHW, 3akntovatoweil B cebe 43 nopagka BeIMUYUH
npocTpaHcTBa U 43 nopsajKa BeMYUH BPEMEHMU, PAaCNpPOCTPAHAIO W NXCA OT KBAHTOB MPOCTpPaH-
CTBa W BPEMEHW U [0 CUCTEMbl BblunucneHuih Xab6na, nob6oil npegmetr u ABneHMe MOryT ObITb
NPUHLUMNNANbHO M306paxeHbl NPOeKUMAMU TOYEK pa3MepoB MPOCTpaHCTBa W CpefHel JONTO-
BeYHOCTWU. Takum 06pa3om mccrepgoBaHne KONMUYECTBEHHbIX CBA3ei ABMEHWI ocBel,aeTcsa C HO-
BblX TOYEK 3peHus.

8. LmknuuHblii nofgxoh, npueA3biBafcb K ycTaHoBuBluelica cucteme (nonoca C) Bofa-
rMUHa->XN3Hb, CHOPMUPOBABLLIECA BONN3N NOBEPXHOCTM 3eMn, pacnpocTpaHaeTca TakxXe U Ha
6uonornyeckne 1 colmanbHble cucTeMbl. MpPUHa[NeXHOCTb 3HAHUN M 06 ECTBEHHbIX MPOLECCOB
K YHWBEpPCaNnbHOW cCMCTeMe CKOpPOCTel NpoLeccoB ABUXEHWUI faeT MepcnekTUBY ANA KOIUYeCT-
BEHHOrO BblpaXeHMNA CBA3EN MEXAY eCTeCTBEHHbIMWU M 06OLeCTBEHHbIMU HayKamMun (CM. CTaTblo B
3TOM c60pHUKe «[MapameTpbl LUKNOB U TEOPUA CUCTEM»).
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According to the cycle relation the smallest unit of space capable to independent
motion is the three-dimensional vacuum space quantum of 10~"13cm order of magnitude.
Its oscillation expands with light velocity. On the basis of the elasticity of space
(Sakharov, Zeldovich, Novikov, Wheeler) elasticity and compressibility are
postulated also for space quanta. These postulates lead to the assumption of the
mechanisms discussed below.

Three main types of motion of space quanta are possible: oscillation, rotation
and revolution. Simple transversal (complex) oscillations are done by the space quanta
propagating with the velocity of light and filling the “vacuum” space between the
particles. These are the electromagnetic oscillations, belonging to the strip A. (fig. 1. p. 7.)

In the case of high concentration of energy the space quanta rotate with
light velocity. The mainly 1/2 spin particles of the mechanical matter are built up by
rotating space quanta. As a result of the parallel direction of their coupling points the
space quanta rotating in opposite direction (i.e. symmetric) by light velocity are coupled
with considerable forces representing permanent nuclear forces. Thus the rotating space
quanta combined into groups form “elementary” particles. (See Fig. 3, p. 18. in
this volume.). Matter consist of rotating— .space of oscillating space quanta.

The smallest isometric particle consists of eight space quanta in which four co-
rotating space quantum pairs are coupled by symmetric rotation. They form two
kinds of the neutrino.

The greater particles are the harmonic multiples of the smallest structures the
basic formula of which is IV = min according to the theory of space quantum,
wherem = 1,... 6;n= 1,... 7. The electron is a structure consisting of N — 83=
= 512 space quanta, i.e. of 64 directly coupled columns of 8 units, while the proton
is a structure of N = (123)(83) = 884736 space quanta (Figs 2—6, p. 40—49).

From the rules of the rotation of the space quauta and of the electronoids the
masses, electric charge, and other pecularities of the particles can be directly deduced.

The joint velocity of the particles is determined by the resonance-like interac-
tion of the space quanta. Due to the elasticity of space quanta the smallest space
guantum group consisting of eight space quanta propagates pratically without inter-
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Fig. 1 Rest masses and the number of rotating space quanta

action, i.e. with light velocity. Parallel to the increase of particles th e interaction bet-
ween the oscillating space quanta and the rotating space quanta grows stronger, and
the rest masses of particles increases linearly with the number of space quanta: /Timcy ~'

10~ 3(m8n) (Fig. 1). At about 8 space quantum widlh it reaches the threshold value
from which on the increase is linear between interaction and number of the rotating
quanta. According to the difference of space quantum and atomic measures, the speed
of the particles is uniformly lower by about 5orders of magnitude than the light velocity.

The parallel rotating space quanta repel each other. From this fact the Pauli-
principle can be directly deduced.

The atomic nucleus forces the intraatomic space quanta of the surrounding
vacuum to join revolution. The potentials between the space quanta around the equa-
torial plane and the poles of the nucleus produces electric field and in relative
motion magnetic field, respectively. This problem shall be treated in a special
paper.

The dualism of matter and anti-matter is due to the two possible opposite
directions of the rotation of the complex particles.

This model interprets all the main motions — spin, parity, charge, mass —
of the nuclear physics. It creates a contradiction-free basis for the Abitaham’s electron
theory and joins the considerations of the Fermi—Y ang model to the theory of quarks.

The reality content of the new model might be checked by direct measurement
of the morphological and other dimensions deduced from it.

I. Motion Types of Space Quanta

By means of analysis of the space quantum motion a uniform model can

he established on the relationship of space and m atter. This model represents
a graphic picture of the abstract mathematical formalism of the knowledges
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discovered by nuclear physics, rcsp. quantum mechanics and quantum space
theory. It advances from the smallest independent space quantum units
obtained from the cyclicity relation to the structurally more complicated ones,
in contrast to the model of experimental nuclear physics, which moves from
the measurable world down to smaller units.

Some basic principles of the interpretation of the space matter relation-
ship deduced from the cyclicity relation is based essentially on the postulate
of space quanta, i.e. of the smallest independently oscillating space particles,
in connection with the Planck’s quantum notion. According to the previous
studies (Szadeczky-Kardoss, 1974, 1978), the space quantum is the smallest
three-dimensional part of the “empty vacuum?” characterized by the volume
of about (10-13)3cm3, i.e. by the diameter of about 10-13 cm. It corresponds to
the EO~ 1010eV quantum energy, which is presumably the maximum one
particle energy valuel).

In harmony with the cycle view all phenomena of the Universe are of
motion type. Thus matter and space themselves are also motion phenomena.
The space theory of Maxwell interprets the electromagnetic oscillation as the
relatively displacement of parts of space related to each other. These relatively
“isolated” parts of space correspond to the smallest independently moving
space quanta of the cycle view. According to the cyclicity model, the space
parts taking part in the electromagnetic oscillations can be identified with
the space quanta corresponding to the energy quanta.

The space quanta may move, oscillate, revolve or rotate independently
or united in groups, but are possibly in relatively inactive state, “outside”
of the Hubble Universe. “Within” this active Universe the natural state of
space quanta is the oscillating or rotational motion of light velocity.

1. The space quanta of the empty space, i.e. of the vacuum when they
oscillate related to each other transmit the oscillations to their neighbours
with the velocity of the light. The carrier of the electromagnetic oscillation, i.e.
the photon is represented by the oscillation of the space quanta. According
to our model, the photon is not a particle propagating with great velocity,
but rather a series of oscillating space quanta. During the electromagnetic
oscillations, the space quanta are not translated just like the particles undu-
lating water. Certain translation of the space quanta of vacuum, more pre-
cisely their revolution appears only around the rotating space quanta.

The physical concept started once from the consideration that “something”
= matter, and “nothing” = vacuum. According to the cycle view, however, only

1The diameter 10“ 13 cm of the oscillating vacuum space quanta diminishes when it
transforms to the rotating ones in the elementary particles by the attactive nuclear force
exerced by the symmetric rotation coupling. In this volume, however, it will be not dealt
with this phenomenon.
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the motion exists, thus the antagonism of vacuum and matter appears as two
basic forms of motion, i.e. as oscillation and rotation. Vacuum is not the abso-
lute “nothing”, but rather the totality of space quanta oscillating with differ-
entintensity. Matter is the in site rotation of the space quantum groups char-
acterized thus by the quasi-impermeable “site”. As a result of the limited
elasticity of space quanta the “in situ” rotation with light velocity repre-
sents the concentration of great energy quantities which cannot be more trans-
mitted by means of oscillation.

The oscillation of space quanta is possible only in case of their elasticity
and compressibility. The elasticity of space in relation with the curved space
was assumed by Sakharov (1967) and was taken into account also by Zeldo-
VICH and Novikov (1977). (From this point of view gravity is the metric
elasticity of the space; Wheeler, 1978).

Due to the continuity of space the basic form of space quanta is not the
rigid sphere (in that case the space would not be continuous, in case of even the
densest spherical packing it would contain 26% of space-free cavities) but the
elastically deformable unit determined by hexahedron-like forms or compact-
ing to rotation forms. It is a compressible unit of a slightly changing “density”.

Because of the elastic deformability of space quanta and the relation of
indeterminacy, the considerations, preliminary outlined here are of semi-
quantitative nature.

2. The groups of space quanta rotating with light velocity are the compo-
nents of the mechanical matter. The space quantum group rotating with great
velocity, e.g. the nucleon of 10_13 cm3 and consisting of about (83.123
space quanta, picks up gyroscope-like “relative inertia”.

The relative inertia according to the rotation axis does not produce real
(translation) inertia even if several space quanta of different directions of
the rotations are coupled. (Mass is a scalar property while spin and impulse
momentum are vectorial quantities.)

Thus, the mass-character is defined not by the impulse itself. In first
approximation the real inertia against the translation is produced by the
resonance-like interaction of the rotating space quantum groups and of the
surrounding vacuum space quanta. The interaction depends on the eigen-fre-
quency, i.e. mostlyon the degree of freedom ofthe particle and at the same time
on the number of space quanta.

Unlike the e.g. neutrino-like space quantum groups propagating with light
velocity the elastic vacuum space quanta do not exert measurable interaction.
Parallel with the growth of the particles, however, the interaction is ever in-
creasing as a function of space quantum elasticity. At about the electron di-
mension the resistance of these vacuum space quanta reach the threshold
value against the translation of the particles at which the constant mass-like
inertia occurs. From that point the (translational) inertia is proportional to

Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



SPACE AND MATTER 37

the number (IV)ofspace quanta ofthe particle (Fig. 1)3. Thus between the space
quanta of the vacuum and of the particles there is a resonance-like interaction
depending on the number of the rotating space quanta. The linear pro-
portionality of mass and number of space quanta does not exist for the smallest
particles, since the resonance between their rotating space quanta and the
oscillating vacuum space quanta is incomplete. If the resonance of the neutrino
would be complete its mass would be the 83:8 = 64 part of the mass of
electron, i.e. 512 000 eV :64 = 8000 eV. But the N = 8 neutrino contains
only two space quanta in all direction instead of 8. So this value is diminished
three times by 4. The mass of the neutrino would be thus roughly about
8000 : 4 :4 :4 = 125 eV.

Consequently, some force is required to displace the greater space quan-
tum groups. Thus, in presence of other masses the complex rotating space quan-
tum group possesses a weight which depends on the number of space quanta.
Systems of lower velocity can hardly penetrate the space quantum groups
rotating with light velocity, these are impermeable for other “bodies”. Since
the inertia, the weight and certain impermeability are the main characteristics
of the matter (of the “mechanical matter”). The complexes of space quantum
groups rotating with light velocity correspond to the notion of particles.

While the oscillation propagating with light velocity denotes the inde-
pendent motion of each space quantum transferred to each other, the fermion-
like particle is the rotation of the group consisting of (83) <[ space quanta.
Because of the interaction of the rotating and oscillating space quanta no
individual space quantum remains in the state of constant rotation, the rota-
tion is transformed into oscillating motion again due to the neighbouring
oscillations.

The smallest space quantum group required for the continuous rotation
of space quanta consists of eight space quanta. However, because of its propa-
gation with light velocity it possesses no measurable interaction with the
neighbouring space quanta just due to the short-time coupling, and no magnetic
field (see below); this smallest rotating space quantum group is the neutrino.

The energy-centre-like space quanta rotating with light velocity possess
two basic features. First, the space quanta of the directly coupled systems, i.e.
of the particles of the mechanical matter, are in strong resonance-like relation-
ship with each other. In the particles the space quanta are coupled by

aThe approximately linear relationship between the space quantum number and the m
rest mass is obtained due to the clight velocity of the rotation of space quanta. The relationship
is, of course, a first approximation since it has been deduced only on the basis of elementary
rotation relations, e.g. the internal interactions between the electronoid shells. The elasticity of
space quanta, the translation velocity within the nucleus, further the mass defect as well as the
members of the semi-empiric formula for binding energy, i.e. the volumetric, surficial. Coulomb,
symmetric and pair energies were neglected here.
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pairs in all three directions of the space with extreme energy (i.e. symmetric
coupling by rotation, see the next chapter), thus these closely corotating
assemblages consist of 23 = 8, resp. 83 8°... space quanta. Further, the smal-
ler groups of the rotating space quanta, e.g. the electrons are characterized
by extremely rapid and considerable variation of forms corresponding to the
voltage of the medium. The quasi-isometric shape in the state of rest of
the rotating space quantum may be elongated by several orders of magni-
tude (at approximate constant volume) and in the resonant one-dimensional
chains of the elongated space quanta the individual space quantum rotation is
transformed to mutual spiral whirling (Fig. 3). The extreme elasticity, the unity
ofthe extremely elongated “unbroken” space quanta, are assured by the energy
concentration of space quanta of the rotation with light velocity and by the
joint spiral rotation system.

W ith the increase of the number of eigen-frequencies the relative in-
tensity of the individual eigen-frequencies and thus the intensity of reso-
nance and of the mono-serial chain joining decrease. This decrease ofresonance
limits at the same time the dimensions of the stable particles.

3. The space quantum group reaching the limiting velocity of light is
sharply separated from its environs by its peripheral speed. By means of the
superposition of space quantum layers the space quantum group cannot increase
when it reached the light velocity (its peripheral speed would surpass the limit-
ing velocity). In case of the intra-atomic translation-free rotation the space
gquantum group, i.e. the atomic nucleus ofinert mass affects its neighbourhood
so that the belts of the neighbouring atomic space quanta jointly revolve with
a speed decreasing inwards, and to the poles of the group.

The revolving system is able to displace the particles, to exert a “force”
effect. This jointly revolving space quantum system generates the electric
field. In this field the centrifugal force of the revolving space quanta generates
symmetric potentials, i.e. magnetic forces in the system, as compared to the
rotation axis. (Around the neutrino of only two space quanta in diameter no
difference between the equatorial and polar environs appears. This is also
hampered by the propagation of the neutrino by light velocity. Consequently,
the magnetic momentum of the neutrino equals zero.)

The additive oscillation energy penetrating the atomic system repels the
electron to higher quantified orbits and in this way it is absorbed. On the cont-
rary, in the atomic system the jump of electrons to deeper orbits generates new
electromagnetic oscillations in the surrounding vacuum.

From the interpretation of particles as groups of rotating space quanta
follows the chemical bonding forces and the electrostatic attractive forces.

The atom does not contain oscillating vacuum space quanta. Thus the
oscillating vacuum exert resistance linearly proportional to the diameter of the
atom. The velocity ofthe mechanical matter being less by about 5 to 6 orders
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of magnitude than the light velocity, i.e. the velocity difference between the
strips A and B of the cycle diagram, can be traced back to this decelerating
resistance. Thus, in case of the individually oscillating space quanta of the
vacuum the propagation velocity of the nucleons consisting of about 10°times
more rotating space quanta is less by 10s— 10°than the light velocity (strip A).
In fact, the velocity of the mechanical matter consisting by mass mostly of
nucleons (strip B) is only 105—10°tli of the ~4-strip velocity. (See p. 43, foot-
note.)

On the basis of the rotating space quantum number and particle mass
resp. of the relationship between them (Fig. 1) and by means of the coupling
rules the number of space quanta can be calculated from the mass of the
particles known by nuclear-physics (See also Table I, p. 46.)

Il. Coupling Rules of Space Quanta. The Main Structural Types of the Particles

The coupling of the directly contacting rotating space quanta can be
summarized by the following 6 theoretical assumptions:

1. The symmetric coupling. Within the rotating space quantum groups
constituting the particles of the mechanical matter the directly contacting
space quanta of symmetric rotation are coupled by great forces corresponding
to their great velocities. This coupling is considered to be the main source of the
permanent nuclear forces. In case of symmetric (i.e. opposite) rotation the
direction of motion in the contacting surfaces of the two space quanta is
parallel, strengthening each other. (Fig. 3. p. 18. in the foregoing paper of this
volume.) Atthe contacting sides, i.e. in the equatorial planes the edges of space
quanta become straightened. Two space quantum groups coupled in this
manner are elongated. Thus, the deuteron-nucleus becomes cigar-shaped.

W hen the number of space quanta, i.e. of the radius of the particle in-
creases, the centrifugal forces is increased, too, by the square of the radius.
Thus within the particle the space quanta are elongated perpendicularly to the
rotation axis. Due to the joint effect of the coupling and ofthe centrifugal force
the space quanta coupled in three directions of space are distorted to flattened
hexahedra, while their assemblage takes the shape of a rotation ellipsoid.

One side of the coupled space quantum pair exerts attractive, the
other of repelling effect. In the greater particles the space quanta outwards,
resp. the space quantum groups are coupled to the attractive side with a rotation
axis partly parallel, partly perpendicular to the direction of rotation (e.g. the
nucleus of helium, (Fig. 8, p. 53).

If, however, the rotation of space quanta is parallel, the directions of
motions would be opposite in the neighbouring sides of two space quanta, i.e.
repelling force would be generated. Consequently, space quanta of parallel
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direction of rotation cannot approach each other. The mutual repelling of the
parallel rotating electrons excluding each other is defined by the Pauli-principle.

2. Columnar coupling and coupling value. Two or more space quanta can
be coupled also parallel with the rotation axis elongating each other in the
direction of rotation. Due to the rotation the hexahedron-shaped equatorially
flattened space quanta of the space quantum groups are coupled by their
widened surfaces and jointly rotating. In this way space quantum columns of
2—8 members can be generated.

The coupling of co-rotating columns is less strong than the simple
symmetric (equatorial) coupling, since the centre of coupling lies at the rota-
tion pole of least rotation velocity. Thus the increase of the columns is limited
by the resonance number 8 = Na.

W hen coupled by the symmetric rotation, two two-membered columns
generate the smallest viable particle, i.e. the neutrino consisting of 8 space
quanta (N = 8 = space quantum number. The equilibrated basic number 8
determines also the structures of the quasi-isometric greater particles: when
adding a new space quantum layer the circumference of the marginal
boundary layer is increased by 8 space quanta, i.e. by the IVa-value. The in-
crease of circumferenceis: A = Na= 8).In general, the decisive coupling value
of the particles is Na = 8 (the rule of upper harmonics, see below)4.

Complete resonance structure is represented by the columnar assemblage
consisting of N — 83= 512 space quanta, i.e. of 64 octette space quantum
column (See Fig. 2). In this case the D length of edge equals the spatial-*

Fig. 2. Model of the electronoid

*During the superposition of space quanta the space quantum number ofthe boundary
layer of the isometric particles is increased as follows: 4 12 20 28 36..., their
difference is thus a constant value, i.e. A= 8.
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structural Ni coupling number, including also the H height of the co-rotating
columns. According to the mass measured in McV this structure is the electron
(Fig. 4/a).The equality

is valid in the rest state of the electron.

According to this model the rest state diameter of the electron would he
~ 8 «10-13 cm. This is however a fictitious value, since it concerns the non-
moving electron which does not exist (the computation of the real dimensions
of the electrons will be dealt with in a next paper). The value of Ne = 512
can he corroborated indirectly from nuclear physical measurement data. It is
known that the mass of the electron is 1/1836 part of the proton mass and the
space dimension of 10~13 cm of the proton is also known (this value will be
determined more precisely below). Thus the electron contains 1836-times less
space quanta, i.e. N ~ 101836 ~ 545 space quanta which in this first
approximation corresponds to the Ne = 512 model deduced from thet heo-
retically most stable structure.

3. The rule of the resonances and the matter-wave dualism. The number
of space quanta of the particles is more precisely determined by the “rule of
the resonances”. Accordingly, in the stable forms of the co-rotating space
gquanta, the number of space quanta is IV = m 8n, where n = 1, 2, 3, 4, . ..
7 and m = 1—8.

Particles are resistant to the mechanical and other effectss when the
number of their space quanta is proportional by simple integer numbers in
all the three directions (i.e. logarithmically and similarly to the relationship
between the tonic and harmonic).

This rule is correlated to the resonance and to the energies of the
harmonic oscillator.

The axis of the rotating space quanta is decreased due to the great
energy of rotation with light velocity. The rotating space quantum groups of
the particles interacting with the oscillating vacuum space quanta behave as
systems characterized by eigen-frequencies. The maximal number of eigen-fre-
quencies is determined by the degree of freedom depending onthe (IV) number
ofthe material pointsofthe system, i.e. ofthe number of space quanta of the par-
ticles. (In the state free ofrepelling forcethe number of degree of freedom equals
31V). The basic frequency of the particles is given by the inverse of the time
quantum, i.e. 102Hz. The upper harmonics are the multiples ofinteger number

5 Since “thermodynamic probability” is the number of micro-states of the systems by
means of which a given macro-state of the system can be realized, it can be said that in nature
those processes are of highest W thermodynamic probability which can be expressed by the
formula: W — (V™= 8n. This relationship is in connection with the S entropy and with the
K BoLTZMANN-constant, according to the formula: S = KIn W.
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of this from which, taking into account the number of space quanta N — 8 of
the smallest independent space quantum group, the neutrino, the basic formula
in 8n is deduced.

From the N = 8 neutrino two— with their antiparticles four— kinds of
neutrino may be deduced: the columnar and laminar ones. Electron and posi-
tron may be built up from the columnar, myon from the laminar neutrino-
structure.

Because of the elasticity of space quanta the small structures are deform-
ed by the rapid translation movements and by the revolution of quanta of
the atomic space: they become elongated or flattened. In such cases the strong
symmetric coupling (binding) force of the flattened sides of space quanta
increases, that of the shortened sides decreases.

In the atom, the whole electron is curved parallel with its revolution
orbit6. The eletronis squashed to a wave-packet. In the case of translation at
velocity approaching the light velocity it is distorted to one pearl-like space
quantum scries (Fig. 3.).

Neither the shape nor the dimension of space quanta are constant due to
their elasticity and compressibility. The dimension of ~10-13 cm computed
from the energy quanta concerns the space quanta participating in the electro-
magnetic oscillations.

This correspondence relates to the fact that the electron takes the wave-
character by means of complet spreading to one space quantum series. Thus, in
the space quantum model the matter-wave-dualism may be interpreted me-
chanically: the isometric space quantum group behaves as “matter” and when
spreading gradually to a pearl necklace-like space quantum series, it takes
wave-features (Fig. 3).

Necklace “fibrous” series of electrons may occur in the electric current
which maybe transferred also between the atoms, resp. non-prohibited electron
shells of the electric conductors without obstacles. The diameter of such an

OO0O-O00

Fig. 3. The necklace structure of particles

6 In extreme case, i.e. in nuclear reactions, the electron is disintegrated into columns,
moreover, to parts of columns (see later in case of neutron), but if the external effect is stopped
the space quanta return to their normal equilibrium structure.
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electron fibre could not be measured so far since the more the accelerating
voltage and the “resolution capacity” are increased, the more thinner will be
the double spiral of the electron.7 Thus neither the most up-to-date accelera-
tions of 100—1000 GeV have shown measure of the electron.

4, Structure and shape of particles. Pairing and reflection. Quarks. Par-
ticles are built up by the (quasi)-stable structures which can be deduced from
the formula: (m 8n). The basic condition of stability is the symmetric rotation
of a resonating number of space quanta.

The formula of (m 8n) type expresses not only the number of space quanta
but also the morphology, i.e. the isometric, lamellar or columnar shape of the
structure. The (83 structure remains isometric as a component of greater par-

ticles, this will be called below electronoid. The structures of m = 2,3, ... 8
are gradually elongating individually instable configurations which appear as
electron doublett-triplctt . . . octett of the atomic-electron shells under the in-

fluence of the atomic nucleus. Thus, their formula-like description is a follows:
([t + 1])8\ [(L + 1+ 1)]8\ etc. (Table, p. 46.)

The structure of (8 «83) = (84) denotes a long, thin thus instable column
consisting of 8 electronoid adhered by columnar coupling. In case of (m 84
the column becomes thicker. The structure (8 «84) = (8s) denotes a plate con-
sisting of one plate, that of (m 89 a plate thickening by m. The structure
(8 *85 = (8°) describes an isometric shape again, the (m 8B an elongating col-
umn, while the (8 ¢8° = 87 denotes a one-layer plate, the structure (m 87
a thickening plate. (Fig. 4). The (3 ¢ 8s) sandwich structure suitable to
squashing is the myon which produces the myon atom when squashing similarly
to the electrons of the electron shell. The structure (4 « 85 is represented by the
pion, the thicker lamellar structures of which are continuously exchanged
around the equatorial planes of nucleons (according to Chapter 11/5) producing
in this way the nuclear force within the nucleus characterized by the conti-
nous exchange of protons and neutrons, according to the Yukawa-model.

A parallel four-member column pair consisting of 4096 space quanta
oorresponds to the eight-member (84 structure (flat column or band) which

7The basic speed of the universal motion represented by the strips A and D is
the light velocity. The five order velocity difference between the A and B strips is interpreted
by the difference between the 10-8 cm average atomic and the 10-13 cm space quantum mea-
sures. The J1-strip electromagnetic field (“vacuum”) does not brake the propagation of electro-
magnetic oscillations since all movements in the homogeneous electromagnetic field are com-
pensated by opposite oscillatory movements. But translating particles are affected only by the
resistance of the frontal space quanta, the compensating effect of the quanta pushed asside
is missing. Thus the B-strip systems consisting of atoms or protons are influenced by the
brake force proportional to the five order difference 10~8—10-13 cm. Protons are surroun-
ded by a belt of revoluting space quanta determining the atomic radii, the width of which is
proportional to the (83¢813= 884 736) number of their rotating space quanta. Thus plasma
stars are of B-strip velocity.
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is expressed by the formula: (2 <4 «83). This structure is not realized in the
nuclear reactions due to the smaller degree of its resistance. The increasing
resistance growing with the circular frequency generates, however, the more
stable (2 < 8B structure of two types, i.e. the kaons elongated perpendicularly
to the equatorial plane and the t] mesons coupling within this plane. The latter
type of the kaon described by the formula [(1 -f- 1)]8e. Similarly, beside the
(4 - 8e) structures the structure (2 <2 <8¢ of the same space quanta number

pion
(4.8s)

Fig. 4. The schematized structures of the electron, myon and pion

also exists. The structure [(1 -f- 1 1 1)]8estructure coupling each other
in the equatorial plane correspond to the J1 and the E hyperons, as well as the
9%-meson (Fig. 5).

Thus, mesons are partly columnar partly lamellar structures of m =
= 2— 4 value, while hyperons are rather lamellar structures of m —4—&6.

The N space quantum number approximately corresponds to the thou-
sand-fold of the MeV unit used in the nuclear-physical practice: N ¢ 10~3~
~ mQ(MeV). (The threshold value of the photon energy is 1.02 MeV and in
case of collision of positron and electron two photons of 0.56 MeV energy are
generated.)

The particle structures and features deduced from the space quantum
number, i.e. from the rest mass are shown in the Table I.
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4.8s 2.8

.Fig. 5. The schematized structures of the mesons and hyperons

The rest mass of particles is determined by the number of space quanta.
Since the rotations of particles approach the light velocity the relativistic
change of mass is of about the same measure in the different particles.

It isan important result ofthe space quantum model that from the struc-
tures deduced from the rest mass their peculiarly changing electric charges as
well as some other quantum-mechanically determined quantities can be con-
cluded (Fig. 5).

The q electric charge is also in relation with the relativistic change of
mass. The opposite ro-tation of the proton and electron reinforcing, i.e. acceler-
ating each other means the positive and negative charges of the proton and
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of the electron, respectively. The rotation of the other particles being parallel
with that ofthe proton (i.e. the positive charge) restrains the velocity and makes
the relativistic mass decrease. This is true inversely, as well: the increase of
mass is “advantageous” for the negative charge.

Three relationships can he concluded for baryons on the basis of this:
a) By means of increasing mass the electric charge of baryons is displaced
from the positive dominancy towards the negative one (in case of nucleons +
and 0, in that of 1-particles 2+ , 1+ ,0, —; in that of27+, 0, —; in that of 4 0
and —; in case ofthe B-hyperon only modification, 8) Within the same baryon
species the mass increases (moving from the positive-charge towards modifi-
cation of negative charge, through zero), y) The increase ofrelativistic velocity
displaces this state towards the negative electric charge.

The distribution of the electric charges can be summarized in four
rules (a, b, c, d) related to the morphology of particles.

Two types of the structures exist: elongated structures of columnar coupl-
ing situated parallel with the rotation axis, and lamellar structures coupled
along the equatorial plane and perpendicularly of the rotation axis. In case of
columnar coupling:

a) the particles rotating in the same direction as the proton rotation are
of positive electric charge, and those rotating in opposite direction, i.e. in that
of the electron, are of negative charge;

b) the 8ncomponents consisting of the same number of opposite rotating
particles are of zero electric charge

In case of equatorial coupling:

c) the opposite rotation directions of the components are compensated
by any possible join rotation direction of the whole particle, i.e. zero electric
charge is produced;

d) in case of the part of m = 5 the rotation directions of the external
components are the same, thus this is either compensated to zero by the join
rotation of the particle, or in sense of the y-rule it is transformed to a particle
of negative charge.

According to the rule c, the decelerated psi-particle of 2 <87 structure
is of 0 electric charge. The similarities in most of the quantum mechanical
values of the ¢j-meson and /1-hyptron correspond to their similar structures.
In the co-meson two of the three componentsrotate parallel, i.e. repeleach other.
The spin of this structure is 3/2.

The (m 8") resonance functions also in the powerful and space quantum
multiplicating particle collisions, resp. in the nuclear reactions. The photon
colliding the proton may generate two (83 structures of opposite rotation in this
way, i.e. the positron and electron (Chapter 111). The transitional generation
of the psi-particles during the the powerful electron-positron and proton-
proton collision, as well as that of the (83) structures splitting from the proton
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may be also related to the multiplication of the resonant space quanta. These
collisions generate structures of about (2 87, more exactly (4 f- 4 -j- 4 -
-}-4) 8e, but this structure is somewhat decelerated just due to its great mass
(as compared to the light velocity), consequently this would provide a relativ-
istically deficient mass value (about 7 1/2 «87).

Parallel with the further increase of the number of coupling electronoids
the number of eigcn-frequencics also increases, its intensity and also the sym-
metry decrease, thus the electron deformation and due to this the repelling
effect becomes predominant. Thus, the number of coupling electronoids does
not exceed the value of 2 « 84 (i.e. concerning space quanta that of 2 «87).

Great number of non-zero spin mesons and non-l/2spin baryons exist.
Most of this type of particles occur between the space quantum numbers
N = 6(8°) = 1572 864 and N = 1203= 1 728 000. The space quantum num -
ber N — 87= 2 097 752 is exceeded only by a few particles.

The energy quantum corresponding to the space quanta (the product of
the Planck-constant and of the frequency: EO= hv = 1010eV, or expressed by

. h .
the t0time quantum EO—— ) seemsto representthe possible greatest energy
To

quantity which is assigned to one space-time quantum. By means of the strong
symmetric rotation of space quanta this enormous energy of space quanta is
balanced when accumulating in the particles. The ,EO-value would be reached
by a particle of 104 MeVmass and of about N = 5 «87space quantum number,
and in form of the rotation energy of the space quantum group assemblage.
One wonders whether this is the theoretical limit to the growth of particles
by means of random fetting, over which only the equilibrium proton (neutron)
structures may couple each other to atomic nuclei?

In case of the mesons of smaller mass the decelerating effect of opposite
rotation is more considerable, thus the mass of pion modification of 0 electric
charge is also smaller than that of the positive and negative modifications
(-f- and — pion 139.6 MeV, pion0134.97 MeV). Consequently, the stability and
the lifetime of the modification of 0 electric charge is shorter (-)- and — pion
2.6 *+10-8 s, pion0 0.8 * 10-16 s).

In the kaon of greater mass different effect are acting (masses of + and
— kaon, resp. kaonO0; 493.7, resp. 497.8 MeV; lifetimes of -f- and — resp. 0-kaon:
1.23 +10-8 s, resp. 0.89 « 10-10s, that of K* 10-23 s in order of magnitude, but
a long-living modification also exists: K°, : 5.2 ¢« 10~85s). In case of the trouble-
some kaons quantum mechanics should take into account the special features
of their components, i.e. of the two (8°) structures. In the (8°) structure 83
electronoids each consisting of 512 space quanta couple each otherre-inforcing
the rotation of nearly light velocity with complete resonance. It means in itself
a state overthe light velocity, which therefore cannot be realized. Consequently,
the 8°structure does not appearindividually, but some of them together gener-
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ate “rare” particles in associated generations. This may prove the relativisti-
cally increased greater mass of kaons of 0 charge, among others the occurrence
of the long-living modification which decomposes to three pions. In the equato-
rial plane of the kaon the increased velocity may generate a third phase of diag-
onal elcctronoid rotation being the resultant of the opposite direction of
rotation of the two 8Gstructures which seems to smooth the decelerating fluc-
tuation of the original two opposite rotations and preforms the three-pion
decomposition.

As a result of the over-resonant state it is not unexpected that the iso-
metric 86structure of high resonance value is not known as an individual par-
ticle and instead of this so-called joint generation occurs the critical limit
of which is drawn just at the mass value of the 86structure. The rare particles
(kaons and hyperons) are generated at this value, i.e. the structures of non-zero
scarcity which are generated only together within a relatively very short time
(about 10-23 s) and which are of very high threshold energy. Their generation
should he sharply distinguished e.g. from the non-assemblage-like decomposi-
tion of the rare particles proceeding more slowly and by means of weak interac-
tion. It is assumed that in case of joint particle generation the 8®structures
representing the equilibrium are consumed to generate the more complex par-
ticles, moreover in this process certain particles, i.e. the kaons only approach
the m (85 structure in lack of sufficient number of rotating space quanta.

By means of loose, low coordination number or random fitting and of
generating space quantum parts of different density the greater number of
electronoids (83 structures) deform the space quanta and the resulting poten-
tials cut down the stability of particles. In case of the densest fitting and abso-

Fig. 6. Schematized structure of the proton
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lately uniform density distribution the potential is restricted to minimum. Uni-
form solid spheres produce the densest space fitting in case of the densest most
uniform coordination number of 12 (12 direct contact for each sphere). Among
the space quantum groups of particles the possible greatest stability, and at the
same time, the longest lifetime is produced by structure consisting of electro-
noids showing uniformly a coordination number of 12 in three directions of the
space, i.e. 123 = 1728, that is consisting of N = (123 (83 = 884 736 space
quanta. This corresponds fairly well (10~3N ~ 938.3 MeV) to the known most
stable particle, i.e. to the proton (Fig. 6).

In the about two thousand times greater proton the rotation axes of
electronoids are slightly diverging around the common rotation axis generating
in this way the resistance against the displacement of rotation axis.

The 123= 1728 electronoids of the proton are arranged in 6 layers.
In the equatorial plane, 4, 12, 20, 28, 36, 44, i.e. 1.4, 3.4, 54, 7.4, 9.4, 114
(altogether 144) electronoids occur.

The determination of complex rotation ofthe structure and of its elemen-
tary parts may contribute to the knowledge of the particles. Here, this will be
carried out for the proton.

According to the indeterminacy principle, the visualization of structures
below 10-13 cm seems to be inadmissible. However, indeterminacy concerns
only the canonic conjugated values. The rotation axis Z perpendicular to the
drawing plain is not conjugated to the place and impulse axis X and Y. Thus
the figure does not represent neither places and impulses, nor times and ener-
gies, but the means of the relative rotation of the electronoids. At least a
rough delineations ofthe protonic dynamism yield already a model — approach
of the proton.

According to its triple hierarchy level, the proton is characterized by
three rotations and two counter-rotations: two kinds of rotation of the space
quanta xvr, those of electronoids J-ve, as well as the rotation of vp velocity of
the whole proton; their limiting value is the light velocity in all cases.

Here, only the complex rotation of electronoids within the proton will
be dealt with. No general regularities can be mentioned in relation with the
rotation of space quanta within the electron due to the large-scale deformabil-
ity of the individual electrons. In the solid proton, however, fixed in a complex
manner, the rotations of electronoids and spherical shells consisting of electro-
noids can be unambiguously established (Fig. 6).

The angular velocities of electronoids and oftheir space quanta within the
proton are inversely proportional to the radii. While proton rotates one times,
the electronoid rotates six times, the space quantum 6x4 = 24-times. The
peripheral speed of the layers in which the component is found are added to
the angular velocities of the components. The peripheral speed of the electro-
noid spherical shells underlying each other and co-rotating with the proton
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decrease directly proportionally with the radii of the shells. As compared to
the unit velocity of the proton the peripheral speed of the six shells are
(Fig. 7) v1=0.17, V2= 0.33, V3= 050, V4= 067, Vs= 0.83 and F, =
= 1.0. In the centres of the shells, resp. of the electronoids the velocities are
tq - 0.08, v2—0.25, v3= 041, v4= 058, vs = 0.75 and re= 0.91. The
velocity increases, resp. decreases in the normal, resp. opposite rotating phases
of the electronoid-edges (Fig. 6). In each shell the i> average velocities, resp.
the proportional pathways of the electronoids are given by the

dj= (ar, + 2r) + (ar- —2r1,)

relationship, where rf = vjn. In this way, each given point of the electronoid-
edges describes an asymmetric wave-curve in the three external shells, resp.
asymmetric spiral in the internal three shells being parallel with the shells
within the proton. Within one shell the wave, resp. spiral curves of the electro-
noids rotating in different way are the half-displaced images of each other.

The total propagation of one circumferential point of the electronoid in
the shell is, too:

Dj = (ar, + 2T)) + (ar, —2r,) = 2r,1.

Consequently, the three external shells differ from the three internal
ones: on the one hand, in the shape of path of the electronoid-edges (wave-
curve, resp. spiral-like), and in the propagation velocity of electronoid circum-
ferences, on the other. In the three external shells the electronoid circumferences
propagate continuously forward together with the shell, in the three internal
ones, however, these possess backward propagating sections, too.

The rotation of the three external and three internal electronoid shell
produces opposite electric charge. According to the cycle view, the electric
charge is the attracting, resp. repelling interaction of the parallel, resp. opposite
rotation of the proton and electron. Such interaction occurs also within the
proton consisting of electronoids. In the three external shells positive charge is
produced by the parallel propagation direction ofthe proton and of the electro-
noids while the partly opposite propagation direction of the electronoids in the
three internal shells generates negative charge. The interlying level separating
these is a secondary surface of zero charge which is similar to the most external
primarily zero-charged electronoid shell representing the proton surface. The
magnitudes of charges are determined by the afore-mentioned V+... Ve cir-
cumferential velocities of each shell (Fig. 7). Thus, the following charge values
are obtained: the level of 0.17 velocity represents m1/3 charge as compared to
the secondary zero-surface; the level 0f0.33 represents —1/3 charge as compared
to the primary one; the level of 0.67 is +2/3 as compared to the primary one;
while the level of 0.83 represents +5/6 charge as compared to the primary one,
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resp. within the two zero-surfaces +2/3 charge. Obviously the three lower
levels compensate each other (+2/3 + (—1/3) + (—1/3) = 0). The level of 5/6
charge represents a separate unit.

The system of the internal shells of one +2/3 and two —1/3 charge may
correspond to the basic quark deduced by Gell Mann and also characterized
by SLI(3) symmetry, while the external shell of +5/6 charge may he correlated
to the so-called charming-quark of SU(2) symmetry. It is possible thus that

Fig. 7. Velocities and charges of the electronoid shells of proton

the electronoid shells are in direct connection with or represent the different
types of quarks.

The sine-line of the electron rotation at the proton’s margin produces
12 X44 = 528 fluctuations pet 10~23s. According to Chapter IV. this is consid-
ered as the source of gravitation.

According to the quark model, the mesons are built up by one quark and
one anti-quark which in harmony with our model can be related to the one-
dimensional structure of the mesons. (When interpreting the relativistically
growing mass of quarks being greater than that of the proton it is to be taken
into account that in our model the relativistic increase of mass occurs in the
space quantum of light velocity )

5. Joint direction of rotation. Proton-neutron iso-doublet. Matter and anti-
matter. On the basis of the coupling rules not only the simple particles but also
the structure of the atomic nuclei can be deduced (Fig. 8). The structures
obtained in this manner reflect not only the stability of nuclei, the isobar rule
of the paired, resp. impaired mass numbers, i.e. the cosmic frequency of ele-
ments as well as their magic numbers, but also interpréte the schemes of the
related electron shells. In the figure the double of the width of the deuteron
nucleus is demonstrated as longer diameters. The diagram extends up to the
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Fe-mass number. Over this range the structure cannot be demonstrated in
plane, spatial model would be required.

The formation of the neutron and the coupling of neutron and proton in
the complex nucleons follows directly from the cycle view. Two protons
— rotating necessarily in the same directions, thus repelling each other —
can join to a complex nucleon (e.g. deuterium) forming a space quantum
whirl between them, which rotates in the opposite direction and have opposite
charge. Already N = (83) space quanta, i.e. the electron is sufficient to com-
pensate the charge of one of the protons which is so transformed into a neutron.
All complex nucleons of higher atomic number contains such proton—neutron
pairs, above the atomic number 40 even more electronized neutrons than
protons. According to the deformability of the electron, it may form an equa-
torial belt around the neutronized proton (Fig. 9). The circumference of the
equator is 300 space quantum long, the diameter of the proton is 12 electronoid,
i.e. 12.8 space quantum long. This is 40 space quanta more than the pearl-like
elongated neutronizing electron (512 :2 = 256) plus the likewise elongated
neutrino (8 :2). (13.8% difference by the imperfecness of the pearl-like
structure?)

If the neutron of a similar structure enters nuclear reaction by collision,
its velocity will transitionally decrease to zero, the space quanta of the
balancing ring depart and are coupled to the corresponding equilibrium sys-
tems, i.e. one electron and neutrino, the neutron itself transforming into a
charge-bearing proton. This is the well-known n —mp + e~ V reaction.

The pion and from it the myon are formed mainly in the equatorial plane
of the proton-neutron iso-doublet, thus also these are of lamellar shape.

The joint rotation does not represent energy surplus, but is the resultant
of rotation energies of every second space quantum of the same direction. At
the same time, the rotation of the space quanta of opposite rotation also exists.
Due to the uniform environs, however, only one rotation direction is manifested
outwards in our world, namely which produces the negative charge of the
electron and the positive charge of the proton. The particles of opposite rota-
tion, i.e. the positron (antielectron) and the antiproton can be produced only
artificially. From the two kinds of rotation direction of the particles, the

Deuteron
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duality as well as the charge parity and charge conjugation of the particle and
anti-particle, i.e. of the matter and anti—m atter can be directly deduced.

Both possible rotation direction of the whole of the particle represent
nearly equilibrium state, thus the rotation and revolution of the surrounding
space quanta can be transformed into the opposite without resistance, depend-
ing on the environment.

The relation between the rotation of the particle as a whole and that of
its individual space quanta can he interpreted in two ways. It is most simple
to assume that the velocity of space quanta of same direction is added to the
total rotation of light velocity. But in this case the velocity of the marginal
space quanta would he 2c, i.e. it would exceed the lightvelocity8 (The assump-
tion of velocities greater than the light velocity was made in cosmology several
times after Einstein.). Further it can be assumed that the velocity of the space
quanta of particles decrease towards the margins in such an extent that the
sum of the joint and eigen velocities equals always the light velocity, i.e. the
eigen velocity of the marginal space quanta is zero.

The direction of rotation (apparently) becomes opposite even rotating
the rotation axis by 180°. Thus, the position of the northern or southern pole
of the rotation axis should also he given, according to the Dirac quadruple
matrix [| | H-—-] replacing the double matrix of Schrédinger —P auli.

6. Remote effects : atom and molecule. Summary of the coupling. Decomposi-
tion ofparticles. Energetically the formation of the atom can he followed in the
simplest case, i.e. in the conditions of the orbit of one main quantum number,
i.e. of the orbit of 1—2 electrons. In the space quanta of the vacuum volume
of the atom a simple proton or deuteron generates a revolution being of the
same direction as its own rotation direction at least up to the first electron shell,
the v<[ c velocity of which decreases from the equatorial plane towards the
poles. The direction of rotation ofthe elongated electron moving in the electron
orbit delimiting the revolving space quantum system is opposite to the rotation
direction of the nucleus. Thus, the true symmetric coupling is valid also in the
simplest atomic structure, howerer in correspondence with the greater dis-
tance only to decreased extent. The rotation direction characterizing the posi-
tive charge of the proton is opposite to the rotation direction determining the
negative charge ofthe electron. According to our model, in the antim atter these
directions of rotation are opposite.

Consequently, the electric charge is the interaction of systems consisting
of rotating particles and acting through the revolving or oscillating space
quanta. According to the rule of symmetric rotation, within the revolving
atomic system the particles of opposite rotation direction attract, those of the
same rotation direction repel each other. If the rotation direction ofthe nucleus

8This double light velocity seems to be apparent since velocities are always relative,
measured by the differences to the neighbouring systems.
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is called positive, the charge of the parts rotating in opposite direction will be
negative. If the rotation axis would be opposite, the rotation direction would
also turn to opposite. Nevertheless, according to the spin inertia the relation of
rotation axes is stable within the system even if the system as a whole is rotated
in any direction.

Now, let us summarize the structural effects of space quantum coupling.
In all cases 1. the fundamental phenomenon is the symmetric coupling bound
to parallel rotation axes. In general, this produces lamellar structures coupled
in the joint equatorial plane. 2. Due to the smaller strength of the lamellar
form as compared to the isometric one, the rest masses of the smallest struc-
tures (neutrino, electron) enduring a specific environmental effect are stable
only if the symmetric coupling of rotation is accompanied by the columnar
coupling elongating the rotation axis which transforms the lamellae to (nearly)
isometric structures. Presumably, in the case of nucleons also some kind of
complicated columnar coupling is acting. 3. In case of strongly oriented
field of force the symmetric rotation coupling is transformed to linear cou-
pling. In extreme case instead of the symmetric rotation returning into itself
by space quanta, a flow undulating through the space quanta develops, e.g.
in case of the electrons of high velocity (Fig. 3.) and in the external shells of
the electronoids of the proton (Fig. 6), as well in the equatorial plane of the
neutron.

Unambiguous correlation can be presumed between structures of particles
of the space quantum model and the decomposition of the particles. The par-
ticles of shorter lifetime are already decomposition products and derive
generally from nucleons. By means of release of one or more particle compo-
nents the relatively stable and better resoning structures are decomposed to
pions and to several smaller baryons (e.g. to nucleons again). In a second step
these particles, resp. the originally smaller ones decompose to myons and finally
through these or indirectly to the smallest particles, i.e. electrons and neutri-
noes, resp. neutretto. The weakly resoning structures, i.e. of zero electric charge
and consisting of two opposite rotating elements, e.g. the zero-pions, the
r?-mesons of [(1 + 1)8°] structure and the parts of opposite rotation of the E°-
hyperons destroy each other and are decomposed partly or totally to “y
particles, photons.

I11. Interpretation of the Quantities of Quantum Mechanics.
Relations to Other Theories

The quantum theory characterizes the particles by physical quantities
determined by (partly conventional) integer numbers. Most of them have been
mentioned earlier. Now their interpretation according to the space quantum
model (cycle view) will be summarized in a simplified form.

Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



SPACE AND MATTER 57

These interpretations cannot be always free of contradictions since
neither the quantum theory nor the interpretation according to the cycle view
are completely elaborated and their result differ in some aspect.

In both views the main starting points are the mass and the electric
charge. Having discussed them it is superfluous to analyze these two param-
eters. Only one fact will he mentioned, namely that the electric charge (Q) is in
relationship to the baryon-charge (B), to the scarcity (S) and to the isospin
component (13 hutis not interpreted hitherto by the space quantum model.

B+S
Q=h +

One of the fundamental notion in quantum theory is the spin. This is the
impulse momentum of the particle which expresses the fact that it behaves
“as if” it rotated around its axis. Thus, in quantum mechanics the origin of
the impulse momentum is unknown. According to the cycle view, however,
this rotation is an objective reality. The positive or negative value of the spin
indicates parallel or opposite orientation as related to the external field. In

the cycle view the determination of the spin by the expression h = denotes
2n

the value of energy quantum by one rotation, resp. oscillation during one time
quantum. Since

x lo-23 ypc
o

h- EJv = Eo(10-Msec), thus h= - -

The moment of momentum of the particles—i.e. the J spin — expresses
the energy per frequency by the Planck-constant h per 360°

dimensions of the energy per frequency and the moment of momentum are
the same, e.g. in the cgs system J [gcm2s]. The value 1/2 or of it integer
multiplex of thefermions, i.e. of the “atomforming” particles characterized by
definite place-coordinates within the atom — corresponds to the one half of the
two kinds of particles forming the atomic unit. The distributions of the ferm-
ions described by the Fermi—Dirac statistics is valid also for the rigid state
with similarly definite place-coordinates. On the contrary the bosons, e.g.
photons, pions, alpha-particles without definite place-coordinates in the phase
field are characterized by the 6pin unity (:photon) or by zero-spin (short
living mesons), resp. 2, 3, 4 ... spin (mesons mainly of greater masses). Their
Bose—Einstein statistics is valid also for the gas-like distribution of particles,
being similar to the indefinite place-coordinates of the bosons.

The limitvalue ofthe zero-spin mesons and half-spin baryonsisrepresented
by the (4 «8e) critical structure. The critical time needed to the complete
rotation of this structure of about 8 « 10-13 cm circumference is 8 « 10~23 sec.
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This time separates the real particles from the numerous elementary resonances
which will not be dealt with here.

Quantum mechanics expresses the differences between the baryon and

meson by the +1 resp. —1 baryon number of the baryons and by the baryon
number of zero (B — 0) of the mesons .Baryons and anti-baryons are character-
ized by the B = +1 resp. B = —1. The baryon number is conserved, i.e. in

physical processes the difference of the number of baryons and anti-baryons is
constant. This can be deduced from the fact that the rotation direction of the
baryon particles rotating by about light velocity can be changed only simulta-
neously. Meson does not possess baryon-charge since for its components the
two opposite spin-orientation, resp. rotation directions are equally provided,
thus the change of the rotation direction cannot produce change, either.

The leptons characterized by the zero-spin, form also a peculiar system,
i.e. a special lepton charge does exist. The lepton number is also conserved
this conservation of the lepton charge means that in case of transforma-
tion of the particle the difference of the number of leptons is constant and this
suggests the simultaneous formation of lepton and anti-leptons.

Scarcity (S) is a value occurring in the joint generation of particles, the
particle takes S-values differing from zero in these processes. These particles
of non-zero scarcity are called scarce particles, such are the kaons and the
hyperons baryons. The scarcity is also a conserved value not only in case of
strong but also in case of the electromagnetic interaction which according
to the space quantum model, resp. to the cycle view expresses that during these
interactions the m )> 4 (m 86) structures are constant and are stabilized by the
symmetric rotation coupling. The S scarcity is related to the electric charge, to
baryon and to the third component of the isospin asithas beenmentioned
having discussed the electric charge. Its numerical value changes parallel
with the increasing m-value of the (m 8¢) structure:

N1 and 27 baryons of 4 « 8estructure: S = —1
27 baryons of 5 « 86structure: S — —2
Q baryons of 6 « 86 structure: S = —3

That is, the scarcity of baryon is inversely proportional to the mass, i.e.
to the number of components.

The value of isospin (I) gives the number of modifications of different
electric charge occurring in the isomultipletts of nearly the same mass. 1 =1
means that the isomultiplet consists of three particles, i.e. of +-, 0 and. —
charge, i.e. it is of triplet character. In case of I = 1/2 the isomultiplet is of
isodoublet character, i.e. it possesses two electrically different modifications;
in case of / = 0 it has one modification with singulet character. Thus, the
value ofthe 2 1+1) formulais 3,2 and 1in these cases. (The kaon consists of
two isodoublets, K+ and K ~, resp. Kg and K°L, thus in both cases | = 1/2.)
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It follows unambiguously from the space quantum model of the particles (Fig.
5) that the two possible rotation directions of the differed components of struc-
tures may produce three resultants with the join rotation direction, i.e. the
proton-directional (+), the electron-directional (—) and the (0) isospin rota-
tion eliminating each other.

Isospin is a peculiarity being preserved only in strong interaction, thus
it is characteristic of the vector-like particles, i.e. mesons and baryons (together
hadrons or warm particles) taking part only in strong interactions. The third
isospin component express the difference of the electric charge and the half

B+ S
hyper-charge h = Q - Y12=Q

W ithin the frame determined by the Y = 2(Q —J3 hyper-charge the
13 value of the isospin changes proportionally to the electric charge: at 0
hyper-charge J3= Q; at -)-1 hyper-charge J3= Q — 1/2; at —1 hyper-charge
(i.e. at the relatively small mass of the baryion) h = Q + 1/2.

Similarly to the positive and negative electric charges, the matter and
antimatter are the result of two opposite rotations. Nevertheless, matter-anti-
matter and positive-negative charges are not synonymous notion pairs. The
electric charge is a scalar quantity related to the great number of differently
oriented particles while the matter-antim atter charge reflection concerning the
given particle is a vectorial value. In addition to this there is a zero electric
charge, too, which is generated in the simplest case by a particle coupled by
two particle components of -(- and — rotation directions along the equa-
torial plane.

Parity (P own parity) expresses the preservation of the mirror sym-
metry of the particle: it changes to opposite the sign of the space coordinates
but does not affect the sign of charges. This is the symmetry of the strong and
electromagnetic interactions, i.e. that of the unchanged particles. It is called al-
so weak space reflection. The -f- parity means that the sign ofthe wave function
does not change if the direction of coordinate axes is changed to the opposite;
this occurs e.g. in case of proton and neutron, and of the baryons, in general.
On the contrary, the value of parity is —1 when the wave function changes its
sign; this is characteristic of the n and other mesons, i.e. usually the structures
of zero-spin. Thus, at the formation of mesons the change of spins is accom-
panied by the change of directions. In case of the electric beta-decay and in
general of weak interaction, i.e. during the intra-nuclear transformation the
(own) parity is not preserved.

Charge parity (C) is the operator which carries out the charge reflection
(charge conjugation), i.e. changes the sign of electric and other charges and the
direction of the fields.

The product of these two parities, P * C is the strong reflection or the
combined parity which changes both the space coordinates and the sign of
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charges and is preserved also in weak interactions except the K° —n -)- n
decay. Consequently, the parity characterizing the symmetry of wave function”®
of the particles, circumscribes the symmetric rotation coupling of the space
quantum model, rcsp. its relation to the other two couplings.

IV. Space-Matter Interactions

The transversal oscillations of the vacuum space quanta, i.e. the electro-
magnetic oscillations are emitted when the atomic electrons getto a lower energy
level. According to our model, an external ring of space quanta of the atomic
space is released and transformed to transversal oscillation. Revolution cannot
be continued between the relatively fixed space quanta thus the energy is
transformed into oscillation. Inversely, when electromagnetic energy is absorbed
the oscillation (photon) penetrating the atom repels the electrons to a higher
orbit, generating by revolution a quantified space quantum ring. The velocity
distribution of revolution can be computed from the photon energies.

On the basis of the space quantum model the so-called “annihilation”
e+ -f- e~ —*y as well as its opposite, i.e. the electron -(- positron pair formation
from the photon can also be circumscribed. The pair formation needs a photon
of such a large energy E = hv, which exceeds the energy of two electrons
of individually N = 521 space quantum number, i.e. of 0.511 MeV rest mass.
This is the threshold energy. In case of pair formation, dissimilarly of the
normal propagation of the electromagnetic oscillation, the space quantum
series flying back from the proton has no supply from the back-scattering
proton. The supply of this “lack of space quanta” is carried out from lateral
direction, from the space quanta in transversal oscillation by means of their
gradual whirling. This is promoted also by the lateral movement of the
neighbouring space quanta. When the photon-oscillation gets to the op-
posite phase, i.e. the oscillating space quanta move towards their original
position, each space quantum of the generated neighbouring rotation system
gets separately a rotation of light velocity by means of the new collision.
Since each space quantum has 8 cross section neighbours, around the oscil-
lating photon also eight rotating space quantum column will be generated.
In case of sufficient photon energy and corresponding to the rule of upper
harmonics the length of the column series equals 8 space quanta, too. In
this manner the first eight rotating space quantum columns of the electron
separated by a central channel are generated. Due to the photon energy exceed-
ing the threshold energy each of the columns generates the rotation of further
eight columns when rotating in the loosing space thus it forms the equilib-
rium electron structure of N — 83 = 512 as well as its antisymmetric pair, the
positron. Depending upon the relative position of the rotating proton and on
the photon-energy these are ejected from the reaction space.
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The interpretation of gravity according to the cycle view should he
briefly touched. Since the elastic space quanta are in different interactions
with one another, the shape and volume of rotating space quanta and of
their revolving surroundings represented mostly by protons and neutrons are
in an equilibrated change. The nucleons are fluctuating according to the 102
Hz frequency of space quanta. The fluctuating space quantum groups of
nucleons generate longitudinal oscillation of 512X 02 Hz in the vacuum.
The intensity of this longitudinal oscillation is directly proportional to the
number of rotating space quanta, i.e. to the mass and inversely to the square
of distance. The synchronous and non-isolated system of the oscillations deriv-
ing from masses lying at different distances tries to approach these masses.
Therefore, it may be admitted that this longitudinal oscillation represents the
gravity oscillation. The progress of the longitudinal oscillation is due to the
energy of its forward moving component, the gravity attraction to that of the
backward component. (See also the paper by MArfsldi in this volume.)

The question may arise whether vacuum can be converted to matter, in
other words, the electromagnetic oscillations may be converted to proton, resp.
atom and vica versa. The investigation of the very low temperature supra-
liguid supra-conductivity and the very high temperature processes is sug-
gested for solution of this problem.

Since the static interpretation of the electric and other charges is replaced
by a dynamic process in the space quantum model, the stability of the “ho-
mogeneous”, i.e. self-repelling charge distribution does not cause any trouble.
Charge is not a static feature here, but it is a state of rotation which repels
the particles of the same rotation direction and attracts those of opposite
rotation direction.

The space quantum model is a kind of a “resurrection” of the theory pro-
posed by Max Abraham which was strongly opposed by nuclear physicists
and rejected in its original form. According to this the electron would be a
“charge pattern” generating electric (and during motion also magnetic) field
around it, in which the me2rest energy equals the e22r0 electrostatic energy.
Thus, r0is a finite value, the classical radius of the electron r0 = e22mc2 =
= 1.4 «10-13 cm. Thus, according to Abraham, the whole observed me mass
of the electron should be traced back to the electromagnetic mass without
assuming a special mechanical mass.

The theory of Abraham was rejected since it violate the relativistic
invariancy; the impulse and energy of the electromagnetic field does not form
a quadruple-vector,9 it cannot equal the quadruple impulse of the particles.
In addition to this, the “spherical electron” is not cohered by the repelling

9 Mass vector is a quadruple vector with three Bpace-like and one time-like components.
The space-like components are the impulse vectors, the time-like component is the energy
vector.
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Coulomb-force. Consequently, instead of the Abraham-model other but also
questionable models have been introduced: the electron has been regarded to
be point-like and the infinite large own energy obtained in this manner was
tried to be compensated by infinite “negative” mechanical mass(!). This
assumption, however, produce new difficulties being unsolved so far.

These difficulties are eliminated by the principles of rotational coupling
discussed above according to which the electron is cohered by the multiple
symmetric coupling greater than the Coulomb-force and the electron is not
point-like but similarly to the Abraham-theory a structure possessing exten-
sion, the electrostatic attraction and repellingisnot separate matter and neither
a “charge pattern” but it is the dynamic effect corresponding to the two
possible directions of the rotation.

On the basis of the relationship between the mass and the number of
rotating space quanta the computation of the impulses and energies is simpli-
fied. If the energy of the space quantum rotating with light velocity is consid-
ered to be the unit (EO— 1) in the greater particles, then the impulse of the
particle of V translation velocity and N space quantum number will be

IN=vNr while its energy will be EN= ?(NEO)VZ.

Thus, progressing on the basis of the space quantum postulate a graphic-
model may he constructed without any mathematical formalism which de-
scribes our knowledge on the space-matter relations uniformly and (so far)
without contradictions.

This model is, thus, an attempt to formulate the “ocular demonstration”
ofthe space-matter relation, at the same time also some fundamental problems of
guantum mechanics. In numerous items it leads to the same results as quantum
mechanics but differs from it just in some debated statements. According to
our model, the permanent nuclear forces are deduced from the coupling of the
directly contacting space quanta rotating with great velocity while the pion-
proton replacementis considered to be valid only in the continuous transitional
rapid changes of the proton and neutron bound in the nucleus. There is a
difference also in the interpretation of photons.

In the space quantum model, the distinction between space and matter as
two separate principles as well as the artificial theoretical construction, e.g.
the “etheric wind” become superfluous. E.g. the matter-space concept of the
physical vacuum and the zero-point oscillation obtain a direct sense.

According to the new model the physical quantities determined by quan-
tum mechanics as decisive values (spin, charge, parity, mass, scarcity, whirling,
chirality, etc.) are simply the fundamental features of the rotating space
guantum groups. Consequently, many basic principles of the quantum theory
can be deduced also from the space quantum model and the quantum me-
chanical notions of the particles are geometrically interpreted. Moreover, the
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new model provides a graphic picture on the structure of the particles, on their
make-up in detail, on the morphological peculiarities, i.e. on such character-
istics which could not he approximated so far. A particular “beauty” of this
model is that in contrast to the attempts of the past which reduced the par-
ticles to more types of particles, it reduces the particles to only one “final”
or “primary” component, i.e. to the space quantum while it preserves some
marvellous results of the deductions of three or more particles, resp. of the
quarks. Probably, it is also advantageous in this model that it avoids some
labyrinths of the theoretical physics based on mathematical speculations.

This paper is the first rough approximation requiring corrections and

supplements.
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1. Cycle motion generates systems. The system in everyday sense are the products
of the cyclic motion of the two intermediate forms of motion, i.e. of the strips B and C.

2. To describe the physical cycles 6 pairs of parameters are needed characterizing
the substantial and the functional pecularities of the hierarchic levels and dispersity of the
system. Four parameters denote the own and the next lower hierarchy level: the space
and time parameter of the cycle (r and t), the number of the different cycle elements, i.e.
system elements (re+ u + ...) and their site coordinates (qn + 4u + eee)e The de-
pendence of the cycle on the internal level is characterized by the density (on -f- pu-)-
+ .. .)and temperature (zn-(- r,,) of the elements. In systems belonging to low hierar-
chic levels the parameter p characterizing the lowest (e —x) level refers already to the
atoms, thus to the the chemical constitution.

Four parameters describe the relationship of the cycle with the external higher
hierarchy levels: the relative velocity of the system (translation, D), the number of
systems being in direct contact with the system in question (JV), the age of the system,
i.e. the number of cycle rotations (R), and the exchange of matter and energy with the
environment (input, i and output, 0). Finally, the dispersity of the system ischaracterized
by the free volume of the dispersing medium (#) and the forced strength (a) exerced by
the particles of the matter.

Substantial parameters are described by spatial coordinates, functional ones by
time coordinates (Fig. 1):

. Substantial Functional

Hierarchy level parameter parameter
Strip A and D & a
(n+1) N
between (n + 1) and n (*.°) R
D r t
(n-1) (n-fu+ ...) Mn+ 4u+ eo0)
(n- x) e T

3. By means of the cycle parameters all physical notions can be expressed, eg_

volume V. r34mass M ~ Hp, kinetic energy f?kin~ ~ r*p entropy S < log R

chemical potential p ~ y , etc.

4. Among the systems grades can he distinguished according to the degree of
complexity, in which the physical cycle parameters are gradually transformed. In this
paper the following grades are discussed: electromagnetic oscillations (strip A), inorganic

systems of strip B; inorganic systems of strip C; biological individuals; animal popula-
tions; psychological cycle; social cycle, e.g. economic, artistic and scientific systems.
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5. The gradually changing form of the cycle parameters may serve as a basis to
create the mutually recomputable network of notions. This possibility may realize a
widespread quantified survey of knowledges.

It is possible to trace back all cycles and rhythms to the two parameters of the
motion: space and time. In this way principally the quantitative projection of all
phenomena is enabled.

A. The 12 Cycle Parameters

The shortest way to the multidisciplinary join of natural and social sci-
ences by the cyclicity conceptleads through the hierarchy of systems, as discussed
in the first paper of this volume. According to the founder of system theory,
L. Bertalanffy: “system is a set of elements standing in interrelations”
“Unity of sciences is granted not by utopian deductions of all sciences to phys-
ics and chemistry, hut by the structural uniformities of the different levels of
reality”. A consequence of the existence of general system properties is the
appearance of structural similarities or isomorphism in different fields. — An
experimental law of growths applies to certain bacterial cells, to populations of
bacteria of animals, men, books are completely different and so are the causal
mechanisms involved. Nevertheless the mathematical law is the same”. “The
unifying principle is that we find organization at all levels”

The method of Bertalanffy is essentially empirical and inductive.
Another method elaborated by Ashby 1958 and 1962 is deductive. It states a
number of system principles such as wholeness, sum, centralization, differen-
tiation, leading part, closed and open system, finality, equifinality (i.e. the
reaching of final state of the open system from different intial conditions and
in different ways), growth in time, relative growth, competition. The funda-
mental concept of Ashby is the “machine with input” the internal state of
which and ofits surroundings defining uniquely the next state. It is supplanted
by the cybernetic model, i.e. a system open to information but closed with
respect to entropy transfer. This led to “systems organizing themselves by way
of progressive differentiation, evolving from states of lower to states of higher
complexity”. System theory found introduction already in many sciences,
e.g. biology, linguistics, psychiatry, behavioural science, demography, sociology,
economics, political science, history and other social sciences, philosophy.

Attempts to unite sciences by e.g. the general system theory were based
on the reduction of complex terms to simple ones. According to Russell
Ackoff and others, this is erroneus since complex terms are not synthetized
from simple ones, on the contrary simple terms are abstracted from the com-
plex ones.

This problem is no more relevant. By the discovery ofthe common quan-
titative generating process of phenomena the unification of sciences must be
based cn the hierarchy of cycle processes. The problem is now to find the final
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characteristics of the generating process, i.e. of the cyclic-rhythmic motions,
and to deduce from these the scientific terms.

The mostimportant addition ofthe cyclicity relation to the system theory
is the statement that systems are formed by cyclic motions. This allows to
detect new general and particular properties of systems, and to follow the
development of system from the primitive anorganic grades to the complex
social ones. Cyclicity allows to find isomorphism and hidden pecularities at
different levels of systems, too.

In the former and the nextpapers of this volume the micro- and mega-sys-
tems of the Universe were discussed. In the human practice, however, both
groups of extreme measures are not considered as objects of the system
theory. System theory in practice dealt with social and related terrestrial sys-
tems of about human measures and of direct human interest. The present
paper discusses mainly the basic relations of the systems in order to further
the most common generalized interdisciplinary researches.

One of the most far reaching peculiarity ofthe cycle motion is its system
generating function. Cycle motion transforms unordered sets into ordered
systems.

The highly simplified scheme of this process is as follows. The elements of
an unordered set are ordered by the cyclic motion into quasi-concentric belts
according to their densities, dimensions, viscosities and other peculiarities.
The differences between belts and realms represent the gradients of the
intense factors introducing regular and permanent mechanical and/or thermal,
chemical, electric and other interactions, mostly flows and diffusions. Flows
sensu lato produce the active structural pattern, characteristic for the systems.

The universal motion diagram (Fig. 1 and 4 of the first paper of this
volume) summarizes quantitatively the fundamental peculiarities and relati-
ons of the systems, by demonstrating the types and kinds of cyclic and
rhythmic motions and by this the system of systems, too. Since systems are
determined — like all phenomena of the Universe — by different motions, the
decisive common peculiarities ofthe systems are to be deduced from this diagram.

The main features of the system-like phenomena are their time and space
parameters (r and t) or the quotient of these parameters i.e. the velocity
(Fig. 1). The different kinds of the system-elements are characterized by the
number n -j- it, and by their site coordinates (gn -|- qu) and densities (pn + Qu)-
Number n denotes the isometric and u the anisometric elements. The density
depends already on the “elements of the elements”, i.e. on the particles in
the lowest cycle level. Similarly the temperature x representing the oscillating
and rotating impulses of the particles, e.g. average velocity of the molecules,
depends also on lower hierarchic levels.

The system depends, however, on the higher hierarchic levels of the sys-
tems to which it belongs, too. The description of a system thus requires also the
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characterization of the relation between the systems and the sequence of the
higher hierarchic levels. The system being practically always open in some
measures receives elements (“products”) from and gives to other systems: input
and output (i + 0). The system translates (moves) with a relative velocity D in
the higher level and iterates its cycle motion R times since its existence as a

Fig. 1. The 12 cycle parameters of the systems

new system. In a given time it contacts with N number of systems of the
higher level. It is influenced by the forces of its and by farther systems: forced
strengths a. The free place, e.g. vacuum (#) is a common parameter of the
different hierarchical levels. Free place b and the forced strengths a describe
the dispersity of the system.

In this way the system is characterized by two parameters (p and r) of
the lowest, by the parameters (n -j- it), q of the neighbouring level, by the own
parameters r, i, and by the six parameters $, D, R, N, a, and (i + 0) describ-
ing its relations to the higher levels. Thus a total of 12 groups of parameters
are required for the exact quantitative description of a system. The 12 parame-
ters form 6 pairs, from which one represents always a substantial, the other
a functional peculiarity (Fig. 1, see also the table of the abstract).

It is possible to use instead of the enumerated parameters some other
ones for the description (e.g. mass instead of density and volume) but the
number 12 of the independent parameters will not change.

Let us describe more exactly the above 12 parameters.

In case of anisometric bodies three space parameters rx> r2> r3 are
distinguished. The volume of the system is determined in first approximation

i+ + r?
by the value (r23, or by ! r2er
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The reciprocal values of the time parameter tis frequency. The changes in
time parameter, i.e. in cycle velocity due mainly to external forces (forced
strengths a) is mostly periodical, too.

Four fundamental kinds of system elements of number n may he distin-
guished in the chemical industry:

— energy sources (ng

— anorganic substances (n

— organic, even living (and mostly cycle controlling) elements (nu)
consisting mainly of unidimensional molecules

— tools (n,), remaining relatively unchanged during the cycle activity.

The current state of motion of the subsystems, resp. system elements is
described by the change of the qv qv g3 ... vectorial site-coordinates. They
express flow directions or paths of elements and at the same time the sequence
of motion, the algorithm of it. Elements and subsystems are connected by
these paths, which forward the information, too. Often they break through
the theoretical ringstructure of the system forming path shortenings.1

The density and the energy density of the elements g is required often
to be differentiated for the different elements by data gt, g2 g3... The mass
M of the system is obviously M g(nr)3

The motion of the final particles is represented by the thermal oscillation

Mv2
determined by r temperature, (= 3“L- where M is the molecular weight

depending on g of a one-atomic gas, v2is the mean value ofthe velocity square
of the individual molecules and kL is the product of the Boltzmann—constant
and Loschmidt-number, i.e. the universal gas constant.)

The parameters T and g accomplish essentially the transformation pro-
cess in the system, i.e. the transformation of input into output.

The momentary state of the (whole) system is described by the rotation
number (R) providing the degree of maturity of the system.

The velocity and direction of the cycle within the surrounding higher
level cycle as compared with the own velocity and direction is given by the D
vectorial value of translation.

The number of the other cycles joining the cycle and influencing it
directly is given by N. The iV-value describes the equilibrium conditions and
degree of homogeneity of the cycle and its environment in the planar (surficial)
cycle system (e.g. a country). Each cycle has five to six neighbours at least if
the cycles are ofthe same size. If a cycle is greater than the neighbouring ones,

1The impulse coordinates (me) do not figure as independent cycle parameter as it may
described by the parameters r3 Qand r/t. The r/i velocity being a vectorial value, require the data
of the direction, too, which is induced in parameters g,, 92 g3 For most “human” systems the
direction is an angle within the Earth’s surface, depending on the Earth’s rotation axis.
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than N f> 6, if it is smaller than N <"6. Thus IV is a rough indicator of the
space dimension of the neighbours relative to the own dimension r.

The material and energy quantities exchanged by the cycles are deter-
mined by the input and output (i and o) values. Useful (u) and harmful (p :pollu-
tion-like) output should be distinguished (ouand op). The i :0analysis promotes
the determination of the g-values (black-box method). The switch of the o out-
put to the i input signal means the basis of control, i.e. the feed-back.

The freedom of the system is depending first of all on the volume of the
free places (e.g. vacuum?2) between the elements. The forced strength a exerced
by the particles of the matter, decreases the degree of freedom of the system.

Any feature of the cycles i.e. of the systems can be reduced to these 12
parameters. Let us enumerate some most common physical notions by the
proposed 12 parameters. Volume: V* r3 Mass: M ~ r3"; Kinetic energy:

Un- V2 nie= yr@ 2; Force: F = mrt-2; Viscosity: frtl= 1+ k -——-°

(where K is different constant to the liophile and liophobe systems); Frequency:

The three intensive and three extensive factors of thermodynamics, p
pressure, X temperature, p chemical potential and V volume, S entropy and
m mass, as well as their products, i.e. the P mV mechanical, the x «S thermal
and p ¢S chemical energies can be expressed as cycle parameters as follows:

Intensive factors Extensive factors
pressure: p ~ hgg volume: V ~ r3
rar 1
temperature: X entropy: S
3kb log R
. . V-0
chemical potential: p mass: m r3g.

In first approximation pressure depends on the h depth, gdensity and g
gravitation. The chemical potential depends mostly on the — = ——

concentration which expresses approximately also the degree of dispersity.

1Theoretically vacuum occurs within the atoms and molecules, too, but this kind of
the free places appears in the term density o, thus it is disregarded in the parameter & The
value &refers to the density of the system, in contrast to g which represents the density of its
elements in the lowest level. Both values are determined by the distance of their projection
points from the rim of strips B or C. With increasing &it is shifted towards strip A.

On the contrary, the forced strength o mostly decreases the speed of rotation, shifting
the system towards the opposite side of the strip B or C, i.e. in the direction of strip D. If, how-
ever, forced strength increases the motion of the system, this means stimulation and shifts the
system towards strip A, like the increasing of U.
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Symmetry representing the opposite directions ofrotation ofthe elements
can be described by the values 34— and —v of velocities.

In this way a wide range of notions can be deduced from the 6 pairs of
cycle parameters. However, the network of uniform notions does not mean the
realization of a sole uniform science though the succesful initiations of e.g.
Onsager, Prigocine and Carnap.

The wide range of a comparative network of notions of different sciences
provides a tool for some uniform systematic review of many knowledges.

The system concept deduced genetically from the cyclicity relations
seems to be suitable by the 12 cycle-parameters to elucidate new connections
between laws of motions, thermodynamics, biology and social phenomena —
even micro- and megaworld. In the followings it will be tried to establish some
basic methodological questions to this aim.

B. Grades of Systems

Let us try to characterize the mutual features of physical systems and
cycles by the twelwe cycle parameters. The cycle parameters were distinguished
on double basis: by the analysis of the cycle diagram and by the model of a
simplified (idealized) mechanical system belonging theoretically to the strip B.
This model gradually leads through subsequent qualitative leapsto the terrestrial
inorganic, then biological and finally to the social and human-made artificial
systems. In this way the analogies of the twelwe cycle parameters was found
also in other systems by “periodically gradual” increase in complexity. This
method is supported also by the fact that theoretically all systems are generated
in the same way, i.e. by the cyclic motion mechanism.

The main phases and cycle parameters of the series are as follows:

1. To characterize strip A mostly the parameters r, t and D are needed:
4r = A and r/D ~ amplitude. The velocity of strip A, i.e. the light velocity ¢
is obtained directly from the space- and time-quantum parameters: ¢ = rQto.
Strip A representing the realm of electromagnetic oscillations does not include
systems sensu stricto due to cycle rotation. Y et, the periodicity and the existence
of a kind of hierarchic superpositions in this realm, too, provide some relations
with the formation of systems.

2. In the inorganic grades of strip B the twelve cycle parameters can be
applied in unchanged form. At the beginning of the cycle process, at the forma-
tion of the system the q displacement of the material means arrangements
according to density, grain-size and/or viscosity. Later in the evolved system
mainly the processes characterized by the entropy step forward, therefore the
equalization of concentrations and heat-exchanges become pre-dominating.
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These processes represent already a primitive form of “communication’
between the system and its environment, resp. between the system and its
elements.

3. In the inorganic grade of strip C complex three- or more phase disper-
sion appear instead of the simple two-phase dispersion in strip B. Thus in the
formation of strip C, practically in the near-surface systems of the Earth
the liquid H20 — which is essentially a simple two-phase dispersion of H and
Oionsintheintermolecularand interatomic quasi-vacuum — dissolves otherions
and molecules moving by diffusion with a velocity considerably lower than the
water’s flow. The diffusion sensu lato velocity lower by about ten orders of mag-
nitude in average than the flow velocities of strip B is a main characteristic
of strip C. It is an additive phenomena to the cyclic motion types of strip B
and becomes also cyclic being actually a subsystem of the strip B. In the sys-
tem of strip C the number of elements increases according to the number of
species of the dissolved ions. By means of diffusion and related chemical trans-
port phenomena the intensity of “communication” is somewhat widened in
strip C.

4. The individuals of the biological grade may already distinguish and
choose between input materials and energies. By means of work and with the
aid of code, resp. memory the highest biological grade, man produce consumable
objects and phenomena, i.e. values. The value is represented in this grade by
the useful input (iu) needed to maintain the own cycle, i.e. the life of the indi-
vidual and of the species. When making distinction between the useful (iu) and
harmfull ip inputs certain primitive “critics” is developed already in the
lower biological grades.

In the biological systems the transition ofthe former primitive communi-
cation processing into afeed-back information system is a new feature. Informa-
tion also makes the entropy S decrease and depends exponentially but in
inverse ratio on the R number of the system creating cycle rotations:
S = 1/log.R.

The accuracy of the e information increases parallel with the number of
the observed repetitions R', but decreases with the A difference of the extreme

values of the space and time parameters: e= R’>— , where A — (rmax — rmin)

+ (*max — *min). The | intensity (significance) ofthe information depends on its
accuracy, rate and U unexpectedness, increasing parallel with the number of

rotations: It= sUv = 2R |—J Uv.

The Etintensity of information and atthe same time the measure of infor-
mation content is also connected to the entropy S, to the Wv W2 W3 ...
thermodynamic probabilities of the system’s different possible states: S =
= khxW (kisthe Boltzmann-constant). Accordingly, E(= W\ + W\ - ...+
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n
-)- W 3= W{ (OnicesCU, 1966), or in terms of the cycle parameters:
|

E,

Information makes possible the control, i.e. the feed-back of the input
of metabolism maintaining the biological system.3

5. The animal “society” (correctly: family), e.g. the states of ants and
bees, and the population represent the higher level of the biological hierarchy
system overlying the level of individuals. Here the individual becomes sub-
system, i.e. one n element of the animal family, resp. population. The animal
“society” is a social race-preserving system of mutual aid. In these organiza-
tions co-existence is controlled by habits. Habit is a preferred form of motion,
the basis of attitude systems which can be expressed by the mutual and con-
ventional site coordinates of the individuals and populations (ga, gb, gc.. ., e.g
path, track). (See also the paper by T. Jermy in this volume.)

6. The psychological cycle located mainly in the nervous system represents
the great leap between the inorganic and the biological world. It means the
appearance of the reflection of environment by the formation of the system of
information. The development of it is due to the increased metabolic and con-
ductive (nervous) velocities, i.e. to the extended space and time resonance
between the biological system and the strips A, B, and C. Interactions between
the own hierarchic levels — i.e. between the cycle parameters of the biological
system — are also increased by the extended resonances.

Tentatively the identification of the human psychological cycle param -
eters will be investigated below in afirst approximation. The space parameter r
of the nervous system depends on the dimension of the body. The time param-
eter t of it is a function of the sum ofirritations. The (n -f- u) number of the
system elements is determined by the about 109—1010 neurons and their syn-
apses. They represent the fixed tracks of the bioelectric currents produced by
the irritations and measured by the velocity of the activity potentials. (Maxi-
mum velocity in the primitive vertebrates 25—30 m/s and 100 m/s in the

3The response started by the information is elucidated by the operon-theory of J acob and
Monod elaborated at the level of bacteria. According to this, in case of the appearance of nutri-
ment (lactose) a section of the DNA molecule of the chromosome consisting of several parts
becomes activated. The inductor produced due to the nutriment’s effect provisionally joins the
continuously present inhibitory repressor-protein, and bonds it. Thus, the reproducing mechan-
ism of the RNA molecules is released and by means of the operator and structure genes the
formation ofanew RNA molecules is started. Expressed in terms of cycle parameters this means
that the i system element of the input nutriment switches off the function of the u inhibitory
system element and at the same time it initiates the production mechanism of the useful o,, out-
put.
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mammals. The velocities are positively correlated with the thickness of the
myelin-cover of the neurons.) The bioelectric currents thus represent the cycle
motions, i.e. the qspace coordinates of the elements.

The number of the external ie and internal irritations it mediated by the
sensor and afferent system represents the input, while the decisions and actions
produced by the irritations and mediated by the motoric afferent system
correspond to the ooutput.4 According to the so-called “nothing or all” prin-
ciple of the irritations (stimulus threshold !), the N number of the external
impulses is always greater than ie. The intensity of impulses below the stimulus
threshold measured by the chronaxia number corresponds to the cycle param -
eter D (translation). The number of the reiterations of the irritations decisive
for the memory and learning5 is expressed in the cycle system by the R cycle

rotation value. The complex pattern of imitations and behaviour — influenced
by customs, fashions, persuasion, advertising, propaganda, convincing and
time-spirit — represents the forced strength a in the psychological systems.

At the beginning it is an economic support for the information system. On
the contrary, the deliberations and free choices between different possibilities
represent the freedom of the psychological system. It corresponds to the «&
volume of free places in the physical systems. The psychological freedom de-
pends on the knowledge and wealth of the individual. (Similarly the freedom
of the states is mainly also the function ofits technical knowledge and wealth.)
Both forced strength and freedom are correlated with i, oand R, but represents
change in dispersity and not exchange of materials. — According to the high
hierarchic level of the psychological system, the parameters g density and r
temperature describing the lowest hierarchic levels are no more significant for
the nervous system.

According to the engram-model of R. Senon new experiences “fixed” a&
remembrances do not produce new structures, new nervous cells. (The nervous
system network is completed in man essentially already at the age of three
years). New excitations only deepen the structure of the neuron network. The
repetition, the learning make easier to run again excitations.

The nervous system operates by active selection and differentiation.
W hile in the metabolism the nutriments are transformed chemically into sub-

4 1n sleeping the metabolism and its reactions inside the body prevail, while at the wake-
fulness the perception of the outside world by the nervous system predominate. By electro-
encephalography low-frequence sleeping & (less than 7/sec) and high frequency wakeful and
attentive (more than 7/sec) a and B action currents are distinguished, representing presumably
the “echo” of the continuous and many-sided communication between the neurons.

5The reflex of orientation (Pavlov) responding to the new foreign stimuli is also learnt
reaction (Grastyan et al.,, 1959). Consequently, reflection is also the result of learning. Intuition
isnot the acceleration of the process of consciousness (Katona, 1978), it is rather the conductive
coupling of distant engrams. The appearance of “intuitive ideas” is promoted by sleeping
(“dream™) uncontrolled by the everyday common processes (Sellye, 1967).
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stances ever approaching the DNA—RNA norms, the excitations run through
the nervous systems almost without forming new chemical compounds. In
addition to the electric (physical) conduction, however, simultaneous chemical
electrolytic processes occur, too, characterized by oxygen consumption and
concentration differences of the Na and K ions between the nervous cells and
membrane, opposite to the common electric network which operates by a flow
of only one material, i.e. of the electrons, thus is unable to active selection.
According to the Hodgkin—Huxley model, the nervous current intensity Im
is the sum ofthe Iccapacitive current intensity and of the ionic current capac-
ity depending first of all on the ionic currents of Na and K.

The classification by Karl Popper (1971) spreading over the whole Uni-
verse corresponds essentially to his psychical triple classification. Popper
makes distinction between the “first world” (physical objects and living crea-
tures as well as of the artificial objects produced by them), the “second world”
(states of mind, experiences and “subjective knowledge”), and the “third
world” (“objective knowledge” including the material carriers and theoretical
systems of cultural inheritance). C. Eccles (1975) tried to localize the three
worlds in the brain: the first world gets into the cerebrum through the recep-
tors and sensor crustal parts. This is transformed into the second world (self-
consciousness) in the dynamic hemisphere of the brain, then it is transformed
into the third world and in the outside world through the motoric nervous
system and muscles.

The system analysis by cycle parameters gives a simple reply to the (ap-
parent) contradictions raised in the philosophical dispute with regard to the
reflexion theory (Leontiev, 1969; Rubinstein, 1969; Tykhtin, 1971; Kedrov,
1973, 1978; etc., Katona), e.g. “the reflecting mind cannot be productive”).
The first step of reflexion is the impulse system of different current density
indicated by the input iein the neurons, which during the arrangement q is
transformed into consciousness and after a run of R number it may develop
eventually to a productive output o, too.

7. As against the animal family-like “society” the (human) society is
atpresent more aself-preserving, competing—fighting system serving individual
aims. To restrain the fight and to control the co-existence the moral values
and the law have developed, stimulated knowledge (ordered information), by
beauty, and seek for comfort. Similarly to health, in first approximation the

J
“formal” beauty (see below) can be described by the optimum relation ---->----- .

In this sense comfort is an increased efficiency, the possible maximum of the
quotient of the result (or useful ou output) and of the (mrt~2)r3 invested =
= mr,r 2labour:

------- >max .
(mr'rl)
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The language and other kinds of communication as well as the intellec-
tual energy increasing with them take main part in the creation of the human
social systems. All these result in the development of useful output (ou), i.e.
of production and the creation of artificial systems.

The need for information aiming at the recognition and application of
new cycles is considerably increased and differentiated in the human society.
Desire for knowledges, curiousity, excitement for sensation and even the fash-
ion can be traced back to the increasing need of information aiming at the
intensification of the own life cycle.

At a human and social level information is the ordered sequence of sym-
bols and conventional, partly “numeric” signals suitable to store the informa-
tion. Atthe same time, from the point ofview ofsystem control the information
is a selected, resp. valuable fact, the raw material of data processing, the pro-
cessed and researchable output of previous outputs. Thus, its scheme is:
data —* data processing —«information.

8. The artificial system (e.g. plant, enterprise, state apparatus) differs
from the natural systems in its consciousness, in the organized control to defi-
nite aims by decisions, further in the foundations to the nttools (implements,
equipments, instruments and ntinput) and to the oaoutputs produced by them.
The units of higher hierarchy level of these systems and organizations operat-
ing collectively in favour of a social aim try to realize continuous production
in order to increase their efficiency (plants, cultural organizations, e.g. libraries,
sport establishments). Therefore the qsite coordinates develop.to traffic (road,
railroad, water ways) and to information network.

Artificial systems promote the conquest of interzonal velocity ranges
between velocities of the strips A, B, Cand D. The indirect aim of artificial
systems is the changing of the nature, while the direct aim is to produce useful
output. The useful output, ou, i.e. approximately the brutto production is the
product of the working hours needed by production (number of workers u
multiplied by the working process, n «R'), of the accuracy of knowledges

needed by production (0 + n+ u) and of the required material supplies
(n + i)

oy Y #+ n-fuy@WRY(M+ 1)

The value ofthe netto production is obtained in first approximation from
the brutto production by subtracting the “accident” -like Dx factor being char-
acterized mostly by extreme translation values:

cunetto « -J- (#+ n+ » (UR) (n+ i) —Dx.
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In the artificial social systems the unified exchange value of different
products, i.e. the money has developed. Money is a storing and comparative
value representing a K “constant’’-Kke multiplier by means of which the social
products may be ordered into relatively uniform coordinate system. In this
way the nk + -f- n number of elements and the working process accompany-
ing the changes by site coordinates, as well as the useful input and output
values (i,,, ou) can be mutually converted in form of equations.

As the monetary values are too instable subjects of manipulations, a more
stable unit for the economic values is wanted in science. The exchange value of
the minimum subsistence (M) measured by area seems to represent a more
objective unit for the economic values.

The two kinds of the useful input and output value iuand ou are related
to two kinds of economic categories, the demand characterized mainly by iu
and the supply depending mainly on ou.

In addition to the monetary value of the product, i.e. to the price it is
required the determination of the dimension-like unit, e.g. piece, weight (m),
volume, etc. to which the price refers. Thus, price is the quotient of two pa-
rameters, i.e. of the monetary value and of the dimension (k/dim). Neverthe-
less, in the system of cycle parameters money and price do not mean new
parameters; these are determined also by the cycle parameters, e.g.

In the determination of optimal functioning of the artificial systems, the
transport costs, the price of g, i.e. the distance of subsystems from each other
and from the input source, as well as the #2 #3free places play important role.

In the artificial economic system a new optimum relation, the maximal
profit appears. In first approximation the profit can be described by the ex-
pression: (ou—i).

Artificial system differs from the biological ones by the fact, too that the
choice of information is carried out not only by coded molecules, biologically
“prefabricated” nk system-elements, but in the course of production the sys-
tem produces new nt elements by means of improvable technologies and of
changing q site- coordinates. The technological optimum relation can be approx-

imated by the expression: Tl ~ max. The operating control and response

to the demands is influenced also by fashion.® The N number of the external
cycles represents by their iA, iB, ic demands and 0A, 0B, oc productions the
market and rivalry. The relative evolution of them is expressed by the D8

8 Fashion is an externally controlled demand influencing also the ou useful output of
economic plants.
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translation value. Theee as well as a forced strength as taxation, customs,
embargo, need complex information. Control is the gradual realization of a
definite cycle system expressed by the rotation number R.

The time parameter t of a plant represents the transition time during
which the input becomes saled goods (ou). The efficiency of production increases
with shortening t-time. The shortening of t means the increase of the v = rjt
production velocity.

Similarly to other durations of life, the duration of a plant can be
determined as probability values based on the plant average curves. The <R
“probable duration” of life is influenced mostly by external factors (i and o,
D, N, a) and can be improved by means of specialization of a plant, resp. by
change of product structure as well as by the parallel increase of the r-value
by means of fusion of several plant units to a larger system, e.g. trust.

Inaugurators of economic mathematics, Arrow and Debreu and others
elaborated a “general equilibrium analysis” and assumed the Bentham’s homo
oeconomicus, i.e. economic rentability. A critics of this was given by Kornai.

9. The artistic and scientific productions and other abstracted systems,
— e.g. the system of numeration, that of knowledges as well as the religions
mingling the early knowledges of mankind with dualistic mysticism — repre-

sent also some kind of artificial information systems.

Out of the systems of knowledges here only the distinction between the
basic psychological types of knowledges is tried to carry out in the spheres
of creation, resp. reception of knowledges:

Sphere of creation. 1. The relations of constant quantitative difference-
type repeated in the same way in the outside world thus running in the same
nerve path are fixed in the DNA molecule in form of genes. These can be partly
inherited, therefore, the professions based on such relations, e.g. acoustic inter-
vals, relations of numbers, are successfully improvable already in young ages
(“infant prodigies” in music and mathematics). In this field the creation is
bound essentially to the analytic elements of quantitative differences.

2. The phenomena running in mixed, i.e. in different nerve path systems
and not or hardly repeated in the environment, are based mainly on individual
experiences. Being not fixed in genes, lead to knowledges which cannotinherited.
To improve these at a creative level needs more maturity, i.e. ever older ages.
In this case the creation is rather a synthesis.

Sphere ofreception. 1. The products offine arts and fiction concern mostly
the man, the human sphere, i.e. certain parts of the bridge between the strip
Cand B.The enjoyment in such products runs in afferent nerve paths of somat-
ic endogene origin being active also in physical tranquillity. Their perception
needs less the stress of projection to external nerve regions, thus their products
are at least to certain degree easier intelligible and can be “consumed” in form
of a general relaxation.
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2. The scientific products deal with different forms of motion of the strips
A, B, Cand D and even in case of the biological motion of strip C these can he
approached from the outside world. Thus, the understanding and study of such
kinds of works need greater excitation, the concentration in the external regions
of the nervous system. Their recreative character is more restricted.

There exist a usual aversion to the measurement of works of art, resp. of
their value, e.g. of aesthetics. Valuable results against this aversion have been
achieved e.g. by Hankiss, E. It can be hardly debated that a work of art tries
to give different information. Thus the conciseness of a work of art is
characterized by the quotient of its information content and of the volume
(r3 resp. time dimension (t) of the work. Arts use countless kinds of periodic
phenomena as well as symmetry (in the symmetric rotation of cycles) to ex-
press different aspects of aesthetic values.

One of the most important category of the aesthetics is beauty and ugli-
ness. The “elementary” formal beauty is in correlation with the n -\- n elements
of the composition as well as with the ratio of their spatial and temporal arran-

Jl u
gement, i.e. with that of the q site-coordinates, i.e. with the ----------- optimum

relation (proportionality, regularity, rhythm, symmetry). At the same time,
beauty represents also a value, thus it is connected to the iuand ou parameters.
Decisive is the «&freedom, i.e. the possible lack of a forced strengths which can
be interpreted as a harmony based on the recognition of the natural and social
regularities: “Beauty is the sensuously appearing freedom” (Barna J.).

One ofthe mostfrequenttopicsof literary works isthe conflict of the indi-
vidual or community produced by the simultaneous connection to several
systems. The intensity of this conflict, the dramatic character of the topic is
expressed by the sum of the mostly opposite non-conform forced strengths,
without sign (i.e. their non-algebraic sum):

E —O0° C2eee(0ne

The style of the work, the exquisite elegance of the motion of the system
of work of art or its heavy ponderous monumentality are determined mainly
by the ratio qg/é. Beauty is of human dimension. If it exceeds this measure it
passes into the majestic. Thus, the space dimension, r, the time dimension t as
well as the living-6pace-temperature determined by the abstract form of 7
are also assigned to the concept of beauty. Beauty, as an information, depends
also on the environment, on the number N determining the relative dimensions
and interactions of the joining cycles and on the D translation velocities
compared to the cycle. The more exact role of translation D can be inter-
preted by the changing distance between the author and the audience, and
between the author and the described cycle, i.e. by the viewpoint. The view-
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point is expressed by the relation of the coordinate systems of the author,
ofthe described object and ofthe audience, i.e. by the Dv D2and D 3translation
values.

Thus, beauty is a rather complex phenomenon being assigned to all the
twelve cycle parameters: it is the unity of diversity, the totality of truth,
moral benefit, labour and of other factors.

C. Outlook

The swing-like rhythms occurring at the surface of history have been
studied since Vico by numerous historians and philosophers (Spengler,
Toynbee, etc.). According to the recognition of Marx, in the background
of these changes the production cycle processes, determining for the most part
the social systems, are active. By means of the cycle parameters the formation
and decomposition of these systems can be quantitatively interpreted.

At a higher level of complexity factors occur which cannot be predicted
at lower levels. Thus, history is usually interpreted as a stochastic system in-
fluenced mostly by random elements. However,governing systems consciously
starting from the concept of value of global character of laws, UNO, peace-
organizations, Roman Club, etc. are already active, e. g. international code,
too. Now, a concrete and uniform method of research is needed which takes
into account all the theoretically possible groups of factors. The system anal-
ysis according to the twelve cycle parameters tries to develop such a method.
Its aims are:

— to promote the quantification of systems

— to unite the systems into a mutually fertile comparable uniform system

— to distinguish the parts of complicated systems

— to control the efficiency

— to create prognostics of different kinds

— to make careful suggestions to planning, experiments, simulations,
modelling, computerized and automatized simulation, algorithm, operation
research, optimalization and choice the preferences

— to promote the systematic, rapid and optimal transformation of pro-
duction structures

— to improve the more exact concept-building, to disclose the hidden
sense and relations of words (e.g. metaphors), to approach to each other
the scientific jargons and to make it more unambiguous

— and as a farther aim to elaborate a uniformly interpreted wide net-
work of concepts.

W hen these aims seem to be Utopian one has to remember that a lot of
ideas of the “Utopia” by Thomas Morus have already been realized.
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In favour of the fundamental elucidation of the possible method here
only a few system types were analyzed in first approximation neglecting con-
sciously the details. A more exact interpretation needs wide and interdiscipli-
nary cooperation of different professions.
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NAPAMETPbl LWK/AOB W TEOPWUA CUCTEM
3. CAQELLKN-KAPLOLLLL

Pe3tome

1. UnuknuyHble ABWXEHWA cO3[JaldT cuctembl. B noBcegHEBHOM MNOHWMaHWW faHHble
CUCTEMbl ABNAIOTCA NPOAYKTAMU LUKANYHBIX ABUXEHUA ABYX MPOMEXYTOUYHbIX POpPM — nonoc
B un C.

2. And O4HO3HAYHOrO OMNUCaHWA (PU3NYECKUX LUKNOB Heobxoaumbl 12 (pagoB) napame-
TPOB, KOTOPbIE B TO XX€ BpeMs ABNATCA 0OWMUMN XapaKTepucTukamm aTux cuctem. Cpegm Hux 4
0603HayYal0OT COOCTBEHHbI YPOBEHb MEpPapXuMmn LuKna: pasMepHOCTb NMPOCTPAHCTBA W BPEMEHM
(r n 1) unKna, 4ncno CrpynnNMpPoOBaHHbIX MO BUAaM 31eMEHTOB (3N1eMEHTOB CUCTEMbl) LMUKNa
(n+ m+ ...) U UX KOOpPLUHATbl MECTOHaxOoXfAeHWa (gn + qu + M.). 3aBUCUMOCTb LUKNOB
OT BHYTPEeHHel W BHelWHel cpeAbl XapaKTepu3ylT napameTpbl, OTHOCAWMECH K JBYM COCELHUM
YPOBHAM uepapxuu. BHyTpeHHMe napameTpbl NpeAcCTaBAfAOT cO60K0 rycToTy 3nemMeHTOB (on +
+ Qu+ eee)u TemnepaTtypy (T, + Tu+ __ ). CooTBeTCTBYylOLMe 3TUM 6 mapameTpamM AanbHei-
Wwue 6 napameTpoB COAEpPXaT CBA3b LUKNOB C BHEWHNMU, 60Nee BbICOKUMU YPOBHUAMMK nepap-
XWWN: OTHOCUTENbHYIO CKOPOCTb cucTembl (TpaHcnauusa, D), LONrOBeYHOCTb cucTeMbl (4mcno R
poTaumnii uMKna), KOAMYecTBO MO BUAAM NONYYEHHbIX OT CpeAbl U NepeflaHHbIX 06paTHO 3neMeH-
ToB (BXO4 | U BbIXOA 0), KONNYECTBO APYrMX CACTEM, HAXOLALW NXCA B HEMOCPEeACTBEHHOW KOH-
TaKTe C AaHHOW cuctemoin (N), cBo60AHbIV 06bem gucneprupyrowei cpeabl (&) U (BHEWHWe) npu-
HyauTenbHble cunbl (F' — BHEWHAA NPUHYANTENbHAA cuna — Temnepatypal).
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CTpPYKTYypy CMCTEM faeT CBSA3b 3 FPYNM, COCTOALLUX U3 YeTbipeX NapaMmeTpoB LuUKa:

Y poBeHb Mepapxuu

- =
—_—
© =
5 =

n-1 \'* 1e [/
\ /

3. lna napamMeTpoB LWKAa MOXHO TaKXe BblpasuTb U (Pu3nyeckoe coite XaHue (Ha-
1
npumep, o6bem V ~ r3 macca M ~ r'g, KWUHeTnyeckan aHeprua EkuH ~ y r3?171) »aHTponus

& 1 R , XMMUYECKUI noTeHuman u ~ X '-g').

4. Cpefyn cuCTeM COrNacHO KOMMAEKCHOCTM MOTYT 6biTb BblfeNeHbl pa3psafbl, B KOTOPbIX
cBoiicTBa 12 (M3myeckux napameTpoB LWKna abcTparMpylTcs nocTeneHHo. [aHHas pa6oTa
BbleNseT cnefylolne paspsafbl: 31eKTpOMarHuTHble KonebaHWs nonocbl A; HeopraHuyeckue
CUCTEMbl MONMOCHl B; HeopraHW4yeckue cucTeMbl nonockl C; CUCTEMbl GUONOTNYECKUX WHAUBUAOB;
CUCTEMbl XWBOTHOTO MUPaA, MCUXONOTUYECKUX LUKNOB, (TYMaHHbIX) 06LLECTBEHHbIX, 3KOHOMMU-
YECKMX M UCKYCCTBOBEAYECKUX HaYyK.

5. ®opma 12 napameTpoB LMUKNa, U3MEHSAI L UXCSA N0 paspsfam, MOXeT CTYXMUTb OCHOBOA
ONA cO3faHUA efuHO B3aWUMHO NepecUMTbIBAEMO CUCTEMbI MOHATWIA, BMeCTe C TeM ANS WUPOKO-
ro KBaHTMpPOBAHHOTO 0630pa 3HaHU. YTo6bl pa3obpaTbCs B Xaoce MOHATUIN M 3HAHWIA, BO3pOC-
WKNX B NOTOKE MHGOpPMALUM M B3aMMOCBA3eil Halero BpemMeHU, Heo6Xo4WM Takoi 0630p. Xaoc
NPUBOANT K (POPMUPOBAHUIO HOBO CUCTEMbl LUKIOB, CMEHEe 3N0X, rhe Teopus npeo6pasoBaHus
LMKNOB MOXET faTb UH(OPMaALUIO.
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CYCLE VIEW AND COSMOLOGY

By
E. Szjitdeczky-Kardoss

LABORATORY FOR GEOCHEMICAL RESEARCH OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

The velocity of the four basic motion types are logarithmically doubled when
moving from the strip D toward strip A: KyUR ~ 10\ Vgivg~ 10'°, ve/lvg ~ 1020 thus
VA/D FV 1010. This relation is interpreted as a resonance of the cyclic motion phenom-
ena.

The structure of the cycle diagram is correlated with the universal constants. The
extension of the space: time diagram, however, increases according to the dilatation
of the Universe. This is possible if the gravity constant changes as a function of time
and the mass of the matter was smaller at the Big-Bang.

The spherical surface of the Universe measured by the Hubble-radius may be just
covered by 1080 protons. This is the number of the protons in the Universe computed by
Jordan. Thus it is assumed that the matter — mainly the protons — are generated at
the Hubble boundary-surfaces of the expanding world, when the oscillating active space
quanta of this world collide with the inactive ones outside the expanding world. Space
guanta get rotating by the collision thus are joined to particles (mainly protons) by a
mechanism principially similar to the electron-positron pair-forming generated by high
energy photons or other types of collision described in a preceding paper of this
volume.

This model is supported by the assumption of DinAC concerning the parallel genera-
tion of space and matter. Not only the difference of the smallest and greatest velocities
but — according to Dirac — the proportion of the electromagnetic and gravitative ener-
gies, and the age of the Universe expressed in atomic units are of the order of 1039—1040.
Since this is the square root of the number of the protons 1078—1080, mass may increase
proportionally with the square of the lifetime of the Universe.

The cycle view concerns fundamentally the “real” facts of the present
world which can be directly observed. It looks primarily for the uniform quan-
titative bases of natural and social relationships. Its interests are assigned
primarily to the human problems. Nevertheless, since these spread over
the whole Universe the consideration of the relationships of cycle investiga-
tions cannot be avoided from the point of view of the nowadays extensively
evolving speculative branches of sciences, i.e. of the space-matter relationships
and of cosmology. The second paper and this one deal with such kinds of
problems. These speculative considerations and their validity, however, are
independent of the cycle velocity relations.

In the up-to-date cosmology the theory of expansion predominates. The
Big-Bang-state before 1018 sec, more exactly 1,6,109 years and the preceding
universal black-hole-state may be interpreted by the quantum-mechanical tun-
nel-effect, the initially slow photon-dissipation, then by the accelerating ma-

6* Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



84 SZADECZKY-KARDOSS, E.

terial flow affecting other particles, and finally by the Big-Bang according to
Hawking. The universal cyclicity relation support the idea that the generation
of the universal black hole is a result of a former contraction complementing
the expansion but essentially opposite to it.

According to Friedman the mass of the Universe may be estimated
to 1052 tons and the duration of expansion to 40 « 109 years (i.e. still plus
24 « 109 years). If, however, the material quantity is considerably less, the
gravitation will be too small to produce the re-contraction of the material.
Consequently, the assumption of an eternally expanding world, opposite to
pulsation must be also considered. This possibility is investigated by Paa1 in
this volume.

Any model can hardly avoid the new concept of Dirac on the parallel
generation of space and matter. The basis of this is provided by the peculiar
relationship between the proportion of the electromagnetic and gravitation
energy of 1039—1040 (supported also by the A—D velocity difference, see below)
and the number of protons of 1078—1080 being the square of the former values.

Dirac pointed out that the ratio of the electric force of e2r2 and of the
gravitation force of ymemp/r2results in edlymemp~ 1039, and that the approx-
imate age of the Universe of about 20 « 109 years is also 1039 expressed in
atomic units. Assuming that the coincidence is not accidental, parallel with
the increasing age of the Universe the y-value should also increase. Since the
totality of matter in the Universe amounts to about 107 proton mass which is
roughly square of the age of the Universe in atomic units, Dirac assumed
that the mass increases proportionally with the square of the lifetime. New
particles are probably generated where matter already exists. When modi-
fying the Dirac’s assumption, i.e. that the nuclei of not all the elements but
only those of hydrogen are considered to be able of multiplication — the new
elements of greater atomic weight are produced by the joining of these —, it
can be understood that in the ancient minerals no traces of proton formation
can be observed.

The results of the universal cycle relation support this concept. The dif-
ference between the greatest and smallest cycle velocities is of 1039—1040
orders of magnitude: vA/vD~ 1040. This conformity is not accidental: the elec-
tromagnetic oscillations are represented by the strip A, while gravitation can
be traced back to the motion system ofthe strip D (to the oscillation of partic-
les, see p. 61. of this volume). Thus, the difference of 1039—1040 exists not
only between the electromagnetic and gravitation energies, but also between
the corresponding velocity values.

Kelationship can be determined not only between the two extreme veloc-
ities but also between the velocities of the four basic cyclic types of motion.
Accordingly, the subsequent velocities can be logarithmically halved orin other
words when moving from the strip D towards strip A the values of velocities
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are logarithmically doubled:

valvb ~ 1Q5 vblvc ~ O 10, ve/vd ~ 1020.

The logarithmic halving of velocities should he interpreted as a reso-
nance-like universal hierarchic phenomenon reflecting the law of upper harmon-
ics of wave-length., resp. frequencies. This relationship includes the energies,
moments, dispersities and a lot of other phenomena of the Universe. Con-
sidering the structure of particles and other aspects the introductory study
discussed the general problems of the resonance.

The study of BenkO (separate volume) deals with the temporal arithmetic
doubling, resp. halving of the geological and galactic processes.

According to the recognition of Paal (this volume), in case of celestial
bodies and systems of celestial bodies the logarithmic doubling (halving) also
appears. Having halved logarithmically the proton mass of about 1078—1080
of the Universe, resp. the A —D velocity of 1039—1040, the logarithmic halving
can be continued in details in the next logarithmic doubling. At the 1058
proton value the mass of the greatest star is obtained, the subsequent loga-
rithmic halving produces the mass of the greatest galaxy at 10685 proton mass,
and the mass ofthe greatest super-galaxy at 1073 proton mass.

Paal’s proton-star-galaxy-mass relationship expresses the mutual quan-
titative determination of the hierarchic systems of strip B. Consequently, the
Big-Bang explosion is an oscillation-like energy effect which can be described
by wave equations.

Thus, according to the cycle view the Universe can be considered as an
unbroken system of rhythmic-oscillating and cyclic-revolving motions which
can be essentially described by wave equations.

The cycle diagram interpreted in sense of the upper harmonics provides
fundamental information on the problems of universal constants. The structure
of the cycle diagram (Fig. 1 in the first paper of this volume) reflects some
universal constants. The strip D is displaced towards the right-increasing time
parameters in the course of the expansion of the Universe. This results in the
increase of the cycle diagram in proportion with time, but the distances be-
tween the strips does not increase. This is possible if certain universal con-
stants, first of all the gravity constant change as a function of the time. In
this case, at the beginning all the celestial bodies and systems of celestial bodies
were of smaller mass and have increased parallel with the expansion (DinhAC).

In the changing Universe many dimensionless values remain unchanged
butthe basic units outside the strip A will change, i.e. the absolute quantities of
the matter and energy will also alter. According to the upper-harmonic hier-
archy structure, the conservation of matter and energy means not the conser-
vation of their absolute value, but the conservation of their logarithmic ratios
and some basic relationships. The measurement produces the constant value,
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the sum when starting from a constant. In fact, it is not the absolute values
and conservation of the matter and energy what is measured hut the conser-
vation of their ratio. According to this interpretation, the absolute values of
the matter’s quantity increase in the expanding world, thus the proportions
of velocities and dispersities are changing, in the sense that they become
differentiated. This may be shown by the temporal increase of the units of
space- and time axes of the cycle diagram.

The light velocity, i.e. the vacuum character of strip A should be, how-
ever, considered to be unchanged. Moving backwards in time the velocities of
strips B and C approach the A light velocity, i.e. they increase. Finally (in the
obviously unrealizable extreme case), only one velocity, the light velocity and
the corresponding one D nucleon would remain as the abstracted starting
point of the Big-Bang. Thus, the initial nucleon-poor state is characterized by
a minimum-density vacuum ratio, i.e. by an extreme o& degree of dispersion,
(see the former paper of this volume) i.e. great velocity approaching the light
velocity.

The types of dispersion (and not the absolute values) of the matter im-
bedded in vacuum are unchanged. The basic scheme of the cycle diagram and
the involved natural laws are unchanged.

The constancy of all universal constants can be assumed only if the law
of upper harmonics would not extend also over the strip D. In this case, paral-
lel with the temporal displacement to the right of the strip D only the great-
dimensional part of the strips A and B would be elongated without the change
of the distance between strips A, B and C, resp. of the absolute value of their
velocity.

The principle of upper harmonics should be reflected also by the temporal
character of the processes. It is important, however, that as a function of the
historic-geological times the upper harmonics appear not in logarithmic but in
nearly arithmetic units though slightly accelerating in time. This follows from
the relation that time is one-dimensional, space is three-dimensional.

The cycle relation allows to interpret the difference of velocities, resp.
energies of 1039—10400rder of magnitude, resp. its relationship with the proton
number of 1078—1080. It has been found that the protons of about 1080 number
would cover the spherical surface of Hubble-radius as a unistratal envelop.

The np proton number is a linear function of the expansion and is in pro-
portion with the sum of the circle section surface of the particles n, first of all
of the protons ofrradius of the prevailing Hubble spherical surface of R radius:
The number n(p+X)of the protons and other primary particles will be deter-
mined by the equation: (r and R in cm-s):

4R2 (4 N~ = 4.10".
N0 — T~ (10-13)2
P
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The N)+X)Nutber including other particles may be greater by about two
order of magnitude than the np proton number. Thus the about 1078—1080
proton number computed by Jordan and others sufficiently corresponds to
the theoretically calculated value. Better agreement is found when instead of
the 1080 protons = 1.67 ¢ 1050 tons matter the most up-to-date value of 105"
tons of Herbert is taken into account.

According to this new relationship in the Universe, there is a material
mass (essentially proton) which just cover the Hubble-surface. This relationship
also supportsthe cosmology of Dirac and the enlargement ofthe modified conser-
vation theses. Accordingly, the space/matter ratio, as well as the density of the
Universe, further the ratio of the electromagnetic and gravitation forces are
constant, but the quantity of matter and among others the value of the
gravity constant is changing, i.e. increasing.

This relationship is valid independently of the cycle view and of the
interpretation of the space-quantum model and supports the interpretation
of the generation of particles mostly as a surficial frontal process connected
with the expansion.

According to this connection, it may be assumed that protons are
generated at the prevailing Hubble-boundary of the expanding world and
proceeds at this surface. Here the active space quanta of the expanding world
collide with the inactive space quanta outside the Hubble-volume. The hereby
rotating space quanta are jointed to particles. The sine waves of the oscillating
space quanta whirling backwards produce the rotation. This process is similar
to the pair forming mechanism of the photon-proton collision described in the
second paper of this volume (p. 60.).

However the process at the Hubble-surface differs from the common
pair-formation that not the photons of great velocity but on the contrary, par-
ticles of great velocity collide with relatively inactive space quanta. Each part-
icle produces in front ofit symmetrically rotating space quantum groups which
join their neighbours of opposite rotation and produce stable particles. Thus,
the quantity of the generated particles is proportional to the prevailing value
of expansion at the Hubble-surface.

The particles generating at the Hubble-surface lag ever behind the front
expanding with light velocity as a result of their inertia and their initial A-
velocity decreases to J1-velocity. In the course of decreasing temperature the
initially uniformly distributed particles are joined to atoms and molecule groups,
then by means of gravitation to celestial bodies.

As aresultof the appearance of particles inthe expansion front a magnet-
ic field affecting the motion of particles will occur.

In this way the modelling ofthe pulsating Universe seems to be possible.

Parallel with the further decrease of energy the vacuum temperature
(2.7 K) of the Universe approaching the absolute zero, the equilibrium between
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the expansion, and proton formation will be broken and a marginal proton
accumulation with the increase of gravitation will begin. Thus expansion is
replaced by contraction.
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UUKANYHbBIA NOAXO04 M KOCMONOTrng
3. CALELKWN-KAPAOLLILL

Pesome

CKOpPOCTM YeTblpex OCHOBHbIX TWMNOB [ABUXEHWA NOrapupmMuyeckun yaBauBarTCHd, ecau
npoAsuratTca oT nonockl D B cTopoHy nonocy A: VA/VB ~ 105 vB/vec ~ K010, ve/vd ~ HO20u
val/vd ~ 1040. 3Ta 3aBMCUMMOCTb TONKYeTCAa KaK pe3OHaHC ABNeHWA UWKANYHOTO ABUXEHWNA.
CprKTypa pgvarpamMmmMmbl LUKNOB OTpaxXaeT YHUBEPCaNbHbIe KOHCTaHTHI. I-lpOTH)KeHHOCTb awnar-
paMMbl NMPOCTPaHCTBO, Bpemsa, OAHaKO, yBenm4yumBaeTca cornacHo gunataumum Kocmoca. 310
BO3MOXHO nNpun ycnosuu, eCNn KOHCTaHTa rpasutayumun U3MeEHAETCA B (byHKLI,I/II/I BpeMeHN n
macca maTepuu 6bina 6bl MeHbwe Npu bur beHre.

Coeprueckas noBepxHOCTb BceneHHONW, n3mepsemas pagnycom Xab6na, MOKpbIBaeTcs
Kak pa3 1080 npoToHamu. 3T0O — KOANYECTBO NPOTOHOB BO BCeneHHOW, BbluMcneHHoe [kopaa-
HOM. TakuM 00pa3om, MOXHO JOMYCTUTb, YTO MATEPUA — FNMaBHbIM 06pa30M NPOTOHbLI — C03/a-
l0TCA NOBEPXHOCTAMMW rpaHuubl X0661a pacTArnBarowerocs Mmupa Torga, Korga ocuunnupy-
loLLMEeCA aKTUBHbIE MPOCTPAHCTBEHHbIE KBaHTbI 3TOM0 MUPa CTONKMBAKOTCA C HEAKTUBHLIMW MPO-
CTPaHCTBEHHbIMM KBaHTaMW, HAXOAALWMMKUCA 3a NPefenaMn pacTarmsatoLLeroca mmpa. Takum 06-
pa3oM, NMPOCTPaHCTBEHHbIE KBaHTbI, BBEEHHbIe BO BpalleHue B pe3ynbTaTe CTOIKHOBEHNA KBaH-
TOB, NPUCOEAVHAIOTCA K YacTuLaM (rnaBHbIM 06pa3oM — NpOTOHaM), NOCPEACTBOM MexaHW3ma,
B OCHOBHOM aHa&/I0rMYHOr0 (hOTOHAM BbICOKOV 3HEpruy, 06pasyroLiyIM 3/1eKTPOHO-NO3UTPOHOBbIE
napbl AN APYTrMX TUMNOB CTO/IKHOBEHUSA, ONMCaHHbIX B NpeablayLueli cTaTe.

3Ty Mogenb NOAAEPXVBAET NpeanonoxeHue upaka 0THOCUTENLHO NapaienibHoro ob-
pas0BaHuUs NMPOCTPAHCTBA W BELecTBa. He TO/bKO pasHULA HAUMEHbLIUX U HAnBOo/bLLINX CKO-
POCTeiA, HO — M0 MHEHWIO [lNpaKa — TaK)Ke U 3/IEKTPOMarHUTHaA 1 rpaBuTaLOHHasA SHEPrn 1
AaXe BO3PACT KOCMOCA BbIPKEHHbIV aTOMHbIMU EAMHULEAMN, UMEIOT BE/IUYNHY nopsaaka 10r—
1040. MocKoNbKY 3TO KBafpaTWYHbIA KOPEHb 4ncna npoToHoB 1078—108) macca M3MeHseTcs,
no-BMAMMOMY, MPOMOPLMOHaILHO KBapaTy ee NPoAoIXUTENIbHOCTM CYLLECTBOBAHMS.
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FUNCTION RELATIONS AND CONFIDENCE
INTERVALS OF CYCLIC RELATIONSHIPS

By
F. Benkb6

DEPARTMENT OF GEOLOGY, EOTVOS LORAND UNIVERSITY, BUDAPEST

The shape and confidence limits of the functions expressing the velocity relations
of the electromagnetic (strip A), cosmogonic and mechanical cosmogonic (strip B) and
of the chemical, biological and geological (strip C) motions lying in three parallel strips
in the diagram ofuniversal cyclicity relation of Szadeczky-Kardoss. The confidence in-
tervals of the functions are taken as +1/2, +1 and 2 orders of magnitude.

The interaction of strips is assumed to he one-sided: the motion of greater velocity
affects that of lower velocity hut inversely this is not true.

When moving from the strip A towards strip C the motion cycles are repeated
similarly but less regularly than ever. Thus, to more obvious characterization of the
cycles of biological and geological character in strip C the logarithmic spiral is suggested.
Instead of the life-time of the individual, the time necessary for reproduction (i.e. for
sexual maturity) is suggested to describe the biological cycle.

To investigate the social and economic cycles is troublesome and is caused by the
fact that the number of repetitions is small while the factors influencing the cycle are
numerous and their interaction is not always cleared.

According to the ever progressing and advancing universal cyclicity
relationship established by E. Szadeczky-Kardoss in 1975 the cyclic natural
phenomena known so far plotted in a rectangular diagramm (on the basis of
their space and time parameters) are the electromagnetic, mechanical and
chemical, or rather biochemical and biological cycles of motion. These appear
arranged along three parallel straight lines (A, B, C). The recognition of this
regular arrangement was possible thanks to the necessary and logical mode of
representation which demonstrated the parameters in question in logarithmic
scale just due to their wide range of orders of magnitude [10 11, 12].

The fact that the numeric relationship of data was transformed into a
logarithmic one has the advantage, in addition to the suggestive graphs, that

the recognition of relationships as well as their mathematical-geometric treat-
ment became easier.

1. Expression of the Universal Cyclicity Relationship in Form
of Function Relatione

In the space-time diagram the arrangement of points is no strikingly
regular that it nearly compels to express the interrelations between the indi-
vidual factors in form of functions. Moreover, it is desirable in all cases and
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efforts will be made to express the relations between phenomena most simply,
i.e. possibly in form of a function relation. This requirement can easily be
satisfied just due to the double logarithmic plotting.

1.1 Function Forms of the Strips

1 11. The relationship between the logarithms of the plotted values can
be considered numerical because of the linear arrangement and can be simply
expressed by the equation of the straight line.

Assuming that the corresponding value pairs are obviously in a close
correlation with each other (which is made probable by the arrangement of the
empiric data in the figure and by the studies of different branches of science)
the relationships can be expressed by the following logarithmic functions:

logya = log XA + log 3 » 1010
log ¥B = log xB + log 105

log ¥Yc = log xc + log 10-7

wherey = cm; X = sec

1.12. The three parallel straight lines marked by A, B and Cin the figure
are, in fact, not parallel with each another. This becomes evident when the
function relations represented by the three strips designing the order of cyclic
motion are expressed in delogarithmized form, i.e. numerically. In this case:

YA = 1»10 « *A

YB = HO5exB

XC

yo o 107 exr = XC

W hen expressing the three lines numerically, also straight lines result,
but these are not parallel with each other and starting from the origo they are
extremely divergent. The lines A and B are very steep as this is indicated by
their rise: 1010resp. 105 while the line Cis very flat, its rise is 10-7. Thus, the
lines A and B can be considered to be vertical and the line C to be practically
horizontal. In this way the relationships may lose one of their most important
advantage, i.e. their suggestivness. On the other hand, plotting requires a
logarithmic scale due to practical reasons, as well.

1.2. The function relations outlined above are valid not between infinite
limits. This can be deduced also from the figure. They are valid in the ranges
determined by limits based on real data and some theoretical considerations.
These can be determined according to two assumptions:
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— the straight lines A, B and C reflect real correlations;

— the Hubble-limit is valid for all the three cyclic motions.

1.21. The lower limit of the line “~4” was fixed by E. Szadeczky-
Kardoss at 2 « 10~14cm as deduced from the Planck’s energy values of the
vibration quantums assigned to this range (11). This unambiguously deter-
mines the corresponding time value, as well.

In the figure the origo is 10-Is sec for X, and 10_2Scm fory.

Though the choice of origo of the coordinate system is arbitrary, the
value chosen (being less by an order of magnitude than that deduced theoret-
ically) seems to be well founded. The minimum of space parameter, 10-15 cm,
is less by three orders of magnitude than that of electron, but is greater than
that ofthe zero-massed particles, i.e. photon, electron-neutrino, myon-neutrino,
resp. their anti-neutrino and graviton.

On the basis of the assumption of Gy . PAji1 [8], i.e. that as deduced from
the theory of relativity the upper limit lies at about 1010 parsec (= 3.1 « 1038
cm), this value, 1028 cm has been accepted by E. Szl deczky-Kardoss [11].
The corresponding time parameter, i.e. 1018sec coincides with the Hubble-time.
This might be the “Big-Bang” cycle of the (known) universe [8]. The upper
limit of the time parameter would correspond to 0.98 « 1011 years. This is in
good correlation with the cycle time of about 0.86 « 1011 years concluded by
Fridmann to the expansion-contraction cycles of the Universe. Thus, this
would correspond to the stability limit of the Universe but would not mean
the boundary of it, only the boundary of matter being capable of stable
motion. Consequently, this does not mean the end of the Universe but means
the space and time limits of matter in cyclic motion [9].

1.22. The upper limit of thefunction B expressing the cycles of the me-
chanical motion of matter may surpass in no case the range valid for A. It is
very likely even less by an order of magnitude at least. Thus x Brik 1017 sec
this is somewhat less than the value in the figure.

To determine the lower limit seems to be somewhat more problematic.
On the figure the lower limit point of the straight line isindicated at x = 10-13
sec, and from here the line is connected with the origo, i.e. with the starting
point of A. In this case the lower limit would be determined both fory as well
as for the upper value of x.

It is to be considered, however, whether is it necessary to derive the two
lines from the same starting point. In lack of concrete data, resp. knowledges
on a purely theoretical basis a speculative model can be made up which derives
the start ofline B not from that of A, but from elsewhere and connects them in
another manner. The lower limit value of the line B can be approached also as
follows:

Based on the figure, they = 10~8space dimension corresponding to the
electron shell of hydrogen does not fall to the line B. Thus, this point can be
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considered as a transition to the curve A. To take this value as the lower limit
of the straight section is, of course, arbitrary. Nevertheless, this expresses the
principle that matter can pass from electromagnetic to mechanical motion,
resp. to exert mechanical or more exactly such motion which can be described
by the Newton’s axioms, only after having attained a certain order of magni-
tude.

Assuming that in end cases the transition from one curve into the other
is abrupt, this is indicated in the figure by horizontal, resp. vertical displace-
ment. In the variety of the diagram modified in this manner (Fig. 1) the final
sections of the curves are without rounding in order to emphasize the abrupt
character of the transition. This, however, does not exclude transitions of other
kind, e.g. incidentally non-horizontal joining.

log cm

Fig. 1. Functions, limits and ranges of validity of the cyclic relationships. 1. Lines of cyclic
functions; 2. validity limits; 3. intervals ranges; 4. possible (probable) transitions between the
strips

It is to be noted that according to Gy. Paal the motions falling to the up-
per end zone of strip B leave the strip at the time dimension of 1014 sec, and
tend to join the final point of strip A along an ever rising line and reach it in a
distance of about 1015light-year, i.e. of about 1023 cm.
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1.23. The upper limit of strip C was determined by E. Szadeczky-Kar-
doss by the Earth’s diameter (1.3 « 10® cm) and by the corresponding time
parameter (1014sec). If the Earth cycle is considered to be not an individual
phenomenon, this limit can be somewhat elongated.

In favour of a more exact delimitation the following consideration is
suggested. The condition should be valid of both strips C and B that their
upper limit can not exceed that of A, moreover, logically that of strip C
cannot exceed that of B.

The age of the Earth as a geological object is 5to 6 « 10® years (i.e. 1.6
to 1.9 <1017 sec) as to our recent knowledge. Considered, however, as a geo-
logical object possessing also biological cycles, it must be younger. Since the
difference does not exceed 50 per cent of the whole age, more probably it is only
25 to 40 per cent of it, this does not cause change in the order of magnitude.
Thus, this can be neglected.

The total time interval ofthe Earth cycle is unknown. When, however, the
stringent statement of the universal cyclicity relation is valid, that the space
dimension of the cycle determines also its time parameter, in possession of the
space parameter this can be determined in the figure. Further, considering the
recent dimension of the cycle, this determines the remaining time with a high
accuracy.

When assuming that the half of the cycles has been reached, this would
mean 10 to 12 « 10®years, i.e. 3.15 to 3.78 « 1017sec. If the length of the Earth’s
total cycle would be taken as 20 billion years, which may be hardly longer, the
upper limit would be only 6.3 » 1017sec and this is less by an order of magnitude
than that of A. Consequently, the curve C would pass through B into A at
about 1017 sec.

A cycle longer than 1017sec may be hardly assigned to the field of geology.
It seems to be probable that the Earth’s cycles, especially the biological ones
are earlier completed than those of the universe. Consequently, the assumption
seems to be acceptable that the upper limit of the cycles characterized by bio-
logical motion are of minor values.

In the original figure [10] the lower limit should be below the dimension
determined by the point 9 indicating the bacterial cycle (10~4 cm) but above
the minimum of B. A further approximation is promoted by the data of H.
Morowitz who, as to the communication of B. Gulyas [5] determined the
smallest dimension on thermodynamic bases in 10~5cm which a living organism
should possess in favour to be able for the minimal biological functions being
qualified as “life”. When not the totality of these biological functions but
only some elements of them are taken into account, the minimum of space
dimension would be smaller, as well.

Accordingly, yOn is the matter of smallest dimension which preserves
its stability at the given velocity and is able to move according to the strip C.
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1.24. Based on the considerations explained previously the validity
fields of the functions expressing the three strips of motion can he summarized
as follows:

Time dimension Space dimension
Strip (=*) <=Y)
min. max. min. max.
A 10-2S 10 10-u 1028
B 10713 10” 10”8 10«
C 10* (10°) 10" (10%) 10-«(10-7) 10“ (108)

1.3. The confidence interval of the functions, i.e. the maximal deviation
from the axes of strips within which the given phenomena can he assigned to
the corresponding cycle strips, has been indicated by E. Szadeczky-Kardoss
in 71 order of magnitude [11, 12]. It is more probable, however, that this value
is different for the different strips. This is also mentioned by the author, i.e.

— the velocity values of the strips A and B are given as 105 resp. 10°
km/sec while that of strip C this is 10711...10”13 km/sec (roughly the mean
value of this was taken into account to express the strip C as a function);

— in the figure original the width of each strip is shown in increasing
manner (according to the figure, the width ofthe strips A, B and C would cor-
respond to 0.75, 1.5 and 3 orders of magnitude).

The figure fairly reflects the regularity based on empiric data that the
strictness of belonging to the given strip decreases from A to C.

This fact is, however, supported also by theoretical considerations.

The velocity differences between the strips are attributed by E. Sza-
deczky-Kardoss rather plausibly to the fact that the dispersity degree of the
medium of motion increases from A to C, to an ever growing extent [12]. This
means, however, that the motions of strip A to be expressed by physical for-
mulae and controlled by strict causal regularities are substituted by the forms
ofmotion in whichrather the stochastic regularities appear or become predom-
inant.

The stochastic regularities, however, are characterized by greater devi-
ation. The strip comprised in the same confidence interval widens. To express
this only the formulation by words of the plotted regularity is needed, resp. it
is to be interpreted. Without any particular objective evidence the following
approach is suggested:

The width of strip C is originally two orders of magnitude according to
the velocities of 10”11and 10 ~13 km/sec. When two further orders of magnitude
are assigned to this and the characteristic velocity as 10”12 km/sec in the strip
C is accepted, the confidence interval conform to the other strips will be ~2
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orders of magnitude, i.e. the velocity values will vary between 10-10 and 10-14
km/sec.

Strip B can be characterized by *1 order of magnitude, i.e. taking the
mean value in 10° km/sec the motions of 101—10_1 km/sec velocity can be
assigned to this strip.

In strip A those forms of motion are found the regularities of which can
be described by causal relationships. In this case it would be expected that the
points demonstrating the motions would coincide with the line of the function
A. Even if the strip of confidence interval is not taken zero, which would be
probably expected theoretically, it is true that the closeness of individual data
to the function will be very high, much higher than either in the B -or in the
C-strips. Consequently, it is suggested to take the width of the strip belonging
to the function A to be of ~0.5 order of magnitude as the respective confid-
ence interval.

Referring this to the velocity of 3.0 « 105 km/sec accepted to the strip A
this would correspond to limiting values of of 9.5 <104, resp. 9.5 «10s km/sec.*

If one expresses the confidence intervals, belonging to each strips and
including the same percentual cases (80 per cent at least) in terms of velocities
characteristic of the strip the following values are obtained:

Velocities belonging to the
maximal permissible

Stri Standard velocity Confidence
P cm/eec negative positive interval
deviation
3 mlO10 9.5 « 10° 9.5 « 1010 101
B 10» 10* 10« 10*
10-" 10-** 10 -io 10*

The values reflect the empirical regularity mentioned above that the
more the occurrence of forms of motion characterized by regularities expres-
sible by stochastic relations can be expected in the subsequent strips, the
more wider will be zone of the confidence interval concerning the same fre-
quency.

It is to be emphasized, however, that these limits are based only on a
small number of concrete data but are in harmony both with the empirical
facts and with the theoretical considerations. Later, in possession of more de
facto data (and present author will contribute to this in the field of geology)**

* Concerning this value greater than light velocity see the paper by G. Marfosldi [14].
** Benk6, F.: Geological and Cosmogonic Cyclic Phenomenia Reflected by the New
Universal Cyclicity Relation (In press)
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both the average velocities characteristic of the strip and the limiting values
assigned to a given confidence would be more exactly determined.

1.4. The newly developed strip D seems to be practically horizontal in
the double logarithmic scale. Accordingly, its value is expressed

bg Jd = log 10-13
or in delogarithmized form
yD= 10-1*

function (i.e. bothy and logy can be considered constant).

This and the horizontal run of the strip, i.e. that it is parallel with the
x axis suggest that the basic conditions ofthe universal cyclicity relations, i.e.
that in case of cyclic motion a definite space parameter is accompanied by a
definite time parameter and vica versa, is not valid of this strip.

Thus, in this graph the strip D seems to represent a non-cyclic motion,
resp. only those points may be cyclic motions simultaneously which cross the
cycle strips. On the basis of the confidence intervals ofthe strips outlined above
(see 1.2) this is a real value only in the case of strip A. Consequently, the
strip D requires an interpretation somewhat different from the others.

2. Some Considerations Concerning the Universal Cyclicity Relation

The three i.e. electromagnetic, mechanical as well as chemical and bio-
chemical kinds of cycles of matter being fairly separated in the diagram cor-
respond to the three fundamental forms of motion. Strip C represents (also)
the highest organization forms of matter, at least to our inevitably anthro-
pocentric concept. Strip B represents the cosmogonic matter, the motion of
which can be described by the mechanical axioms of Newton. Strip A rep-
resents the zone where matter does not occur in the everyday sense of the
word but reveals itself only in form of radiations.

2.1. For the sake of simplicity, the cyclic motion is usually considered to
be of circular orbit. This may be distorted to a smaller or greater extent [12]
as it is expressed by the grade of divergency, and may become more or less
regular elliptic- or circle-shaped.

The biological and geological, and in general the motion cycles in strip
C are of the peculiarity that these motions are never repeated exactly in the
same manner as are the physical or chemical cycles of the strips A and B, resp.
C. This is especially valid in case of the social motions.

Repetition is similar but not the same or identical; certain changes took
also place. This change generates the evolution characteristic of the social, bio-
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logical, geological, etc. cycles. This introduces the historical view into the re-
search of cyclic motions. History and the evolution itself indicate the irrever-
sibility of the change.

In physics only those motions are considered to be cyclic which are re-
peated exactly in the same manner. However, the periodically repeated mo-
tions expressing unidirectional evolution (and therefore irreversible) within
the strips B and C should also he considered to be cyclic.

To investigate its regularities and in favour of its numerical expression
it would be more expedient to consider the logarithmic spiral instead of the
circle. Further, demonstrating the temporal evolution the planar expression
ought to be supplemented with a spatial component. In this way this type of
cyclic motion could be numerically characterized by a function.

Fig. 2. The logarithmic spiral, a = in plane; b = in space; O = origo; r,, rt: radii; a = angle
of tangent; ~"1* Pi — points of the cycle of the same position in case of one period difference;
t = time axis
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This would be the model of the “coiled line” [10], i.e. of the spiral evolu-
tion (Fig. 2). Its planar equation is:

where

r = radius vector of some optional point of the logarithmic spiral (= the
distance of point from the origo taking into account the direction),

a = constant,

B = exponential (base of natural logarithm = 2.7182818),

K — cot a, where

a = the angle between the logarithmic spiral and the half-line connecting
the origo with any of its point (concerning the same spiral curve it is
constant),

@ = the angle between any point of the logarithmic spiral drawn to the

origo and the starting direction (in rectangle coordinate system: x-axis).
The only question is whether this function can be and how transformed
into a spatial one, i.e. introducing the vertical in addition to X andy dimensions
and displacing vertically the origo, is it possible to pull up the provisionally
planar spiral into the space.
This removes at the same time the difficulties of interpretation of the
time period arising from the irreversibility of biological and geological cycles.
The equation ofsuch a “cone-like” (i.e. swirled to the envelop ofthe cone)
spiral is as follows:

r = {eatcos co, eatsin cot, beat]e

where
r = distance of the cone-like spiral’s point from a fixed point of the space
(radius vector),
e = exponential,
a,b= constants,
o0 — angular velocity of the spiral motion (= the angle taken during 1 sec
by any point of the spiral, projected to x, y plane)
t = time, expressed in optional time units (when e.g. the duration is the unit
during which the point gets upward or downward by one spiral, then
t — 2n).
In case of cylindric spiral (= spiral line)
r acost; asint; -—- 1
2n
where
a = radius of the basic circle of cylinder,
h = lead (= rise of axial direction corresponding to one circumvolution).
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2.2. The duration of the biological cycleis at presentinterpreted as fixed to

the duration of life [10]. It is to he considered, however, whether this is the real
(characteristic) time parameter of the cycle of living beings. The end of life
does not mean the beginning of a new cycle referring to the given individual.

It seems theoretically more exact to define the duration of the cycle by
the time needed to the biological “reproduction” of the individual. This can
be most simply expressed by the time interval between fecundation and sexual
maturity ofthe nascent individual. (N. B.: Similar values are used by Ondvari
[7] in studying the social motions.) This is really a rejuvenation cycle and con-
cerns the same individual. The difference between the results obtained by the
two definitions is, of course, within one order of magnitude, thus the position
of strip C will not be changed.

2.3. The possibility of investigation, resp. exact determination
social and economic cycles would be of extraordinary significance. It is ques-
tionable, however, whether such a cycle can be determined fairly enough
for being accepted as a scientifically convincing argument. The number of
repetitions is small and these do not take place in the same manner. The periods
are rather long and the divergencies are also high.

Furthermore, the social motion is constituted and influenced by numer-
ous factors. The individual effects of these cannot be determined, neither their
participation in generating the cycle, nor their interaction. Thus, it is question-
able that at the beginning at least the investigations carried out in this manner
would be convincing enough or not.

The investigation is especially aggravated by the fact that the space and
time parameters of the cycle highly depend on the measure of independency
of the production process of the natural cycles. E.g. in agriculture cycles corre-
sponding to the seasonal changes could be expected. The more the techniques,
and first of all physics enter into the production processes rendering them
gradually independent of the cyclicity of biological processes, the more it can
be expected that the cycle will be accelerated though its time parameter
grows simultaneously. In this sense, however, it is without doubt that the
investigation of cycles concerning the same branch of production may provide
a new approach to the exact determination of the industrial, resp. in general
the production (economic) level of development.
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OYHKUWOHA/NBbHBIE CBA3W UWUKAMUHbLIX 3ABUCUMOCTEN W MNEPEME/bI
WX OEVNCTBUA

®. BEHKE

Pesome

B pab6oTe onpegenatTca GopMbl M npefensl AelcCTBUA (GYHKLUWNA, BbipaxarwWwmx CKo-
POCTHbIE YCNOBUA 3N1€KTPOMArHUTHBIX (A), KOCMOFTOHHbIX NAWN MexaHn4Yecknx (B) m Xumunyeckmx,
6uonornyecknx, a Takxe reonormyecknx (C) gBUXEeHWI, pacnonaralouwmxca B Tpex napan-
NenbHbIX Nonocax guarpamMmbl yctaHosneHHoro 3. CajeuKun-KapAow oM yHWBepcanbHOW 3a-
BUCUMOCTMN LUKANYHOCTU. LLIMPNHBI nonoc, COOTBETCTBYOLME Anana3oHam HafeXHoCcTu (MHTep-
BanamM KOHGWAEHUUN) PYHKLWIA, NPUHMMAIOTCA 3a BENMYUHBI NOpAAKOB +1/2, +1 n £2, cooT-
BETCTBEHHO.

ABTOp npeanonaraeT OAHOCTOPOHHOCTb B3aMMOJeNCTBUA NONOC: ABUXEHUA 6ONbLueit
CKOPOCTW BAMAIOT Ha ABUXEHUA MeHbLIE# CKOPOCTN, HO HA060POT 3TO BUAMMO He NPOABAAETCA.

B HanpaBneHWM oT monocbl A K nonoce B UMKANbl ABUXXEHUI NOBTOPAOTCA BCE MEHee W
MeHee OAMHAKOBO, HO BCe e aHanormuyHo. Moatomy ans 60nee HarnAAHONW XapakKTepUCTUKMU
6MONOTMYECKUX U Te0N0TUYECKNX LUKNOB nonocbl C aBTOP PeKOMEHAYeT NPUMEHATL norapud-
MUYECKYIO cnupanb. BMecTo MpOAOMKUTENbHOCTU XU3HN 0cobA B KayecTBe ob6bema 6uonoru-
4eckoro uukna npegnaraetcsd NPUHMMaTb BpemMs O BOCNpou3BefeHUs 0c06s (BOCTMXKEHMA
MM BO3pacTa NOM0BOM 3penocTu).

TPpYyAHOCTM M3YyUYeHUS 0OLLeCTBEHHbIX M 9KOHOMMUYECKMUX LUKNOB 06YCNOBNEHbI [NaBHbIM
0o6pa3som Tem, 4TO KONWYEeCTBO MOBTOPEHMUI O06bIYHO HEBENWKO, B TO BpPeMsA 4YMCNO (PaKTOpOB,
BAMAIOWMNX Ha LWKN BEIUMKO, U B3auMOfeicTBMe 3TUX (PaKTOpOB, B CBOK O4yepefdb, He BCerga
ACHO.
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SOME THEORETICAL AND PRACTICAL
CONSIDERATIONS CONNECTED WITH THE
CYCLICITY RELATIONS

By
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The theoretical significance of the universal cyclicity relation is manifested by
the facts that
— a quantitatively expressible regular relationship is determined between the space
and time dimensions of cyclic motions;
— based on the aforementioned fact it provides the possibility to the most comprehen-
sive classification of natural phenomena;
— it has established a relation between the inorganic and organic world and the natural
and social-economic phenomena, thus it is able to establish new relationships;
— itindicates the predominating character of the main motion type of matter: the forms
of motion being assigned to the inter-strip velocity ranges are rare and usually these are
only transitional;
— consequently, it supports the possibility of conversion of quantity into quality and
the fixation of this conversion to limit values;
— itindicates the main phases and forms ofthe arrangement and evolution ofthe matter

and motion, respectively.

The practical significance of the cycle relation is reflected by the facts that
— by means of the space-time relationship it promotes the consciousness of research if
only one dimension of the cycle is known;
— in case of motion between the strips it refers to the transitional character of motion;
— it promotes the development of prognostics related to the natural resources;
— within certain limits it provides the possibility to the human influence of certain
cyclic phenomena;
— it promotes the elucidation of economic and risk problems connected to the corre-
sponding phenomena.

Reference is made to the determinative role of geonomy in the discovery of the
universal cyclicity relation as well as to the tasks which can be forecasted in connection
with the cycle relation.

Though the construction of the comprehensive diagrams of the opening
lecture [10] is based on a relatively small number of data, the regularity is
so conspicuous and high-grade and is in harmony with the statements of
different branches of science. Accordingly, the forwarded ordering principle
and therefore the most important conclusions can he considered to be of
general validity.

This concept gives the most complete comprehension of natural cyclic
phenomena known so far. When one accepts the fundamental statement,
i.e. that cyclicity is a fundamental pecularity of natural phenomena, in other
words that cyclicity is the most common natural relation, it would be justified
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to state that an overall systematization possibility of all the natural phenom -
ena known up to now is presented.

This bears great importance both from the theoretical and from the
practical points of view.

1. Theoretical Significance of the Universal Cyclicity Relation

1.1. The greatest theoretical significance of the universal relation of cycli-
city is its existence itself, i.e. that between the space and time parameters of con-
tinu ous, cyclic motions of organic and inorganic m atter a regular relationship
can be determined which can he expressed quantitatively, too. This provides
a possibility of the uniform quantitative view of natural phenomena [10, 11].
Concerning the whole universe, resp. its part which is known by us it deals
with the electromagnetic, mechanical, chemical, biological and geological
cycles with a uniform concept. Moreover, it renders possible to investigate the
social and economic phenomena on a scale comparable with the natural ones.

The cycle relations promote to enclose physics, chemistry, earth sciences
and biology in a higher-grade unit and allow the mutual computations of their
relations. As a uniform systematization principle, they provide a quantitative
basis to systematize the sciences and to investigate their evolution trends
[10, 11, 12].

The biological and geological as well as principally the social laws are
beyond doubt of stochastic character. When investigating, however, either the
chemical or the physical motions are studied in the time-ranges assigned to
their space parameters these also turn out to be stochastic regularities as it is
evidenced ever stringently by modern physics and chemistry. In this manner
the cycles of apparently most different dimensions become commensurable.
This is the other great epistemological importance of the universal relation of
cyclicity in the natural, moreover probably also in the social sciences.

Consequently, the recognition of the universal relation of cyclicity ensures
that investigations do not stop necessarily at the natural phenomena but may
include the social and economic motions of mankind creating a relation of the
widest sense between the organic and inorganic world, between phenomena
and their history, as well as between the natural-scientific and social-economic
phenomena. In this way research becomes an activity of universal character.

The analysis of relations from this point of view may produce new state-
ments and by means of their synthesis — expressed most commonly by the
universal relation ofcyclicity —itis of fruitful influence also in each particular
science, opens new vistas, and may initiate new research trends in different
sciences, resp. science branches.
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1.2. The universal relation of cyclicity contributes to the enrichment
of natural phylosophy and epistemology corroborating their fundamental state-
ments from a new viewpoint.

Based on the regular relationship, plotted in double logarithmic scale
the cyclic motions of matter are arranged in three parallel strips of 45° rise.
The strips represent the electromagnetic, the mechanical characterized by the
Newtonian axioms and the chemical-biochemical-biological forms of motion,
i.e. the fundamental motion forms of matter.

The three strips can be interpreted as three velocity fields, too. In this
case the strips A, B and C represent the motions of average velocity of 10s,
10° resp. 10_12km/s. As it is indicated by the empirically plotted data grouped
along these three strips, most of the material forms of motion known so far
are characterized by these three velocities, resp. velocity ranges. This
fact, however, results in significant conclusions in the field of natural
philosophy.

The only question is that whether only these three velocity kinds of mo-
tion of matter exist, as stable motions at least. The fact that data are grouped
around the velocity ranges characteristic of the three kinds of motion seems to
support this assumption. This does not exclude, however, the possibility of
existence of cyclic motions of other velocities (see later).

1.21. The circumstance that a sudden decreases occur at function-likely
determinable limit values (strips B, resp. C) explains also the fact that between
the individual strips no transitional cycle forms are known sofar, resp. these are
less frequent. Further, this provides an explanation the fact that the astonish-
ing but conspicuous concentration of distribution can be observed along these
three strips and that the individual strips are separated from each other by
field characterized by no or very few data. The zones between the three strips
are the transitional zones through which matter changing its form of motion
passes suddenly; and if there is a motion, it is rapid and transitional, moreover
not cyclic, but unidirectional. E.g. based on the data of Gy.Paal [9] the plan-
ets get into the strip A from the strip B subparallelly with the y-axis during
their collapse.

Accordingly, the motions being already or still not cyclic may be assigned
to the fields between the strips.

If there is a relationship between the strips, and certainly there is a cyc-
lic form of motion characterized by velocity ranges falling between the strips,
would be expected. If it does not exist or appears but exceptionally or episodi-
cally, this is due to the facts that either it is really absent, or it is so transitional
that cannot be practically observed. Consequently, the cyclic and, therefore,
stable motions are concentrated in the strips, and the transitional, resp. acyclic
motions fall in the fields between the strips. Some of the complex cycles can be
assumed to fall also in the fields between the strips.
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According to Gy. Paal [9], the “black holes” lie above the A-strip, i.e.
in the velocity range greater than 3 ¢ 1010cm/sec. Beyond the C-strip, however,
no further concentration zone can be probably expected. When extrapolating
the differences ofvelocity between the strips, i.e. 5,resp. 12 orders of magnitude,
the new strip ought to follow by a distance of 17 orders of magnitude at least.
This would mean, however, a velocity of 10~24 cm/sec. Accepting the maximal
space and time dimensions determined to the A-strip, over the C-strip a parallel
stright line would fall out of the really representable range.

1.22. Investigating the strips”®, Band C,it can be stated thatin the range
where real x-values are assigned to each strip, an ever growing time parameter
(k-value) is assigned to the same space parameter (y-value) when moving from
A to C. E.g. in case ofy = 1 (i.e. = 10°), the corresponding x-values are as
follows: XA = 10_1°, xB= 10~5and xc = 107sec. In reverse terms: the veloc-
ity of the cyclic motion assigned to the same space parameter rapidly but not
uniformly decreases from A through B down to C. This decrase shows differ-
ences in orders of magnitude of 5, resp. 12. In other words: the energy of motion
of matter characterized by the same or given space parameter is highest in
strip A and decreases towards strip C.

Forces are generated by the consumption of the kinetic energy of matter.
Gravitation, chemical energy, etc. consume the motion to an increasing extent
using the kinetic energy represented by velocity to their formation. Accordingly,
strip A can be considered to be a basic energy level. A part of this basic energy
is consumed by gravitation, resp. chemical energy in favour to produce new
forces.

This statement does not contradict the explanation which attributes the
velocity differences within each strips to changes of the degree of dispersity in
the medium of motion [12].

The transition into another quality of form of motion characterized
by a new type of force is possible only by reaching certain threshold values.
The considerable orders of magnitude of limits indicate that as it can be de-
duced also from the universal cyclicity relation considerable quantitative
changes should be followed in order to generate qualitative changes, i.e. the new
material form of motion.

1.23. According to the Marxist philosophy the matter is the motion itself.
Since the velocity of motion is greatest along strip A, i.e. 3 « 1010 cm/sec, it
would be a plausible conclusion that the real, most unlimited forms of exis-
tence and motion are represented by the cycles determined by the strip A. The
m atter of given dimensions is able to move with the greatest velocity in this
strip. Consequently, the motion which is the most peculiar of matter is expres-
sed most property significantly by the strip A. The representative of strip A is
the matter, the inert mass of which equals zero [2].
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This bears, however, the consequence that beyond the strip C theoretic-
ally further strips might exist till the matter would lose all its kinetic energy.
This is, however, only a theoretical possibility since the non-moving m atter can
not be called as matter.

The same consideration enforces us to question the cyclic nature of mo-
tion represented by the nuclear forces in strip D, on the basis of the present
diagram. Talking into account either the function or the graphic form of strip
D, velocities are assigned to this strip which forces us to make some considera-
tions.

On the basis of the diagram one of the limit velocities of the strip is about
109cm/s corresponding to the time parameter of 10—23sec. The other extreme
value of the strip is about 1018sec (i.e. about 1010-11 years) which produces a
velocity of about 10-31 cm/sec, i.e. a velocity denoting cyclic motion of 1 cm
during about HO23-24 years. In this case the material may take the motion cor-
responding to its own space parameter during about 1011 years, i.e. during a
time interval which has been accepted as the complete cycle of the universe,
resp. asthe upper temporal value of the strip A. Though certainly not from the
philosophical but yes from the human viewpoint this can be regarded to be in
tranquillity, resp. in quasi-tranquillity, in other words its very material na-
ture could be questioned.

1.24. The assumption that the three curves start not from the same point
supposes the different forms of motion to be a process of historical (temporal)
character. It is thus assumed that matter gets into the mechanical state from
the electromagnetic one after having reached certain limit values of orders of
magnitude; similar event would be the transition into the chemical-biochemi-
cal state.

This concept of transitions reflects also the cosmic evolution grades of the
material and globally corresponds to the geological, resp. cosmogonic grades
developed on the evolution of the universe, i.e. the mechanical forces develop
from the electromagnetic motion and these generate the chemical-biochemical
forces.

The same statement is valid of the upper section of the curves: At the
end of the processes, the same change is repeated but in opposite direction and
in strongly accelerated manner, as the natural cycles are characterized by the
acceleration of the terminating phases. Accordingly, the evolution path of all
transitions ofthe forms of motion shows the following trend: electromagnetic —m
mechanical —»chemical-biochemical — mechanical —»electromagnetic.

(The statement, i.e. the upper completing phase of the curves is rapid is
true only in a relative sense. Here the time difference is one or at least two
orders of magnitude as against the lower section of the curves where this may
attain 3 to 8 orders of magnitude. This, however, concerns the range between
1016 1017 sec, i.e. it represents 9 « 1016 sec, or 3 « 109 years. The change is
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rapid here when comparing only with the size; at the opposite ends ofthe curves
these orders of magnitude of the distance would correspond to a split of sec-
onds. There, however, the space parameter is very small, too.)

In the diagram the transition between the strips would be theoretically
possible parallel with both axes and in both directions. Based on logical con-
siderations, however, it seems to be probable that transition is possible only in
the lower and upper sections of the strips. The organization, resp. degradation
of moving matter of intermediate position take place up to these points within
the strips.

1.3. For the earth-sciences it is of great importance (and this is our
proper pride) since the recognition of the universal cyclicity relation started
from the field of geology, or rather from that of geonomy. This is by no means
accidental: geonomy is the only science which just due to its topics is enforced
to deal with the forms and types of motion of most different kinds and orders
of magnitude. And when a science, such as geonomy can reach the state to
determine regularities and beyond qualitative statements it can quantify them
it will inevitably discover the universal relationships of phenomena.

This recognition inspires the researchers of small countries: the recogni-
tion of universal regularities does not need the expensive instruments, tools and
procedures which are allowed nowadays to the rich countries only. It is enough
to have the “highly educated human mind” the production of which is more
troublesome than that of the most complicated device.

2. Practical Significance of the Universal Cyclicity Relation

The universal cyclicity relation is of great importance also from the
practical point of view. It contributes considerably to the theoretical-scientific
investigation of cyclic phenomena and to the scientific forecasting based
on them.

2.1. Itis acommon case in scientific research that e.g. due to any reasons
only one element of a relationship could be detected, resp. fixed. If its dimen-
sions determine the range where the other element of the relationship should
be find, this can direct the research conveniently a lot of otherwise unavoid-
able and unproductive investigations could be omitted.

For instance, the incompleteness of terrestrial sedimentation cycles is
often only apparent since only the preserved parts can be evaluated. Due to
geological reasons, i.e. to theoretically random effects, more or less of them
may be missing. In possession of the cycle regularities the lacking part can be
reliably reconstructed.

The infrequency of the completely symmetric geological cycles follows
from the logarithmic system of cycles. The initial or final phases of geological
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processes are often characterized either by enormous energies causing rapid
changes or by the slow change caused by the low energy level. However, when
the values would be plotted in logarithmic scale, in several cases a more or
less regularity, resp. more symmetric arrangement could be observed. In the
case of fossil sedimentary cycles not the cycles themselves but only their
products are observable and they are practically always incomplete [1, 13].
Consequently, the geological sedimentary cycles are often only apparently
incomplete since these can be judged only or their remnants. Now, due to geo-
logical reasons, i.e. to theoretically random effects (see: accumulation and ero-
sion) smaller-greater parts of them may be absent. In possession of the cycle
regularities, however, the lacking part can be reconstructed at a high level of
probability.

Certain cosmogonic effects prevail not only in the Earth but also in other
planets, in the internal planets at least. These cannot be detected after all
since they cannot be observed. On the basis of the terrestrial cycles of cosmic
origin it can be predicted in which space and time range the cosmic cycles of
other planets can be expected. These (may) considerably contribute to the
purposeful control of the exploration of the solar system.

2.2. As it has been emphasized by E. Szadeczky-Kardoss [10] the in-
vestigations of cyclicity can well applied in the long-term prognostics. Based on
the extrapolation of data of the last decades the recent long-term forecasts
take into account the monotonous trends instead of the more probable spirally
cyclic development. On the basis ofthe determined cycles of water table fluctua-
tion, there is a possibility to make long-term meteorological forecast, further
the application in agrogeology, water supplies management, flood control,
engineering geology and hydrocarbon prospection may also be taken
into account.

Cyclicity, however, may play an important role in the forecasting not
only ofnatural but also ofsocial processes, e.g. ofpredicting economic prosperity.
The statistic correlation of the annual agricultural production of areal units
with hydrological, resp. meteorological cycles may improve not only the pre-
diction of agricultural production but also the protection against the processes
endangering the production itself [10].

2.3. Itis probably not an exaggeration attribute furtherpotential practical
significance to the universal cyclicity relation. If there is a possibility to be
acquainted with the most important time-space parameters of the cycle, this
inevitably leads to make clear the factors that generate and influence the cycle.
However, if it can be determined that how at what degree do the individual
factors contribute to the appearance of the cycle in the given characteristics,
the fact can also be established how these individual factors affect (qualita-
tively and quantitatively) the cycle itself.
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The knowledge of direct or indirect effects of the individual factors (may)
necessarily provide the possibility (or at least contribute to it)) that by modify-
ing certain biological, chemical, geological and environmental, even of certain
physical phenomena the cycle could be governed in a direction being (more)
advantageous to mankind.

By means of modification of the ratio of each factors generating the
cycle the duration and intensity of the cycle may also be modified, i.e. the
cycle can be affected (controlled), accelerated or decelerated, enforced or atten-
uated. This has or may have great significance in biology (agriculture, food
production, medical science, genetics, etc.).

If the determinant factors of the cycle are known there is the theoretical
possibility to influence the cycle in a direction favourable to us, i.e. within the
limits of repetition divergency of the cycle to increase the frequency of repeti-
tions of advantageous effect. To increase, however, the deviation it is restricted
by the natural limits. Exceeding this the cycle will be destroyed, resp. will
be transformed into an other cycle.

2.4. The function-like expression of the relationships provides the possi-
bility that assuming any general distribution the confidence intervals of each
curve could be designated, e.g. the boundaries of the probability fields of 90,
75, etc. per cent. The knowledge of the cycle’s dispersion field may contribute
to determine or better approximate the measure of economic risk connected
with given industrial or agricultural production cycles. This problem is
scarcely studied also on a global scale and has not been unambiguously and
satisfactorily solved, yet.

It is obvious that apparently it is not considered to be direct research
task to investigate the rentability. This is, in fact, the task of other sciences.

The theories supported by a restricted number of data or elaborated
only on a theoretical way and the different data series measured by indepen-
dent methods and supported by many-sided data are fused into auniform syn-
thesis in geonomy. It is, however, an important feature of geonomy that it is
not satisfied with the recognition of the qualitative relationships between dif-
ferent phenomena but highly enforces itselfto throw light upon the quantitative
side of the relations.

The need for quantification, however, means a concrete and indispensable
basis to determine the possibility and rentability of utilization. The quantified
relations, on their turn, may serve as a basis to decide the rational utilization
in the future.

2.5. If there is a close relation between the two factors (space and time)
taken as the basis characterizing the cyclic motion, as it is expressed by the
universal cyclicity relation, their dimensionless relative number (ratio) can
be used in graphic representation; thus the plotting of only one dimension can
be sufficient, respectively.
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This, however,

— renders possible the graphic representation of new parameters, e.g.
p, t, etc., which produces better visual

— and indicates that the effort exposed by Gy. Marx, i.e. to express
phenomena by one value, can be approached also in this way [6].

3. Tasks to be Done

3.1. In harmony with the statements and sense of the first lecture [12]
the tasks to be done are first of all as follows:

— the number of data in the diagram should be by all means increased;

— systematic efforts are to be made to allocate further very different
natural phenomena in the diagram. This may allow the doubtless verification
of the universal validity of the cycle relations.

In this occasion not only the arrangement of point-like data is required.
Major part of natural phenomena will appear as lines or moreover as fields,
since:

— the geological and biological phenomena reflect rather statistic (sto-
chastic) than causal regularities,

— as it has been emphasized by E. Szadeczky-Kardoss the complex
cycles are very frequent in nature.

3.2. The experiences ofthe universal cyclicity relation obtained so far dem-
onstrate that if exists and is active. In favour of further development the
period or research characterized by the efforts to supportthis relation should be
followed by the period in which the researchers looks as an “advocatus diaboli”
for phenomena which contradict to or cannot be interpreted by the cyclicity
relation.

This is of double advantage:

— for the cyclicity relation the fields would be determined in which
especially intense research is required to solve the contradictions and by
means of differences to refine, particularize and improve the relation itself;

— it provides valuable basis to the science branches in question which
make possible to design conveniently the fields, direction and tasks of further
partial researches.

REFERENCES

See the paper of author entitled: “Function Relations and Validity Limits of Cyclic
Relations” in this volume (p. 99 —100).
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SABNCNMOCTAM LUMNKANYHOCTIN
®. BEHKE

Peswome

TeopeTMyecKoe 3HaueHNe YHMBEPCAbHOMO COOTHOLLIEHUS LMKIIOB 3aKN0YaeTCs

— B YCTAHOB/IEHUM KO/NYECTBEHHO BbIPAXAEMOi 3aKOHOMEPHON CBA3N Mexay npo-
CTPaHCTBEHHbBIMY 1 BPEMEHHbIMI Pa3MepamMit LIUKINYHbIX ABUXEHWNIA;

— B BO3MOXHOCTM 6narofaps BbllLEYNOMAHYTOMY COOTHOLLUEHWIO BCeoGbeMntoLL el
crCTeMaTM3aLMN U KNacCUMUKALMK HbIHE N3BECTHBIX NMPUPOAHbIX SIBAEHNIA;

— B CO3/1aHN CBSA3W MEXJY OpraH14ecKMM-HeopraHMYeCKUM MUPOM C OfHOI CTOPOHbI 1
3aKOHOMEPHOCTAMM ECTECTBEHHBIX HayK 1 06LLECTBEHHO-3KOHOMUUYECKMMM ABNEHUAMM,
C [ipYroi, 1 TeM CaMbIM, OHO MOXET MPUBECTU K OTKPLITUIO HOBbIX 3aKOHOMEPHOCTER;

— B TOM, YTO OHO YKa3blBaeT Ha MpeoG/iajaHue Tex WK APYTruX rNaBHbIX BUAOB fBU-
KEHNSA BelecTBa: (DOPMbI [IBUXKEHNS, OTHOCALLMECA K MEXMONOCHBIM AManasoHam
CKOpOCTElA, ABNSIOTCA PEAKUMU U KaK MPaBU/IO OHW TOJIbKO MEPEXOAHBIE;

— B TOM, 4TO B CBA3W C 3TUM OHO MOATBEPXAaeT BO3MOXHOCTb Mepexoa KO/NYeCTBeH-
HbIX W3MEHEHUI B KaYECTBEHHbIE W ero MPUYPOYEHHOCTb K NPeaesbHbIM Be/IMUMHAM;

— B TOM, YTO OHO OTpaXKaeT OCHOBHble (pasbl U (HOPMbI YMOPSAOUEHNS U IBOMIOLM« Be-
LLlecTBa U [BUXKEHUS.

MpaKTUYeCKoe 3HaYeHUe 3aBUCUMOCTU LIMKJIMYHOCTM COCTOUT B TOM, UTO

— OH C MOMOLLEHO CBA3W Pa3MepoB NPOCTPaHCTBa M BPeMeHU MOAYePKUBAET LieNneycTpem-
NEHHOCTb MCCeJ0BaHNIA, eC TOIbKO OfMH 13 Pa3MEepOB LKA U3BECTEH;

— NpU ABWKEHUU MEXAY MOM0CaMM OH YKa3biBaeT Ha MepexofHol XapaKTep sIBNEeHUS;

— OH crocoGCTBYET PasBUTWIO MPOFHOCTUKM MPUPOAHLIX PECYPCOB;

— MOTEHUMAbHO [aeT BO3MOXHOCTb Ha TO, YTOObl — B OMpeAeeHHbIX Npeaenax —
WCKYCCTBEHHO MOB/IUATL Ha OTAE/bHbIE LMKANYHbIE SBEHUS;

— OH CMoCO6CTBYET BbISSICHEHUIO BOMPOCOB 3KOHOMMUKMN 1 BO3MOXHbIX PUCKOB.

B pa6oTe yKasbiBaeTCs Ha OMPe/enstoLLyto PO/b FEOHOMMM B OTKDBITUM YHIBEPCATLHOTO

3aBMCUMOCTM LMKNA, a TaKXKEe Ha Ja/ibHelLLe 3a/ja4m UCCeA0BaHNIA COOTHOLLIEHNS LINK/OB.
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CYCLIC PROCESSES AND THE STABILITY
OF SYSTEMS

By
J. Horvath

DEPARTMENT OF PHILOSOPHY, EOTVOS LORAND UNIVERSITY, BUDAPEST

The hypothesis of the general system theory and the theory on cycles isexpounded
and an attempt is made al formulating the general, universal principles to be accepted as
a basis. In the domain of philosophy this can be done on the basis of two methodological
principles of dialectics, as a new paradigm for formulating theories, namely on the basis
of the synthesis of universal relationships and on that of the principles of universal

changes. Accordingly, the world is a totality of processes and process-based complexes
of relationships.

The concrete task ofthe implementation of such a synthesis consists in expressing
the phenomena of order in terms of interactions of the processes involved. Treating a
system as a peculiar kind of stacking, the author defines it as the stability of the order.
Expressed in terms of motion, the order is, on the one hand, a repetition, on the other
hand, a specific superposition of different states. The existence of order, the preservation
of a system and the consecutiveness of its existence are controlled by a specifically
oriented form of motion—a cycle. Accordingly, the final conclusion of the paper is the
following: a system is a cyclic process expressed in terms of process interactions.

The many-sided interdisciplinary approach to problems and the expan-
sion of complex research are conspicuous features of the scientific evolution in
the 20th century. The investigations starting from very different fields converge
in peculiar foci, in so-called generalization points and throw light upon the
unity of natural phenomena and processes by means of new methods and at
higher levels. The idea of the unity of nature is one of the fundamental prin-
ciples of Marxist philosophy. It can be, therefore, accepted that to follow with
keen attention the new scientific trends and to support them by own activity,
these provide grand experience to the representative of this philosophy. Both
my research field and a long-term fruitful cooperation with experts in natural
science offered me the possibility to be not only the beholder but also an active
participant of a complex research trend based fundamentally on Hungarian
results, the generalization focus of which consists of the cyclic processes. In
1975 joining in to the fundamental paper of E. Szadeczky-Kardoss | had
the opportunity to deal with the position ofrotation as a philosophical general-
ization of cyclic processes in the universal dialectics of motion, and to touch
the relation of rotation to evolution. Already at that occasion the following
thesis concerning the role of rotation was emphasized: rotation is the funda-
mental form of motion of self-sustaining processes. Now, this thought will be
progressed to arrive at the probably somewhat audacious conclusion which
states the necessity of a synthesis of the cyclicity and universal system theories.
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Historical Review

In its modern form system theory as a complex research direction and
generalization theory has evolved from biology. Its first general formulation
was done by L. von Bertatlanffy in the fourties and fifties. Its influence and
productivity incontestable and it is ever widely applied nearly in all branches
of research.

Cyclicity theory evolves from geology; its generalized form was elaborated
in the fifties and sixties by E. Szadeczky-Kardoss.

Both theories exceed their field of origin and develop to generalization
theories and universal methodological principles. These influence our world
concept and touch the general philosophical bases of our ideology.

The two theories were conceived independently of each other, their evo-
lution, however, is necessarily convergent. Once L. von Bertalanffy Writes:
“The general theory of periodicity would be desirable in many fields.” E.
SzXdeczky-Kardoss formulates the following concept: “A set becomes a sys-
tem through cyclicity”.

As to L.von Bertatlanffy “the guiding principle of system theory is the
dynamic concept which tries to explain the phenomena of order in terms of
interactions between processes”. As to our judgement this can he carried out
by system theory only on the basis of cyclicity theory. The “feed-back”,
control and self-regulation expressed in the “terms of interactions between
processes” are nothing else than a peculiarly complex and complicated cyclic
process. In a dynamic concept, order is nothing else than a specific type of
motion, a directional form of motion which is called rotation in the broadest
sense. Thus, it has already been stated that the cyclicity theory opens a new
perspective of development for system theory.

General Theoretical Considerations

Before all, it is necessary to recall to the general philosophical bases of
synthesis of the two generalization theories.

In the first decade of our century, at the very beginning of the revolution
of physics, V. I. Lenin came to the statement that the physics of the 20th
century generates dialectic materialism. In other words, the new way of think-
ing called dialectics by K. Marx and F. Engels after Hegel, breaks through.
This new way of thinking, this new paradigm of creating theories is based on
the synthesis of two basic principles of methodological concepts. Dialectics
realizes the synthesis of universal relationships and of the principle of universal
changes. With regards to ontology this means that the world is the totality of
processes and of the relationship complexes based on the processes.

Acta Geologica Acaiemiae Scientiarum llungaricae 23, 1980



CYCLIC PROCESSES 113

The objective dialectics of nature is ever more comprehensively disclosed
by the new scientific efforts and directions of the 20th century. The generaliza-
tion trends of theoretical research such as the system theory and cyclicity
theory testify to this fact. Not only the necessity of their generation but also
that of their synthesis are direct consequences of the dialectic form of thinking,
of the dialectic view expressing the general theoretical and methodological
essence of the 20th century scientific revolution.

M.

Now, let us investigate what does it mean to express the phenomena of
order in terms of interactions between processes.

1. The terms “process” and “interaction” both express motion. In most
general sense, motion comprises all processes taking place in space and time.
Already in the last century, F. Engets called the attention to the inseparable
relationship of “relationship” and “motion”. He wrote: “The whole nature
accessible to us consists of a system and universal relationship of bodies. The
fact that these bodies are interrelated includes their interaction and this mutual
interaction is motion itself.” This thought of F. Engets widens the interpre-
tation of motion as process and leads to the conclusion that all processes are
really interactions, motion is the interaction of processes. By means of this we
possess the key to disclose the system as a process. The system as a process exists
as a complex of interactions.

The results of our consideration can be summarized as follows:

— motion is a process,

— motion is an interaction,

— system is the interaction of processes.

2. One of the basic problems of system theory is how to define the system.
The most widespread, essentially equivalent models of system definitions are
as follows:

Part -(- Totality = System
Element + Structure = System

These and similar models provide, of course, applicable phenomenological de-
scriptions, resp. functional schemes. However, such certain types of supplement,
e.g. that totality predominates over the parts do not belong to the general
conceptual discovery of the nature of system, but characterize the specific
features of the different types of systems.

The concepts of order and system are rather frequently confused. It is
true that order is characteristic of all systems but the order of states and
processes alone cannot be considered to be a system. Consequently, disorder is
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opposed to order and not to the system. The correct relation is as follows:
Disorder —»Order —»System

System is a peculiar kind of order. System is the discontinuous, stable and
reproductable form of order. Stability and reproductibility are in close relation,
and essentially express the identity of the system, the identity with itself, its
survival and continuity of its existence. The discontinuous character denotes
the specificity the quality and the diversity. The relation of discontinuity and
reproductibility expresses also the momentum of identity. In other words, the
stability of systems is the preservation of their identity. The basis of stability
of the systems is the order expressed by them and by their activity. The basis
of every system is the order determining its structure and functions. In this
way the common essential characteristics of all systems are attained by means
of which the abstract general concept of the system can be described. The
essence of any system is given by the stability of order expressed in it. Each
system is the stability of the given order characteristic of it.

3. In the foregoing two definitions of the system were given:

(a) system is the interaction of processes

(B) system is the stability of order.

These two definitions characterize the system from two different sides, e.g.
from those of structure and of process. A more concrete approach will be given
by disclosing the unity of the two aspects.

Our aim is to present a synthesis of cyclicity theory and system theory.
Thus, the remaining task to be solved is to express the order and stability in
terms of processes, resp. in those of interactions between processes.

Trying to explore the essence of system as interaction of processes, the
direction of processes should be emphasized and the directional form of motion
should be taken into account.

In terms of motion stability is the repetition of order. In the repetition
as in directional form of motion identity occurs as a change of state and exists
as a process. Repetition is the progressing of the same processes, the continua”®
tion of the same states. The basic function of repetition is the creation and
maintenance of identity and continuity. By means of repetition per definitio-
nem a given state isreproduced. Its formula is: A —mA. Thus, repetition makes
possible the reconstruction of definite states. It reproduces given possibilities
and provides a possibility to recommence.

The integrated structures and systems, e.g. nucleus, atom, molecule
studied by physics are specific forms of order and stability. Let us deal with the
atom. The qualitative diversity and stability of atoms cannot be explained by
classical mechanics. As to Heisenberg, the quantum theory gives account of
the stability of atoms and of the possibility of their continuous reformation.
As it is emphasized by W eisskopf quantum theory introduced the idea of
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identity into physics and explored the reasons of different atomic forms aiid
of their reproductibility. The specificity of different atoms derives from the
stability of order, i.e. from the forms of vibration taken by the electron wave
bound by the attractive force of the nucleus. The different forms depend on the
strength and symmetry of the field. E.g. the specificity of the bases partici-
pating in the constitution of nucleic acide shows an analogous connection with
molecule.

The stable states and preservation of objects can be explained by the
equilibrium of the forces (forces and counterforces) generating them and com-
pensating the effects of each other. We should agree, however, with Boulding
that all equilibrium systems should be regarded as the marginal case of a dynam-
ic system and stability can be determined from the original dynamic system
only. In case of the system it is to be emphasized that the basis of equilibrium
and stability is the order expressing the essence of the system. Now order is
an interaction of definite processes which shows a specific trend.

By saying that stability is the repetition of order, it was also stated that
the basis of stability is the order itself. Further, it is also obvious that stability
is produced only by an interaction in which repetition predominates. Repeti-
tion alone, however, does not produce order. Order is a specific succession of
different states. Consequently, expressed in terms of motion order is the inter-
action of different directional forms of motion. Since order is the basis of the
unbroken existence of the system, in term of motion it is a complex directional
form of motion which renders possible the preservation and continuity of the
system. Rotation is such a complex form of motion.

Rotation is the peculiar interaction and unity of two simple directional
forms of motion. Rotation is the interaction of repetition (expressing the iden-
tity) and of the irreversible change (expressing the diversity), in which repeti-
tion predominates.* Its formula is: A —»B -* A\ On the one hand, in case of
rotation the interactions being realized by the periodical succession of irrever-
sible changes generate the order. As a result of predominance of repetition,
however, the changes of state return to the starting point. In this way a definite
and closed cycle of changes of states develops. The structural characteristics
of rotation are: the so-called progressing, ascending (A —»B), and the returning
(B —»A”’) branches, further on this basis the A —« A' moment. It is to he
emphasized that rotation is closed only “outwards”, and it is opened

*The term “irreversible change” is used here in specific sense. It denotes a motion pro-
cess during which a state differing from a given state is generated. The formula is: A B.
In this sense the irreversible change is opposed to repetition. Accordingly, reversibility is con-
sidered one of the special cases of repetition. A process, e.g. o “mb, can be reversed if there is
the possibility of 6 % a. In case of repeatability of a process the possibility of (a “mb) —
—»(a -*» 6) exists or there is a possibility to (6 “ma) (6 a). In case of rotation the con-
dition of repetition is the recurrence (reditus) and not categorically the “reversal” (reversis).
For the correct interpretation of rotation the distinction between recurrence and reversal is a
significant element.
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“inwards”.The return to the starting pointis a final point which is at the same
time the starting point, as well. By means of this rotation becomes the funda-
mental form of motion of the self-sustaining process, i.e. the basis of the stabil-
ity of order and the order of stability.

Thus, the final conclusion is as follows:

(y) expressed in terms of interaction ofprocesses system is a cyclic process,

i.e. rotation.

In this way the necessity of the synthesis of system theory and cyclicity
theory has been demonstrated.

LNKAWYHBIE MPOLECCHI 1 CTABU/IBHOCTb CUCTEM
. XOPBAT

Pestome

ABTOp BbIABMIAET FMMOTE3Y CMHTE3a OOLMX TEOPUIA CUCTEM U LMKIIOB, MPO/ENaB OnbIT UX
060CHOBaHNA Ha 0BLIENPUHLNNMANLHOM YPOBHE. B 06N1acTu (hunocoum 3To NONOXKeHWe aBTop
BMAMT B CMHTe3e UX [INANEKTUK KaK B ABYX METOAONOMMYECKMX NPUHLMNAX HOBOW Napaaurmbl
NOCTPOEHMS Teopuid, a MMEHHO B CUHTE3e YHMUBEPCa/bHbIX 3aBUCUMOCTENA, a TaKxke NpPUHLMMOB
YHNBEPCa/bHbIX M3MeHeHMiA. B COOTBETCTBMW C 9TUM MMP NpeACTaBiseT CO6OK TOTalbHOCTb
MPOLECCOB N OCHOBaHHbIX Ha HUX KOMT/IEKCOB B3aUMOCBS3eiA.

KoHKpeTHas 3ajja4a OCYL|ECTB/IEHUS TAKOrO CUHTE3a COCTOUT B OTPaKeHWUN ABEHW
nopsiika Belleil B TepMUHaX B3aUMOAENCTBUA MEXY npoLeccamMmu. PaccmMaTpuBas CUCTEMY, Kak
CBOEOOpa3HyI0 YNopAA04eHHOCTb, aBTOP CBOK PaboTy OnpeAenseT B KauecTse CTaBUIbHOCTM
nopsiaka. Mopsaok, BbipaXeHHbI B TePMUHAX [JBUKEHUIA, NpeAcTaBaseT co60, C OAHOI CTo-
POHbI, MOBTOPEHWE, C APYroii, — CreuuguUHy0 CMeHy ApYr ApYyra pasfv4HbIX COCTOSHMIA.
Ar3nCTEHLMI0 MopsigKa, COXPaHeHWe CUCTEMbI, NOCeA0BaTeIbHOCTH €e CYLLECTBOBaHWS o6ecre-
YMBAET HeKOTOpas (OpMa ABUXKEHMS 0COBOrO CNOXHOTO Hanpas/ieHns, TO eCTb LMPKYNALUM.
B COOTBETCTBUM C BbILLIECKA3aHHLIM OKOHYATe/IbHbIM BbIBOJ CTaTbW: CUCTEMA NMPEACTABNSET Co-
6010 0T PaXKeHHbIE B CBOVX TEPMUHAX LMKNMYHBIE MPOLECChI, KPUTOBOPOT, TO €CTh LMPKYNALMIO
B3aWMHbIX BMSHUIA MPOLIECCOB.
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NECESSITY AND DRAWBACKS
OF INTERDISCIPLINARITY

By
E., Szlics

RESEARCH GROUP OF TECHNICS, EOTVOS LORAND UNIVERSITY, BUDAPEST

The comment outlines the benefits of the system approach and calls for coopera-
tion between the isolating, branching disciplines which model the phenomena according
to their own well-worked ordering principles; but it shows the failures of the superficial
analogies.

| was delighted to participate at this symposium which demonstrated
that the interdisciplinary approach to problems, the mutual approach of ex-
perts stimulates the development of all scientific branches. The lectures and
the participants, the musician and mathematician, the philosopher and phys-
icist, the mechanical engineer and the geologist, etc. were essentially looking
for a strengthening of the interdisciplinary communication a transfer of the
achievements obtained in certain fields into others and their utilization in
other fields.

Neither the available time nor the topics of the symposium would permit
a long-lasting science-historical discussion but | think this is not needed. It is
obvious for all of us that the development of professional branches of science
is a natural and irreversible process. Further it is also well known that the indi-
vidual disciplines differ from each other first of all not in the objects of investi-
gation but in their particular approach to it. The complex world (or a part of
it) cannot be studied in detail, phenomena and regularities cannot be discov-
ered if some of the characteristics significant from the professional point of
view are not emphasized neglecting those being insignificant from the given
point of view. The more complex are the phenomena and/or the more essential
are the relationships studied, all the more the investigation should be focussed.
Essentially, this is why the individual sciences became ever more polarized.

This would do no harm if the polarization of sciences were not be accom-
panied by the isolation of sciences in some cases; if the limitation ofthe investi-
gation aspects were not lead to a restriction of horizon. When an expert accepts
only his investigation aspects to be valid, when he regards his model the only
image of the modelled phenomenon, when he does not know (or consciously
neglects) the approaches and methods of other sciences, not only the solution
but even the setting up of complex problems become impossible.
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Taking into consideration that each science is in a certain sense, a model
of the objective world the process of polarization can be characterized so that
to become acquainted with the complex world and to make acquainted some-
body with it, this needs even more models, each of which reflects the reality
from an other side, i.e. it resembles the model according to other aspects. One
has to remember, however, that the restriction of aspects concerns only the
model and not the modelled phenomenon; the latter one remains a complex
system independently of our mind.

The properties are closely interrelated. If somebody wants not only to
explain, but also to forecast or even more, to utilize the phenomena, the inves-
tigation according to a narrow professional viewpoint is insufficient. In other
words: the investigation of complex systems needs such a view which takes
into account most of the possible viewpoints. Such an effort is meant by the
twelve-cycle parameters introduced by E. Szadeczky-Kardoss. A specialist
of our days knowing (and recognizing) only his particular profession can
neither to solve nor to formulate the up-to-date practical and scientific
problems.

In our century even more scientists recognize the dangers of isolation of
sciences and several tendencies have arisen which “intersecting” the science
branches try to find out suitable methods by means of which the terms, aspects
and results of special sciences can be integrated. Such efforts have been e.g.
cybernetics, system theory, etc. The arranging principle of this symposium,
i.e. the cycle view should be regarded also as such an effort.

I believe that all these are useful and may produce new thoughts and
results in the fields of individual sciences. It is far of me to be trouble-feast
when | call the attention to phenomena which may bring these fundamentally
correct efforts to a deadlock. My notions concern first of all not the present
representatives of the cycle view because it is my own experience that they
avoid the entrancement of false analogies. Nevertheless, it often happens with
great ideas that epigons use them and this may heavily damage the idea itself,
too. Some dangers (the harmful distortion of ideas) are sketched in the follow-
ing.

Generalists: who are giddy with the organizing force of a tought and try
to apply it to all phenomena without control. They seek only for generaliza-
tions, for similarities and neglect the special features and differences. Such a
view may easily become dilettantism which deprives the human being of the
wonderful ability to discover the world of extremely large and extremely small,
to explore its relationships and laws, and to utilize them consciously for its
OWN purposes.

Annexionists: people who believe that any kind of theory may exist as
a super-theory, i.e. as a discipline which includes all the other disciplines.
“Religious" authority: people who do not understand but only profess a theory



NECESSITY OE INTERDISCIPLINARITY 119

(or rather admire a sciencist representing it). Instead of their own thoughts
they argue with citations and instead of persuasion refer to authoritarian argu-
ments.

Harmful analogy: people who, on the basis of some kind of apparent-simi-
larity draw conclusions for beyond validity of similarity. The more help is
provided by the recognition of similarity in the knowledge of phenomena, the
more harmful is it when the differences are neglected.

All extremes restrict the most valuable ideas of the system view: the
mutual approach and exchange of experiences of the representatives of different
scientific branches.

In favour to generate the really interdisciplinary relations first of all
the experts, the representatives of different sciences ought to transform their
view.

Instead of the unnatural common language such a “translator” has to
be developed which promotes interdisciplinary communication. First of all
the kindred fields have to make clear the mutual fundamental concepts and
to harmonize (and to correct if needed) their terminologies.

W ithin sciences no hierarchic order, no sciences subordinated to each
other are found; but within the tasks there is a hierarchy: the tasks of a lower
hierarchic position should be subordinated to those of a higher one. In other
words: the scale of values is to be known within the frame of which the tasks
should be drawn (and solved), i.e. the “higher” interest which means restric-
tions, condition system from the point of view of our solution. In other terms
it can be said that studying any kind of tasks it should be regarded a “partial-
system problem”, the solution of which should meet (first of all) the require-
ments of the whole system.

The method of similarities should be known and applied by means of
which the necessary and sufficient conditions of the similarity of two systems
can be unambiguously established and in addition to the similarity the differ-
ences can also be determined.

It is especially necessary in education that instead of a “subject partic-
ularism” the view of integration should prevail, which demonstrates that the
individual “professional laws” are only special cases of the universally valid
natural laws.

The experts of the age of the scientific-technical revolution should not be
only specialists but should possess wide general education, openness and
modesty towards other science branches and experts.

In favour (and in the sense) of this the efforts should be promoted
which improve the joilit activity of different experts. From this point of view
| believe the cycle view may be very important and promoting not only for the
intercommunication of experts but also for the systematization and review
of phenomena according to the given aspect.
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HEOBXOANWMOCTb M ONMACHOCTb CUCTEMHOTIO NOAXOA4A

3. cHu

Pesome

fob6aBneHune nog4vyepkuneaeT HEO6X0AMMOCTb CUCTEMHOr0 nogxopa B 06befMHEHUN Bce
6onee M30NNPOBaHHbIX HayK, MOAenumpywnx aeneHna no CBONM npuHUMNam, HO TakXe yKasbl-
BaeT Ha ONaCHOCTb NOBEPXHOCTHbIX aHaNnoruni.
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Acta Geologica Academiae Scientiarum Hungaricae, Vol. 23 (1—4), pp. 121—128 (1980)

UNIVERSAL CYCLICITY
IN A NON-CYCLIC UNIVERSE

By
G. Pal1

KONKOLY-OBSERVATORY OF THE HUNGARIAN ACADEMY OF SCIENCES , BUDAPEST

Physical principles behind cyclic phenomena are reviewed. The conditions of cyclic
behaviour of objects are reduced to equilibrium conditions, which in turn depend on
geometrical sizes and matter densities. Cyclicity is shown to be an inherent property of
cosmic systems, unless they are too large to be stable (e.g. the Universe itself). Thus, the
size versus cycle time relation of cosmic objects is limited by the Hubble-time, the Hubble
length and the light velocity.

I. Cyclicity, Equilibrium and Entropy

— Local Conditions for Individual Cosmic Objects —

Stable equilibrium of opposite forces is responsible for the permanent
existence of different cosmic bodies ranging from interstellar dust and meteor-
ites to planets and stars. The cyclic motions and oscillations near their stable
equilibrium states are due to the very same forces. Thus, one can say, in a sense,
that cosmic bodies typically show cyclic behaviour “simply because they
exist”.

All systems of cosmic bodies (e.g. solar system, stellar systems, clusters
of galaxies, etc.) are commonly regarded to be products of a strong gravita-
tional condensation process starting from small density perturbations of the
almost homogeneous cosmic matter of the early Universe.The formation of stars
and their systems is governed by the law of thermodynamics according to
which entropy cannot decrease [1]. Complete systems are, therefore, bound to
tend towards more and more probable — i.e. less and less ordered — configura-
tions in phase space, an abstract six dimensional space describing both the geo-
metrical positions (three dimensions) and the momenta — or velocities — ofthe
constituents of the system (other three dimensions). The gravitational conden-
sation is a transition from a featureless, almost evenly distributed substance
to a wide variety of rather compact objects with high degrees of spherical or
axial symmetries. This is a clearly “anti-entropic” tendency towards a very
improbable and well-ordered situation — at least in the three dimensions of
the geometrical configurations. It follows that in order to make star and galaxy
formation compatible with thermodynamics the “velocity component” of the
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entropy should change towards “disorder” at a rate strong enough to over-
compensate the opposite tendency of the “space component”. This require-
ment of principle is actually satisfied in cosmogonic processes. The cosmic
substance in the volume of, say, a galaxy is known to have been in an almost
unique state of motion (corresponding to a single point or a small spot in the
velocity space) before gravitational condensation, i.e. in the photon era of the
hot Universe. Later the same m atter evolves towards large velocity dispersions
of its constituents during the epochs of the gravitational collapse and the sub-
sequent relaxation processes. Thus, in a standard Big-Bang cosmology more or
less point-like objects appear in the geometrical space on account of the dis-
appearance of a single point-like distribution in the velocity space. The objects
that move with the resulting large relative velocities are, however, confined to
some minor geometrical domains of cosmic condensations (groups and clusters
of stars, galaxies, etc.) spread over in an enormous, practically empty interstel-
lar or intergalactic space. The long-lasting existence of densely populated small
stable clusterings without rapid escape of high velocity members is mathem at-
ically feasible only if the members of clusterings have strongly curved orbits,
they suffer intensive accelerations and their motions show repetitions either
in a regular way (circular motion), or at least in a statistical sense (irregular
quasi-periodic motion). — Thus, both equilibrium and entropy considerations
make it clear that cyclic motion (sensu lato) should be a practically universal
property of all stable individual cosmic objects.

The underlying forces, responsible for the long-lasting existence of stable
cosmic objects, can be understood simply by studying the inner motions o
objects [2]. In case of cyclic mechanical motions the simplest possible kinem at-
ic parameter, the size to cycle time ratio (of dimension of velocity), already
ensures a deep insight into the physics of objects. To see this we write equilib-
rium conditions for gravitationally bound systems

Epot — 2 « EkIn (the so-called Virial theorem)

and

flfherm gw Asound N ppuls A wvirb ~ n P
c* c2 c2 c2 c2 R Q@

Here and below Ekln and Epot mean the kinetic and (gravitational) potential
energy of the object, respectively, vtherm denotes the average velocity of ther-
mal motion of particles in the object, vecthe escape velocity at the surface of
the object, vsound the sound velocity within the object, vpuls the propagation
velocity of pulsational or vibrational motions of the object, vorb the orbital
velocity of a (possibly fictitious) satellite revolving close to the surface of the
object, c the light velocity, p the average pressure and qgthe average density of
the object, R the radius of the object, 1 = 2GM/c2the Schwarzschild-radius
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of the object, M the mass of the object and Gthe Newtonian constant of grav-
ity. We find that very different velocities give essentially the same informa-
tion about objects in equilibrium. Let us examine now the information content
of one suitably chosen representative velocity: vorb= v. If T, the cycle time of
orbital motion, and R are given, one can calculate v. Furthermore, according to
the well-known formula for circular motion-the ratio v2R is equal to the accel-
eration, a, of the satellite, which in turn measures the force, F, “felt” by the
satellite due to the gravitational influence of the central object. In addition
to these data, the above chain of approximate equations permits usto calculate
M and p/g for the object. Thus, in case of cyclic motions near equilibrium the
simplest purely kinematic data on cycle time and size already contain far reach-
ing physical (dynamic and even thermodynamic) information about the sys-
tem in question. Although a superficial view of Newtonian physics might well
suggest that velocities cannot be expected to provide essential insight into the
processes, the average velocities of cyclic motions serve now as a convincing
counterexample.

The size versus cycle time relation of Szadeczky-Kardoss [3] describes
not only mechanical motions (his strip B), but electromagnetic oscillations
(strip A) and chemical-biological cyclic motions, as well (strip C) [4]. It is
interesting to note that some velocities are important parameters for these
non-mechanical phenomena, too: electromagnetic waves can be characterized
by the velocity of light — a fundamental constant of physics — while chemical
cycles by chemical reaction rates — i.e. speeds of thermodynamic processes.
Thus, we are fully justified in regarding the size versus cycle time relation,
R{T), as a really physical diagram characteristic of typical motions of individ-
ual objects in equilibrium.

Data of the relation R(T) reveal the curious fact that the overwhelming
majority of mechanical (mostly astronomical) motions have velocities in a
relatively narrow range of orders of magnitude. Still the above equilibrium
equations make it clear that stable objects mightin principle exist also with
completely different velocities. The laws of Nature would equally permit the
presence or absence of strip B. Its obvious existence is thus essentially unex-
plained by current theory. We have to accept strip B as being equivalent to
some properly chosen cosmological initial conditions. This circumstance
makes the diagram R(T) — and its possible transformed version — very infor-
mative and valuable from a cosmological point of view. One cannot help being
very much impressed, if Nature shows prominent regularities in such cases
when known laws of physics do not guarantee them ! The diagram R(T) is, of
course, not only a great surprise for scientists, but also a possible key of further
developments towards finding “better laws” of Nature that may clarify the
theoretical background of these regularities. Really, it was already a century
and a half ago that Laplace dramatized so strongly the difference between ini-
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tial conditions and dynamic laws and today the dream of explaining initial
conditions is as far from realization as ever [5].

Let us consider briefly the consequences of the existence of strip B, i.e.
an almost linear dependence between log R and log T for mechanical motions.
From the diagram R(T) we can easily construct the diagrams v(R) or v(T) and
a(R) and even diagrams describing time derivatives higher than the first ()
or the second (a). In the idealized case of strictly circular satellite orbits the
following formula gives all time derivatives as functions of R

lg R(n) = (1 — n) «Ig R + constn,

where stands for the re-th time derivative of R and the additive constant
depends on the number of differentiations. The above formula can be tran-
scribed using T as independent variable without any essential change of the
functional form because log R ~ log T. Putting n = 0, 1, 2, ... into our ex-
pression we see that strip B of the relation R(T) is given approximately by a
linear section with a slope of 45 degrees (except for the slightly bending top of
the curve), the relation v(R) is given by a horizontal line corresponding to a
constant velocity, the diagrams a(T) and F(T) are again linear ones but with
a slope of —45 degrees, while all the higher derivatives are described also by
descending linear sections with larger and larger absolute values of the slope as
the number of differentiations increases. Possible violations of this simple rule
can only be due to deviations of the satellite orbit from the strictly circular
one — which is of course necessary, if the central object itself is not exactly
spherical. These connections are so simple as far as we restrict ourselves to the
transformations of the linear part of the original strip B.

W e conclude that strip B describes physically important but unexplained
regularities not only in the velocities of mechanical objects, but in their acceler-
ations and stabilizing forces, as well.

I1. Disequilibrium and Entropy

— Global Conditions for the Universe —

According to the General Theory of Relativity gravitational and inertial
effects (described as space-time effects) become dominant over and above a
well-defined critical threshold size and exclude any equilibrium or repeated
cyclic motion near equilibrium in those ranges of sizes. In such cases either a
gravitational collapse in the future, or — its time reversed phenomenon —
a Big-Bang in the past are required by the theory. Using a suitable measure
of radial distance, r, the threshold —the so-called “trapping length” — can be
expressed as [6]

r~ (8%Gel/3c2)-12
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The disequilibrium condition is, therefore, an inequality between the linear
size and the matter density of the object or domain considered. Disregarding
the minor effects due to non-Euclidean geometry one may simply write

and
2 GM

Thus, we have shown that the disequilibrium condition can intuitively be inter-
preted as excluding objects or domains in steady state, if they are inside their
“Schwarzschild radii”. It is to be noted that the above condition holds true in
the same mathematical form both for isolated objects surrounded by an empty
outer space and for any arbitrarily chosen domain embedded in a boundless
Universe.

The present average density of the Universe is about 10~30 g/cm3. The
trapping length that corresponds to this density is of the order of 1028 cm,

which is close to the so-called Hubble-radius, RH= H ,where H is the Hubble-

constant. This means that the Universe cannot rest in static equilibrium, or
oscillate around it, if its extensions exceed the above order of magnitude. Even
if there were arbitrarily large cosmic repulsive forces, they could not suffice to
counterbalance gravitation and establish equilibrium in large enough regions.
Taking into consideration that the actual large-scale repulsive forces in the
Universe are negligibly small, and observations indicate an increasing degree
of uniformity in the distribution of gravitating cosmic matter in larger and
larger distances up to the order of the Hubble-radius, we may be fairly sure
to live in a non-static Universe that started expanding from a Big-Bang. The
observed expansion of the Universe is only an independent corroboration of
the theoretical prediction. One may add to the above estimates that the ob-
served microwave background radiation is known to change its energy density
and gravitational effect very rapidly during the expansion of our cosmic neigh-
bourhood, so that at the time of emission of that radiation (which is directly
observed now !) the trapping length was considerably smaller than the region
scanned by our modern radio telescopes. Further evidences which come from
the observed abundance of the relic helium (and other chemical elements)
produced by the cosmological nucleogenesis in the hot early Universe strongly
suggest that in those times even the matter of a single present galaxy should
have been situated inside a gravitationally trapped region, i.e. could not have
been in stable state or in oscillatory motion around it. This is almost equivalent
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to saying that each individual galaxy — a stationary object nowadays — should
have originated from the cosmological Big-Bang, a singular primordial state
of the non-stationary Universe.

One can calculate from Einstein’s equations that this globally singular
state took place about 15 billion years ago. The “expansion age” so obtained is

not much shorter than the HuBBLE-time, TH = IS No cyclic phenomena with

a characteristic cycle time longer than this age could have developed in our
Universe so far, and no objects larger than about 15 billion light years might
have reached their approximate equilibrium states by now. This is to be accepted
as an absolute theoretical space and time limitation for cosmic cyclicities at
present [2]. The sizes of the largest actual equilibrium configurations (clusters
of galaxies) are “subcritical” by several orders of magnitude, while their cycle
times (orbital periods of their member galaxies) are below the HuBBLE-time by
one order. This agreement between what is required and observed, can be re-
garded as another indirect evidence in favour of the logical consistency and
reliability of our cosmological picture and the theory behind it, the General
Relativity.

On the basis of all the facts said above one can mark out upper boundaries
for the size versus cycle time relation, R(T), at the values of the Hubble
length and H ubble time. It is, however, obvious that one more dividing line
can be prescribed for this diagram, if one takes into account the equilibrium
conditions presented in the previous Section. In view of the fact that no object
can stabilize itself by a velocity larger than that of the light, and no stable
equilibrium configuration can occur inside its Schwarzschild-radius, therefore
the region of the diagram R(T) above strip A that corresponds to light velocity
is also forbidden for stable or oscillating objects [2]. Note that this new (diag-
onal) critical line is just fitted to the intersection point of the horizontal and
vertical boundaries, because the Hubble length and-time are related to each
other by light signals.

General Relativity requires the occurence of a singular cosmological situa-
tion with infinite values of the space-time curvature and energy density. There
has been much speculation whether this surprising conclusion is not merely
due to some oversimplification of the mathematical equations or inapplicabil-
ity of the theoretical basis in such extreme cases. In this connection it is im-
portant to know that the gravitational “trapping” deduced in the last decades
is a conclusion practically independent of all feasible simplifying conditions
used in the earlier studies [7]. On the other hand, it is generally agreed that
the almost singular states are only poorly treated because of the absence of a
consequent quantum theory of gravity. Nevertheless, a most general thermody-
namic principle, that of the increase of entropy in irreversible processes, can
properly be used to demonstrate that no more than a final number ofincreasing
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cycles are feasible, even if we reject General Relativity in the immediate vicin-
ity of the singular Big-Bang [1].

W hile our current global theory of the Universe appears to be incompat-
ible with the supposition of an infinite number of cycles of all domains extend-
ing beyond their trapping length, including the Universe as a whole, the same
laws permit — or even require — a practically or strictly infinite number of
cycles for individual local objects that do not reach the critical sizes correspond-
ing to their densities. To prove this one can combine the statement of the pre-
vious Section on the necessity of quasi-cyclic behaviour of individual cosmic
systems with the results of Hawking [8], according to which the Universe
should be very similar to the simplest possible indefinitely expanding world
model with Euclidean space, the so-called Einstein—de Sitter model, other-
wise gravitational condensation could not have produced the astronomical
objects (of strip B) and the biological objects (of strip C). For these objects to
become possible, the Universe should be closely isotropic, homogeneous and
should be expanding almost exactly at the critical rate, so that the “Kkinetic
energy of expansion” and the “gravitational potential energy of the cosmic
m atter” be in an almost perfect balance. (Here pre-relativistic notions have been
used for visualization.) In accordance with Hawking’srequirement the present
day astronomical observations seem to favour very strongly an ever expanding
Universe with a negative space curvature quite close to zero. However, much
strange it may sound, all evidences indicate that negligibly small and short-
living objects of strip C can only be reasonably situated in a spatially infinite
Universe with an infinite future and very special and regular initial conditions
near the past Big-Bang ! (“There is no room for us in a smaller cosmos”).
Substantial irregularities, like cluster, planets and people might have appeared
only during the late evolution of an almost regular early world.

A slightly perturbed boundless “imbedding” Universe without perma-
nent oscillations around some equilibrium state, and negligibly small spatially
and temporally limited individuals (“inhabitants”) with equilibria and oscil-
lations seem to be in a *“quasi-dialectic” interdependence — being mutually
conditional upon each other in a logical sense, according to contemporary
physics.
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YHUBEPCANIbHAA UNKAUUYHOCTb B HELUUK/AMYHOW BCENEHHOM
r. NAAN

Pe3ome

PaccmaTpuBaloTCA (u3Myeckne NpUHUMNBLI, 06YCNOBAUBAOLWME LUKIANYHbIE ABNEHUSA.
YcnoBns UMKAUYHOTO NOoBefeHUs NpeAmMeToB, 06bEKTOB OrpaHMUYMBaloTCA A0 YCNOBUI paBHO-
BECUSA, OT KOTOPbIX 3aBUCAT reoMeTpuyeckune pasmepbl 1 MAOTHOCTM BeljecTBa. ABTOp CTaTbM yKa-
3blBaeT Ha TO, YTO UMKNNYHOCTb ABNAETCHA CBONCTBOM, MPUCYL UM KOCMUYECKUM CUCTEMAM, eCNin
OHUW He CAMWKOM BENWKU ANA TOro, Y4Tobbl ObITb CTa6UAbHBIMW (Hanpumep, cama BCeneHHas).
Takum 06pa3om, COOTHOLWEHUE Pa3MepPoB KOCMUYECKUX 06bEKTOB C MEPUOAOM WX LUKAUYHOCTU
nMMuTUpyeTcs BpemeHem Xab66na, pacctosHnem Xab66na n CKOPOCTbI pacnpoCcTpaHeHMsa cBeTa.
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LARGE NUMBER COINCIDENCES AND
THE COSMIC EVOLUTION1

By
G. PaAl

KONKOLY-OBSERVATORY OF THE HUNGARIAN ACADEMY OF SCIENCES, BUDAPEST

A “large number of dimensionless large numbers” are found to appear in Nature
in conformity with a non-random pattern. Some regularities in their distribution are
discussed in the framework ofboth the standard Einstein—Friedmann type worldmodels
and of Dibac’s cosmology. Physical, astronomical, geological and biological consequences
are noticed.

I. Basic Data and their Connections

In the present communication some considerations are made concerning
the hierarchy of cosmic structures and their cosmologically expected evolution.
To start with we sketch a few diagrams illustrating some remarkable empirical
correlations between various observable parameters of these structures. Rela-
tions and numerical coincidences, prominent in these diagrams but unexplained
by current theories, will be regarded as guides to plausible improvements or
extensions of our theoretical picture.

Figure 1. shows the schematic graphical representation of the following
empirical correlations: the statistical relation between cycle time, T, and linear
size, R, for very different objects, including astronomical, geological and bio-
logical ones, as givenin [1] (upper right quarter), the size-mass relation, R(M),
of the same objects on the basis of [2, 3] (upper left quarter), the angular mo-
mentum to mass relation, P(M), for astronomical objects and elementary par-
ticles following [4, 5] (lower left quarter), and — to close formally the cycle of
diagrams — the angular momentum versus cycle time relation determined by
the former relations (lower right quarter).

The relation R(T) is limited by the Hubble time T,, = H (H being the

Hubble constant) and the Hubble distance RH= c *TH, approximately
equal to the radius of the gravitationally “trapped surface” in the expanding
Universe, Racx (8 nGg/3¢c2) ~12[6, 7]. Throughout this paper cis the light veloc-

1Received 15, 1, 1979.
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Fig. 1. Four empirical relations of cosmic objects (described in the 2nd paragraph of Section I).
Some dimensionless numbers depicted in these diagrams are marked by t, if they are close to

10®or 1040in order of magnitude, or by another power of t, if they strongly deviate from this
order

ity, G the Newtonian constant of gravity and o the average mass density of
the Universe. Another limit for the relation R{T) is, of course, the diagonal line

R \
corresponding to the velocity of light —”* ¢ . Any object collapses to form a

black hole, if its representative point on the diagram R(T) crosses this critical
line by moving from right to left. In this diagram points describing stable ob-
jects align themselves around two distinct quasi-parallel line (“fast” and “slow”)
separated from the critical line by a distance roughly corresponding to 4 and
16 orders of magnitude in velocity. The position of the “fast” line is completely
unexplained by any theory accepted in physics [7].

Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



COINCIDENCES AND COSMIC EVOLUTION 131

Contrary to the plot H(T), the diagram R(M) does not distinguish between
“fast” (mostly astronomical) and “slow” (mostly geological and biological)
objects, it unifies their graphical representation in a remarkably narrow and
long line extending from the hydrogen atom to giant stars and covering a mass
range of about 59 orders of magnitude. This line corresponds to an approximate-
ly constant density of the order of 1 g/cm3, or slightly more. The slope of this
line on the logarithmic diagram follows from the relation M ~ R 3 Note a strik-
ing contrast between the former diagram and the present one: the astronomical
branch of the former is smooth up to the representative points of the largest
systems, while the only branch of the latter shows an apparent discontinuity
with a jump of several orders of magnitude, as we pass from stars stabilized
by immediate particle interaction to stellar systems “stabilized” by orbital
motions. The reason for the existence of this jump lies in the facts that larger
stars cannot be stable [3] and individual stars of unit density in a cluster need
much “empty” interstellar space for prolonged free orbital motion. Current
theories are capable of explaining the majority of the data on the diagram
M (R), except for the exact positions of the stellar systems [3, 6]. Two critical
lines appear in the relation R(M). One of them corresponds to the Schwarz-
schild-radius Rs = 2GM/c2 delineating the region of black holes from that of
stable objects, whereas the other one corresponds to the equation h sc/X =
= mO0 ¢c2applicable to atomic nuclei. (Here and below h denotes the P1anck-
constant, Xthe wavelength and mo the rest mass of the particle.)

The empirical diagram P(M) reveals the theoretically unexplained fact
that most astronomical objects (from planets to galaxies and their clusters)
obey a unique relation that can be expressed in CGS units as P @d2.4 «10~15M 2
with a statistical uncertainty not exceeding one order of magnitude [5, 8]. The
values of angular momentum and mass for the proton, the electron and some
families of elementary particles are also shown in the diagram according to [4].
(Here the notation P — %2 = h/4-n is used.) In addition to this the diagram
presents the theoretically found limiting value of P for extremely fast rotating
black holes, too, as a function of the mass of the object (dashed line). This line
is determined by the formula P/M2= G/c = 2.23 «10-18 cm2 +g *s-1 [6, 9].
The expressions

P/M2= RV/M = G/V > Glc

make it clear that these astronomical data are essentially equivalent to those
of the astronomical branch of the relation R(T).

In the following we shall identify in our diagrams the famous large dimen-
sionless numbers, the so-called Eddington—Dirac numbers, that are known to
appear in several relations of Nature and serve as a basis for Dirac’s cosmolog-
ical considerations [10, 11]
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The horizontal and vertical contour lines limiting the physically permitted
region of the diagram R(T) cover about 40 orders of magnitude. These lengths
on the logarithmic plot can be interpreted as expressing the ratio of the expan-
sion time of the Universe to an atomic time unit, e2mc3 = 0.95 «10~23 s, and
the Hubble length divided by the classical radius of the electron, e"mc2 =
= 2.8 «+10_13 cm. (Here e and m are the charge and mass of the electron.)
Obviously, the size of the perm itted region of the diagram R(T) increases with
the atomic time according both to the standard relativistic cosmology and to
the Dirac model.

Several simple expressions of Dirac’s large numbers appear in the dia-
gram R(M). One can again consider horizontal and vertical contour lines de-
fined, e.g. by the mass and size of the proton and those of the “observable
Universe”, i.e. the causally connected part of the Universe within our momen-
tary horizon. The mass range depicted in this way is about 1080, while the range
of sizes is close to the square root of this quantity: 1040. Instead of the number
of protons (or baryons) within the horizon, one can also consider their number
within another closely related characteristic distance of the Universe, the
Hubble distance defined above. The resultis about 1078. The critical line corre-
sponding to the Schwarzschild-radius intersects the horizontal line of the proton
at about 1039 which is surprisingly close not only to the characteristic “age and
size” of the expanding Universe, but also to the ratio of the electrostatic and
gravitational forces between the electron and the proton in a hydrogen atom:
€2/G e me e mp — 2 ¢ 1039, the basic number in Dirac’s considerations. (me and
mp denote the mass of the electron and the proton.) Thus, it can be seen that
taking the number of protons within a characteristic distance ofthe Universe at
large scales and dividing its logarithm by 2, we arrive at the order of magnitude
of other characteristic numbers of both the Universe and the proton and even
the simplest atom, i.e. the smallest stable non-nuclear configuration that can
be built up of elementary particles by long range forces. We can now proceed
in a quite similar way to obtain further characteristic numbers for the largest
stable configurations by further divisions of theremaining intervals on the log M
axis of our diagram. The first new division gives approximately 10585, i.e. the
maximum number of protons (and other nuclei) in the largest possible giant
stars [12, 13]. Atoms are stabilized by the stronger long range force, the electric
force, while stars by the weaker long range force, the gravity. We have, there-
fore, small atoms, as “electric stars”, and large stars, as “gravitational atoms”,
representing two basic extreme configurations in the Universe. The “constant
density branch” of the diagram R(M) covers just that 59 orders of magnitude
which separate the simplest atom from the largest object stabilized by imme-
diate particle interactions. — Dividing again our horizontal interval (that
remains from the largest stars up to the Hubble distance) into further two
equal parts, we arrive at a value of 10882 which is just about the order of mag-
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nitude of the number of protons in the largest individual galaxies. The fourth
division of the basic interval leads to the value 1073 typical for the number of
baryons in the largest superclusters of galaxies. No larger configurations seem
to exist at all. All the above characteristic orders of magnitude for basic cosmic
structures have been “deduced” by a unique method of divisions into two equal
parts ofthe logarithmic diagram R(M). The starting value ofthe above procedure
was a number characteristic of the Universe at large scales.

Turning now to the relation P(M) one finds again more than one candi-
dates on it for further occurences of Dirac’s large numbers in the dimension-
less ratios of physically important quantities of Nature. The vertical distances
between the critical line of maximum possible ratio of P/M 2for extremely fast
rotating black holes and the points representing the proton, some typical fami-
lies of elementary particles and the electron give the following dimensionless
numbers (cp. [4, 5])

PplmP = 0.8 <1038, P*®flrbp. ~ 1038 Pry. = 3. i0«.
Glc Glc Glc

If the same particles are related to the astronomical objects according to the
diagram P(M), the following quantities appear

PplmP ¢* 0.7 «1036, -jjyp-/mtyp. ~ 103s — — ¢*3.10*.
-PastrV-"astr. fastr./M aStr. ei>astr./-"astr.

Il1. Interpretations and Results

In the standard physical theory all the above numerical coincidences
are due to mere chance, although mathematically some of them are, of course,
not independent of each other. The major difficulty of interpreting the data is,
however, that the numbers determining the outer frame of the physically con-
nected part of the diagram R(M) are clearly changing — as the horizon and
the Hubble distance are growing in the expanding space of a Big-Bang cos-
mology — while several inner parts of this diagram describe objects and rela-
tions depending on the basic physical constants only and, as a consequence, are
to be regarded as eternal constants in the standard physical picture. Neverthe-
less, there appears to be a prominent connection between the frame and the
“content” with such an accuracy that the inner lines can even be “deduced” or
“constructed” partially from the outer frame. The coincidences become per-
haps less surprising, if we accept the approach proposed often recently by sever-
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al authors saying that “the regularities are simply consequences of our own
existence” . There are no such regularities in other cosmological eras, but there
are no intelligent observers in those times to find irregularities. Thus, we
cannot see anything else, but a regular Universe, even though natural laws do
not guarantee all the observed regularities and permit them only in a limited
time interval [14, 15].

One can, however, avoid such conclusions in an unconventional theory
— in Dirac’s cosmology [10, 11] — where the basic relations and regularities
similar to those found above on the diagram R(M) are postulated to he perma-
nent features of Nature. Such a “principle of conservation of relations” is a
consequence of Dirac’s well-known “Large Number Hypothesis” and imposes
severe restrictions on the new unconventional physics and cosmology. In this
logical frame some of the “constants” of Nature should in fact be varying with
the cosmic time and the curious large numbers are as large as we find them,
because the Universe is just about 1040 atomic time unit old when we observe
it. The diagram R(M) populated from elementary particles up to the whole
causally connected domain of the Universe is expanding, the line of constant
density connecting the atoms and the stars is increasing together with the line
of stellar systems, while the critical line of black holes is being displaced paral-
lelly to the right. In earlier epochs the stars were smaller and in the very early
Universe they even ought to have been “similar” to the atoms. Formally the
whole picture becomes feasible near an atomic time of the order of unity, when
the causally connected Universe was just above a single proton and the proton
was just outside the critical line of black holes. Of course, some of these formal
conclusions might be overinterpretations of Dirac’s approach, but one has to
go back with this picture at least to the time when no very large numbers
occured in Nature, otherwise one cannot possibly succeed in explaining the
laws of Nature in a simple way without very complicated basic postulates in
accordance with Dirac’s original aim [10, 11].

In the recentversion of Dirac’s cosmological theory [11] the dimension-
less ratios of velocities defined by the distances of parallel lines of the diagram
R(T) are not connected with the aforementioned large varying numbers: the
velocities are conserved, but the radii of celestial objects are changing. In case
of all planetary and stellar systems this change leads to a shift of the astronom -
ical branch of the diagram R(T) in its own direction without modifying its
distance from the critical line of light velocity.

Let us study now the large dimensionless numbers identifiable on the
diagram R(M). They will be used to demonstrate that even the recent version
of Dirac’s cosmology is to be modified or refined to some extent. For this pur-
pose let us consider a well-defined type of astronomical objects that are con-
served practically “for ever”, once they were formed: pairs of collapsed stars,
former close binaries (with mass transfer from one component to the other in an
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earlier period of their evolution), which suffered two collapses later to form two
white dwarfs. Such objects are known to exist. They have fairly well defined
masses and orbital radii, i.e. positions on the diagram R(M) at the time of their
formation. Applying Dirac’s formula for the orbital motions [11], it is found
that all these binaries have a common law of further evolution (mass creation
and orbital evolution). The narrow domain of the newly formed collapsed bina-
ries on the diagram R(M) coincides with that of the collapsed binaries formed
earlier. The position of this common domain should evolve together with the
whole pattern ofthe diagram R(M) in order to maintain the numerical relations
of Nature unaltered (and also to avoid selecting particular epochs with their
changing relations [16]). The maximum and minimum separations of these
binaries are close to each other in order of magnitude. Near the time of collapse
both extreme radii are of the order of momentary radii of giant stars (the pre-
decessors of collapsed objects), which is about 1024 atomic distance units at
present. This order of magnitude can be expressed roughly as t3/s, where tis
the present “atomic age of the expanding Universe”, i.e. about 1040. The 5/3
power of the former quantity gives the expansion age, consequently this
power should vary in proportion with it according to the Large Number Hypoth-
esis [10, 11] and the radii themselves should increase approximately as
135 [13], otherwise the momentarily widest (or narrowest) collapsed binary
would expand much faster (or slower) than the maximum (or minimum) of
all orbital radii of collapsed binaries turning up in the Universe at a given
time, and this would clearly be a self-contradiction. Our conclusion concerning
the power law of orbital radii seems inescapable, if the collapsed objects con-
tinue to exist for a cosmologically considerable time. Now we quote Dirac’s
formula in an explicit form to describe the orbital motion of binaries in atomic
units of length and time:

GeM= V2er.

(Here Gis the momentary value of the Newtonian constant of gravity, M the
mass of the star, v the orbital velocity and r the radius ofthe orbit — supposed
to be circular for simplicity). Considering that G is known to vary like f_1
and v is independent of time in the recent version of Dirac’s cosmology, it
follows that M should vary approximately as tle! (Note that if M were propor-
tional to t15 degenerate collapsed stars might remain as such for ever [3, 9].
If, however, M ~ t16, they are destined to approach slowly a situation lead-
ing to a further collapse to a black hole. On the other hand, one can easily see
that black holes cannot get out of the horizon owing to the decrease of Gin the
modern version of Dirac’s cosmology, irrespective of the law of particle crea-
tion. Collapsed objects are therefore expected to remain assuch for ever. A possible
evaporation of black holes is far too slow to essentially modify these conclu-
sions.) Our above example of applying the Large Number Hypothesis to new
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large numbers of Nature seems to necessitate the acceptance of an exponentclose
to 1.6 to describe the law of particle creation, in a minor, but definite disagree-
ment with Dirac’s original proposal regarding “multiplicative creation”.
(According to the latter the formula M ~ t2would apply.)

Accepting the law M ~ ile leadsto the following immediate consequences
and practical predictions in the field of cosmology, physics, astronomy, geology
and biology. The world model satisfying Dirac’s postulates becomes essentially
uniquely defined (cp. [16]). The scale factor of the expansion of the Universe,
as a function of atomic time, is approximately proportional to t1¥15 where ti
the time reconed from the Big-Bang. The cosmological scale factor, as a func-
tion of macroscopic time, r, is exactly proportional to T2/3. This is the well-known
“Einstein- de Sitter cosmos” . As a consequence the three dimensional expand-
ing space of the world model is of zero curvature. (Strictly Euclidean space
section.) Thus, the selection of proper initial conditions is automatic and is just
in agreement with Hawking’s requirement [14]. The luminosity of a typical
star (e.g. the Sun) varies in proportion to t, while the effective temperature of
a planet (e.g. the Earth) around it varies as i-0'05, i.e. extremely slowly. This is
a very good reconciliation of Dirac’s cosmology and physics with the require-
ments of geology, climatology, and biology. Here we have excellent examples of
how a cosmological theory can be tested by results of other disciplines ! — The
expansion time scale of the Universe calculated in this model is as long as
13 . . .

in good agreement with the requirements of astronomy and astro-
physics. (Here T,, denotes the Hubble-time as above.) The cosmological decel-
eration parameter measured by the use of atomic time is q0 = 0.15, if we take
photon multiplication to be zero, otherwise g = 0.85 [16]. Both values are quite
acceptable. The bound stellar and planetary systems turn out to be expanding

at a rate part of the free extragalactic Hubble expansion rate, whereas

in the usual version of Dirac’srecent cosmology the expansion law of all bound
astronomical systems coincides exactly with that of the Universe itself, both
of them being described by the power law tl or r° in atomic and dynamic
units, respectively. The observational tests of the model described here are to
be elaborated more particularly by repeating the works of Maeder [17] and
Canuto et al. [18] for our case. It is, however, clear that all the predictions of
this model will be closer to the predictions for M ~ t2 than to those for M t°
— and this is rather promising. A further inference worth of note is that since
the expansion rate of the Earth—Moon system expected in the present model

is also only about 5 part of that predicted by Dirac, therefore, our model is

somewhat more difficult to disprove by direct laser measurements of the upper
limit of change ofthe Moon’s distance, than the model usually considered [19].
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Applying Dirac’s Large Number Hypothesis to the diagram P(M)
implies that cosmic objects should have had a typical angular momentum to
mass square ratio nearer to that of elementary particles in earlier cosmic times
(as originally suggested by Brosche [4]). This statement is, however, in strict
contradiction with the early formulation of Dirac’s cosmology and the view
expressed in [5], according to which angular momenta ought to be conserved.
The need of rejecting the original version of Dirac’s cosmology is thus once
again corroborated on the basis of the diagram P(M) ! Note that the latter
conclusion is quite independent of our previous considerations regarding the
law of particle creation to be accepted. This new argument, however, does not
help us to distinguish between the recent Dirac’s model with a scale factor pro-
portional to t (the expansion time of the Universe) and particle creation pro-
portional to t2on the one hand, and our present model, on the other. The prop-
er change of angular momenta is automatically ensured in both recent models.

Summing up it can be said that taking duly into account the large dimen-
sionless numbers of Nature identified in our diagrams we may hope to have
improved some details of Dirac’s cosmology together with our understanding
of the cosmic hierarchy and its evolution with the cosmic time within the
framework of this theory. One should, however, bear in mind that a uniquely
defined world model is very vulnerable and Dirac’s whole cosmological concept
might easily clash with the first new data.

A further remark worthy of mention is that according to the relation
P(M) there seems to be a deep connection between the famous extreme Kerr
metric [6] for fast rotating black holes in General Relativity and the spin of
proton ! The connection is exactly of the same type as that between the well-
known Schwarzschild metric [6] for black holes and the mass of proton: both
of them give the same ratio as dimensionless Dirac humber. Thus, exact but
exotic mathematical consequences of General Relativity (amacroscopic theory !)
appear to contain indirect but reliable information on elementary particles.
This can be regarded as an indirect “test” of the validity ofthe General Theory
of Relativity even at 10“13 cm, i.e. the proton size! — The above numerical
coincidence is to be compared also with the fact that a rotating charged black
hole is known to have a magnetic dipole moment d related to the angular mo-
mentum P so that the gyromagnetic ratio of black holes is exactly 2, just as
for electrons. — All these should increase one’s confidence in black hole phys-
ics often regarded — by outsiders — as a merely speculative theory avoid of
any immediate and realistic physical significance.
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COBMNAAEHWNA KPYTMNMHbBI X YACE/Z1 BCBETE 3BO/TIO LN KOCMOCA
. MAAN

Pestome

B npupoae Hab6nwopgaetcs nossaeHue «BOMbWIOI0 KOAWYeCTBa 6€3pasMepHbIX 60MbW KX
yncen» B MOJMIHOM COrNacUM C BblPaXEHHbIM HECAy4aliHbiM XapakTepom. HekoTopble 3aKo-
HOMEPHOCTU B UX pacnpeseneHum paccmMaTpUBalOTCA KakK No CTaHAApPTHbIM MOAENsM Mupa Tuna
SiiHWTeiH—®puaMaHH, TakK W COrfacHo KocMmosnormm [upaka. OTMedaloTCs (Gu3nyeckue,
aCTPOHOMMUYECKNE, TEONOTUYECKNE U GUONOrMYeCKNe NOCAEACTBUA pPacCMaTPUBAEMbIX SBIEHUA.
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LARGE-SCALE CYCLIC PROCESSES IN THE GALAXY

By
B. Balazs

DEPARTMENT OF ASTRONOMY, EOTVOS LORAND UNIVERSITY, BUDAPEST

Large-scale cyclic processes in the Galaxy are: a) the free oscillations in the grav-
itational potential field of the Galaxy (rotation and epicyclic movement); b) the quasi-
stationary gravitational density wave producing the spiral structure (Lin, 1964);
¢) the oscillation due to the cyclic activity of the nucleus of the Galaxy.

The (6) density wave is rotating as a rigid body around the centre of the Galaxy
(period: 5 « 108 years). The stars are moving at a considerably higher angular velocity,
accordingly in the spiral arms one finds stars of ever increasing age in the direction of
the galactic rotation. The spiral arms are so conspicuous not because of being richer
in matter, but because much more energy is liberated in them by young objects of high
luminosity.

The well-developed spiral structure of a galaxy implies low specific angular
momentum and high central mass concentration.

The nucleus of our Galaxy is comparatively quiet. However, there are signs of
its having been periodically active, with intense infrared and radio wave emission and
matter ejection (c).

Oscillation is maintained by a 500 million year explosion cycle resulting in period-
ical Seyfert character of our Galaxy. These explosion s are probably due to a supermas-
sive star (of about 108solar masses in the centre of the Galaxy).

The galactic level of organization is characterized by the undisturbed predomi-
nance of the gravitational interaction. Corresponding speed data are remarkably su-
perior by about two orders of magnitude to the 1 km/sec average of strip B. It is possible
that it is a manifestation of the convergence of strips A and B on a metagalactic scale.

The perpentuance of cosmic objects can be explained by the equilibrium
of the forces generating them and approximately compensating the effect of
each other. The same forces generate the characteristic forms of motion of
each object as well as the fluctuations near the equalibrium. Thus, cyclicity is
practically a universal feature of the partially separated stable cosmic objects.

Among the large-scale cyclic processes in the Galaxy the most significant
ones are:

a) the free oscillating motions in the gravitational potential field of the
Galaxy, i.e. rotation and the so-called epicyclic motion;

b) the gravitational density wave producting the spiral structure;

c) the oscillation generated by the cyclic activity ofthe Galaxy centre.

According to the organization level of the Galaxy and its position on the
structural scale, in these processes being in close interaction with each other
— the common gravitation plays the predominant role.
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It is well known, that similarly to the other spiral galaxie (constituting
about 65 per centof all the stellar systems) also the rotational angular velocity
of our Milky Way is a function of the distance from the centre. If the spiral
arms were material tubes they would he subjected to permanent deformation
and after a few rotations they would wind up and disappeare. As it has been
recognized, the winding up could not be obstructed even by the magnetic field
in the spiral arms since the field power measured either from the Faraday-
rotation of polarized radiation of pulsars and other radio sources, or from the
ZEEMAN-cffect ofthe 21 cm interstellar hydrogen line, is only about 3 /zgauss.
Thus, the magnetic energy density falls to the order of magnitude of the energy
density of the turbulent motion of interstellar gas and this is considerably lower
than the energy density derived from the galactic rotation of the gas. Conse-
guently, the magnetic field is unable to influence systematically the large-scale
motion of the gas.

The same conclusion can be drawn on a purely heuristic way through the
general consideration that according to the organizational level of the Galaxy
and its position on the structural scale, inthe formation of its main morpholog-
ical pecularities from among the main physical interactions gravitation has
to be predominant. Surely, from the Metagalaxy possessing the characteristic
scale of 1028 cm through the clusters of galaxies, galaxies, nuclei of galaxies,
stars down to the planetary bodies of 108 cm, the predominating form of in-
teraction of the objects is the gravitation and, moving towards the small
dimensions, the electromagnetic interaction becomes important only on a
much smaller scale. Taking this into consideration the problem of the winding
up can be avoided by assuming that the material of the spiral arms is not con-
stant but the spiral structure is produced by the local maximum of a quasi-
stationary large-scale density wave in the Galaxy. The density wave affects the
distribution of both the stars and the gas and it moves relative to the material
of the stellar system, thus is not necessarily exposed to the deforming effect of
the differential rotation. It is to be emphasized that the density wave is quasi-
stationarv ; its progression and survival is assured by the wave-like disturbance
which is caused by the density fluctuation in the gravitational field ofthe Galaxy.

After the early attempts of B. Lindblad, which were only partly suc-
cessful, the significance of density waves on the galactic scale has been empha-
sized by C. C. Lin and his co-workers (Lin, 1964). According to the concept of
Lin,the characteristic structure of the spiral galaxies is generated by the quasi-
stationary density wave rigidly rotating around the nucleus of the stellar
system. In accordance with the equations of mass conservation and continuity
of gas dynamics the presence of the density wave is accompanied by the per-
turbation of a simple circular or elliptic motion of the stars and the interstel-
lar gas. Near the density maxima the motion becomes necessarily slower and
the galactocentric orbital velocity will periodically fluctuate.
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The cosmic objects generally revolve around the Galaxy’s centre in an
elliptic orbit of more or less excentricity. According to Lindblad their motion
can be described also by elliptic epicycles (Fig. 1). The epicyclic frequency
x(R) shows the following relation with the other basic factors of the galactic
rotation:

x(R) = 2V-B(A - B) (1)

where A and B, the so-called Ookt’s constants depend on the rotation velocity
42(R) as follows:

AR)= -+ R ~i B(R)=A—0Q. (2,3)

Q(R) and x(R) can he regarded as the eigen-frequencies of the free oscil-
lations in the R galactocentric distance. It is obvious that resonances may
appear between the above eigen-values and the Qp angular velocity of the
rigidly rotating density wave. Out of them the following ones the most
important are:

a) corotation Q—Qp= 0; (4)
b) inner LiINDBLAD-resonance:
Q- Qp= x/2 (5)

c) outer LiINDBLAD-resonance:
Q-Qp= -x/2. (6)

The corresponding non-perturbated orbits are shown in Fig. 1 in a coordinate
system rotating with an angular velocity Qp, i.e. resting as compared to the
spiral pattern. The resonance radii corresponding to the angular velocity of
resonance depend on Qpand the shape of the Q(R) function, i.e. on the distri-
bution of mass in the stellar system. (The model being rotation-symmetric to
the mass distribution can be deduced from the shape of the rotation velocity
function Vrot(R) = RQ(R) changing with the distance from the centre.

According to W. Lohmann (1974), the total mass can be estimated as
MQ = 0,75 VJAG, where VO0is the orbital velocity of the Sun, Gis the gravita-
tional constant expressed in the corresponding units. Already the original
theory of Lindblad made use ofthe fact that within the Milky Way Q — x/2 is
practically wide annular range.

Thus, in the whole range the corresponding value of Qp produces re-
sonance. In the LIN-theorytheinner and outer LINDBLAD-resonances determine
the limits of the radial extension of the denisty wave.

Since the spiral structure of the majority of the galaxies is stationary
during long periods of time (and these are systems highly isolated from their
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Direction of rotation of the potentionai trench
as compared to the inertia system

Fig. 1. Lindblad’s epicyclic orbits and resonances in the galactocentric coordinate system
rotating with an angular velocity Qp

environment) the presence of spiral arms can be explained only by a “self-
preserving” neutral density wave.

In a galaxy, however, neutral density waves may survive only if the
system is not inclined to produce local gravitational collapses (the so-called
JEANS-instabilities). Already in 1964 it was demonstrated by A. ToomRE that
in a stellar system of mathematically negligible thickness JEANS-instabilities
do not occur when the inequality below is valid for the local dispersion of
peculiar velocities of the individual members in radial direction:

(4J312>3.36 Ger/x @)

(where a is the surface density projected on to the main plane, Xis the epicyclic
frequency and G is the gravitational constant). On the basis of the critical
values this is 52 km/sec in the Sun’s neighbourhood, while taking into account
the real thickness of the galactic disc, this is 37 km/sec. This latter value is
nearly the same as the R-directed velocity dispersion of late-type dwarfstars
constituting the main mass of the Milky Way. If at the beginning the disper-
sion remains below the critical value in a galaxy, owing to the collapses it will
increase until this value is reached, i.e. the situation is stabilized. With the
disappearance ofthe JEANS-instabilities the increase of velocity dispersion will
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stop. This is of great significance from the point of view of the LiN-theory since
in case of dispersion considerably surpassing the critical value the propagation
conditions of the neutral density wave become less favourable.

The density wave propagating in the Galaxy’s material otherwise moves
together with the fluctuation generated in the gravitational potential field:
the sites of maximal density coincide with the “potential trenches”. In ac-
cordance with Toomre’s result mentioned above, the smaller is the velocity
dispersion of the objects belonging to the system, the greater is the amplitude
of the density wave (thus, in the interstellar medium disturbances are con-
siderably stronger than those among the stars.) The observer moving together
with the material detects the transition of the potential trenches rotating as
rigid bodies with an angular velocity generally differing from that of the Gal-
axy’s material, with the frequency of

li= m[Qp - i2(R)]/x. (8)

Suitable stationary solution exists only when the condition is fulfilled, i.e. the
inequality
Q —x/Im< Qp< Q - x/m 9)

is to be valid. Consequently, in accordance with the observations as well as with
the facts mentioned in connection with the LiNDBLAD-resonances, the spiral
arms around the centre of the stellar system can survive only within a definite
ring. Fig. 2 based on the mass distribution of the Schmidt model, describes the
run of the rotation and epicyclic frequencies in the Milky Way. It is obvious
that in case of m = 2 the range suitable for the formation of spiral arms is
much wider than in case of m > 2. (The same refers to the majority of those
normal spiral galaxies which can be analyzed dinamically). Thus, the number of
spiral arms is two and further arms can appear only at the edges of the stellar

R (kpc)

Fig. 2. The shape of the rotation and epicyclic frequencies in the Milky Way based on the mass
distribution model of Schmidt
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system where x and Q only slightly differ from each other, and their change is
slow as compared to the galactocentric distance.

Consequently, the density wave front, as a double-armed spiral pattern
rotates around the centre of the Galaxy as a rigid body with a period of 500
million years in the galactocentric distance of the Sim with an angular veloc-
ity considerably lower than that of the material.

The LiN-conception considerably affects also our ideas of stellar cosmog-
ony. According to the linear approach discussed above, the density wave
disturbing the “tranquillity” distribution of the stars and that of the inter-
stellar material differ only in their relative amplitude. (Since the interstellar
medium amounts only to 10 per cent of the mass of the whole system, a 5 per
cent increase ofthe total density needs a much greater relative amplitude than
in case ofstars). Thenon-linear solutions describingthe behaviour ofthe galactic
density wave in abetter way show qualitative differences: in the interstellar gas
the transition through the potential trenches generates shock waves.

According to W. W. Roberts (1969), in our stellar system the maximal
density generated in the shock wave front at a galactocentric distance of R =
— 10 kpc, is five times as much as that in tranquillity, when the relative depth
of the potential trench is 5 per cent. In the coordinate system rotating with an
angular velocity of Qp the streamlines of the gas are such (nearly circular)
closed curves which possess break-points in the shock wave fronts. In the gas
moving with an angular velocity greater than that of the potential trench
when reaching the shock wave front considerable compression also occurs in
addition to the sudden increase in density, thus the conditions of formation of
new stars are greatly improved. (At the same time, the formation of the inter-
stellar dust particles is also accelerated and this explainsthe fact that the light-
absorbing cosmic nebulae show the spiral structure, too). A typical HI-nebula
stays in an interval favourable for star formation generally for 3107 years.
Since the shock front lies within the inner edges of the spiral arms, the young
O-stars and the HIl-fields generated by them can be observed also here, strongly
emphasizing the internal contours. Taking into account the fact that stars
move with considerably greater angular valocities than the density wave does,
in the spiral arms ever older stars are found in the direction of galactic rotation.
The distribution of open clusters of different ages is consistent with the above
concept (R. Wierten, 1971) as it has been verified also by the researches car-
ried out at the Department of Astronomy of the Edtvés University, Buda-
pest (B. Balazs, 1978).

To reveal the age stratification of the spiral arms and generally the ga-
lactic disc, i.e. in an abstract sense their “annual rings”, is one of the most
important tasks of galactic astronomy at present. In this field not only the
spatial distribution, but also the kinematic features of the stars of different
ages may provide significant assistance. It is known, that the valocity dis-
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persion of the interstellar gas is considerably smaller than that of the stars in
general, and the newly born stars preserve the kinematic properties of the
medium in which they were generated. Nevertheless, as it has been emphasized
by R. Wooley and M. P. Candy (1968) and since the “stellar gas” does not
posses cooling mechanisms similar to that ofthe interstellar material, due to the
interactions with the irregularities of the galactic gravitational field it shows
increasing velocity dispersion perpendicular to the main plane. Thus, the
older is some sub-system of stars, the greater is its velocity dispersion. As it
has been proved by the researches carried out at the Department of Stellar-
statistics of the Observatory of the Hungarian Academy of Sciences (L. Ba-
1azs, 1975), in a given neighbourhood of the Solar system the stars can be
divided into kinematically fairly distinguishable, discrete sub-systems. This
can be explained by their large-scale periodic formation, in accordance with the
density wave theory.

Thus, the LiN-theory proves to be a reliable guide also in this field, and
it is not accidental that in the past years the theory of conceiving the spiral
structure as a wave phenomenon has become predominant. The spiral arms are
conspicious not because they are much more abundant in matter but because
much more energy is released in them by time — and mass units than in the
fainter parts of the Galaxy. Since, similarly to the normal spiral galaxies the
majority of the mass of the Milky Way is represented by old faint stars, the
striking contrast of the spiral arms is caused by the apparent brightness of
young objects. The formation and distribution of the young objects are deter-
mined by the cyclic, quasi-stationary perturbation of the gravitational field
generated by their dwarf fellow-stars constituting the “grey mass” inthe Galaxy.

Be the conditions howsoever favourable for the survival of a Galaxy-sized
neutral density wave, some energy dissipation should be taken into account.
As it has been pointed out by J. H. Oort and co-workers (1972) the density
wave should transfer annually about 104e erg through the galactocentric circle
drawn in the resonance field. According to D. Lynden-Bell (1970), the den-
sity wave makes up its energy loss first of all from the rotation energy of the
Galaxy and it does so possibly in the following way.

In the corotation resonance region the stars, the epicentres of which are
at a slightly shorter distance from the Galaxy’s centre than the Rk corotation
distance, i.e. for which Q(Rk) = Qp with:

0<Rk-R<REK (10)

posses a circular velocity somewhat greater than that of the density wave and
accelerate it (i.e. transfer angular momentum). The stars, however, the epicen-
tres ofwhich lie slightly outside the corotation circle, i.e. for which the relation

0< R - Rk< RK (11)
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holds, and they rotate with an angular speed somewhat smaller than that ofthe
density wave, drawing offangular momentum from it. As a final conclusion, the
issue whether the density wave gains or loses energy during the interactions
mentioned above depends on the question how fast the density of the material
decreases with the increase of the galactocentric radius in the corotation zone
of the galactic disc. It can he a selection rule that from among the Qp rotation
periods satisfying [9] the one will be realized at which corotation occurs with an
efficiently high density gradient. Since the orbital angular momentum of the
stars possessing epicentres satisfying [10] will decrease due to the interaction
with the density wave, the diameter of the orbit of these stars will gradually
decrease. Based on analogue considerations, since the galactocentric distance
of the stars satisfying [I1] will increase, the density of the corotation range
decrease. According to the Lynden—Bell calculations, the corotation zone
moves inward after a while pushing also the interstellar material ahead of it.
Thus, as a result of the interaction of the density wave, the galactic rotation
as well as the epicyclic motion, the specific angular momentum of the stellar
system decreases and its central mass concentration increases at the same time.

Consequently, if a Galaxy possess a highly developed spiral structure, a
relatively low specific angular momentum and a great central mass concentra-
tion can be expected. Since above certain mass limit the Galaxy’s nucleus be-
comes instable, the question arises whether a large-scale cycle exists in the
course of which the periodic activity of the Galaxy’s nucleus “regenerates” the
galactic density wave (which, on the basis of the aforementioned affects the
activity ofthe core). This type of regeneration is necessary even because of the
damping phenomena (K. Rohi1fs, 1978).

Concerning our Galaxy, it can be stated that it was only in the past
twenty years, when the observation techniques by means of which we are able
to “see” deep into the Galaxy’s centre have developed. As a result of the ob-
servations made at different wavelengths a striking similarity between the
nucleus of the Milky Way and that of the so-called SEYFERT-galaxies (i.e.
galaxies with very active nucleus) has been revealed.

At present the nucleus of our Galaxy is relatively at rest. Its energy
release is only 10 times as much as that of the SEYFERT-galaxies and less
than 10_J times of that of the quasars. More and more evidences accumulate,
however, to support the fact that also in the history of our Galaxy there are
very active periods. In these periods the SEYFERT-character manifests itself
by the strong infrared and radio emission as well as by the high-speed material
outflow.

J. H. Oortand co-workers (G. W. Rougoor, 1964) were the first to state
that at a distance of 3 kpc from the Galaxy’s centre an expanding arm can be
found both on the facing and the opposite side. (On the side facing us the radial
velocity is about 50 km/sec). Both the outward-directed gas motion and the
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synchroton radiation observed from the centre relate to an explosion in the
nucleus. Since the Kinetic energy of the expanding arms is 1053 erg, in case of
isotropic explosion about 3108 erg energy must have been released (this is
equal to the mass of 104suns). If the mass ejected during explosion is equal to
10s solar masses, the above situation will occur 10 million years after the explo-
sion. As to estimations, during the life of the Galaxy up to now 10eo erg energy
has been released in its nucleus and the material that has flown out of itis
about 10®solar mass. These data are characteristic right for the SEYFERT-galaxies
and comparing them with the observations, we are justified in supposing that
the nucleus of our Galaxy becomes of SEYFERT-character periodically, (by 500
million years) and supports the more and more verified hypothesis that the
SEYFERT-galaxies are not peculiar objects but represent an excited state of the
normal spiral galaxies recurring periodically.

(In 1970 analogue considerations made L. M. Ozernoy assume that the
strong radiogalaxies, the N-type compact galaxies and the quasars are not
different galaxy types but are rather the strongly excited forms of the elliptic,
compact and supercompact galaxies.)

Let us return, however, to our Galaxy. According to recent assumptions,
the supermassive star (perhaps black-hole) of at least 108solar masses, periodi-
cally formed in the centre of the Milky W ay is responsible for the repeated
explosions in the nucleus, and its activity also contributes to the long-term per-
sistence of the galactic density wave. The formation and regeneration of the
object are based first of all on the gravitational accretion of the interstellar
(or intergalactic) gas. Here some problems arise connection with the rate of
accretion, since the gas quantity deriving from the evolutionary mass loss of
the near-centre (R < 100 pc) stars amounts annually onlyto 2¢10s MO (van der
Kruitetal., 1972) and the inflow ofthe intergalactic gas, observed in the forms
of high-speed hydrogen clouds and mainly at great galactic latitudes gives
a value smaller by an order of magnitude than expected. Most of the re-
searchers, however, incline to acceptthe explanation onthe formation of the cen-
tral superstar by accretion, because on the one hand, it is possible that only a
fraction of the gas inflowing at high latitudes has been observed so far and the
Lynden—Bell mechanism mentioned above may transport gas of sufficient
quantity into the centre along the galactic plane. On the other hand, on the
basis of the accretion hypothesis the structure of the spiral galaxies can be
considered as the product of a large-scale cycle, in which the quasi-stationary
density wave generating the spiral arms regains its slowly dissipating energy
through the recurring explosions of a central supermassive object facilitating
its cyclic formation through its sheer existence.

In conclusion, it may be said that the large-scale morphological features
of our Galaxy are the results of cyclic processes governed by its gravitational
field. At the organizational level ofthe Galaxy it also proves to be true that the
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Table I

Core activities of different galaxies

Luminosity Duration of life Total emitted Total observed
Object (ergls) (years) energy kinetic energy

(erg) (erg)

Quasars 10«-10« 10e 1082 1080
Seyfert 10 ~-10 45 10s 10* 10«— 1080
Milky W ay 1039—io0 10 1010 10« 1053—10m

system-character of a higher level is not determined by the entry of new kinds
of energy, but rather by a familiar form of interaction (in our case the gravi-
tational one) which is not conspicuous at small dimensions but has a long action
radius free of interference due to the elimination of shorter range interactions.

We have seen that large-scale cylic processes in the Galaxy — most
probably — are closely connected with one another, and the space dimension of
the density wave propagating in the Galaxy disc is commesurable with that of
the whole system (which, on the other hand, can he demonstrated in the uni-
versal time-space diagram, attached to the rotation period). Since the veloc-
ity values of the processes discussed above exceed by about two orders of
magnitude the average 1 km/sec characteristic for the main strip B, it seems to
be possible that the tendency occurring in metagalactic dimensions appears
already at the level ofthe Galaxy, i.e. the strip of mechanical rhythms converges
towards the range of electromagnetic phenomena.

REFERENCES

1. Ambarcumjan, Y. A.: The Structure and Evolution of Galaxies. 13th Conference on Phys-
ics. Univ. Brussels, Interscience Publishers, p. 1, 1965.

2. Balazs, L.: Budapest, Mitt., Nr. 68, 1975.

3. Balazs, B.: AG Mitt., 43, 254, 1978.

4. Chandrasekhar, S.: Principles of Stellar Dynamics. Dover, New York, 1960.

5. Lin, C. C.—F. H. Shu: Ap. J., 140, 646, 1964.

6. Lohmann, W.: Astrophys. Space. Sei., 27, 227, 1974.

7. Lynden-Bell, D.: IAU Symp., 38, 331, 1970.

8. Oort, J. H. AG. Mitt., 32, 15, 1972.

9. Ozernoy, L. M.: Astr. Tsirk., 581, 1. 1970.

10. Roberts, W. W.: Ap. J., 158, 123, 1969.

11. Roberts, W. W. et al.: Ap. J., 196, 381, 1975.

12. Rohlifs, K.: AG Mitt., 43, 48, 1978.

13. Rougoor, G. W.: BAN, 17, 381, 1964.

14. Sanders, R. H.—G. T. Wrixon: Bull. AAS., 5, 41, 1973.

15. Sanders, R. H.—K. N. Prendenberg: Ap. J., 188, 489, 1974.

16. Schmidt, M.: Stars and Stellar Systems. V., Univ. Chicago Press, Chicago—London, p. 513,
1965.

17. Toomre, A.: Ap. J., 139, 1217, 1964.

18. Wielen, R.: Astr. Astrophys., 13, 309, 1971.

19. Wolley, R.-M. P. Candy: MN,, 139, 231, 1968.

Acta Geologica Academiae Scientiarum Hungaricae 23, 1980



CYCLIC PHOCESSES IN THE GALAXY 149

KPYMHOMACWTABHbBIE UMKANYHBIE MPOLECCHl B NMPEAENAX TANAKTUKN
B. BANIAXK

Peswome

KpynHomaclTaHble LUKAWYHble Mnpoueccbl B npegenax [anakTWku CBOJATCA K cle-
aylowemy:

a) CBOGOAHbIE OCLUNALMUMN B MONE CUNbI TAXECTN FanakTUKKM (BpaleHne v aNULUKINYHOE
LBUXEHUE),

6) BONHa KBasWCTaLMOHapHOW rpaBMTALWOHHOW TrycTOTbl, cO3jatolias cnupanbHble
CTPYKTYpbl (JInH, 1964),

B) OCLUMNNALNSA, BbI3BAHHAA UMKANYHOWK [eATeNbHOCTbI0 AApSA FanakTuku.

BonHa ryctoThl (6) BpawjaeTcs Kak XecTKoe Teno BOKPYr LeHTpa FanakTuku (nepuop —
5 « 10® net). COOTBETBEHHO 3TOMY, 3Be3/bl MepemMeljaloTca C ropasfo 6onbleil yrnoBoi cKo-
pocTbio, Ha CTpenax cnupaneil HaXoOAATCA 3Be3/fbl C BO3PAcTOM, yBeNNYMNBAOWMUMCS B Hanpasne-
HUKU BpaweHna FCanakTukn. CTpensbl cnupaneil ABNAOTCA TaKMMU NoKasaTebHbIMU He MOTOMY,
4TO OHM 6oraye Bel ecTBaMM, a B CBA3N C OCBOGOXK/AEHNEM B HUX GOMbLIETO KONMYECTBA IHEPTUN
noj AeicTBMeM MONOAbIX 06bEKTOB, XapakTepu3yto W NXCA MOBbILIEHHOW CBETUMOCTbIO.

BBuay Xopowo pa3BWUTOl, BblpaXeHHON CNMpanbHOW CTPYKTYPbl ranakTUK MOXHO Cy-
AWTb 0 HAMYNKM HW3KOTO 3HAYEHWNA YAEeNbHOTO MOMEHTa UMNYNbCOB M MOBbIWEHHOW KOHLEeHTpa-
UMM  Macchl.

AApo Hawed FanakTUKU OTHOCUTENbHO CNOKOMHOe. OAHAaKO, eCTb NPU3HAKMN CBUAETENb-
CTBYlOLME O TOM, YTO OHO GbINI0 NEPUOANYECKN aKTUBHBIM C MHTEHCUBHBIMW 3MUCCUAMU UHPPa-
KpacHOW pajmauunm n paguoBOH, a TakXe ¢ Bbl6pocamu BelwecTs, (B).

OcunNNALNA KOHTPONUPYETCH 3KCMNO3MOHHbIM LMUKNOM MPOAOMKUTENbHOCTbIO B 500
MWUNNNOHOB NeT, 4eM U 06YCNOBNEeH NepuofuYecKWil XxapakTep 3eliepT Hawen ManakTuku.
dkcnno3nyu 06ycnoBnieHbl, NO-BUAUMOMY, NPUCYTCTBUEM B LieHTpe FanakTUKU cCynepmMaccuBHONM
3Be3fbl (C NpuMepHO 10®-KpaTHON BENUUYUHOW CONAPHOW Macchbl).

FanakTU4YecKUil ypoBeHb OpraHM3aLum MaTepuun xapakTepusyeTCs HeHapyLleHHbIM Mnpe-
o6najaHnem rpaBuUTalMOHHOT0 B3auMmogeiicTBua macc. CoOTBeTCTBYiOLIME faHHble CKopocTeit
3amMeTHO, MPUMEpPHO Ha ABa Nopafka 6onblue cpefHel cKopocTu nonockl B, cocTaBnsatowen 1km
B CeK. BnonHe BO3MOXHO, 4TO 3TO 06yCNOBNEHO KOHBepreHuuein nonoc A u B B meTaranaktu-
YecKUX MacliTabax.
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By
S.V. M. Clube

EDINBURGH

Some of the observational evidence favouring a new kind of steady state cosmol-
ogy are described. Different types of galaxies as well as their evolution phases and the
effects generating these phases are discussed.

In Big-Bang cosmology, primaeval inhomogeneities of some kind lead
to galaxy formation. Possible theories are severely restricted [1], however, by
the observation of isotropy in the microwave background and the need to iden-
tify some factors (e.g. angular momenta) responsible for evolution into dif-
ferent types of galaxy. No such theory, however, successful in these respects,
accounts for the structural differences between clusters containing elliptical
galaxies and those containing spiral galaxies [2].

This paper describes some of the observational evidence favouring a new
kind of steady state cosmology which avoids these problems. According to
this theory [3], a cluster of galaxies is a quasi-independent cell in an infinite
universe with a material content of ~ 1014 — 1015 MO undergoing a quasi-
cyclic evolution on a timescale of ~ 5 «1010 years. In the collapse phase
(~ 1010y), aggregates of stars and gas dissipated by the previous cycle, form a
compact cluster of E-type galaxies. In the expansion phase, they evolve into
S-type and 7-type galaxies as the cluster takes on an enlarged and much more
ragged structure.2

This process is basically due to the evolution of stars in the spheroidal
components of galaxies which thereby tend to diminish in size along the
(Hubble) sequence E —»SO/IO —»S/1. Mass loss from stars periodically (~10®y)
leads to the construction of successive galactic nuclei [4] which become super-
massive in the gravitationally collapsed state associated with relatively brief
active quasar and Seyfert phases. Rotational instability of these nuclei gives
rise to symmetrical ejecta, initially recognised as double radio sources in the
early massive E-state, and then as successive sets of relatively short-lived spiral

1Paper also presented at Meeting of Irish Astronomical Science Croup at Dublin, Novem-
ber, 1978.

2MoO0denotes the solar mass, E, S, | and SO mean elliptical, spiral, irregularand lenticular
galaxies, resp.
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arms feeding into a bound disc in the subsequent S/I-state. According to this
scheme, the mass-energy content of gravitationally collapsed nuclei formed at
intervals of ~ 108 is ]>1013M 0 and is essentially the “missing mass”, but
immediately before collapse and after disruption, the mass-energy is so widely
dispersed as to be locally unobservable. This property explains why quasars
have large gravitational redshifts and spiral arms remain bound in spite of
their initially relativistic ejection. It is, of course, implicit, in this scheme that
galactic nuclei are not powered by black holes.

In this theory, the spheroidal component is considered to have an approx-
imately constant specific angular momentum. Essentially similar nuclei
which ultimately rotate with uniform angular velocity redistribute the angular
momentum in such a way that the central high temperature (~ 5 ¢ 109K),
low angular momentum part gives rise, on disruption, to the galactic halo,
while the outer, high angular momentum part generates the disc. Such a model,
as Unsold has shown [5], is in very good agreement with observations of chem-
ical abundances in the Galaxy. Suppose we idealise this scheme, assuming an
initial mass of spheroidal component M and specific angular momentum
(s.a.m.) = h, and we suppose there is formed a disc of mass m with s.a.m. =
= kh 3and a halo of mass km with s.a.m. — h/k, then it follows that

m <[ Mjk

(N.B. The commonly expressed view that the disc and halo have identical
mean s.a.m. is based on Kinman’srather artificial comparison [6] of essentially
nearby globular clusters with gas much closer to the centre of our Galaxy. In
the one place where the comparison can be made with certainty, the solar
neighbourhood, the s.a.m. differ by a factor of 3 or 4). Thus, if the initial galac-
tic mass is ~ 10u — IO*M g and the structure of galactic nuclei gives K ~ 10
(say) them m < 1010—101:livVfo. If ~ 102 nuclei are built in the lifetime of one
galaxy, the mass of any one set of spiral arms is on the order of 108—109M 0,
in adequate agreement with observations.

It is a plausible assumption that the “missing energy” is usually located
in a material vacuum. The energy, however, interm ittently transfers to gravita-
tionally collapsed bodies giving rise to a supermassive, relativistic, regime, i.e.
mO0 —»y TN0.8 The vacuum may be considered to exist ordinarily in the form of
a cold, low density superfluid, itself giving rise to the smooth microwave back-
ground. According to this picture, the material vacuum is the source of all
potential energy and those effects attributed to “fields” are a manifestation of
action by the material vacuum. This is contrary to the view of Nature which

3Where k is a suitably chosen empirical constant, describing the structure of the given
galaxy.
4y is a numerical factor describing the relativistic mass increment.
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ascribes to fields a more fundamental role. It seems that it is not possible to
accept this pattern of galactic evolution, therefore, without also questioning
some of the current fundamental concepts of physics. [7, 8].
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Pesome

PaccmaTpuBaloTc HekoTopble (hakTbl HabNlOAeHNIA, 6naronpuaTCTBYOWKNX pa3paboTkam
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3BOMOLUMOHHBIX (ha3ax U Ha apdeKTax, Bbi3blBAKOLWNX 3TU (asbl.
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GEOMAGNETIC PULSATIONS.
A POSSIBLE LINK BETWEEN INTERPLANETARY
MEDIUM AND SURFACE

By
J. Vers

GEODETIC AND GEOPHYSICAL RESEARCH INSTITUTE OF THE HUNGARIAN ACADEMY OF SCIENCES.
SOPRON

Pulsations with periods of 1to 100 s exist in the electric field of the air. The fields
having amplitudes of 1V m"1of order of magnitude have an effect both on microorgan-
isms and on warmblooded animals. The estimation ofthe measure of this effect seems to
be troublesome and it is expected that the international cooperation of Soviet and Hun-
garian experts will promote to solve this problem.

1. In recent times, the effect of the geomagnetic field and its variations
on the human environment has been much discussed. The meteorological effect
could be statistically confirmed, though the mechanism of the influence is not
cleared, yet. In addition to an indirect biological influence through meteorologi-
cal factors, the immediate effect of the geomagnetic activity on living organ-
isms is also much discussed. Such an effect, however, could not be statistically
proved, at least in published material, although interesting cases are known.
As the interest is quickly increasing for the problem, it can be expected that
positive or negative significant results will be soon available.

2. In the framework of possible biological effects of geomagnetic varia-
tions, the short-period part of the spectrum may play the major role. It in-
cludes a great variety of variations from different physical sources. Here only a
limited part ofthe spectrum, the so-called geomagnetic pulsations will be treated.
These are variations with periods between some tenths of seconds and sever-
al tens of minutes. The most prominent ones are the continuous pulsations.
Pc, with the important subgroups Pci (pearl pulsations, period around 1 s)
and Pc 3—4 (periods 15—150 s), and impulsive or irregular pulsations, Pi.

The excitation mechanism of the pulsations has not been sufficiently
dleared yet. Pi-type pulsations constitute a part of the so-called substorm com-
plex which includes aurora, geomagnetic bays, ionospheric disturbances, etc.
Accordingly, these appear at moderate latitudes during the night for some
minutes on a rather quiet background with periods around 1 minute.

The name “Pearl-type” pulsations is due to their particular appearance
on analogous records, where the envelop of the extrema has a beating period
of about 1 min, thus the series of pulsations appears similarly to a pearl neck-
lace. These are connected with wave packages or particles travelling along
geomagnetic field lines, and reflected at the surface-near part of the field line
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(mirroring). The mirroring period is the period of beating. These are connected
with instabilities in the inner part of the magnetosphere, in the plasmasphere,
and also with particles coming into the lower zones of the atmosphere after
geomagnetic storms.

Pel-pulsations are at moderate latitudes a night-time phenomenon,
appearing only in a few per cents of all time.

Some years ago the magnetospheric origin of the Pc 3—4 type (Fig. 1).
pulsations has been generally accepted. Recent results show, however, that a sig-
nificant part is of interplanetary origin.

0910 0012

Fig. 1. Example of Pc 3 pulsations in the electric field (period about 23 s)

Fig. 2. Activity of geomagnetic pulsations having different periods in function of the scalar
magnitude of IMF (left) and the position of the peak activity in function of IMF (right),
The curve 160/B is also drawn

Fig. 3. Dependence of the activity of 30—40 s period Pc 3 on the direction of the IMF; the angle
is measured from the Sun-Earth direction in the equatorial plane
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Investigations carried out on the material of the Nagycenk observatory
in W-Hungary [5, 8] have also proved connections existing between the param-
eters of the pulsations and of the interplanetary medium or of the solar wind.
The scalar magnitude of the interplanetary magnetic field (IMF) determines
the period of the pulsations (T -= 160/B, where T is the period in s, B the mag-
nitude of the IMF) (Fig. 2), the direction of the IMF influences their amplitude
(Fig. 3), but the latter is determined mainly by the velocity of the solar wind
(Fig. 4). These results are valid for the shorter period part of the Pc 3—4 pul-
sations up to periods of about 40 s (Fig. 5). Above this limit, the connections

Fig. 4. Diurnal change of the activity of 15—20 s pulsations in dependence on the solar wind
velocity and the particle density (values indicated are lower limits of the parameters in the

groups)

Fig. 5. Change of the daily maximum level of amplitudes in function of the solar wind velocity
and particle density (the A values in Figs 4 and 5 are in arbitrary units)
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are less significant or even they have different character. It is possible that the
longer period part (Pc 4) originates from magnetospheric sources.

It is known from satellite measurements that in the space before the mag-
netopause (in direction of the Sun) particles can be detected which came from
the direction of the Earth, i.e. which are reflected (Fig. 6). Even magnetohy-
drodynamic waves with periods similar to those of the pulsations could be
observed. According to theoretical studies, reflection is possible on unordered
magnetic fields in the magnetosheath, the area between the magnetopause
and the bow shock. The reflected solar protons and the particles of the solar
wind excite waves with the correct period 160/B due to a two-beam instability.
The propagation of the waves to the surface of the Earth is unclear

It is to be mentioned that the time of propagation of the solar wind from
the Sun (2—3 days, area 1in Fig. 7) and the period of the pulsations ifthey are
identified with standing waves along geomagnetic field lines (area 2) lie be-
tween strips A and B in the general law of cyclicity, as they correspond to veloc-
ities around 100 km/s.

4. The sensitivity of living organisms to magnetic variations isnot p
[9]. Therefore, magnetic pulsations be of any origin can or cannot influence
them directly. The possibility of an other mechanism which could create an
influence, emerged some years ago in a different area of geophysics. Namely, in
magnetotelluric soundings of the Earth, the pulsations are used. Supposing
plane waves with vertical incidence, the electric conductivity of a part of the
Earth’s crust can be determined from the ratio of the corresponding electric
and magnetic variations. These values have sometimes rather great scatter.

Several Soviet geophysicists [2] suppose that the cause of this scatter is
the non-vertical incidence of the pulsation waves. If pulsations have a propa-

Fig. 6. Structure of the magnetosphere
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gation velocity on the surface, then the non-vertical incidence is probable.
Pulsation propagations with velocities 40—70 hm/s have been really measured
in the Soviet Union [7] (Fig. 8).

A consequence of this supposition may be the existence of an electric
field in the air. Atmospheric electricity has been measured in many observato-
ries for a long time, but the time-resolution of these records was not great
enough to enable a study of such pulsation fields. Recently Chetaiev’s group
[1, 3, 6] carried out measurements of the atmospheric electric field, and they
found pulsation-like variations which seemed to be coherent with geomagnetic
pulsations. Both Pc 1 and Pc 3—4 types were identified (Fig. 9). In some cases
a doubling of the period in the vertical electric field was found.

By the help of IFZ, measurements of the short-period variations of the
vertical electric current in the air have been started in fall 1978 in the Nagy-
cenk observatory. Results of similar measurements have not been published

Fig. 7. The place of MHD-waves in the Earth-near space in the general law of cyclicity (area 1:
slength dimension is the length of the corresponding field line)

67 km/s

Fig. 8. The Ukrainian network for the determination of pulsation propagation; propagation
velocities and average periods at each station (left); and the change of the average periods along
the profile (right) are indicated
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Fig. 9. Time-frequency-amplitude displays of coherent geomagnetic and vertical electric
gradient pulsations from the material of Chetaiev’s group

\Y J v 30.10.1978

Fig. 10. Variations in the vertical electric current in the Nagycenk observatory with different
periods recorded with the IFZ-instrument

yet, but from personal communications itis known that measurements are made
in Georgia. During the very short interval since the beginning of the measure-
ments, only initial results could be obtained. The most importantis that varia-
tions of periods in the pulsations range do exist, their amplitudes are around
10-8—10“9Ajm2, i.e. greater by several orders of magnitude than the vertical
current itself (10-11—10~1274(m2) [7] (Fig. 10) In agreement with the Soviet
results, the amplitude of the pulsations decreases very rapidly in the morning
hours, e.g. between 7and 9h LT by afactor of 3. Nevertheless, nounambiguous
correlation was found between pulsations in the vertical current and geomag-
netic pulsations, but this may be due to the mentioned period changes (dou-
bling).
5. On the basis of all these it seems that a continuous chain ofinformation

transmission is known between interplanetary media and the surface of the
Earth through the pulsations. Such astatementwould be, however, too early.
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Fig. 11. The change of the pulsation period in function of the latitude (events investigated by
J. Cz. MILETITS)

There are basic contradictions in connection with the latitude dependence of
pulsation periods. According to recent investigations made in the Geodetic
and Geophysical Research Institute ofthe Hungarian Academy of Sciences, the
period of geomagnetic pulsations changes in most cases with the latitude, the
rate of the change being highly variable between 0 and 15 per cent for a degree
of latitude (Fig. 11). Such a change can be found even in the material from
Ukraina [7] and Fig. 7, too, on a distance of 200 km/s. The dependence on lati-
tude of periods is in contradiction with the formula 160/B which yields a cer-
tain period for a certain IMF all over the Earth, but also”vith the propagative
character of the pulsations.

6. As a conclusion, pulsations with periods of 1—100 s exist without
doubt in the electric field in the air. Viadimirsky et al [9] found that fields
having frequencies near those treated here and amplitudes ofthe order 1 Vm~1
have effects both on microorganisms and warmblooded animals. At the same
time, magnetic fields proved to be ineffective. It can be, therefore, supposed
that a part of the solar effects experienced by living organisms can be through
pulsations.1

1See: E. SzAdecz&y-Kardoss: Cyclicity, Theory and Practice. Comission on Geonomy
of the Hung. Acad. Sei. and the Hung. Astronautical Society, Budapest, 1978.
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It is, however, very difficult to estimate such an effect. The possibility
has been mentioned that the pulse-rate of the human heart and the rate of
respiration can be connected with pulsation periods as coded paleo-periods.
Such a connection seems at present not very probable; the Pc 1 pulsations have
the correct period of the pulse, but they appear at moderate latitudes too sel-
dom (some per cent of the time); Pc 3—4 are more continuous, last sometimes
many hours, but have periods much longer than the rate ofrespiration. Accord-
ing to the formula 160/B. a much (4—5 times) stronger interplanetary magnet-
ic field would he needed for sufficiently small-period pulsations. Thus, neither

hypothesis seems to be very realistic.
It is hoped that the Soviet—Hungarian co-operation will promote an
understanding ofin this interesting field of biological influences.
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FTEOMATHUTHBIE MNYNbCALWW KAK BO3MOXHOE 3BEHO CBS3WM MEXAY
MEXMNNAHETHOW CPEAOW N 3EMHOWM MOBEPXHOCTbIO

W. BEPE
Pesome

B anekTpuuyeckom nose BO3fyXa CYWECTBYOT nynbcaunn ¢ nepuogom ot 1 go 100 cek.
JneKTpuyeckue nNond ¢ amnamTygamm nopagka 1 Vm-1 oka3biBalOT BAUSHUE KaK HAa MUKPOOP-
raHnW3Mbl, Tak M Ha TENNOKPOBHbIX XWBOTHbIX. BbluncneHne pasmepoB 3Toro apdekrta byger,
NoBUAMMOMY, 3aTPYAAHEHO, HO €CTb HajeXAa Ha TOo, YTO B pamMKax MeXAYHapoAHOro COTPYAHMW-
4yecTBa COBETCKMX M BEHFEpPCKUX CMELNAnNCTOB MOXHO 6yaeT NOAONTKN 6AMXKeE K pelleHnto 3Tol
npo6nemsl.
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CYCLICITY IN THE HISTORY OF MATTER
AND ITS APPLICATION TO THE ELEMENTARY
STRUCTURE-BUILDING PROCESSES
OF THE SOLAR SYSTEM

By
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DEPARTMENT OF ASTRONOMY, EOTVOS LORAND UNIVERSITY, BUDAPEST

Starting from a basic theorem of dialectics and that of history of matter this work
made attempts to construct a uniform natural-philosophical principle for the elementary
structures and structure-building processes. A conclusion that the history of matter is
an alternating sequence of structuralization (crystallization) and gas periods has been
deduced. The principle has been applied to understand a general view of the two ele-
mentary structure-building processes of Solar System evolution: chemical crystallization
and gravitational crystallization.

Starting from two axioms an attempt can be made to create a uniform
natural-philosophical principle of material structures and processes. The roots
of both axioms derive from the last century. One of them was formulated in
the dialectic philosophy as a general principle: the qualitative changes turn
into quantitative ones. The other is the material-historical principle composed
of the part-results of professional sciences: the changes of matter can be ar-
ranged into an evolution sequence. Our aim is to investigate a model which sat-
isfies simultaneously both axioms. Such a model has been first developed in
quantitative form by Szadeczky-Kardoss (1977).

Instead of a historic review references are made to the results of Hubble
(1929), Gamow (1948), Penzias and Wilson (1964; radiation of the back-
ground), and regarding the petrological differentiation to those of Bowen.

In the research of natural phenomena it is an old viewpoint to group
them into two associations: i.e. structures being temporally stable equilibrium
structures and processes in which the temporal change means the essence of
the phenomenon. Both of them are extreme models and throw light upon an
essential feature of the human perception of Nature: the peculiar separation
of space and time.

Between structure and process the structure-building process means the
connection.* If the given structure is a crystal, then the formation of the struc-
ture is preceded in time by the crystallization process. The alternating sequence
of structure-building processes and structures produces the construction of the

*This is the system-building cycle process itself (note of the editor).
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chain of material history. The basic unit of this cyclic structure isthe “structure
formation — structure” period pair. This produces a sequence of processes of
structure — structure-formation which bears the essence of each chain-loop

of material history falling to the fields of different disciplines. Essentially, the
structure-formation proceeds in the cluster of the same particles (structures)
being in statistic motion (“gas-like” behaviour). The structure formation
assumes the existence of a former “gas-forming” structure the condensation
of which produces the structure of the basic unit. Nevertheless, if the struc-
ture, produced by the structure-formation — structure period-pair regarded
as basic unit of the material-historic chain, appears in sufficiently great
number, it may also be the starting matter (particle) of the next largescale
structure-formation.

The large-scale structure-formation process has to be preceded by the
accumulation of a great number of previous structures. It is not inevitable,

Fig. 1. Stability of atomic nuclei as a function of proton and neutron number (from Jer

Poskanzer, Sei. Am. Sept. 1978). Stable atomic nuclei lie in the bottom ofthe energy valley.

Isotopes lying in the slopes (realizing the evolution) get to the favoured stable states, i.e. the
valley’s bottom by means of radioactive decomposition
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however, that the developed structure should pass into a structure-formation
process even if it was generated in great number. This is only a possibility and
in these cases the trials of evolution come to the front selecting (e.g. by means
of some economic principles) the optimal variety, i.e. the basis of further evolu-
tion out of the varied structures of essentially the same construction generated
during the structure formation (Fig. 1).

The most common process of structure formation is chemical crystalliza-
tion. (The stable structures are denominated as “crystals” as general term,
while structure formation will be called “crystallization”.) The face of the ob-
servable world has been developed by different “crystallization”, i.e. structure-
formation processes through the hierarchy of the recently known “crystals”
(Table 1), i.e. stable structures (Szadeczky-Kardoss: Cyclicity, etc., 15—16,
1977.). In first approximation it can be said that the history of matter is the

Table |

The hierarchy of stable-structures involves the evolutionary stages of matter

Cosmic - ladder — Set of galaxies
- Galaxy

- Set of stars

- Star
Planet
- Satellite -l Society Life - ladder
- Man f-
- Rock Manicell
- Crystal Cell
- Molecule DNA - RNA
- Nucleon
Quantum - ladder Elementary
particles

Acta Geologica Acatlemiae Scientiarum Hungaricae 23, 1980



166 BERCZI, SZ.

history of “crystallizations*. Taking into consideration also the “gas” periods
separating the individual stable structures the history of matter displays the
alternation of the crystallization and gas periods.

In the construction of structures the sequence of structures realizes at the
same time the mutual “interbedding”. In the reality, however, overlapping
may occur between the different steps of crystallization, branches may appear
in the chain of material history and not subsequently condensed structures
may also take part in the make-up of further structures. In the evolution his-
tory of material the following aspects can be emphasized.

1. The individual structure types are of very different dimensions and
the ranges of dimensions are separated from each other by a “void” of several
orders of magnitude) this is really a very sparse space of gas).

2. In each dimension range the type which will be preponderant is
selected from several possible varieties: the most economic structure becomes
predominating.

3. The most successful variety is generated in such a quantity that it
suppresses the increase of the others.

4. The cluster of particles of the predominating type follows statistic
physical laws in its evolution (motion).

5. The evolution of the gas-like material cluster turns by and by into
crystallization process (e.g. by the changing p, ¢, T conditions). The elements
of new structures are the particles crystallized till that time.

6. In harmony with the law of mass effect after the crystallization pro-
cess usually considerably quantity of gas(phase) remains due to the decrease in
concentration.

7. The sequence of crystallizations represents an evolution because of
the spontaneous irreversibility of the process.

8. The structure types separated by orders of magnitude in space and
time cannot be transformed into each other. The types preserve their structure
as inclusions characteristic of the previous period. A consequence of this is the
hierarchic “interbedding” of the stable structures of the Universe.

9. The crystallization steps of material history are the steps of crystal-
lization differentiation. The crystals of the past period are often preserved also
in the new crystallization periods in form of non-equilibrium inclusions. The
imperfect crystallization provides a possibility to the cognition of Nature, and
to decipher its history.

10. In the gas period the interaction is especially intense between the
particles. Paralelly with “cooling” of the gas the force deriving from this inter-
action performs labour building up the gas particles into structure.

11. The stable structures satisfy definite symmetry condition.

12. The shell-like sequence and different ages of different structures
represent the distance-like presence of time-coordinates in the Universe. The
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past of matter is within and around us. In this manner are united the time-and
space-coordinates which are highly separated in our traditional world.

The model can be demonstrated in one dimension (Fig. 2) by the alterna-
tion of the crystallization and gas periods. Let the chain of history of matter
known in a given moment be symbolized by the uniform covering of a line:

wa— m \“— vm — vm m a W~ — | ]

BLLI)K

Fig. 2. The model of history of matter based on the alternation of crystallization and gas period
can be restricted (A), resp. enlarged (B) conserving the feature of cyclicity

then the period consisting of several structures —formation steps can be con-
tracted into one period (A), or one period can be divided into several periods
(B) by means of fitting rarefication (A) or compression (B) of the covering. The
structure of history-model remains unchanged during this transformation.

The model is based on the chain of stable structures and interprets the
“gas-spaces” separating the structures, too. Each stable structure is preserved
in the “gas-space” preceding its generation. Similarly, in the atom the average
energy level of plasma preceding its formation is preserved, and the same is
valid of the nucleus and of its structure. The DNA preserved the conditions
of the primitive ocean in the cell (Gy. Marx). The background radiation of
2.7 °K of the photon period of the Hot Universe is the most universal. Spheri-
cal clusters are the remnants of the past still spherical-symmetric loose and
diffusive range of galaxies.

Let us apply this model to the evolution of the planetary system around
the sun, i.e. to that of the shell around the central star. In addition to the atom -
ic and molecular remnant materials of the contraction to star, two basic
stable structures build up this shell: the crystal and the planet. Both of them
possess a special structure, “lattice”. The crystal lattice is an Euclidean-lattice,
that of the planets (taking into consideration the belts disseminated according
to density) is spherical-shelled. Symmetry conditions indicate also two consid-
erably differing structures.

On the basis of the two structures the evolution of the planetary system
can be divided into two periods. The smaller, earlier structures are the crystals:
the first phase of the process is the chemical crystallization. The second phase
is a gravitational “crystallization” of “gases of the crystals” generated by the
first crystallization.
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Fig. 3. Theoretical model of chemical crystallization of the solar nebula (after Lewis and

Barshay, 1975). The most important crystals precipitating at the given pressure and tempera-

ture (resp. in the joining range around the sun) can be read off along the adiabate of the solar

nebula. (From the top downwards the symbols indicate the planetary series Mercury, Venus,
Earth, etc.)

The chemical crystallization is initiated by the hot gas material of the
solar nebula surrounding the protostar, after having become detached taking
away the spin ofthe protostar and thus staing out from the subsequent contrac-
tion. The sequence of minerals precipitating from the gas nebula of cosmic
element abundance has been deduced as a function of temperature and (since
the gas temperature decreases when moving offthe proto-star) of the dis-
tance from the proto-star (Larimer, Lewis and Barshay, Grossman; Fig. 3).
W hen cutting the gas-crystal phase boundaries in the p—T diagram by the
adiabate given by Cameron approaching most fairly the conditions of solar
nebula, the most important crystal constituents belonging to the given space
and temperature interval can be obtained.

In the space around the proto-star the crystals are growing and accumu-
late by means of inelastic collisions. This “crystal-gas” period can be charac-
terized by the temporal change of dimension-spectra of the crystal clusters
(Hartmann, 1975). The gravitational crystallization is shown by the snapshots
of dimension-spectra of the planetary system (Fig. 4). The initially precipitated
micron-size particles are amassed to bodies of metre, later of kilometre dimen-
sion, i.e. to planetesimals by means of inelastic collisions. These planetesimals,
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Fig. 4. Gravitational crystallization in the solar nebula. The accumulation process of crystal

grains, their compaction-crumbling equilibrium and the “precipitation” of planets from the

crystals’ gas by means of gravitation labour can be followed in the dimension-spectra of snap-
shots during the evolution of the solar system (applying the data of Hartmann 1975)

Fig. 5. Diagram of crater density of two sharply differing regions of the lunar surface (pictures 1

and 2). The spectrum-range of crumbling of the average “terra”-surfaces nearly saturated with

craters preserves the print ofthe large-scale detritus-accumulation period started by the appear-

ance of planetesimals (picture 2). The “mare”-surfaces younger in average by about half a

billion years preserved the print of a cleared rock-gas accompanied with smaller detritus
(picture 1)
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Picture 1. Mare surface with a flow front from the Imbrium Basin (NASA, photo of Lunar
Orbiter)

however, perturbate the orbits of each other generating in this way destroying
and crumbling collisions, too. In the dimension-spectrum the cutting line
occurring in the third diagram is a section of the dimension-spectrum which
can be read also from the primitive planetary surfaces of the solar system. The
diagrams of crater density of the surfaces scattered by old craters show this
cutting line deriving from different periods of the solar system (Fig. 5). To il-
lustrate the “cooling” and “diluting” ofthe crystals’ gas two fairly distinguish-
able surfaces are shown in the Pictures 1 and 2. Similarly to other solid plane-
tary surfaces, on the strata deriving from different planetary periods, the Moon
bears the dimension-spectrum of crystal-gas permeating the solar system in the
given period and thus printing its dimension-spectrum on the considerable
crosssection of the planetary bodies. The recognition and identification of this
crystal-gas period at the non-eroded planetary surfaces is the most important
result of research concerning the solar system.
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Picture 2. Primitive terra around Mare Ingenii at the back-side of the Moon (NASA, photo of
Lunar Orbiter)
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Conclusions

In the model of material history the stable structures are the milestones
of the evolution series, these milestones are connected by the “crystallization
periods”. A stable structure is simultaneously a station of material evolution
and the component of a manifold consisting of particles similar to it. Keeping
the structure of the model the known evolution sequence can be enlarged or
restricted.

The model of material history concluding to the alternation of the crys-
tallization and gas periods has been applied to the formation of our planetary
system. The planetary system, the two fundamental structures evolved parallel
with the formation ofthe sun: the crystal and planet got its recent arrangement
in two structure-formation, crystallization processes: by means of chemical
crystallization and of “gravitational” crystallization. The print of dimension-
spectrum of the “crystal-gas” period separating the two crystallization periods
were recognized in the diagram of crater density of the primitive planetary
surfaces.
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UMNKNNYHOCTbL B UCTOPUWN MATEPUMN N EE MPUMEHEHWE B NPOLECCAX,
CTPOAWMNX ISNEMEHTAPHBIE CTPYKTYPbl COMHEYHOW CUCTEMBbI

C BoPLIRN
Pestome

CTaTbf, UCXOAR M3 ABYX aKCWOM, — OAHOIO M3 OCHOBHbIX MPUHLMNOB AManeKTUKU K,
NPUHLNWNA UCTOPUYECKOTO PasBUTUSA MaTepum — fenaeT NOMbITKY K CO3/aHUI0 €JMHOro ecTecT-
BEHHO-(hMNOCO(CKOro NpuMHUMNa, pacnpocTPaHAOLWErocs Ha 37eMeHTapHble MaTepuanbHble
CTPYKTYpbl UM Ha CTpOflMe CTPYKTYpy npoueccbl. Pe3ynbTaT paboTbl MOXHO pe3loMUpOBaTh
cnefytlwmmM o6pasom: UCTOPUS MaTepun — 3TO YepefoBaHUe CTPYyKTypanusauunoHHol (kpuc-
TanNn3aLnoHHOW) 1 ra3oBoii anox. Mony4yeHHOW 06WMIA NPUHLUN HAXOAUT NPUMEHEHUE B ABYX
OCHOBHbIX CTPYKTypann3aunoHHblXx npoueccax CONHEYHON CUCTEMbI: B XMMUYECKON U «rpaBuTa-
LMOHHOM» KpUCTannmsayunm.
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PERIODICITY OF EXTREMAL GEOMETRIC
ARRANGEMENTS (DENSEST PACKINGS,
THINNEST COVERINGS, TESSELLATIONS)

By
Sz. BERCzi—D. Nagy

RESEARCH GROUP OF TECHNICS, EOTVOS LORAND UNIVERSITY, BUDAPEST

It is an experience of modem discrete geometry that an extremal-valne property
may induce order in a chaotic figure-system. The first part of the paper deals with different
“levels” —Ilattice-likeness, regularity and block-regularity — of the periodicity of extre-
mal geometric arrangements (packings with maximal density and coverings with minimal
density). A counter-example for the following conjecture is given: the density of any
kind of packing in the whole plane for an infinite system of arbitrary congruent convex
discs cannot exceed the density of the densest regular packing formed by the same discs;
but probably this will be true when the densest block-regular packing is considered in-
stead of the regular one.

In the second part of the paper the most regular figures the Platonic and Archime-
dean solids and tesselations are reviewed and ordered. Starting from the regular poly-
hedra and tesselations and using the truncation as an ordering operation the Platonic
and Archimedean solids and tesselations have been arranged into a periodic table. By the
extension and generalization of truncation, higher dimensional cases — e.g. the table of
four-dimensional solids and three-dimensional tessellations — are also constructed.

The stiffening of cycles generates structures possessing certain geometric
regularities (Szadeczky-Kardoss, 1978). These structures are fundamental
also from the point of view of material structure (e.g. studies are known which
try to discover the relationship between geometric regularity and permeability).
The problem of geometrically regular structures will be discussed from two
aspects: first, the different types of periodicity will be dealt with (Part 1),
then the most regular arrangements will be classified (Part 2).

1. Lattice-like, Regular and Block-regular Periodicity of Extremal
Arrangements

(D. Nagy)
1.1 An extremal-value property may induce order in a chaotic figure-system

In this part geometric problems will be discussed from the aspect of period-
icity which may be significant when studying structures of organic or inorgan-
ic nature (e.g. in structural biology, stereochemistry, geometrical crystallog-
raphy). The arrangements of figures satisfying certain extremal property
should be studied since, on the one hand, inclination of nature to create extre-

Acta Geologien Academiae Scientiarum Hungaricae 23, 1980



174 BERCZI, SZ_ D. NAGY

mal configurations can be observed and, on the other, similar problems can be
found in practical optimalization problems. These problems are assigned to the
topics of discrete geometry which is for the study of non-continuous geometric
sets. From the point ofview ofthis branch of geometry the activity of L. Fejes-
Toth and of his geometric school are of decisive importance (Fejes-Toth,
1953, 1964).

According to the experience of modern dicrete geometry, a disordered
figure-system may take on certain regularity automatically if some kind of
extremal-value (extremity, optimum, economy) is required. Consequently, in
achaotic set an extremal-value property may induce order. To what an extent
this takes place, might be investigated in the densest packings of figures in the
plane (or space) and in the thinnest coverings of the plane (or space). First of
all, however, some notions must be explained.

1.2 Density ofpackings and coverings

It is said that a figure-system (a set of figures) forms a packing in a given
figure in the plane (or in space) if the figures of the system are contained
in the given figure, and they do not intersect each other by pairs, i.e. each
point of the given figure is an interior point of at most one figure of the sys-
tem. The problem is how the densest configuration can be realized (e.g. to
cut off the maximum number of discs from a plate, to store the maximum
number of balls in a box). A figure-system forms a covering of a given figure in
the plane (or in space) if each point of the given figure belongs to at least
one figure of the system. Here the problem is in general how to arrange the
figures in the thinnest way (e.g. to cover a hole with minimum number of
discs). Mainly packings in the whole plane (or space) and coverings ofthe whole
plane (or space) will be discussed for infinit figure-systems (packing on a great
plate or in box, covering of a great hole).

In a given finite figure the density ofapacking is determined by the quo-
tient of the total area (volume) of the arranged figures and of the area (volume)
of the given figure. Similarly, the density of a covering of a given finite figure
is determined by the quotient of the total area (volume) of the arranged
figures and of the area (volume) of the given figure. In the whole plane (or
space) density can be interpreted as follows: Around an arbitrary chosen
point O ever greater circles (or spheres) are drawn and the corresponding den-
sities are determined in them; then, tending to infinity with the radius of the
circle (or sphere) the limiting value of the densities is considered. In the follow-
ing let us assume that all figures in question possess a positive area (or volume).
The definition of (upper) density of a packing in the whole plane (or space) is:

d = lim sup A(R)
o B(R)
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where A(R) = total area (or total volume) of the figures falling inside the
circle (or sphere) of R radius and O centre, while B(R) = area (or volume) of
the circle (or sphere) of R radius and O centre.

The definition of (lower) density of a covering of the whole plane (or
space) is:

D = lim inf A(R)
A-°0 B(R)

where the values of A(R) and B(R) are the same as above in case of covering.

It can be proved that none ofthem depend on the choice of 0. In the defi-
nition it is practical to use “lim sup” or “lim inf” instead of the limiting values
because these always exist. Following from the definition of packing and cover-
ing d< 1 and 2) > 1 is always true.

1.3 Packings and coverings with congruent circles or spheres

Since the notion of density is rather complicated for the whole plane (or
space) and is difficult to treat, often the proof of a visually evident conjecture is
also troublesome. E.g. it can he easily imagined but hardly proved that con-

gruent (equal) circles can be packed in the plane by the density at mostn/Y12 =
= 0.9069 ... where the given value is the density of the hexagonal circle-sys-
tem shown in Fig. 1.1 (all circles have tangential points with six other; Thue,
1892). This means that at most 90.69 ... percent of the plane can be filled up
by congruent circles which do not intersect each other. The configuration shown
in Fig. 1.1 is a so-called lattice-like system, i.e. the figures are in parallel position
and their analogous (equivalent) points (e.g. the centres of circles) form a
lattice which can be described by a linearly independent vector-pair.1 The
maximal density-value — mentioned above — can be attained, however, not
only by means of the lattice-like circle-system shown in Fig. 1.1, hut also by
its “distortion” in a total area of zero density (e.g. omitting one row op
circles) since the defined notion of density is insensitive to this. It is true, how

Fig. 1.1

1The notion “lattice” in geometry is not that of crystallography. The set of all points
ota-f-(Ib (-J-yc) in the plane (or in space) is called lattice, where a, b (and c) are given, linearly
independent vectors and a, B (and y) are arhitarry integers.
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ever, that no denser system exists than that lattice-like system shown in
Fig. 1.1, and the other systems of maximal density are nearly the same.
W hen covering the plane by congruent circles the density will be at least

2n0/M~27= 1.209... (Kershner, 1939). This smallest density can also be attained
by a lattice-like hexagonal circle-system (each circle is intersected by six
others, see Fig. 1.2), hut can be attained also by distortion, e.g. when adding
superfluous circle). The lattice shown in Figs 1.1 and 1.2 are both regular

triangle-lattices. Consequently, when magnifying in 2Y 3/3 ratio each circle of

Fig. 1.2

the densest congruent lattice-like packing from its centre, a thinnest lattice-
like covering will be obtained and vica versa.

The problem of densest packing of congruent spheres (balls) in space is
mathematically unsolved as of yet. According to C. A. Rogers “all physicists
know and all mathematicians assume” the solution. Now, let us make hori-
zontal layers with spheres the centres of which are in a plane and intersect it
in a hexagonal circle-system as shown in Fig. 1.1. Then the layers should be
put onto each other so that the spheres of each layer would slip in the depres-
sions between the spheres of the previous layers as deep as possible. The density

of this packing obtained in this manner will be n/V18 = 0.7404 ... The con-
jecture is that a denser packing cannot be made. This value can be obtained
also by a lattice-like sphere-system (the centres of spheres form a spatial lattice
determined by a linearly independent vector-triplet). Nevertheless, not only
“slightly distorted” lattice-like constructions, but fundamentally different
(non-lattice-like) ones also exist. This derives from the fact that the fitting
of horizontal layers consisting of spheres onto each other is not unambiguous:
the third layer can be fitted onto the two previous ones so that the system has
to be continued as a lattice, and so that this condition does not follow. (It is
emphasized again that the notion of lattice in geometry is different form that of
crystallography.)

Though the conjecture mentioned above (i.e. in case of spatial packing
of congruent spheres d 0.7404 ... is always satisfied for density) could not
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be proved as of yet, rather good density estimations are available: Rogers
(1958) proved that d 0.7797 .. moreover he gave an estimation in
arbitary re-dimensional Euclidean space,2 while analogous results were
obtained by Boroczky (1974, 1975) in spaces of constant curvature (in ad-
dition to the Euclidean spaces spherical and hyperbolic spaces are of this type).
The problem of the densest congruent sphere-packing in three-dimensional
Euclidean space was solved in the case when not arbitrary sphere-systems,
but only lattice-like ones were studied (Gauss, 1831). A similar situation is
when covering the space by congruent spheres (BambAH, 1954).

1.4 Regularity of densest packing of certain discs

In the following, packing problems in the whole plane will be dealt with.
Finite (bounded) and connected figure in the plane (having positive area) are
called discs. (Let us assume for packing or covering that the discs are open or
closed, i.e. the discs do not contain or contain the boundary points, respectively.)
Convex figures will also be often mentioned. A geometric figure (or a set of
points) is called convex if the line segment joining any two points of the figure
is contained in the figure (Fig. 1.3). A polygon (polygonal disc) is convex if and
only if all its angles are no more than 180°.

Fig. 1.3

Fejes-Toth (1950) proved that the density of any kind of packing with
arbitrary congruent centro-symmetric convex discs cannot exceed the density of
the densest lattice-like packing formed by the same discs. The maximal density,
however, can he reached not only by lattice-like construction, but by distorted
lattice-like packings, moreover, in some cases by fundamentally different way,
as well. E.g. in Fig. 1.4 rectangles of maximal density (1) are shown (a and 6
are lattice-like, c and d derive from case a, while e is of a different structure).

A similar statement was proved by Rogers (1951) for congruent convex
discs in parallel position, i.e. the density of any kind of packing with these discs
(e.g. the density of the congruent-triangles in parallel position of Fig. 1.5a) cannot
exceed the density of the densest lattice-like packing (Fig. 1.56, density here is*

*In n-dimensional Euclidean space the density of a packing of congruent spheres cannot
exceed the density of the packing with re-f- I congruent and by pair-touching spheres, con-
sidered in the simplex formed by their centres.
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Fig. 1.4

a b c
Fig. 1.5

2/3). Thus, Rogers limited the position of the discs, did not start out from an
incompletely chaotic system; but less was required concerning the quality of
figures. It is true that the maximal density can he attained also by a non-lat-
tice-like construction as it is shown by the parallel-lying rectangles of Fig.
1.4d. The requirement of parallel position of the discs cannot he neglected since
in case of e.g. congruent triangles the density of densest lattice-like packing
is 2/3 (see Fig. 1.56) while allowing arbitrary position these may fill up the
whole plane, i.e. density will be 1 (Fig. 1.5c).

In spite of the fact that neither Fig. 1.4e nor Fig. 1.5c are lattice-like,
these cannot be considered by all means to he irregular. Both arrangements
possess the property that applying congruency (isometry) their arbitary figure
can he transformed into any other so that the whole system transforms into
itself (covering the original position), as well. Such arrangements are called
regular systems, the terms homogeneous, uniform, transitive or crystallographic
are also used. The last term is reasonable since a planar crystallographic space
group can be unambiguously assigned to all regular systems (the number of
these groups is 17). Regularity is an enlargement of the notion of lattice-like-
ness in a sense that each lattice-like arrangement is regular, too, but as it is
shown by Figs 1.4e and 1.5cinversely thisisnot true. The facts stated in connec-
tion with the densest packing of congruent triangles can be reformulated:
the density of any kind of packing with arbitrary congruent triangles cannot
exceed the density of the densest regular packing formed by the same triangles
(which equals 1). The same density can bereached of course, also by non-regular
packings, too (e.g. omitting certain triangles or displacing the triangles in a
parallel strip, etc.).

Presumably similar observations might have lead Fejes-Toth (1953,
p. 95) to formulate the following conjecture: the density of any kind of packing
(in the whole plane for an infinite system) of arbitrary congruent convex
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discs cannot exceed the density of the densest regular packing formed by the
same discs.

In connection with this conjecture certain doubts have been later ex-
pressed. Fejes-Toth called our attention to the problem whether certain con-
vex pentagons forming a tessellation, i.e. filling up the plane without gaps and
overlappings, and the non-regular system of which is well known, may be
rearranged into a tessellation with a regular system. In the opposite case the
refutation of this conjecture may he obtained. Following this way it will he
shown that the conjecture in question is in general not true.

1.5 There exists a convex disc with congruent replicas giving a packing denser
than the densest regular one

Kershner (1968) in his paper when having comprehended some previous
results and having given three new types of pentagons considered a classical
chapter of mathematics as being solved: with congruent replicas of what
kind of convex polygons is it possible to produce a tessellation.3 Accord-
ing to a statement of Kershner he was successful to prove circumstantially
enough that in addition to those given by him no suitable convex polygons
exist. Nevertheless, the proof was not published even in outlines. (By the way
this is an evergreen topic of popular articles since it can be understood also by
outsiders, moreover it can be enriched occasionally by new constructions of
theirs.) It is known recently, partly with the aid of amateur researchers, that
the enumeration of Kershner has been incomplete (see e.g. the remarks of
Kershner, 1977 and Schattschneider, 1977).

To each of the new pentagon types given by Kershner (1968) a tessella-
tion was given which was non-regular system in its concrete form. Now let us
study in detail one of them (Fig. 1.6). This arrangement is in fact non-regular
since e.g. the pentagon No. 1 can be transformed into No. 2 only by positive
rotation ofy angle around the corresponding vertex so that the tessellation will
not coveritself (e.g. the pentagon No. 2 gets a position that it does not coincide
with any of the previous pentagons). This, however, does not exclude the possi-
bility that a regularly arranged tessellation can be made with the pentagons
belonging to the given type by a different way. As a demonstration the example
of pentagon of Fig. 1.7 is shown which is belonging to the given type (this
can be easily controlled, because here a = B = d — e = 120° y = 60°,
a= b=¢e c=d) and a regularly arranged tessellation can be formed with
it even in two different ways.

8Such enumeration settles the analogous problem concerning arbitrary convex discs
because it can be easily shown that a tessellation can be produced by no means with convex
but non polygon-shaped congruent discs. When allowing to apply concave discs, the problem
is more troublesome.
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« #fi»S' *360°, <x-2tf, a=b=e, c=d

Flg 1.6 After Kersuner (1968)

In favour of afurther study ofthe type of pentagons in question the defin-
ing relationships of Kershner will be transformed into easier forms. (The defi-
nition of Kershneris suitable rather to easily see that the corresponding tessel-
lation can be produced really without gaps and overlapping. Now relationships
are sought which throw light upon the fact how the pentagons belonging to the
given type can he derived.) By means of e the other angles will be expressed.
W hen comparing the relationshipa /5S—4—6= 360° with the fact that the sum
of angles of a pentagon is 540°, y -f- e = 180° is obtained. Thus, y = 180° — e,
and using the relationship a = 2yitistrue that x = 360° — 2s. Based on simple
elementary, resp. trigonometric considerations

e
e —arc*tg (2sine) and &= -2----1 arc* tg (2 sine

N e

where the asterisk refers to the aim that when relooking for the tangent, the
so-called main value between 0° and 180° should be taken into account. It is
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also easily derived that if

fl + 4sin2e

£
2 cos—
2

a—b=e= 1, then c=d=

It can be also easily seen thatreally aconvex pentagon was produced if and only
if 90° < e < 150° In the opposite case, the pentagon will be deformed to a
tetragon (e = 90° resp. 150°) or an angle will he concave. In case 90° < e< 150°
we have always a <c.

Now, from the pentagons belonging to the given type let us consider the
following: e = 130°, y = 50°, a — 100°, B ~ 138.13°, &~ 121.87°, a= b —
= e=1, c=d~ 2.16. Out of these relationships only the fact is used that no
combination (neither repetition) of the angles of the pentagon will produce in
sum 180°, except the always satisfied y -j- £ = 180°. (This is not valid for the
pentagon shown in Fig. 1.7 since here: a-fy = B-\-y— 6-fy=Sy = 180°).*

Statement 1: By means of the pentagon described above only such tessella-
tion can be produced where the pentagons join along their complete sides.

Proof: Let us assume (indirectly) that with congruentreplicas of pentagon
described above a tessellations can he constructed in which a vertex of a
pentagon is an interior point of a side of an another pentagon (Fig. 1.8).
According to our condition, a sum of certain angles of the pentagon which is
equal to 180° is of the form y -\- e; at the vertex in question only these angles
may occur. Since we have e < ca vertex with angles a or 6 (neighbouring
to e) will he an interior point of an other pentagon-side. According to our
conditions, however, in the “bend” neither a nor & can be supplemented

* After completing this paper the authors recognized ScnATTScnNEIDER’s detailed
paper (Math. Magazine, 51, 29—44, 1978). In this excellent survey that type of pentagons
— which is involved in our discussion, too (see Fig. 1.6) — is mentioned in the collection of
such types vhich tiles (with our terminology: can generate a tessellation), hut for which no
tile-transitive or isohedral tiling (tessellation with regular system) exists. However, this
statement is not correct in general — see our Fig. 1.7.

True, the most tessellations made with the pentagons belonging to the given type
cannot be rearranged into a tessellation with regular system. For this “unrearrangebility’la
sufficient condition has been given in our present paper: no combination (neither repetition)
of the angles of the pentagon will produce in sum 180°, except the always satisfied y-\-e = 180°.

Acta Geologien Academiae Scientiarum Hungaricae 23, 1980



182 BERCZI, SZ_ D. NAGY

with some of the suitable angle (or angles) of the pentagon to 180°. Our
tessellation is thus interrupted (contradiction).

Statement 2: By means of the described pentagon only tessellation with
non-regular system can he created.

Proof: Based on Statement 1 it isknownthat only the cases are dealt with
in which pentagons join by complete sides. Our aim is to produce in each
possible case apart ofthe plane by means ofjoining pentagons where the proofof
non-regularity ofthe tessellation shownin Fig. 1.6 can be analogously carried out.
W hen reviewing the limited number of joining possibilities (ifangular relations
are considered numerous arrangements can be excluded since joinings are
interrupted) this can he easily reached.

Similarly, it can also be easily seen that by means of the described penta-
gon fundamentally only the tessellation shown in Fig. 1.6 can be created.

In this manner, by means of the pentagon in question a tessellation of
anon-regular system canbe created, i.e. a packing with 1-density, but regularly
arranged tessellation not. This, however, is not yet a counter-example to the
conjecture since packing creating no tessellation may he of 1-density in limit-
ing value, so that the total area of the gaps is of zero-density. (E.g. omitting a
disc from any of the tessellations the obtained system is no tessellation any
more since it is not gap-free, its density, however, remains 1.) In case ofregular
systems, however, this is impossible to imagine. If one has a regular packing
which is not a tessellation then somewhere a gap must exist. Due to regularity
this gap is repeated, and the total area of the gaps, therefore, cannot be of
zero-density.

Since the tessellation is a special case not only of packing but also of
covering, our example is suitable to refute the analogous (dual) statement of
covering, too. Namely, it is also not true that the density of any kind of cover-
ing with arbitrary congruent convex discs cannot be less than the density of
the thinnest regular covering formed by the same discs.

In Fig. 1.6 the discs can be caught into congruent double blocks so that
these blocks could form a tessellation of regular system (the blocks are not
convex any more). Moreover, quadruple blocks which are lattice-like can also
be formed. (This is less astonishing since a planar crystallographic space group
has always a subgroup which can be generated by two translations.) Thus, it
can be said about the tessellation shown in Fig. 1.6 that though itis non-regular
system, but it is regular in finite (number of elements) blocks or block-regular.
At least this property (in most of cases even more, i.e. regularity) is satisfied by
all Kershner’s tessellations (1968).

1.6 Conjecture

Instead of the refuted conjecture possibly the following can be stated:
the density of any kind of packing (in the whole plane for an infinite system) of
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arbitrary congruent convex discs cannot exceed the density of the densest
block-ragular packing formed by the same discs. An analogous conjecture can be
formulated for covering (here also instead of regular, block-regular is to be said).

A convex polygon would be a counter-example to these conjectures
with the congruent pieces of which only a “nowhere periodic” tessellation,
more exactly atessellation non-regular even in finite blocks (non-block-regular)
can be created.Aconcrete tessellationwhich in agiven formis non-block-regular,
of course, can be given. This is the case in Fig. 1.4d, but with these rectangles
regular, moreover lattice-like tesselation can also be created.

In recent times quite a number of papers deal with certain non-periodic
tessellations (Gardner, 1977). It is not probable, however, that a convex disc
of the property in question producing a “nowhere periodic” tessellation would
exist (if yes, this may only be a pentagon). Nevertheless, the occasional proof,
that such a disc does not exist, indeed, would by no means prove that our
conjecture is true, but would make it more probable.

1.7 Conclusion

In case ofcertain geometric density problems some kind ofextremal-value
requirements induce order. The order, the periodicity has different “levels”:
strongest is lattice-likeness, then comes regularity and weakest is the block-
regularity of a figure-system. In case of problems discussed above not only one
extremal arrangement (i.e. totally accomplished, rigid order) exists. In most
cases there is a possibility to obtain aconfiguration ofthe same density deviating
more or less from the ideal solution. At the same time, the perfectly lattice-like,
completely regular, ideal solutions in themselves give a fair picture on the char-
acteristics of extremal arrangements. In many cases, it is easy to imagine other
extremal configurations when deriving them just from these (by means of dis-
torting them). The same can be observed also in nature: no perfect lattices,
ideal crystals and no unambiguous structures exist, lattice defects, imperfec-
tions and different deteriorating cases should be always taken into account. It
is fruitful, however, many times to think in ideal, perfect arrangements or to
accept this as a model or working hypothesis, and to obtain overview in this
way about the problems. There is a “harmony” between these discrete geomet-
ric results and the natural structures. This demonstrates also the fact that our
notions, e.g. the rather complicated formulation of density, have been aptly
chosen.

We have dealt with tessellations which are at the “boundary” of packing
and covering problems. It seems that this “transitional field” is especially
suitable to check the debated questions of general packing or covering problems,
to support or refute conjectures.

In the next part of our paper the most regular tessellations known from
oldest times will be reviewed and classified.
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2. The Periodic System of Platonic and Archimedean Solids and Tessellations
(Sz. BERCZI)

On particular polyhedra and tessellations regularities, repetitions can be
observed. When regular polygons of uniform side length are joined along their
edges convex polyhedra and planar tessellations possessing a special order will
be obtained. Infinite number of solids, but only a finite number of tessellations
show conspicuous regularities, symmetry features. Symmetry denotes the fea-
ture of solids and tessellations that applying definite motions, e.g. rotation
with a given angle or in case of mosaics displacement with a given distance,
these can be got in covering position (congruence position) to themselves. It
must be noted, that the symmetry restrictions alone divide regular patterns
into two types: local patterns (i.e. point groups) and infinite patterns (tessel-
lations). From another (our) point of view local and infinite patterns — as
shown later — can be connected by symmetry and an operation (here trunca-
tion) (see Fig. 2.2). The most symmetric ones are the simplest: these are the
regular polyhedra and tessellations. They are built up by one kind of (congru-
ent) regular polygons and their vertices are also regular and congruent. This
must not be confounded with the regularly arranged mosaics discussed earlier,
which had a wider notion. The semi-regular polyhedra and tessellations are
more complex: these are built up by regular polygons oftwo or three kinds with
ecpial edge lengths and their vertices though being congruent are not regular.
The features of regular and semi-regular solids and tessellations are summa-
rized in Table I:

Table |
The solid or tessella- .
tion Faces Vertices
Regular uniform regular congruent, regular
polygons
Semi-regular different regular congruent, not reg-
polygons ular

Among the semi-regular bodies infinite number of them are found which
are of one distinguished rotation axis. These are covered by two congruent
n-sided regular polygon pedion and by n squares or 2n regular triangles con-
necting the two pedions. The former are called prisms, the latter antiprisms.
In case of both types the rotation axis is the line connecting the centres of the
regular n-polygons. (Fig. 2.1).

Discarding the prisms and antiprisms the remaining regular and semi-
regular polyhedra and mosaics are the Platonic and Archimedean solids and
tessellations investigated in our work. The polyhedra to be put into the periodic
table have no favoured rotation axis. Some of them were known already by the
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Antiprisms
(k,3.3,3) k«4,5.6«..n...

octahedron
(Platonic solid)

Fig. 2.1

Pythagoreans. Platon used the five regular bodies in his philosophy while
Archimedes made complete the assemblage of semi-regular bodies (with one
exception). Kepler discussed the connection between solids and tessellations.

It is to be seen in Table | that the regular and semi-regular solids and
tessellations are unambiguously characterized by their vertex figure. The Pla-
tonic and Archimedean solids and tessellations will be given by the Steiner-
symbols based on the unambiguous determinative role of vertices of regular
and semi-regular polyhedra and tessellations. In brackets the regular polygons
joining in a vertex will be enumerated and the polygons will be marked only
by one number, i.e. by that oftheir sides (vertices). E.g. the symbol ofthe prisms
shown is (K, 4, 4), that of the antiprisms is (fc, 3, 3, 3) where K denotes any
cardinal number greater than 2. Table Il1. demonstrates the solids and tessel-
lations to be investigated.
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Table M

Platonic and Archimedean Bolide and tesaellationB

Platonic tessella-  (3,3,3,3,3,3) (4,4,4,4) (6,6,6)

tions

Platonic solids (3,3,3,3,3) (3,3,3,3) (3,3,3) (4,4,4) (5,5,5)

Archimedean (3,3,3,3.6) (3,4,6,4) (3,6,3,6) (4,6,12)

tessellations (3,3,4,3,4) (3,12,12) (4,8,8)

Archimedean (3,3,3,3,5) (3,4,54) (3,5,3,5) (5,6,6)

solids (3,3,3,3,4) (3,4,4,4) (3,4,3,4) (4,6,6)
(3,6,6) (3,8,8) (3,10,10) (4,6,8) (4,6,10)

Fejes-Toth (1964) referred to the fact that some of the regular and semi-
regular polyhedra and tessellations can be deduced from each other by means
of truncation. This paper demonstrates that by means oftruncation these solids
and tessellations can be uniformly comprehended into our periodic table.4

Truncation is the operation by means ofwhich new faces are generated in the
direction of and on the place of vertices so that applying planes intersecting the
polyhedron the smaller-greater environment of the vertices are removed
(shortly: the vertices are cut off). This can be carried out in two ways. 1. If
the size of the pyramid to be removed is known, having measured the required
pyramid edge lengths onto the edges joining in the vertex, the contours of the
basis of pyramid will be obtained; intersecting the body along this plane the
sorner of the body can be removed. 2. When the surface of the face substitut-
ing the vertex will be continuously changed then starting from the vertex
parallel layers are removed from the polyhedron by means of planes perpendic-
ular to the symmetry axis of the vertex. This is the continuous truncation,
thus the vertex is truncated only in the first moment, the further removal
changes the size of the face appearing on the place of the vertex.

Three kinds of truncations will produce all the Archimedean bodies:
simple, complex and snub truncations. Applying simple truncation to regular
polyhedra the Archimedean solids are obtained by continuous truncation. Since
the vertices ofregular polyhedra are regular, intersecting the vertices by planes
perpendicular to the symmetry axes penetrating the polyhedron’s axes regular
polygons are obtained in the site of intersection. The continuous truncation of
vertices by planes (removal by layers) is unbroken till the edge length of the
new and old truncated faces will be equal, the Archimedean solids of the simple
truncation sequence will be obtained. When the simple truncation reached the
state where only one point oforiginal faces ofthe original Platonic solid remained
(i.e. the centre of these faces), the reciprocal of the Platonic solid is attained
(Fig. 2.2). Thus, the simple truncation sequence consists of two Platonic solids

4 Moreover: hyperbolic tessellations also obbey this regularity as referred in the bottom
series in Fig. 2.2.
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(being the reciprocals of each other) and of three Archimedean solids obtained
by the simple truncation of Platonic ones. In a peculiar sequence, i.e. in the
sequence of tetrahedra, however, in the midway of simple truncation a Platonic
solid being “more regular” than the Archimedean ones emerges: the octahedron.
The sequence of tetrahedra bears other interesting features, too, e.g. the icosa-
hedron occurring in connection with snub truncation. Similarly to the sequence
of tetrahedron, in the square lattice sequence also a Platonic square lattice
occurs at midway among the lattices which is twice “denser” than the original
Platonic tessellations.

New Archimedean solids can be created from the one being the middle
member of simple truncation sequences and lying in the midway of and thus
bearing the faces of the two extreme reciprocal Platonic solids. These bodies
are, however, semi-regular — except the octahedron of the sequence of tetra-
hedra — and truncating their vertices non-regular polygons are obtained. If,
however, thin removal is carried out also from the triangle faces of the (3,k,3,k)
polyhedra (k = 4,5 and also in case of the planar tessellation where K = 6),
i.e. when removing both from the vertices of the midway polyhedron and from
the triangular faces and this removal is done simultaneously and continuously,
(this is the complex truncation), positions will be obtained when only regular
faces cover the body. By means of the continuous complex truncation on the
(3,k,3,k) bodies mentioned above two new Archimedean solids can be derived:
(4,6,2k) and (3,4,fe4).

By means of snub truncation the Archimedean solids (3,3,3,3,k) can be
derived also from the (3,k,3,k) polyhedra. In case of snub truncation the fact
is used that the plane truncating the vertex is determined by its three points.
Thus truncation can be given also by the sections which are intersected by the
truncating plane from the edges of the polyhedron. Let us divide the edges of
the starting solids by golden section: the slightly misfashioned varieties of the

Fig. 2.3

ideal (3,3,3,3,I9 solids will be obtained. The case of octahedron is an exception
since dividing its edges by golden section (Fig. 2.3) i.e. intersecting its vertices
truncating planes determined by the dividing points the icosahedron will be
obtained. By means of snub truncation two varieties of a snub-polyhedron
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Table 111

The infinite matrix of symbols of the regular solids, the regular planar tessellations and the regular
hyperbolic tessellations

(33.3) (33,3,3) (33,3,3,3) (3,3,3.3,33) (3.3,3,3,3,3,3) .ccovvevereren
(4.4.4) (4,444) (4,4,444) (4,44444) (4444444) .o,
(5.5.5) (55,55) (555,5,5) (555555) (5,55,555,5) .o
(6.6.6) (6,6,6,6) (6,6,6,6,6) (6,6,6,6,6,6) (6,6,6,6,6,6,6) ....oocooremmmen
(z,7,7) (7,7,7,7) (7,7,7,7,7) (7,7,7,7,7,7) (7,7,7,7,7,7,7)

can be created which cannot be transferred into each other: a right-hand and
a left-hand one (enantiomorphic pairs). (In the course of snub truncation two
regular triangle faces develop on the place of vertices of the (3,fc,3,fc) solid.)

In case of planar tessellations the truncation of vertices can he most
easily imagined by the method applied previously to solids that is starting
from the vertices sections are measured to the edges joining in the vertices
(e.g. equal sections in case of simple truncation) and connecting the end-points
of them the regular polygon substituting the vertex will be obtained. The same
procedure is carried out in all vertices of the tessellation. The truncation steps
described at the solids can also be carried out on tessellations.

By means ofthe truncation procedures enumerated above five truncation
sequences can be deduced ofthe Platonic and Archimedean solids and tessella-
tions: three of them are assigned to solids, two to tessellations.5 Each sequence
is generated by a Platonic pair consisting of the reciprocals of each other, thus
these sequences are denominated after them: tetrahedron, octahedron-hexa-
hedron, icosahedron-dodecahedron, regular triangle lattice —regular hexagonal
lattice and square lattice sequences.

Those solids or tessellations which belong to the ajk and aki matrix ele-
ments in Table Il1. are reciprocal to each other. Between these reciprocal pairs
the following simple truncation sequence build the connection:

kK, ol {1,2k,2k) (Lk LK) (k21,21) (LI, ... D)
f

(As the solids can be considered equivalent — according to symmetry charac-
teristics — with the spherical tessellations, this is the general form of the simple
truncation sequence of tessellations of two-dimensional surfaces: on spherical,
planar and hyperbolic surfaces.)

By means of the described truncation operations the same number of
solids and tessellations will be obtained in the five sequences. (Occasionally,
a polyhedron or a tessellation occurs several times but these cases of same pat-

51t must be noted, that the similar truncation steps can he accomplished on the infinite
number of hyperbolic tessellations (Table I1l. Fig. 2.2).
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tern are of different positions in the truncation sequence.) Drawing the trunca-
tion sequences below one another so that the solids and tessellations obtained
in the same truncation step get the position below each other, i.e. in the same
column, the periodic system of the Platonic and Archimedean solids and tessel-
lations is obtained.

Each series of the periodic table is generated by a pair of regular solids
or mosaics tessellations (i.e. the reciprocals of each other). From this point of
view each series is independent. Some of the solids may occur in several se-
quences in different positions. This fact suggests a close relationship between
the sequences tetrahedron, octahedron-hexahedron and icosahedron-dodeca-
hedron which is manifested in the symmetry of these solids. No relationship
of this kind exists between the two planar tessellation sequences !

Fig. 2.4

The table is complete in itself. All the Platonic and Archimedean solids
and tessellations occur in it once at least. Nevertheless, a solid or tessellation
has been omitted which was believed to be Archimedean. The solid is the
“scalped” (3,4,4,4) which can be derived from the Archimedean (3,4,4,4) by
cutting of one of its caps then rotating by 45° the solid and then readjusted it
again (Fig. 2.4). The vertex configurations do not change due to the prism zone
lying below the cap but the rotation with 45° accentuates one ofthe symmetry
axes of the solid, thus the “scalped” polyhedron (3,4,4,4) is a hybrid one lying
between the tabulated Archimedean solids and the prisms (though it keeps its
Steiner-symbol (3,4,4,4), too). For similar reasons, i.e. distinguishing one
direction, the mosaic (3,3,3,4,4) is also removed from the circle of tabulated
tessellations: this is the only prism-antiprism mosaic of the plane, the unity of
the planar “absolute prism”, of the square lattice and “absolute antiprism”
of the regular triangular lattice, i.e. their “crested sum” (Fig. 2.5).

In our periodic system the two-dimensional tessellations and three-
dimensional solids are truncated in the same steps. (By means of the outlined
steps the same statements are valid of the one-dimensional “Tessellation”,
i.e. of the straight line covered by equal sections, as well as of the regular poly-
gons.) A periodic table similar to that of the Platonic and Archimedean solids
and tessellations can be created for the three-dimensional tessellations and
four-dimensional solids. (The four- (and higher)-dimensional solids are called
polytopes.) The truncation steps can be visualized on the tessellations of the
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three-dimensional space. This only link which can be demonstrated, i.e. the
truncation sequence of the regular tessellation of 3-space, of the spatial hexa-
hedron-lattice, will be enough when generalizing the STEINER-symbol and the
truncation itself to obtain such a formal method by means of which applying
only symbols and starting from the regular polytopes the reciprocal of the
regular polytopes will be obtained through the truncation steps.

The spatial tessellations and the four-dimensional polytopes are built up
by three-dimensional solids. They can be classified by the enumeration of the
regular or semi-regular solids joining in one vertex (as the Platonic and Archi-
medean solids and tessellations were classified by the enumeration of regular
polygons joining in one vertex.) The hexahedron-tessellation packing regularly
the space will be (4,4,4)8 described by the generalized STEINER-symbol. (The
repetition of identical solids is indicated by power-numbers.)

The definition oftruncation isrepeated as said in the case of planar tessel-
lations but in a generalized form. Starting from one vertex the same sections
are measured to the edges. The end-points of sections will give the vertices of
the environment around the vertex, the vertices of a regular or semi-regular
solid determined by the vertex figure. When truncating, this environment will
be removed.

The simple truncation sequence of the spatial hexahedron lattice is as
follows (Fig. 2.6): starting from the vertices of the regular spatial tessellation,
of the hexahedron lattice the environment of the hexahedron vertices will be
removed layer by layer (it is more expressive to imagine that the environment
of vertices — in harmony with the vertex figure — will be blown up). One
should be stopped at positions in which the circumvertex environments (which
are themselves also regular or semi-regular solids) and the truncated spatial-
mosaic-forming solids are of the same edge length. Now the states of the
simple truncation sequence consist of seven elements (as against the five ele-
ments of simple truncation sequence of the two-dimensional tessellations (Fig.
2.2). Since the spatial hexahedron lattice is the reciprocal of itself, the simple
truncation sequence is symmetrical concerning the tessellation lying in the
midway of the two hexahedron lattices. In Fig. 2.6 the elements drawn as solids
in the spatial tessellation are shown on the left, the spatial tessellation elements
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13,3,3,3)

(3.3, 3 3)2

(4,6,6)2

(3.4,34)4

(3,333
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remained empty are shown on the right, and by means of the STEINER-symbol
the number of joining elements is also indicated. Both the left column consist-
ing of truncating solids and the right one consisting of solids being blown up
are the simple truncation sequence of the octahedron-hexahedron series (Fig.
2.2). Consequently, the truncation sequence of the spatial hexahedron lattice
will be formally obtained by the peculiar self combination, superposition of
the truncation sequence of the octahedron-hexahedron sequence. This formal
combination is expressed also by the symbols of simple truncation sequence of
the spatial lattice. This will be used when describing the simple truncation
sequence of four-dimensional regular-polytopes.

In the four-dimensional space there are six regular-polytopes (Coxeter,
1963). The simplex is built up by tetrahedra, its symbol is (3,3,3)4 and it
is the reciprocal of itself. The form built up by octahedra (3,3,3,3)6is also
the reciprocal of itself. The reciprocal of the four-dimensional hexahedron
(4,4,4)4, i.e. of the measure-polytope is the (3,3,3)?cross-polytope. The reciprocal

Fig. 2.6 Interpretation of the simple truncation sequence of the spatial hexahedron lattice by

symbols
(4,4,4)* In the hexahedron lattice 8 hexahedron vertices join in each vertex;
(3,3,3,3) First station: the vertex figure of (4,4,4)8is an octahedron, thus this regular solid

(3,8,8)4 occurs in this space lattice. Here four (3,8,8) neighbouring along one edge and the
(3,3,3,3) representing the vertex figure are joined;

(3.3.3.3) « Second station: the vertex figures are blown up so they touch themselves by their

(3.4.3.4) gvertices. Thus, in each vertex two octahedra are joined. Further the four (3,4,3,4)
obtained by the truncation of(3,8,8) and neighbouring themselves in the edges join
also each vertex;

4.6.6 «Third station: the whole space lattice is built up by only one semi-regular solid.

4.6.6) «Nevertheless,not the simple (4,6,6)4was used because it could not express the signif-
icant feature of this lattice configuration that half of the bodies derives from the
truncation of hexahedra of the starting hexahedron lattice, the other half derives
from the “blowing up” vertex figure holes enlarging by truncation. The blowing
vertex figures fit one another and this results in the square face among them. These
square faces were generated perpendicularly of the edges of the former hexahedron
lattice and their square form proves the fact that along an edge four hexahedra
were joined.

The truncating (4,6,6) solids were shrunken to octahedra which when joining in

3,4,3,4)4 . . . ) ] ]
( ) their vertices repeat the lattice of the second station so that in the vertices of the

3,3,3,3)* R R - . S

(3.3.3.3) lattice the four solids enlarged from (4,6,6) to (3,4,3,4) are joined in addition to the
two octahedra.

(3,8,8)4 The truncating solids the octahedra join each other no more. This is analogous to

3 33 3) the lattice of the first station.

(4.4,4)% The trimeating bodies are shrunken to points and the remaining edges connecting

the points draw the skeleton of the spatial hexahedron lattice. The reciprocal of the
starting hexahedron lattice was obtained. All vertices of this lattice are the centres
of the starting hexahedron lattice and inversely, all the centres of the new hexahe-
dron lattice are the vertices of the starting lattice
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Table IV

Truncation sequences of the four-dimensional regular polytopes, the three-dimensional

Snub truncation Simpletruncation sequence

Sequence of the (3,3,3,3)« (4,4,4) (4.4.4) *  (3.8.8) *(3.4.3.4) »
octahedral (4,6,6)3 (3.4.3.4) » (3.8.8) *(4.4.4) *
faced measure-

polytope
Sequence of the (3,3,3)* (3,3,3) (3.3.3) * (3.6.6) =(3.3.3.3) »
four-dimensional (3,6,6)» (3.3.3.3) » (3.6.6) *(3.3.3) *
regular simplex
Measure-polytop- (3,3,3)« (3,3,3)« (3,3,3,3) (3,3,3,3)* (4,6,6)* (3,4,3,4)»
cross polytope (3,3,3,3,3y (3,6,6)* (3,3,3,3)* (3,6,6)* (3,3,3)*
sequence
Sequence of the (3,3,3)» (3,3,3,3,3) (3.3.3.3.3) (5.6.6)* *(3,5,3,5)»
120 cell—600 (3,6,6)» (3.3.3.3) * (3.6.6) *(3,3,3)*
cell
Sequence of the (4,4,4)» (3,3,3,3) (3.3.3.3) * (4.6.6) *(3,4,3,4)*
spatial hexa- (3,8,8)* (3.4.3.4) * (4.6.6) *(3,3,3,3)*
hedron tessella-

tion

Sequence of the (5,5,5)» (3,3,3,3,3) (3,3,3,3,3)* (5.6.6) *(3,5,3,5)*
three-dimension- (3,10,10)* (3,5,3,5)* (5.6.6) *(3,3,3,3,3)*
al hyperbolic (3,3,3,3,3)12  (5,5,5) (5.5.5) * (3.10.10) * (3.5.3.5) »
regular tessella- (5,6,)» (3.5.3.5) » (3.10.10) * (5.5.5) *
tions

ofthe 120-cell (5,5,5)4consisting of regular dodecahedra is the 600-cell (3,3,3)20.
Out of the six enumerated regular polytopes two are the reciprocals of them-
selves; the simple truncation sequence of these two regular polytopes is “sym-
metric” similar to the space lattice. The truncation sequences of (3,3,3)4 or
(3.3.3.3) 6 can be built up from the tetrahedron or from the octahedron-hexa-
hedron sequences. (The significance of the octahedron—hexahedron sequence
is emphasized by the fact that unifying with itself from the directions of its
both generators, i.e. from the octahedron and from the hexahedron, it generates
a four-dimensional truncation sequence: the sequence of the (3,3,3,3)epolytope
mentioned above and that of the particularly studied (4,4,4)8 space lattice.)
In the further four-dimensional truncation sequences generated by two
reciprocal pairs the combination of two-two three-dimensional truncation
sequences are found. As it is excepted on the basis of the examples above, the
(3.3.3) 8—(4,4,4)4truncation sequence is built up by the tetrahedron and octa-
hedron-hexahedron sequences, while the (3,3,3)20—(5,5,5)4 sequence will he
built up by the combination of the tetrahedron and the regular dodecahedron-
icosahedron sequences. In the Table IV. ofsimple truncation sequences of poly-
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regular tessellation and the three-dimensional hyperbolic regular tessellations

topes the relationships, regularities having demonstrated in the previous period-
ic system can also he observed.

Further four-dimensional polytopes can be derived from those which are
built up by the starting bodies of the complex truncation sequences of the pre-
vious periodic system. Nevertheless, only one polytope or space-tessellation of
such characteristics is found; i.e. the (3,3,3,3)® in the truncation sequence of
(3,3,3)8—(4,4,4)4 and the (3,3,3,3)2(3,4,3,4)4in that of the hexahedron lattice.
Fig. 2.7 shows the complex truncation sequence and partial truncation se-
quence and their two tessellations which can be derived from the latter one. At
the end of the partial truncation sequence the known space lattice built up
by octahedra and tetrahedra in the three-dimensional space is found. In the
partial truncation sequence every second,of the (3,4,3,4) will be blown up while
the others endure the truncation accompanied by the extension of (3,4,3,4).
(Partial truncation can be carried out also with (3,3,3,3)®).

Snub truncation is successful only on the (3,3,3,3)®: the octahedra build-
ing up the polytope will be deformed into icosahedra and on the place of
vertices of the polytope tetrahedra will develop.
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4.4,4)2

(3.4, 4,452

(34,34
complex truncation

Fig. 2.7

According to the definition among the polytopes obtained by truncation
from the regular four-dimensional polytopes, those are semi-regular which are
built up by various three-dimensional solids and their vertex configurations
are congruent. (The latter condition is satisfied by all bodies and mosaics of the
truncation sequences.) Since by means of adjusting of faces of five three-dimen-
sional bodies only three may join each other, i.e. the tetrahedron, the octahe-
dron and the icosahedron, thus the four-dimensional semi-regular polytopes and
three-dimensional tessellations should be built up by the pairs of them. Disre-
garding the sequence ofthe octahedral-faced measure-polytope one semi-regular-
polytope or tessellation is found in each truncation sequence: in that of the
regular simplex the (3,3,3)2 (3,3,3,3)3; in the sequence of measure-polytope the
(3,3,3)5 (3,3,3,3,3)3 produced by snub truncation; in the sequence of the 120
and 600 cells the (3,3,3,3,3)2 (3,3,3,3)5; in that of the spatial hexahedron lattice
the (3,3,3)8 (3,3,3,3)«.

Finally, the simple truncation sequence of the four-dimensional “cubical”
lattice will be shown which can be built up by four-dimensional measure-
polytopes and the simple truncation sequence of another four-dimensional
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regular space lattice produced in the cubical truncation sequence, will be de-
rived, as well. The STEINER-symbols of the “cubical lattices” built up by measure-
polytopes are: section-lattice on the straight line: (section)2 (two section join
in one vertex); square lattice in the plane: (4,4,4,4) = (square)4; hexahedron
lattice in the space: (4,4,4)8; and following the sequence the STEINER-symbol
of the four-dimensional cubical lattice will be [(4,4,4)416 Since the cubical
lattices are always the reciprocals of themselves, the simple truncation se-
guence of the four-dimensional cubical lattice is the superposition with itself
of the simple truncation sequence of the four-dimensional cube (the measure-
polytope) — four-dimensional cross-polytope, similarly to those recognized at
the spatial hexahedron lattice. In the truncation sequence of the four-dimen-
sional cubical lattice, i.e. in that of the cross polytope — measure-polytope,
the (3,3,3,3)® also occurs, as follows:

The [(3,3,33)®]8itself is a regular space lattice of the four-dimensional space,
too. Since in all vertices eight polytopes are joined, its vertex figure is the
(4,4,4)4 covered by eight “solid” “faces”, thus its simple truncation sequence
is the superposition of the simele truncation sequences of the octahedron-faced
measure-polytope and of the measure-polytope — cross-polytope. By means
of the (4,4,4)4vertex figure the latter sequence induces a reciprocal lattice, i.e.
the [(3,3,3)82built up by the (3,3,3)8cross-polytope ,the vertex figure of which
will be the (3,3,3,3)® enclosed by 24 octahedral solid “faces”.
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Table V

Simple truncation sequences o f thefive-dimensional regular solids

In the truncation sequence of (6,6,6), the (6,6,6) appears again before its recip-
rocal. The space lattice of the octahedron-faced measure-polytope shows a
similar behaviour. The fact, however, that three kinds of regular space lattices
are found in four dimensions also resembles to the two-dimensional ,abun-
dance” . (The five-dimensional simple truncation sequences are listed in Table Y.)

The method shown above can be generalized also to regular-polytopes of
more than four dimensions. This produces existence-like results, but no unicity.
(It can he demonstrated by means of other methods on the bodies occurring in
the periodic table of the Platonic and Archimedean solids and tessellations
that those, and only those are the regular and semi-regular bodies with no
distinguished rotation axis.) The analogy between oscillatory motion and the
simple truncation sequences is also significant. Though in the nature no body-
oscillation between the reciprocal regular solids is known, this oscillation-com-
parison increases the relationship between the regular and semi-regular solids
and demonstrates the common origin of the symmetry of them.
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and thefour-dimensional regular planar and hyperbolic tessellations
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MEPUOAMYHOCTb 3KCTPEMAJIbHbIX TEOMETPUYECKUX PACTOJIOXEHWUN
MAOTHENWWE YNAKOBKW, PEAYAWIIWE TMOKPbLITUA,
PA3BVEHNA)

BEPLW, C.-HAAb, A.
Pesome

OnbIT COBPEMEHHOI AMCKPETHOW reoMeTpuM MOKasbiBaeT, YTO CBOCTBO 3KCTpeMasbHOl
BE/IMUMHBI MOXET CO3/aTh NOPSALOK B XaoTUu4eckoit cucteme uryp. Mepeas YacTb CTaTbu MO-
CBSILLLEHA Pa3/IMYHBIM ««YPOBHSM» MEPUOAUYHOCTU — PELUETUATOCTU, PErYASPHOCTA W GIOK-
PETYNSPHOCTU —3KCTPEMAIbHbIX FTEOMETPUYECKUX PACMONOXEHWIA (YNaKOBOK C MaKCUMabHO
NAOTHOCTHIO W NOKPbITWIA C MUHUMA/BbHOI NJIOTHOCTBIO). [laéTcs KOHTPNPUMEP Ha CleAyHoLLyto
rMnoTesy: MIOTHOCTb /06O YNaKOBKM Ha NIOCKOCTU /15 GECKOHEUYHOMN CUCTEMbI MPOM3BO/IbHBIX
paBHbIX BbIMYKNbIX (UIYp He MPEBOCXOAWUT M/IOTHOCTW MIOTHELLE perynsipHoii ynakoBKu,
MOCTPOEHHOW 13 Tex e (uryp; Ho, BEPOATHO, 3TO NPaBU/ILHO B TOM CNyyae, eCi Mbl paccMmar-
puBaeM NOTHelLLY GNOK-PErynspHyo ynakoBKY BMECTO PErynsipHON.

BTOpaH 4acTb CTaTbW OXBaTblBaeT U CUCTEMATU3NPYET cCaMble NMpaBU/IbHbIE cbmrypbl:
[naTtoHoBbI 1 apxumMmenoBbl Tena u pa36meH|/|ﬂ. MCXOAH N3 NpaBUNbHbIX Ten u pa36M€‘HI/II7I n unc-
NOoNb3yA yceueHue, Kak cuctemaTnunpyruyr onepayuto, MnaToHOBLI " apxmumenosbl Tena u
pa3bueHns pacnonaraloTca B nepuoaunyeckyto Ta6nauuy. C pacnpocTpaHeHWeM YCeUYeHUN Takxe
CKOHCTPYMPOBAaHbl MHOFTOMEPHbIE CAyYau, Hanp. Tabnuua 4-MepHbIX Ten U 3-MepHbIX pasbueHuii.
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GRAVITY AND SUBSTUCTURE IN THE SYSTEM
OF THE UNIVERSAL CYCLICITY RELATION

G. MARFOLDI

INSTITUTE FOR GEOPHYSICAL RESEARCH OF EOTVOS LORAND, BUDAPEST

The SzAdeczky-Kardoss Universal Cyclicity Relation is in excellent compatibility
with the quite recently developing theory ofthe quantum-gravity. The cycle parameters;
space- and time-coordinates of the elementary structure can he derived as postdeter-
mined values from the energy and motion (rhythm parameters) of the substructure. Thus,
the basic data for determining the parameters of the substructure are provided by the
cycle parameters (the laws of motion) of the elementary particles, as it will he shown
below.

On the basis of Newton’s gravity equation, expressed (1) for a space of
density o. the acceleration becomes:

i gdVp Kc2 £ddVn dPo
dx,, J 16 8an  dx,, J r, drn

i A (1)
dfi
Providing the directly measurable length and time measures in their connec-

tion with the values of time and space coordinates; and separating the expres-
sion (of GR) into its pure space and time components:

dS*= 1+ fle2f £~ 0 y (dxt -|- dx1-f dxf)12 2
J 10

dT - 1- k/c2 0 dl= (1 - q0c2dl. Thus: 17 . A3)
J r0 ,

In terms of energy, the time-coordinate becomes:

a1 Y [REO )
c*J ro

As a limiting condition for time-dilatation, in order to exclude the directional
change:

1 sec _

*MIN
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The greatest gravity force (at Schwartschild-radius)

The maximum value of the relativistic change:

18ec _ cm__ (WOmax _ k2fel _
*MIN rMIN (mir)ymN 11/c21

= I[P max1l=1,21:-K «. (?)

The constant MG —the constant of gravity metaporphism — can be considered
as the third universal constant of physics, in addition the velocity oflight c and
the quantum constant h.

The raising of the limiting condition of gravity, derived from the basic
relationships of relativity theory to the rank of a postulate can be justified as
follows.

By the introduction of the postulate of limit potential (A\X = °2 ax®
IVIN ,the quotient of the highest and lowest gravity potential marks

out, at the same time, the largest interpretable dynamic range of the change of
the mass or spatial radius of the system:

M g= ¥Ymax - 1121 e 10« . (8)
Ymuu K

The constant Ma provides the maximum value of the dynamics of energy
variation — determined by the limits of gravity potential — of the inertia
systems. Thus, Ma the “gravity metamorphism constant” provides the re-
quired third universal constant. Together with the values of limit velocity and
energy quantum (c, h, Ma), it is suitable to co-ordinate the parameters of mass-
space-time (in their natural internal connection) and makes interpretable the
discrete-valued minima of mass, space and time determinable as well. It has
been shown, that Ma = [PMAX]| and PMAX [kg m s~2] is of the dimensions
of force, ¢ and h are those of [m s-1], resp. [Js].

The Quantum-consequences of the Gravity-limit Postulate

The basic consequence of the postulate of gravity limit potential is that
an accelerated system can only finitely approach the light velocity (e.g. a pro-
ton up to an accuracy of appr. 10 I0ms-1) depending on its static gravity
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potential level ®0. By further energy transfer, the system exceeds the range of
interpretability, i.e. it becomes a black hole.

“max = C(1 - ®o/C2)12= <1 - I/Mo0)12 9)
For a proton:

“max.p — c(l - 1/3,47 < 10«)

On the basis of the postulate of gravity-limit potential, the relativistic charac-
teristics are the mass/space radius quotient and its limit values

(m/r)ymax = = 1,35 «10»[**m -4 (t0)

(M/MMIN = 1l/c2t= U | «10"17 [kgm-*] (11)

instead of the ambiguous geometric concept of the “curvature of space”. (Far-
well geometry — proposed also by Wheeler).

The Ma gravity metamorphism constant also determines the discrete
structure of space and time.

Thus, the lowest interpretable value of distance (space radius) is:

c[m] 11 12
MIN - = 2,47 +10~3e[m] = (12
WG 2n (c31
the shortest interpretable time interval being:
N MN 1“:“ = 8,23 m10- 5[s]. (13)
r

The mass to be concentrated on the smallest radius — which can be considered
as the mass-quantum (mg) gravitationally expanded mmaxe= Mgmg: this is
the smallest Schwartschild mass —

[v 1  he\
min
0, .
mn 20 T ] [% ] (14)

(This value agrees fairly well with the results of Howking and Narlikar)
The value ofthe smallest interpretable mass (the graviton) is given by Eq.

mMin  Trmaxe = 2,73 «10“53 [kg] = mg.
Mg
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So:
1A 84
EMT = Tec2- 2,47 «HO“x[J] = — - where B ~ —
g B 3
and
nij ::h[‘]]: 0T,= 7,37 -10 51[kg]. (15)

The discrete space structure thus defined is in accordance with the require-
ments of relation of indeterminacy (mgegc ® = h. and Axp > h).

Thus, we have arrived at a consistent formulation of space structure re-
quired by the general theory of relativity with continuity being imposed only
lip to the limits of interpretability.

The Material Parameters of Space

In the general theory ofrelativity the concept of space has still preserved,
to a certain extent, its Kantian character (Ding an sich selbst). The space
“bends” as a result of the gravity of matter and thus controls the geodetic
path ofthe matter (e.g. ofthe photon). Matter effects the space and the space
practically transmitting the material influence — effects the matter. On the
basis of the general theory of relativity — and by introducing the gravity limit
postulate — space can really be considered as an attribute of matter. One can
define the lowest energy level which is the material equivalent ofthe space, and
the material phenomena can be described as certain given states of energy of
this basic energy level ofthe material vacuum (similarly interpreted by S. Y. M.
Clubé and P. K. Biswas). Thus, as against the geometric interpretation of
relativity theory, where the geodetic line “bends” in the vicinity of the Sun,
the relativistic refraction of light can be interpreted by assuming that, as a
result of the transfer of gravitational energy of the Sun, the density of the
vacuum energy increases in the vicinity of the Sun. Thus, the velocity of light
decreases as a function of density, and the gravitational refraction of light
can be attributed to the change of light velocity due to the change of energy
density as a function of gravity potential, i.e. to a “continuous” change of the
“refractive index”.

Similarly, the special relativity and the Lorentz transformation itself
are correct as far as these are based on the general relativity. The relativistic
transformations have to be interpreted, based on the relative energy densities
of the (near to light-velocity) accelerated material systems, related to the
minimum energy-level of the vacuum.

On the basis of the gravitational limit postulate, and by means of the
fine-structure constant, the material parameters of the vacuum can be obtain-
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ed. In possession of the parameters of substructure, the material density of
vacuum can be determined as

mMIN M ¢ 3 [ka]

= 2,59 «10-»[fcgm-8§]. (16)
44/3 |c3|[m*1 44 |c4|1r’]

So the mass of the vacuum in a sphere with r= |c| = 3 «108[m] is: I[*9]

[c]
= 3,33 «10-» [kdg].
The above result can be proved as follows.
The constant x determined in Einstein’s gravity equation is
*= M =:1,86 . 10-»e[[fcg- Im]. a7)
c2
So:
[fc/c*| = 7,4- 10-28 = IGMIN\ = Ix/81 | (18)
ie.:
X 1
8n c2 MO
—— = 8,2310-« [kg-1m3s“2]. (19)
8dac2

Knowing of the structure of vacuum its motion phenomena can also be exam-
ined if it is considered as an ideal gas.

Expressing the fine-structure constant as the ratio ofthe energy threshold
values:

742 .10-3*
I£,/2/3 KBl= — * e = 8,09 «10- 13 (20)
1 P 2/3 «1,38 «10-

the average energy content of aunit volume of vacuum becomes, in terms ofthe
fine-structure constant:1

~ 2,95 «10~35+1,24 - 1012
Evk= 0= 1,027 = 2,7 [K°] (21)
1,38 «10-23

mvk= Qi- I"t3-

The vacuum, considered as energy radiated by the black body (in good agree-
ment with the results of S. V. M. Clubé) is

4
V Itig/O « of » 1/ty * c2 9,86 mIQ- 413,57 « 1017 m9 « 10lg \4*

= 27[K°].
a 561 «10-8

(22)
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Thus, the fine-structure constant can also be interpreted as the relativistic
(gravity expansion) quotient of the substructural motion. The energy of radia-
tion corresponds to the level of Pensias—Wilson’sbackground radiation which

has been interpreted so far — quantitatively — as an electron radiation
“cooled down”, resp. infrashifted following the “Big-Bang”.
The wavelength of the radiation of the vacuum itself — as a black
body — is:
ho3 6,63 «1Q-34+1,0273
03 +1Q-821,0273 _ 2 53 L jov2[m]. 23)

mg<ifC 3,3 ¢10-4+3+108

This is in good agreement with the measured wavelength of background radia-
tion, verifying the values concerning the structure of vacuum derived on the
basis of the gravity expansion theory.

Space and Time-limitatons of the Electromagnetic Energy, the Critérium
of Overdeterminacy.

The gravity potential which can be attributed to the photon of a mass-
volume quotient mfr*= 11/c21= 1,11 «10~17 determined the lowest known
potential level:

¢ = 1Ifc/c2l [m2x—2] = 7,4 «10-28[mrs~2]. (24)

Elementary particles represent higher gravitational potentials; the gravity
potential of an electron is 27-times, that of a proton, 105times higher.

Thus, the gravity potential which can be attributed to the photon deter-
mines the minimum level:

. Vh
@ — Tmin K TPy
rf= M h[nj= vOrMIN. (25)

Einstein — having realized the uniform nature of the complete electromagnet-
ic wave spectrum — connected his energy equation to Planck’s energy-quan-
tum equation (worked out in the course of examining the radiation of black
bodies). This equation determines the energy-content of an electromagnetic
wave of frequency v and through this, the mass equivalent of the photon (as
the mass equivalent of the energy of the light wave) as m* = v « h/c2

P 1anck’s quantum constant has been raised to the rank of a universal
constant by Heisenberg’s principle of indeterminacy which — in addition to
the numerical value of light velocity — is the other basic point of the system
of physical laws.
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The lowest mass equivalent belonging to a single period (PbANCK-mass):
m,M,N = hujic? = 7,37 . lO-«fcg (26)

as the lowest photon mass equivalent, can be localized, according to Heisen-
berg’s principle of indeterminacy, ec e AMAX C*th) up to an accuracy
of AVAX Ic|im" only. In each period of the electromagnetic wave of fre-
quency v the mj= Iv|myMIN mass equivalent (photon) can be considered as
realized on the space radius of iy= |v| |/i[m]|. Its place can only be marked
out within the limit of indeterminacy /1= c/v that is within a wavelength.
A constant gravity potential, independent of frequency, can be attributed to
the mass equivalent of the photon (i.e. its velocity of propagation is frequency-
independent)

K
« = K TL = K - m/MIN [m25 *] = = Oin . (27)
Tf Vr/M1N

The upper limit of frequency of the electromagnetic wave is:

N vMAX "MIN
rf MAX —
In 2n
1 c 1 1/*
MAX = - — = 2,69HP [s-]]. 28
r Th M) [ J (28)

This condition can be defined as a “criterion of overdeterminacy”. At the criti-
cal wavelength, electron-positron pairs can be derived.

md —\M -m o= MN (29)

The rnymj,, = 7,37 « 10-51 [feg] mass corresponding to energy quantum, ac-
cording to the relation of indeterminacy, can be delimited within a wave-
length of #frax = 3 « 108 [m], while for increasing frequencies within wave-
lengths

A= clv

The space radius corresponding to the photon linearly increases with the fre-
quency («; = v m|J1IP]|), as it was shown:

When the space radius corresponding to the photon reaches the half wave-
length (this happens just around the numerical value of the fine-structure con-
stant (oy), the photon so to say gets closed into the “space prison” determined
by the wavelength, thus its translational motion with light velocity stops.
Thus, we have arrived at the concept of the electromagnetic limiting frequency
defined by the criterion of overdeterminacy. The mass equivalent of the photon
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belonging to that frequency should be interpreted as representing the energy-
level of electron-positron pair generation, thus, at the critical wavelength, the
generation of “stationary” matter. Thus, stationary matter appears as space-
time localized rotating (turbulent) movement of the substructure. (In anti-
m atter this rotation of the substructure is complementary phase-shifted — so
“Dirac see” appears in space-time).

Gravity as a Quantified Wave-phenomenon

W hen examining the gravity effect, we should start from the condition
that gravity energy — like electromagnetic energy by means of photons — is a
means of transmission of the “stationary matter”. As a result of the radiation
of gravity energy, the stationary mass of the bodies decreases. (Ref. 2) Any
mass “lifted” by effecting work in a gravity potential field increases (M@ss-
BAUER effect), that of a free falling body decreases. This phenomenon can be
accounted for by the exchange of gravity mass quanta — similarly to the
exchange of the electromagnetic quanta of action.

It should be taken into consideration that the gravity effect is still fully
exerted even when the electromagnetic effect is hardly or not at all (neutron
stars, black holes; ® —c2). The concept ofthe gravity trap rules out in advance
that it should have only an effect on itself, therefore, it is reasonable to assume
that the velocity of propagation of gravity action is higher than that of the
light.

The gravity mass quantum — due to its nature — can escape from the
so-called gravity graves which behave like traps for the light quantum. The
assumption of the existence of particles with higher velocity than light
have been proved to be compatible with the general theory of relativity in
Feinberg’s theoretical considerations about tachions (since the gravity mass
quantum, the “graviton”, is a particle without electric charge, it cannot be
indicated by the Cherenkov radiation).

The velocity of propagation of gravity action in vacuum can be defined
as having a value higher than light velocity (cg >c); in a medium of e > Q
density its velocity decreases and approaches light velocity.

Due to the interaction between the electromagnetic and gravity energy
as well as to the conservation of momentum, the smallest impulses are the same:

Pmve, = MuNg= hle= 2,22 +«10-«® [kgms-®]. (30)

Thus, the velocity of propagation of gravity as well as the maximum wave-
length in vacuum are about 260-times greater than that of the light:

f
cje= 1 @UIE®)  npg0 = — | AMAXAT.9- 10 [m]. (31)
m0 ~ 2,73 «10- 53 3
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On the basis ofthe overdeterminacy criterion applied to the longitudinal propa-
gation, exactly the proton mass is realized on the proton radius at the limiting
frequency. From the rhythm strip of the gravity, the energy passes over to the
“static” mass-strip (D), in which the rotational cyclic motion of the substruc-
ture provides the determined value of mass and radius of the elementary
structure (proton)

7.9 +1010 ,
r MAX N 62105 gy r _
wiax 6105

r (32)
Thus, the limit wavelength generated by the matter-energy concentrated on
the Schwartzschield radius, that is, on the maximum gravity potential (c2),
generates proton mass on the proton radius. It gives a causal and quantitative
explanation (as indicated by Ambartzumian and Zeldovich) of the positive
energy state of the matter. On the basis of the facts above, the cycle param-
eters of the substructure verify origo-parameters as well as the dynamic range
of space and time-coordinates of the SzAdeczky-Kardoss cycle diagram.

CUNA TAXECTUN N CYBCTPYKTYPA B CUCTEME YHMBEPCAJIbHOIO 3AKOHA
UMKANYHOCTMKU

. MAP®EbbAWU

Pesome

YHuBepcanbHblii 3aKOH LMKAUYHOCTW, NpefnoxXeHHbln 3. Cageukn-Kapgowwom, copep-
WEeHHO COBMECTUM C Teopuell CUAbl TAXECTW KBAHTOB, pa3BMBAeMON Yy4YeHbIMU B nocnegHee
Bpems. [MapamMeTpbl LWKNOB, TO eCTb NPOCTPAHCTBEHHO-BPEMEHHbIE KOOPAMHATbl 31€MEHTapHO
CTPYKTYpbl MOTYT, B KOHEYHOM CYeTe, pacCMaTpUBaTbCH KaK BENWYUHbI, ONpefeNieHHble 40NoN-
HUTeNbHO (BMOCNEACTBUM) UCXOAA U3 IHEPTUMN W ABUXKEHUA (NapaMeTpbl PUTMOB) CY6CTPYKTYpbI
Takum 06pa3oM, OCHOBHbIMM AaHHbIMW ANA OnNpefeneHWs napamMeTpoB Cy6CTPYKTypbl cayxar
napameTpbl LMKNOB (3aKOHbI JBUXXEHWUS) 3N1EMEHTAPHbIX YacTul, Kak 3aTo 6y/eT NnokasaHo HuXe.
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ADDITIONAL BRIDGES IN THE UNIVERSAL
CYCLICITY RELATION

By
B. Gulyas

SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST

In the time-space diagram ofthe Universal Cyclicity Relation bridges representing
constant density and mass can also he established. These bridges can be described by the
relationships t = mr2ft = pr*/ii. Taking into account two typical density values in the
Universe (oprOtom Patom) two fairly interpretable bridges are obtained which comprise
the time-space relationships of processes proceeding partly in the atomic (molecular)
orbit, partly in the atomic nucleus orbit.

Seme bridges characterizing single reactions also exist in addition to the strips
A, B, Cand point D which represent the cyclic and rhythmic motions in the diagram of
the Universal Cyclicity Relation [1]. These possess an exact mathematical form and a
physical meaning as well.

These bridges play an important role in the interpretation of some relations of the
cyclicity law.

First of all, between the lower poles of strips B and Cthere is a “bridge”.
The space parameter of this bridge extends from several Angstrom units to
several hundred Angstrom units, while its time parameters extend from 10“13
seconds to several seconds.

The angle of inclination of this bridge to the abscissa is about 11 to 13°.

The bridge in question comprises the space-time parameters of molecular
— macromolecular, chemical — biochemical — biological reactions.

It includes intra- and intermolecular phenomena, e.g. conformational
changes, proton and electron transfer, formation of bonds, formation of H-
bridges, hydrophile and hydrophob interactions, the enzym-substratum and
antigen-antibody reactions, the nuclein-acid and protein synthesis, the forma-
tion of patterns on the cell surface, etc. (Fig. 1)

In favour to interpret the time-space data mentioned above an attempt
was made to apply an equation calculated from the ScHRODINGER-equation
describing the spatial spreading of a substance package:

3
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Fig. 1. Some points of the transitional bridge between strips B and C of the Universal Cyclicity
Relation. Legend see in Table |

where tis the typical time parameter of the system, ris the typical space param-
eter, m denotes the mass, g is the density, +t — h/In — 1.054 «10-27 g cm2
sec-1, where his the PLANCK-constant.

(Different forms of the relation above are well known in physics. In its
original form

it describes the spatial spreading of a particle package defined by a fairly local-
ized r0 parameter. Here f is the time during which the r space parameter of
the particle will become doubled as compared to the original r0 value [2].

The above relation is suggested also by other basic equations of micro-
physics, e.g. the energy equation of Planck, the principle of mass-energy equiv-
alence of Einstein:

E —me2= hv (3)
the velocity of electron around the nucleus
V — himr 4)
the impulse moment of the electron
rrriv = kh (5
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Table |

213

Typlcal (calculated and measured space and time parameters ofphenomena belonging to the Iran-
sitional bridge between the strips B and C[see references: 3, 4, 5, 6,7,8]

Number

Fig.l.

1
2
4

10

11
12
13

Phenomenon

H-atom1
HjO HO“+ H+
H-bridge formation

lonic interaction?2
Hydrophobic interaction
H2504 HSO7 + H+

NH4OH ~=+ NHI -f OH-
CH3CH20H "=z+3
malein acid -f- OH- - v

Adenin -f- OH" —

ATP «H + OH*“

Polypeptide conformational
change (naminoacidfe = M®)
Polynucleotide conformational
change (nnucleotides “  100)
Enzym-substrate4and
Antigen-Antibody reactions:

complex formation:
complex dissociation:

Catalase (H2 2
/J-Amylase (Amylose)
Acetylcholinesterase (Ach)

Hexokinase (Mg-ATP)
JJINA, KINA synthesis
Protein-synthesis

the smallest living cells (PPLO
elementary body)6

Space Parameter
in A unite

1.06
N2
2.7-3.4
-2-5
>4
—4
—4
—5
-8
—7
—15
—30

-50

-25-250

30

40

50

80

several
hundred
several
hundred
1000

Remarks: 1Based on the classical formula v =

~measured toaloulated
in seconds
—io-13 1.78 « 10-13
7.71 « 10“12 114 «10-11
fO-n—to -s 10-11—10-8
t0-it—10-®@ 8 Jo *-8 %o—o
10-« >3 «10-1°
io-11 2.48 +10-1°
3.3 +10-“ 8.88 « 1O -y
2.2 «+10“n 1.82 - 10-1°
3.3 +10-8 1.17 < 10-9
t0 -io 1.05 « 10-1°
8.3 «10“10 1.86 « 10-«
10-"-10 “3 6 +i0-7
10"« 10-«
10-8-10-"
10-«
(f) 6.6 » 10-* 6 +i0-7
(d) 1.7 « 10“7
(f) 1.7 « 10« 2 «10-«
(d) 9.1 «10-’
(fy 10-» 8 ¢ 10-«
(d) 1.1 «10-«
(fy 2.5 +10-’ 8 «10“4
(d) 1.6 «10-3
10 “«/nucleotide —
10_2/aininoacid —
? 100
(several ten to
hundred)

li/mr (4) the time of revolution of the

electron around the nucleus is 1.27 « 10“13sec in the H-atom. Otherwise, according to different

measurements the ionization time of the electron

mula t =

10“13sec. 3 tcalculated derives from the for-

Q-g- taking the molecular density. Similar is the value of the previous and in some

of the subsequent cases. 3 In the following the reaction is not indicated. 1 Approximate space

parameters.

Substrate is in brackets,

(f) = complex formation,

5 Measured i* approximate value (due to the special cell cycle).

(d) = complex dissociation.
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the Compton wavelength of the electron

mtc (6)

the De Broglie wavelength
A= — .
mv (7

The uncertainty relation of Heisenberg is also in connection with the above-
presented relation.

Ax Av”~ h/m
AEAt*h (8)

or ApAx~">h, etc.

Using equation (1) to calculate the typical time data of the mentioned
phenomena and replacing the known space, density or mass parameters the
obtained time parameters will be close to the typical measured time data.

To account for the linear correlation between the time and space data
within the double logarithmic coordinate system, the density values of the
systems (phenomena) fitting into this bridge will be investigated.

The density-values of the investigated systems remain within one order
of magnitude (10°—101g/cm3). This density-value is not only that of the chemi-
cal-biochemical-biological systems in restricted sense, its significance is more
general: this isone ofthe typical density-values occurringinthe Universe [9—15].

Table 11

Density-values of chemical-biochemical systems

i - 270 -A—
Density of Hydrogen-atom1 &3
Density of HjO molecule 1191 om*

i i i i 13.16 -
Density of an aminoacid (glycin) 0%13
Density of a protein (human serum albumin)2 1.79 Eg:

a
Average density of living systems  density of water = 1.00 ama

mH _ 1672 -10-“g g
2.70 cur*

V'~ 81053 A3

2Tertier structure.
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By introducing the typical density-value (1 g/cm3 = gwater) in equation
(1) an additional bridge in the diagram of the cyclicity relation will be obtained.
The angle ofthis (and other similar) additional bridges to the abscissa is 11°19'.

This and other similar bridges may be called isodensa because they do
correspond to given density-values (Fig. 2).

The isodensa intersects the strips B and C. Their intersections correspond
to the lower poles of these strips and represent significant physical points: the
point of intersection of strip B with the isodensa marks the time and space
data of the hydrogen-atom (1 A, 10~13 sec.).

The intersection of strip C and of the isodensa marks the time and space
data of the smallest living cells (the elementary body of the Pleuro-Pneumo-
nia—Like-Organism, i.e. PPLO is known as the smallest living cell). Its diam-
eter is about 10_s cm, the cycle-time related to this cell-diameter is about
10 to 100 sec. The diameter of the theorically smallest cell is 5 +10-6 cm
(Morowitz, [16].) The diameters of other smallest bacteria (e.g. Micrococcae,
Rickettsiae, etc.) are also close to these space data.
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The section of the isodensa comprehended between the lower poles of
strips B and Cis identical with the bridge mentioned above containing the time
and space data of the phenomena proceeding in the orbits of atoms or mole-
cule’s.

Above the point of the “minimal cell” the isodensa has not been inter-
preted, yet. Within a section below the intersection of the strip B and of the
isodensa (i.e. hydrogen-atom), however, the bridge seems to be interpretable.

In the course of exciting the atoms the maximal time values of energy
absorption vary between 10-18 and 10-20 sec. As space parameters those of
gquantum jumps, i.e. the differences of the individual electron orbits can be
assigned to these. These values are of about 10-9 cm. Replacing the known
density and distance parameters into equation (1) the excitation (absorption)
time values known also from experiments will be obtained. E.g. in case of the
hydrogen-atom [17, 18, 19, 20]:

h (10 9cm)5
4 ( ) 10 18sec. (9)
h ~
The time value determined by the water isodensa and by the strip A, resp.
by their intersection corresponds to the characteristic time (reaction time) of
the electromagnetic interactions [21].

In addition to the density-value dealt with above, the other typical den-
sity-value realized in the Universe is the density of proton (7.8 1014 g/cm3).
The neutrons and atomic nuclei (g >3 1014 g/cm3) as well as the neutron
stars (p > K014 g/cm3) are of similar density [22],

Thus, the density-values 1to 10 g/cm3resp. 7.8 + 1014 g/cm3are of special
significance in the Universe. (The average density of the Universe decreases in
harmony with the expansion, the density of young stars can be considered only
to be a transitional state while the density of the interstellar space cannot be
evaluated.) The density-value of about g= 1g/cm3is that of atoms and of major
part of stars, while the proton density-value of about 1015g/cm3isthat of atom -
ic nuclei and astronomic objects and this can be regarded as the final state
the stellar evolution.

A bridge characterized by the g — gproton~ K15 g/cm3 density can also
be plotted in the diagram. (The isodensa taken with the density-values of water,
resp. proton may he called water, resp. proton isodensa) (Fig. 3).

The intersection of strip A with the proton isodensa produces the space
and time parameters of proton (10~13 cm, resp. 10_23 sec).
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Table 111

Typical density-values in physics, planetology and astronomy

i . N _ N
Density of the atoms: 2.7 om3 (H) —26.52 cms V)
Atomic density of the elements: 0.07 — H, —253 °K) —22.5 — Os
y cm3 ( ) cm3 (Gs)
Average density of the Earth-surface: 2.0 —2.8 c"r)ﬁ3
Average density of the Earth: 5.52 —a——r—5—
cm
Density of the Planets: 0.7 * Saturn) —5.52 ——(Earth
y cm3 ( ) cm3 ( )
Density of the Sun: 1.41 6 -
cm3
Density of the Stars:
g g

main sequence stars (V) of the Hertzsprung-Russel diagram: 001 (05) ~ 2-82~ 3 (M0)

(The young forms: giants, sub-, bright- and supergiants’ densities are: 10-2 3 —10~7—

the white dwarfs are extremely dense objects Pdwarfs>106 ®3 ;the neutron stars see later!)

Though only a few data were available it seems so that the (initial) sec-
tion of the proton isodensa near the strip A is of similar importance as the
initial section, resp. that falling between the (A — B) and (B — C) strips of
the water isodensa. Namely, the space and time parameters of nuclear reactions
fall to the orders of magnitude of 10 _13cm, resp. 10~23to 10 _21sec. The prompt
decomposition reactions of nuclei proceed during 10 _22to 10“21sec. (The equa-
tion

t= RJv (10)

can be applied to these processes where t is the duration of the process, R =
= Hnucleus, and V — «part. ~ ~.1 ¢). Nuclei excited by relatively less energy
(<0.65 MeV) get an excited state (bound state) of longer duration. These pro-
cesses will not he dealt with here [23, 24].

The space and time parameters of the so-called elementary resonances
fall to the range of 10 _13cm, resp. 10 ~23sec. The time value marked by the inter-
section of the proton isodensa with strip A corresponds to the time parameter
of strong interactions, of the so-called rapid processes: 10-23 to 10~22 sec. This
resembles to the relations of characteristic times of the strip A and water iso-
densa as well as of the electromagnetic interactions [21].
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Fig. 3. Bridges in the cyclicity diagram. (As a comparison in the diagram the isodensa drawn

with the recent density-value of the Universe is also shown; which practically equals to the so-

called critical density, i.e. punlv= pcrit a* ¢ 10_3°g/cm3 The distance of isomasses from each
otheris 2 : 1)

L

mr
W hen taking the equation (1), resp. its form t= ---r-]--- and calculations

are made by means of m — mprotorl a transitional strip of tg a = 1/2 rise will
be obtained in the diagram (Fig. 3) which passes through the intersections of
the proton isodensa with strip A (proton) as well as of the water isodensa with
strip B (Hydrogen-atom). The bridges taken by such a constant mass are called
isomass.

The feature of the proton isomass mentioned above seems to be trivial
since the mass of the hydrogen-atom can be considered to he equal to the mass
of the proton. The proton isomass, however, is of extraordinary significance:
on one hand, it gives the regularity of changes of the space and time parameters
of the particles possessing the proton mass, and by means of this it connects
strip A and the proton isodensa, resp. strip B and the water isodensa, on the
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other. (This relation is that of not only the proton—hydrogen-atoin but in
more general sense that of the nucleus — atom as it will be discussed in chap-
ter V.)

v

The three significant points of the diagram (i.e. proton, hydrogen-atom,
minimal cell) can also be obtained by means of the following procedure:

As a consequence of equation (1) constant velocity will be obtained if
the following condition is fulfilled:

r/t = const, if

3
L of -W_ [ml = mr = conts
r v 10 ' )

In the Universe, however, this is usually not the case, but this shape of
equation indicates three constants (because of the three real velocities of strips
A, B and C) and which can be thus interpreted at three significant points of
the cyclicity relation.

It is to be noted that the term mentioned above can be realized in case
of electromagnetic waves, when v = c. In this case more interesting points
will be obtained: the electron, the n-meson, etc. in the strip A close to the pro-
ton. Strip A:

— = * .= 10“3gem. (12)

(One has to remember:

E —me2= hv= A— (3)
A A

o A_ 2nh1

It will be realized if

Aproton 1® g. » ~"proton KO 13cm.
Strip B:
= 10 Bgcm = kB. (13)
Ve
It will be realized if

M = Mpyatom = 1° 24g; r = ~H-atom = 10-8cm.
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Strip C:
A 10 20gcm = Kkc.

It will be realized if
M = meceiimh= 10 -15g; = redlma= 10-5CM.

The mass of the smallest living cells is 5 «10~16g, the mass of the hypothetical
minimal cell of Morowitz is 6 ¢ 10~17 g; their diameters are 10-5 cm, resp.
5¢10-6 cm (16).

Fig. 4. Constant lines and the isodensa in the m-r diagram (upper dotted line: stellar isomass;
lower dotted line: proton isomass)
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In Figure 4 these points occur as the intersecting points of the lines of con-
stants, i.e. of the proton and water isodensae (the thick dotted line is the
recent density of the Universe, the thin dotted line represents the proton iso-
mass) (Fig. 4).

\Y

Let us have some words on two interesting coincidences:

The mass ofthe Universe amounts to about 108lproton masses, its average
density is about 10_3° g/cm3, and its diameter is about 1.7 « 1028 cm.

W hat would be the space parameter ofthe Universe if its average density
would be equal to the proton density?

Cosmologists suggest a non-linear correlation between the space and time
parameters of expansion. If it is supposed, however, that the strip A points
out the history of the expanding Universe and the distance value is assigned
to strip A (when ~Universe = cproton) arl(l the corresponding time parameter, resp.
space parameter are required, these parameters will be about 1013to 1014 cm

Fig. 5. Diagram and space-data of the liydrogen-atom and of the minimal-cell (Pecked line
denotes the hydrogen-atom, pecked-dotted line the minimal-cell)
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reap, about 10s seconds. Taking the intersection point of this line and of the
proton isodensa a space value of 1 to 2 A units will he obtained: a typical
parameter, of the hydro gen-atom and of other atoms ! It is unlikely an
accidental coincidence.

The possible interpretation is as follows: when the expanding Universe
reached the density of proton, it indicates a typical distance which lies close to
the diameter ofthe Hydrogen-atom and of other atoms.

Developing this idea, an interesting relation will be obtained. Let us
determine what may denote the time value in the diagram when the first
living systems known so far were developed. This took place about 3.5 to 4
billion years ago which corresponds to 2.5 ¢ 1017 sec in the time scale of the
Universe. In the diagram the intersection point of the corresponding “time-
line” (Fig. 5 pecked-dotted line) marks the distance value of 10~5 cm. This,
however, equals to the space parameter of the intersection point of the strip
C and of the water isodensa, i.e. to the diameter of the smallest living cell !

The first developed co-acervate cells and protocells may have been of this
diameter.

On the basis of our recent knowledge this coincidence can be regarded
accidental in contrast to the previous one since it is not probable that the
first developing cells would have had any idea about the structure of the Uni-
verse. Nevertheless, both coincidences are worth of atte ntion and further
studies (Fig. 5).

Vi

In the diagram of the Universal Cyclicity Relation the demand of an iso-
mass similar to the proton isomass emerges, in connection with the stars. The
mass of stars varies within two orders of magnitude by a fair approximation
Mg ~ 1 order of magnitude (1033tl g). The corresponding isomass (Fig. 4)
is the “life-line” describing the evolution of the stars.

In general, during their evolution the stars are shrunken from a very
diluted large-volume into a dense small-volume body (this is the typical case
but other possibilities also exist). Their density may increase from p = 10~7
g/cm3 up to 1015g/cm3, their radii decrease within the orders of magnitude of
1013 cm to 106 cm and during this process their mass remains essentially con-
stant.

The question arises whether time parameters may be assigned to these
data, resp. the M = 1038 g isomass shown in Fig. 4 may be drawn in the dia-
gram of the universal cyclicity similarly to the proton isomass. "When substi-
tuting the known mass, density and space parameters in the equation (1),
extreme high values will be obtained which can not be interpreted though the
stars and astronomic objects ought to be located in the space-time diagram.
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Taking into account the parameters being characteristic of certain stare, how-
ever, the idea is forwarded that analogously to the PLANCK-constant, a “star-
evolution constant” of the 6aTe dimension may exist. This can he called
“Stellar Evolution Constant” and can be marked with J. Assuming a conse-
quent analogy it can be calculated as follows:

in case of proton:

H A mr2 _ w prrpr
t t

(15)

in case of a neutron star of proton density and before gravitational
collapse:

where t denotes the smallest time value which can be assigned to the neutron
star, i.e. the duration during which the beam of light passes the distance corre-
sponding to the half of the star’s diameter: t= r/c; or t may be the shortest
rotation time, too. The reason of these rough simplifications is one of the basic
principles of the Universal Cyclicity Relation: when computing the relations in
the large-scale Universe no special attention is paid to the extreme mathem ati-
cal accuracy. In the foregoing formula m denotes the mass of the star, r is its
characteristic space parameter (diameter or radius), g refers to the density,
while Vis the characteristic possible greatest velocity of the star, in our case
V—c.
In this case the value of the constant:

J ~ 1050 g cm2sec-1. (17)

If somebody wants to compute this value for a highly evoluted star of
atomic density, analogously for an atom:

to the atom: k — mrv (see (4))

to the star: J = mryv, (see (16))

where in addition to the m mass and r space parameter, be v the rotation veloc-
ity characteristic of a star.
In case of a typical star, i.e. of the Sun:

J ~ 10509 cm2sec .
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On the basis of other considerations a constant value of J ~ 1050 g cni2
sec-1 will he obtained.1

The star-isomass taken with this constant is interpreted between strips
A and B of the universal cyclicity diagram. (This isomass corresponds to the
star-isomass of Fig. 4) (Fig. 6).

Fig. 6. Transitional bridges of the universal cyclicity diagram and the stellar isomass. Signs:
a = smallest neutron star; b — typical evoluted star-form; c¢c = the Sun; d = the planetar
system

By means of the equation above a relationship of general validity was
obtained to compute the space-time-mass-density-(rotation)velocity parame-

ters of stars and other astronomic objects.
In connection with this relationship several interesting ones are referred

to;

1See also the calculations of Ostriker J. P. in his paper: “White Dwarfs” (in: H. Chiu:
Stellar Evolution, MIT, 1972 [22]), (where J = 1048—1050 gcm2sec, the Total Angular

Momentum).
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On the basis of the ScCHWARTZSCHILD-formula the characteristic space
parameter of the smallest neutron star is:

= — —= 10® cm. (18)

cz

After the above formula, too:
r=J/mc — 10®cm. (19)

In the diagram the intersection point of strip A and of the star-isomass corre-
sponds to this which marks the coordinates of a typical neutron star (just before
the gravitational collapse), (point o (10® cm, 10_4 sec). (On the other hand, the
relationship above and the previous relations suggest further relations between
J (thus probably h), the mastronomic, the c and the Gvalues !)

The intersection point of strip B with the stellar isomass mark the space
and time parameters of a developed typical star (in the figure point ¢, 1012cm,
107 sec).

Or in case of the Sun:

t= Y4U&k = 25.5 days = irotG (20)
J

(in the figure point 6: 1011 cm, 10®sec).

VII
Summary and Conclusions

1. In the diagram of space and time of the Universal Cyclicity Relation
density- and mass values can also be indicated.

2. In the Universe there are two typical density-values (pproton, patom)
and these correspond in the diagram to two fairly interpretable bridges (iso-
densa).

or5
To describe the isodensa the formula t= _ft_is suitable.
3. Similarly to the isodensa, isomass curves taken with the same density
can also be drawn in the diagram and to describe these the formula t= —

is suitable. Out of the isomasses that of the proton is of special significance.
4. Isodensa mentioned above (resp. relationships) can be relatively fairly
interpreted in the space-time range investigated so far.
The so-called water-isodensa (which may be called atom-isodensa, too,
since it has be calculated from the density, values of atoms) interprets the pro-
cesses proceeding in the atomic orbits (molecular orbits; e.g. excitation, revo-
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liition of the electron around the nucleus, reactions, bonds, phenomena pro-
ceeding in molecular orbits (biology !), etc.).

The so-called proton-isodensa (which may be called also nucleus-isodensa
since computation is carried out by densities ofnucleus) comprises the phenom -
ena proceeding in the nucleus orbit (nuclear reactions, nuclear fission, exci-
tation, etc.). The interpretation of this is a further task. The proton isomass
shows the relationships of the space-time parameters of phenomena proceeding
in the atomic and nuclear orbits.

5. The diagram of the universal cyclicity of E. Szadeczky-Kardoss is
really the space-time diagram of the Universe. The bridges carry asymmetry
into the symmetric system of the main strips of the diagram (i.e. these describe
the scale-dependence of the Universe).

6. The cyclicity diagram supplemented with the bridges suggest a model
to the evolution and structure of the Universe. The accurate and expressive
elaboration of this, however, is the task of future.

7. As an analogy to the PLANCK--constant, a stellar evolution constant

0 f5 TUT*
= e = —-—= TTC~ 10509 cm2/sec

This provides the relationship of the spdce-time-mass-density-rotation-velocity
parameters of the stars and other celestial bodies. This relation corresponds
to the notion of “total angular momentum” (Ostriker, 1972) known also
in astronomy.
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OOMONMHUTENbHLIE MOCTbl B YHUBEPCA/IbHOW CBA3MN LMK/ANYHOCTU
b. ryndau

Pesome

B gnarpamme npocCTpaHCTBA M BPEMEHW YHUBEPCANbHOrO 3aKOHa LUKAUYHOCTU MOXHO
yCTaHOBUTb MOCTbI, NpefcTaBasftoLie co600 NOCTOAHHbIE TYCTOTY W Maccy. 3TU MOCTbl MOFyT
6blITb OMUCaHbl B BUAe CBA3KN *= mr-jh — cor5h. MpuHMMas BO BHUMaHWE ABA TUNMUUYHBIX 3HAYEHUA
rycToTbl BO BCE/IEHHON (pnpoToH, 0aToM) MOXHO MONYYUTb fBa [JOBOJIbHO XOPOLIO UHTepnpeTnpye-
MbIX MOCTa, BKAtoyvatlme B ce6q NpoCTPaHCTBEHHO-BPEMEHHbIE CBA3N MNPOLECCOB, MPOMCXOAA-
W MX 4YaCTUYHO Ha aTOMHbIX (MONEKYNAPHbIX) Opb6UTax, 4aCTUUYHO Xe Ha opbuTax aTOMHbIX
anep.

Kpome nonoc A, B, Cun D cywecTBylOT TakXe MU MOCTbl, XapakTepusyrouime efUHNYHbIE
peakuun [1], npeacTaBnsowme cob00 LUKAUYHbIE W PUTMUYHbIE ABUXEHWS B Auarpamme
YHWBEpPCanbHOro 3aKOHa LUKAMYHOCTW. OHM pacnonararT Kak TOYHOW mMaTemaTu4yeckoi dop-
MYNUpPOBKOMW, TakK U (PU3NYECKUM TONKOBaHUEM.

3TN MOCTbl UrpalT BaXHY pONb B MHTepnpeTaLMnm HEKOTOPbIX B3aMMOCBA3EH 3aKOHa
LMKANYHOCTHN
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Author postulated, that an Ice Age is caused by continental drift and plate
tectonics which have resulted in highlands and large landmasses in polar and subpolar
latitudes. These decrease global temperatures sufficiently for periodic variations in the
Earth’s orbital geometry to trigger off ice advances and retreats, the nature and extent
of which depend on icesheet mechanics, the broad topography, and ocean temperatures.

Controversy over the causes of climatic change has raged for more than
300 years; the literature is enormous and the causes suggested vary with the
scientific knowledge ofthe day. In 1842 J. F. Adhémar of Paris used variations
in the Earth’s orbital geometry as the main cause of an Ice Age and in 1873
James Croll in his Climate and Time in their Geological Relations extended this
theory. During this period Charles Lyell in his Principles of Geology used a
uniformitarian approach and explained climatic change by changes in the
latitudinal distribution of land and sea (Fig. 1).

In the early twentieth century there was a great outburst of meteorologi-
cal suggestions concerning climatic change. Among the general works were
Die Klimate der geologischen Vorzeit (1924) by W. Kopfen and A. Wegener,
Climate Through the Ages (1926. 2nd ed. 1949) by C. E. P. Brooks and various
accounts by Milutin Milankovitch of the temperature effect on the global
atmosphere of variations in the orbital geometry of the Earth [1]. These partly
or largely theoretical expositions were aided by the publication of detailed
field studies such as those by A. Penck and E. Bruckner in the Alps (Die
Alpen im Eiszeitalter. 3 Vois. Leipzig, 1901 —19009).

Recent decades have brought more elaborate methods of field research
and analysis including isotopic dating of various kinds, palaeomagnetic mea-
surements, and boring for cores in ocean-floor deposits and ice-caps. These
scientific advances have made the problem of climate change more complex
and have involved research scholars in so many branches of science that an
International Quaternary Association (INQUA) has been formed and the for-
mulation of a generally acceptable solution to the cause of climatic change
seems more and more remote.

The difficulty of proposing a reasonably adequate solution may be seen
in the major works published since 1950 on the Pleistocene climatic changes.
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Showing the Position of Land and Sea which
might produce the Extremes of Heat and Cold
in the Climate of the Globe.

90 Extreme of Heat.

Extreme of Cold.

Fig. 1. Popular explanation of hot and cold climates on continents, based on lateral shift of
landmasses (Lyell, 1872)

Several authors postulate a solar-topographic or solar-relief concept based on
decreased solar radiation and the presence of extensive highlands or a configu-
ration of land and sea favourable for the formation of ice sheets [2]. Some au-
thors avoid generaliting on broad causes and confine their conclusion to the
last cold period on which most evidence is available [3].

Much ofthe vast modern literature on climatic change uses a wide variety
of field evidence on the local environment (paleoecology or paleogeography)
to deduce and compile climatic maps of the more recent Quaternary phases.
For example, analyses of ocean-floor sediment cores are used to deduce iso-
thermal maps of North Atlantic surface waters [4] Or to take another example,
the geographical distribution of ice-wedge polygons, pingos, fossil soil involu-
tions and other periglacial phenomena is used to deduce the minimum drop in
mean annual air temperatures [5]. The CLIMAPROJECT aims at reproduc-
ing graphically “The surface of the ice-age earth” [6], and meteorologists hope
that eventually “synchronous pictures of the climate of the whole world at
selected epochs in the past” may be available (J. S. Sawyer, in ref. 4, 105,
1977.). The broad meteorological view has been recently summarized by B. J.
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Mason who deals also with numerical modelling of climate and possible pertur-
bations of climate [7].

Recent advances in geophysics and geology have made the compilation
of maps of global paleogeography less inexact although such maps are far
from perfect for most periods in the past. Geologists have shown that conti-
nents move long distances, sometimes in unpredictable directions, that ocean
basins expand on each side of medial submarine ridges and that the collision
of crustal plates may create great mountain ranges as well as great oceanic
deeps. This fluid crustal state may well cause meteorologists to hesitate before
compiling paleoclimatic maps for some geological periods. But plate tectonics
with continental drift and ocean-floor spreading may help geologists to ex-
plain broad paleoclimatic changes and some other environmental changes
exhibited in geological phenomena. Both meteorologists and geologists will
benefit from the notable efforts now being made to assess and map the former
relative positions of the continents (paleocontinental maps) [8]. Once some
agreement is reached on the global positions of the continents paleoclimatolo-
gists and paleogeographers will superimpose other geographical details with
more confidence.

Probably for the first time broad climatic change can be satisfactorily
explained in a purely geological way such as was attempted by Charles
Lyell a century ago. When migratory landmasses congregate in polar and
subpolar latitudes the world climate becomes cool; when there is a great pre-
ponderance of land in tropical and subtropical latitudes global climates tend
to be warm. Surely the time has come when geologists can accept the conten-
tion that the onset of the Pleistocene climatic change was due to the movement
of continental masses into polar and subpolar latitudes and to the elevation
of high mountain ranges associated with those crustal tectonics.

But whereas the general lowering of global climate can be attributed to
this cause, it cannot explain the short-termchanges of climate, with ice-advances
and retreats, that occurred during the Pleistocene and have been studied in
detail for the Quaternary. Although much mountain building has taken place
in the last three million years the extent of continental drift must be small,
and repetitive short-term changes of global climate cannot be attributed direct-
ly to any form of plate tectonics. The postulated causes of climatic change
other than continental drift must now be discussed.

Possible Causes of Climatic Change

More than 20 main causes for climatic change have been postulated. Six
of these deal with changes in the quantity or/and quality of solar emission or
radiation. All lack observational testing and a satisfactory causal correlation
with surface climate and weather phenomena. In practice solar radiation
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changes seem to be very small and it seems best to regard solar emission as
reasonably constant.

Four other main theories are based on variations in the transparency of
the atmosphere due to one or more of the following:

variations in the carbon dioxide content of the atmosphere;

the presence of volcanic aerosols or dust;

variations in the ozone layer; and

variations in the water vapour content of the atmosphere.
The author has already argued that none of these could account for a major
change of climate such as occurred during the Pleistocene [10]. It seems reason-
able to regard the atmosphere as a self-regulating mechanism insulated by the
ozone layer from fluctuations in solar emission; and consisting of complex
circulations that fluctuate in extent but cannot in themselves generate climatic
change.

We come now to

Theories Based on Changes in the Earth's Geometry

Today many variables in the Earth’s orbital geometry are recognized but
by far the three chief are

(1) the eccentricity of the Earth’s orbit, with a periodicity of about
96 800 years and a mainly tropical effect on the Earth’s temperature system.

(2) the precession of the Equinoxes, with a periodicity of about 21 000
years (Fig. 2); and

(3) variations in the obliquity of the plane of the ecliptic, with a signif-
icant periodicity of about 40 000 years and a strongly polar climatic effect.
Today the obliquity is about 23 1/2° but in the past it has changed periodically
about 1° each way.

Theircombined effectwas calculated by M. Mitankovitch and has been re-
calculated many times since [11]. Most meteorologists have long agreed that
the direct effect on global temperatures would be small (of the order of 1° or
2° C) and in themselves could not cause a major change in global climate. In
warm periods of geologic history they are not significant; in cool periods they
may trigger offthe expansion of snow cover and ice (Fig. 3). In 1976 B. J. Mason
considered the orbital-induced “variations in isolation, producing temperature
changes of 4—5 deg C could well be responsible for initiating the advance and
retreat of the ice sheets” (op. cit., 486). For lands poleward of 45°N the maxi-
mum of ice cover was nearly coincidental with the minimum of insolation or
received radiation at intervals of 40 000 years (Fig. 4). Similarly the last maxi-
mum of obliquity ofthe Earth’s axes and maximum insolation in high latitudes
coincided closely with the last main ice-retreat about 10 000 BP.
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Fig. 2. Diagram to illustrate the precession of the equinoxes (Lyen1, 1872). Here the difference
between aphelion (152 million km) and perihelion (147 million km) is greatly exaggerated. This
exaggeration still persists in modern textbooks

Summer solar radiation at latitude 65e N

Fig. 3. Curvesofsummer solarradiation at 65° N. latitude and oftropical sea-water temperature.

The solar radiation is expressed as apparent shifts in latitude; thus a poleward extension of the

curve indicates a relative drop in summer solar radiation to the amount experienced today at
the latitude indicated (after Emiriani (1958) and W oerkom)

Acta Gceologica Acudemiae Scientiarum Hungaricae 23. 1980



234 BECKINSALE, R. P.

Trousad yasBP

Fig. 4. Changes in global ice cover and total annual insolation or radiation in latitudes 45°—90°
N during the last 150000 years. Line O—O represents present values. The radiation curve is
the mean of values given by Mitankovitch and vebnekan. After Mason (1976)

It is interesting to notice that in 1957 C. Emitiani and J. Geiss devised
an elaborate climatic-change theory based mainly on topographic uplift and
the temperature effects of variations in the Earth’s orbital geometry coupled
with a varying heat exchange between the oceans and continental ice sheets
and with certain retardation or time-lag surface effects such as ice-cap plastic-
ity, crustal warping and so on [12]. This ingenious hypothesis serves to remind
us that climatic change is imposed on an Earth with a varied and changeable
surface geography.

W e will now turn to theories of climatic change based mainly on

Changes in Terrestrial Geography or Paleogeography

These are excessively complex as combinations, known and possible, of
changes in the horizontal and vertical pattern of paleogeography are numer-
ous. Continental continuity giving continental climates with abnormal winter
cold in high latitudes has been postulated. A rival popular concept based on
orogenic uplift during catastrophic mountain-building periods has now been
largely replaced byprolonged orogenesis associated with slow crustal plate move-
ments. As already noted many geologists combine the effects of orogenesis in
high latitudes with some change in insolation due either to variations in solar
emission and/or to periodic changes in the Earth’s orbital geometry.

One geological theory is especially controversial unless linked with con-
tinental drift. It concerns the concept of a shift in the position of the pole. This
theory takes several forms. In 1908 H. Simroth postulated a “pendulum oscil-
lation” of the Poles with resultant changes in the oceans and in global climates.
Fifty years later M. Ewing and W. Donn formulated a theory of ice-advances
and -retreats in the Pleistocene and suggested that the Quaternary began when
the Poles moved to their present positions [13].
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Polar wandering during the last few million years remains a problem,
especially if Antarctic ice sheets are involved. Sea-level would be affected. The
conceptthat ifthe Earth developed surface imbalance shifting ofthe Pole would
resultlacks ofempirical proofor disproof. Recently an attem pt has been made to
relate possible Pole movement to the height of old shorelines to try to find some
meaningful correlation between the two [14]. In this article it was assumed that
as pole slippage occurs “the geographical point where the meridians converge
spirals away from the axis, circuiting it with each daily rotation of the Earth”
(p. 18). This geophysical problem excites mathematicians but at present it must
be placed in a non-proven category.

At least two other phenomena of terrestrial geography are being increas-
ingly incorporated into theories of the cause of climatic change in the Quater-
nary. Ice surges in Antarctica, especially western Antarctica, have attracted a
growing literature, both concerning temperature change and sea-level varia-
tions [15]. Secondly, some theories incorporate ideas on the climatic effects of
heat storage in the oceans. Recently variations in the meridional heat trans-
port of the oceans has been used to devise a mechanism to explain the alternate
advance and retreat of the global ice cover [16]. The suggestion is that during
ice sheet advances the ocean warms up and eventually terminates the glacial
phase; during interglacials the oceans cool slowly and eventually further gla-
ciation occurs. But it seems that the mechanism is in all senses secondary and
depends for its onset upon a primary factor.

Before discussing the last Ice Age (Pleistocene/Quaternary) it seems desir-
able to glance at the Permo-Carboniferous Ice Age and the possible climatic
trends in global temperatures since then. Geological evidence points to the fol-
lowing sequence:

1. In Permo-Carboniferous times a great glaciation occurred in what was
apparently a vast Antarctic polar continent. This glaciation lasted at least
from Lower Carboniferous to Lower Permian times or 80 to over 100 million
years.

2. Since early Cretaceous times or in the last 150 million years Gondwana
or Pangaea has splitup and the continental blocks on crustal plates have moved
apart in various directions.

3. Associated with these crustal movements there was extensive and
prolonged orogenesis at convergent plate margins.

4. Throughout Tertiary times there appears to have been a gradual de-
crease in global temperatures.

5. In late Miocene and during the Pliocene and the early Pleistocene pe-
riods glaciations occurred in Antarctica.

6. Eventually and relatively suddenly extensive glaciation occurred in
highlands in subpolar regions in the Arctic of the northern hemisphere. The
Quaternary proper may now be said to have begun.

Acta Geologica Academiae Seientiarum Hungaricae 23, 1980



236 BECKINSALE, R. P.
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Fig. 5. General scheme for the geological lowering of global air temperatures and their response

to orbital temperature influences. In the bottom diagram an approximate time-scale would be

20 million years for A, 10 million years for B, and 2 million years for C. The glacial advances

shown are entirely schematic. A more realistic and detailed time-scale for the late Quaternary
changes is shown in Figs 3 & 4. Shading denotes persistent ice cover

If these broad contentions are accepted we can explain on solely geologi-
cal grounds the decrease of global atmospheric temperature sufficient to allow
the temperature effect of changes in the Earth’s orbital geometry to trigger
off extensive glaciation in the northern hemisphere (Fig. 5). The gradual drift
ofthe Antarctica block into a south polar position and the uplift of mountains
at its edge caused extensive glaciations there which would lower global tem -
peratures. No doubt many complicated changes in the paleogeography of that
continent took place but eventually it was elevated and buckled sufficiently
at its periphery to permit the accumulation of a deep ice-basin orice-cup. W ith
the development of alofty and thick ice-cap the atmospheric chill of Antarctica
becomes a virtually permanent factor in subsequent climatic change.

The distinction between a glaciophile and glaciophobe topography is im -
portant. The glaciophile topography allows the weight of the ice to depress the
base of the ice sheet to a low level or even below sea-level while the mountain
rim of the landmass retains the ice in the basin so that the ice accumulates to
a great depth before overflowing the rim or discharging as broad ice-tongues or
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Feet
20000 A. rce-sheet accumulating 1,2 etc.

10000- 2

Orogenesis
dominant

D. Ice-sheet waning, with maximum peripheral erosion

E. Exhumed landmass

Fig. 6. Diagram of possible ice-advance and -retreat in a polar glaciophile topography. In C and
D prolonged erosion breaches and lowers the peripheral mountains so facilitating ice-drainage
and the reduction of altitude and concavity. Time- scale of the order of over 1 million years

glaciers through the rim. This condition is very different from that of a glacio-
phobe topography -with dome-shaped relieffrom which ice sheets expand freely
outward from high-level snow accumulation regions (Fig. 6).

Glaciations during the Quaternary

Let us take the last main glacial period, or the best investigated period
of the Quaternary. It is characterized by glacial advances and retreats during
interstadiale and so-called interglacials.

Periodic insolation changes due to changes in the Earth’sorbital geometry
will persist. Some of these will affect more strongly the northern and southern
hemisphere alternately but owing to the persistency of the chill of the Antarc-
tica ice-cup their direct effect will be greatest in the northern hemisphere.

But Antarctica is not a constant factor. Its ice sheet-advances and -re-
treats mainly over the ocean. It must have some sort of expansion regime and
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it is connected thermally by deep-seated oceanic waters to north sub polar
regions at least in the Atlantic.

As a result ofthis, recent ice-advances and -retreats in the northern hemi-
sphere are the reactions to a complicated combination of periodic changesin the
Earth’s orbital geometry and the cold storage effects of an Antarctic regime,
coupled presumably also with some influence from Greenland and the heat
storage capacity of the oceans. It seems irrational to expect a simple tempera-
ture response to orbital influences during the Pleistocene because of the retar-
dation effect of persistent ice-cups and the slow warmth mechanism of the
oceans.

Assuming appreciable complications in the time scale and the degree of
effect, let us study one ice advance and retreat in the northern hemisphere
during what may be presumed to be atypical glacial period.

1. A cool phase in the Earth’s orbital influence occurs, coincidental
with weak or maybe with relatively strong Antarctic influence.

2. Snow accumulates and ice sheets gradually form and expand upon the
snowier high-lands.

3. The new albedo, and temperature retardation of melting in the warmer
season, cause a rapid drop in surface air temperatures.

4. The ice sheet heightens and expands under gravity flow.

5. At the same time sea-level drops.

6. Gradually the weight of ice causes isostatic depression beneath the
ice sheets especially under the maximum ice-accumulation areas.

7. Eventually the expanded ice-sheet invades lower levels and lower
latitudes at which its periphery thins and melts.

8. A warmer phase in the Earth’s orbital influence causes the main ice
sheet to retreat and thin or disappear on the highlands.

9. With the ice-retreat sea-level rises rapidly.

10. The glaciated landmass undergoes a slow isostatic recovery (Fig. 7).

The relative slowness of isostatic response compared with sea-level rise
explains why an individual glacial advance and retreat is followed by or ends
in a short relatively warm period. At the rapid rise in sea-level, the ocean covers
a relatively large area of shallow coastal seas which provide relatively warm
airmasses. Thereafter the landmass begins to rise and emerge as is happening
today around the Baltic Sea and Hudson Bay. However, it must be stressed
that it is unreasonable to expect a highland mass to recover the altitude it had
before the ice-sheet formed upon it. The highland has been scraped clean of
most loose surface material and compensatory isostatic rebound could only
offset a fraction of this loss of surface height. In addition it is possible that
regions peripheral to the main ice-accumulation region would rise slightly
during glacial advances and perhaps sink slightly after ice-retreats in antiphase
to the rise and fall beneath the centre of the ice-sheet. These considerations,
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Schematic diagram of regional ice-advance and retreat
in glaciophobe topography in 50e— 90°latitudes

-------- »Time scale of about 40 000 years

Dominant ice-sheet process .
accumulation : expansion : melting

Fig. 7. Schematic diagram of single major ice-advance and -retreat in a glaciophobe topography
in 50°—90° latitudes. The effect of altitude also includes increase of continentality. Shading
denotes ice-sheet

however, are subsidiary to the important facts that the change from ice-or
snow-cover to land cover causes a large sudden rise in temperature and that
the land-sea distribution at the close of an ice-retreat will favour a relatively
short-lived “warm” period.

So we postulate an Ice Age caused by continental drift and plate tecton-
ics which have resulted in highlands and large landmasses in polar and sub-
polar latitudes. These decrease global temperatures sufficiently for periodic
variations in the Earth’s orbital geometry to trigger off ice-advances and
-retreats, the nature and extent of which depend on ice-sheet mechanics, the
broad topography, and ocean temperatures.

The Implications for Mankind

The following suggestions seem reasonable with regard to the prediction
or forecasting of future climate in cool and cold areas.

1. The present fluctuations of climate with short cold spells and some hot
dry spells are the complicated variations of very complex circulations in what
is probably a cool interstadial. They might be regarded as the norm.

2. Any climatic change from cool to colder will be gradual until snow- and
ice-cover begins to expand when the climate locally will deteriorate rapidly.
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3. The onset of a glacial advance will be best revealed by increases in the
extent and persistence of snow and ice. What is needed is accurate knowledge
of the global distribution of ice and snow in nivolines and nivo-days. This has
become possible with satellite photography but must also be observed in the
southern oceans.

4. The possibility of a return to pre-Pliocene climates seems negligible.
Greenland may be vulnerable but the greatice-cup of Antarctica seems beyond
destruction on climatic grounds alone. These great ice-cups will persist until
erosion of their peripheral mountain ramparts has lowered their surfaces almost
to sea-level. This may mean also until erosion overcomes any effects of orogene-
sis due to crustal plate convergence; or until Antarctica (? or the pole) moves
out of a polar continental position.

5. In any event the time-scale involved is of the order of tens of millions
of years. The time-scale is geological or erosional and the Pleistocene or Quater-
nary might well persist for 50 million or 80 million years.

6. In the northern hemisphere individual ice-advances and- retreats are
of the order of 20000 and 40 000 years. If, as seems not improbable a main ice-
advance occurs in 10 000 or 15 000 years hence it will be disastrous for most
lands poleward of about 45° latitude North and South and those within about
one thousand metres of the present permanent snowline. But it may well be
beneficial climatically for lands nearer the tropics because of a slightly cooler
climate and in all coastal states because of the exposure of shallow sub-marine
coastal flats. The human need in subpolar civilizations is to conserve all natural
fuels or to develop new power resources.

7. A problem with regard to the prediction of future climate in cool and
cold regions is whether the present climate is considered to be an interstadial
— or less cool phase in a glacial period — or the beginning of an interglacial or
slightly warmer phase. Some scientists regard the present as an interglacial
and predict an unusually long duration for what they describe as “the present
interglacial period in the northern hemisphere” [17]. Their reasons are that the
Earth is entering a 120 k a (120 000 year) long interval of exceptionally low
orbital eccentricity during which summer insolation minima will be less extreme
and that this condition coincides with “one of the quite infrequent and other-
wise normally short Pleistocene interglacial periods when little continental ice
is present” [17]. However, probably the majority of scientists would consider
the present an interstadial because of the existence of vast ice-shelves at sea-
level in the Arctic and Antarctic and the strength of the Greenland and South
Polar ice-cups.

8. An interstadial would be slowly terminated by the onset of periglacial
weather and the gradual re-appearance of ice sheets and permafrost in sub-
polar regions. A developing interglacial period would presumably be accompa-
nied by only a small rise in sea level because, as said, the great ice-cups of Ant-
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arctica and Greenland seem largely indestructible. If a most unlikely catas-
trophe such as a large shift of Antarctica or of the poles caused those ice-cups
to melt, sea level would rise by about 65 metres and nearly one third of the
world’s total population would be either displaced or defended by seawalls [18].
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PAUNOHANBbHAA TEOPUA OB M3IMEHEHUWAX KAWMATA N COENAHHBIE
BblBO bl

P. M. BEKWHCEWNN
Pe3ome

ABTOp BbIBUHY/N TUNOTE3y ONefeHUs, BbI3BAHHOTO MUTpaLlMeil MAaTEPUKOB U TEKTOHUKOW
NAWT, B pe3ynbTaTe KOTOPbIX HA MONSAPHbLIX U CYGMONAPHBIX W NPOTAX (hOPMUPOBANUCH TOPHbIE
MacCWBbl U KpyMHble MaTepUKOBble MacChl. B CBA3M C 3TUM NPOM3OLINO0 YMEHbLWEHNE TN06GANb-
HblX TeMnepaTyp A0 CTeNeHu, JOCTATOYHON ANS NepUOJNYECKUX U3MEHEHU B op6UTaNbHON reo-
MeTpUKU 3eMHOT0 wWapa. STUM WU3IMEHEHUSMU U GbiAM 06YCNOBNEHbI MPOLBUXEHUS BNepes U
OTCTYNNEHWUS NeJHUKOB, HO XapakTep U BeNUUYNHA ITUX ABUXKEHUI 3aBUCENU OT MEXAHUKMN Neas-
HblX MOKpP OBOB, OT TOMOTrpatuyeckoil 06CTAHOBKM M OT TeMNepaTyp OKeaHWYecKux Bof.
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APPLICATION OF CYCLICITY AND RHYTHM
IN EARTH STRUCTURAL RESEARCH

By
Gy. Barta

DE PARTMENT OF GEOPHYSICS. EOTVOS LORAND UNIVERSITY, BUDAPEST

Secular magnetic variations weaken and strengthen simultaneously on a global
scale. The global validity of this variation can be demonstrated only in a suitable coor-
dinate system since the data of observatories are valid only of the restricted neighbour-
hood of the observatories themselves. Thus, a coordinate system free of anthropogenic
errors is needed.

On the occasion of previous Conferences on Material and Energy Flows |
reported on a few results of research concerning the structure of the Earth and
I pointed out that special human views developed owing to the continuous
mutual interaction between man and nature as well as owing to the dimension
of man may significantly mislead the research. We have known for ages that the
Earth is spherical, nevertheless it, happens frequently that even during our
scientific researches our considerations are fixed to two dimensional charts.
We make correspondences, e.g. to the six big anomalies of the geoid figure,
we assign six density inhomogeneities, since we have not even thought that
these would be brought about by large-scale global anomalies reaching all
points of the Earth’s surface, so that we have to take into account the effect
of the anomalies on the antipodal points, too. Thus, instead of a real interpre-
tation of the globe we try to explain our observational results on sheets of
charts and so we distort the material background of phenomena.

The same erroneous view point is represented in the investigation of
secular magnetic variation by the method of which we try to draw conclusions
concerning the physical features of the secular variation based on the pictures
of the singular magnetic components. And the same is the case with the distri-
bution or with the general properties ofthat variation. Namely, the phenomena
are not produced within the singular components, but it is the total magnetic
field vector which changes its direction and magnitude, and the decomposition
into components and the representation on maps is only a technical necessity
of measuring and representation.

Thus, the variation should not be represented by its singular components
on maps, but rather we should look at the physical phenomena taking place in
the interior of the Earth in a coordinate system valid for the whole Earth, if
we want to get an answer of general validity for the questions rising during the
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research. Therefore, we have to be careful in defining our problems so that we
could obtain the answer of the nature in an understandable manner and we
should be able to minimize the pitfalls being inherent in anthropomorphic
manner of thinking.

An ideal, fully objective thinking can be only approximated and it cannot
be fully realized, since we are men and not ants with their fully mechanized
way of thinking. But the recognition of the restrictions on our thinking due to
our nature as human beings is already a great step forwards and the history of
surmounting the delimitations is in reality the history of man’s scientific
development.

Phenomena of natural sciences take place in space and time; in the course
ofthem one can encounter spatial and temporal repetitions, which can be called
cycles and rhythms, respectively. In the system of mathematical notations these
are generally expressed in the form of periodic functions. In order to eliminate
the anthropomorphic errors of the research it is worthwhile to have recourse
to these descriptions which reflect the nature based on observational data
and perhaps the hidden connections of phenomena can be better revealed in
this manner.

In the course of my investigations of more than three decades, | became
first of all attentive to an oscillation with a period of halfa century in the secu-
lar variation of the terrestrial magnetic field. The phenomenon could be well
detected in the data series of various observatories, but no regularity valid for
the entire Earth could be found. The difficulty — as stated later on — had been
caused by the inaptitude of the coordinate system applied. The observatories
namely are carrying out their magnetic measurements in the frame oftheir own
coordinate systems (with axes towards N, E and in the vertical). These are
valid of course only in the localities of observatories and data of observatories
situated at great distances one from another cannot be compared (Fig. 1).

But if we look at the oscillation presenting itself in all components in a
three-dimensional way, it becomes immediately obvious that this period will be
brought about by a helical movement of the end-point ofthe magnetic vector
carried out in the course ofthe secular variation. And if we study the phenome-
non in a coordinate system determined by the space curve described by the
end-point ofthe magnetic vectors ofthe various observatories (the axes ofwhich
are: the tangent, normal and binormal of the curve), we soon become aware of
the general character of the phenomenon; the direction of circulation on the
helix is clockwise and the secular magnetic variation isweakening and streng-
thening simultaneously on the whole Earth.

W hen applying the new coordinate system we could state — in addioton
to the simple statement of the existence of a rhythm presenting itselfinthe vari-
ous components — also the simultaneous weakening and strengthening of the
secular magnetic variation on the whole Earth. The same period could be detected
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also in the rotation phenomena of the globe (in the variation of the rota-
tional speed and in the oscillation of the polar height), and we have here also
phenomena valid for the whole ofthe Earth (Fig. 2). This coincidence of periods
suggests the supposition that the secular variation of the terrestrial magnetic
field might he connected with large-scale mass movements taking place in the
Earth’s interior.

If the half-a-century long rhythm of the secular magnetic variation while
being only a partial phenomenon possesses features of such a general validity,
then we must conclude that the entire variation be also an even more general
phenomenon. Introducing a general coordinate system valid for the entire
Earth, we are indeed able to detect that the magnetic secular variation has a
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high order symmetry around a pointin India. It is remarkable that the magnet-
ic dipole of the Earth is eccentric towards Australia and this dipole is drifting
westwards, i.e. towards India in the course of the secular variation. By this
the general consideration given above concerning a mass movement connected
with the secular magnetic variation obtains a real meaning; namely, the eccen-
tric inner core of the Earth is moving within the material of the outer core to-
wards India bringing about flows there in the plasma-like material causing thus
the secular magnetic variation (Fig. 3).

The shifting of the mass-asymmetry influences also the shape and pro-
cesses of the Earth and the anomaly system of the geoidal figure consisting of
6 members is, as a matter of fact, due to two large-scale anomalies each of which
deforming the whole body of the Earth. The geoidal anomalies ofthe temperate
latitudes are consequences direct of these two anomalies. Thus, by separation
of spatial cycles we are able to state the essentially simple physical background
of an apparently complex anomaly system (Fig. 4).
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Thus, we can see that in the course of the research interpretation can be
based on the separation of cycles interconnected with and superposed on each
other. A suitable choice ofthe coordinate system is of course an important basis
of a fruitful research.

Our considerations have not been supported — of course — solely by the
coincidence of periods, this having served only as a guide for starting and devel-
oping them. A powerful argument for the supposition can be taken, e.g. the
fact that it provides a background in a uniform manner concerning both the
structure of magnetic as well as gravity fields, pointing to the asymmetric
structure of the Earth’s core. It is also an essential argument of principle that
the main forms of the geoidal figure represented on the charts could be com-
puted by basing the calculation merely on the equatorial data system (i.e. on a
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data system taken along one single great circle).This argumentation is somewhat
related to the proving method used frequently in scientific research, according
to which a phenomenon forecast on the basis of a hypothesis will then be ob-
served.

Our supposition is supported by a further series of formal arguments.
The pointed end of the rotation-symmetric geoid anomaly on the Australian
side is directed towards Australia on all the geoidal charts computed by any
approximating method. If we compute the potential surface of a spherical mass
having an asymmetric inner core of higher density, then the obtained (nearly
elliptical) rotation-symmetic form has a pointed end in the direction of the
asymmetry of the same directional features as the magnetic one.
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The axes of positive and negative anomaly pairs of the temperate lati-
tudes are converging towards N, indicating that the source of gravity anomalies
is situated northward from the equatorial plane in the same manner as it is
shown by magnetic measurements.

Also the explanation of special features of the individual fields becomes
simpler on the basis of our considerations. By the application of rotation-sym -
metric anomalies of a general position the deviation of the forms of northern
and southern hemispheres will disappear. In the same manner the polar flat-
tening ofthe Earth of asymmetric structure is nearer to the state of hydrostatic
equilibrium, than the central-symmetric one.

Thus, we can see that the confirming arguments present themselves in
the form of mutual multiple correspondences, but the starting and directing
idea is the agreement of periods and rhythms, in particular the possibility of
attributing them to most simple physical facts. The dimensions of cycles and
rhythms may be taken as characteristic of single science groups; the recognition
of this fact may support individual research and can serve to eliminate restric-
tions posed by a possibly incorrect anthropomorphic viewpoint.

K MTPUMEHEHNIO UNKANYHOCTUN N PUTMOB B NCCNEAOBAHUNAX CTPYKTYPbI
SEM N

Ob. BAPTA
Pestome

[onroBeuHble MU3MEHEHUS MArHUTHOTO NONSA NPeACTaBNAOT co60t0 0cnabneHus u ycunu-
BaHWsA, NPOUCXOAALLME OLHOBPEMEHHO B rN06anbHbIX MacwTabax. CnpaBefnuBOCTL 3Tol 3a-
KOHOMEPHOCTMU B rN06anbHbIX MacwTabax MOXHO JOKa3aTb rpaguyeckum MyTem TONbKO Mpu
HanMuMKU COOTBETCTBYIOLLEN CMCTEeMbl KOOPAMHAT, TaK KaK faHHble 06cepBaTopuii cnpasesnues
TONbKO ANSA OrpaHW4YeHHOTO paiioHa, oKpyXaluwero o6cepsaToputo. Takum o6pa3om, Heo6xo-
4MMO UMEeTb CUCTEMY KOOPAWHAT, UL EbYI0 aHTPOMOTEHHbIX MOTPEeLHOCTEI.
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MASS AND ENERGY FLOW IN SOIL FORMATION
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Most of the substances and energy produced by living organism are stored in the
soils. Annual climatic and biological cycles play an important part in soil formation.
However, the period of the complete development of a soil profile is much longer, by
about two orders of magnitude.

» The bulk of the required energy is needed for biological, resp. biogeocenological
processes. The main source of energy is solar irradiation, which is a function of climate.

An overwhelming part of the total mass of vegetation is represented by the roots.

The soil cover retains a number of vitally important elements, preventing their
transportation into the ocean.

Human activity influences considerably the matter and energy exchange of soils.
In the future, this should be done in a more conscious way, in view of environment pro-
tection. This scientific approach justifies a more detailed study of the cyclic processes.

The processes of soil formation take place in the thin upper layer of the
Earth’s crust. During these processes the crust undergoes substancial changes
due to the activities of a great number of both biotical and non-biotical factors.
In the course of above processes the complex effect ofbiological and non-biolog-
ical factors develop the soil as a specific formation of nature.

The weathered rocks and sediments are the parent materials of soil forma-
tion, however, biological processes are essential when constituting soils jointly
with abiotical factors.

In wider sense, including seashores also among the soil forming materials
the advent of soil formation is quite close in time to the appearance of life in
our Globe. As soon as life appeared on the Earth the biological processes resulted
in products which are fundamental in the soil formation. Practically, the
development of soils started with the beginning of life. Since then the biological
processes have been in the closest connection with soil formation.

In the system of soil-living organisms the role of the soils is to supply the
plants and certain micro-organisms with nutrient elements and water. This
capability constitutes the fertility of soils. During the vegetation of plants a
certain quality and quantity of substances and energy are transferred from the
soil to the plant roots. Most part of the mass and energy which nurishes the
whole living world after transformation are stored in the soil or on the surface
of soils in plants and crops.
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The soils themselves — in spite of their close relation with the biosphere
— are regarded as non-living substances for the lack of significant peculiarities
of living organisms (birth, death, growing, etc.). The soil together with living
substances constitute a limited ecosystem, in which all the livings and soils
have their own functions and correlations with the others. As aconsequence, the
soils and living organisms turn out to be in a close, mutual interaction during
their processes of metabolism. It is clear that the possible destruction of either
of them has a substantial influence on the other components of the ecosystem.
In Table 1. the chemical composition of the litosphere and that of the soils are
demonstrated (after Vinogradov).

It shows that the soils, which is partly a product of weathering of
rocks, often reminds of the lithosphere as to its chemistry. Actually, soils con-
tain more silicon and less sexquioxids, than rocks. However, concerning the
carbon and nitrogen contents of soils the percentage of these elements are
found to have surpassed those of the litosphere with at least one order of mag-
nitude. This is one ofthe results of biological processes that plays an important
role in soil formation. The biomassa in soils also explains this phenomenon.
Though the content of inorganical substances in soils exceeds that of organic
ones, still the latter ones are indispensable parts of soils.

In Table 2 the average chemistry of the atmosphere, hydrosphere, lito-
sphere and some living organisms is demonstrated (after Lotka).

The data of Table 2 show the differences between lito-, hydro- and atmo-
sphere from one side and the living organisms from the other.

Comparing Table 1 and Table 2, it comes to light that soils, regarding
their chemical composition, are in a transitional position between living and
non-living world. Whenever the cyclicity of soil forming processes is studied

Table 1

Chemical composition of rocks and soils (vinogbadov, 1959)

Element Rocks Soils Element Rocks Soils
% % % %
0 47.2 49.0 c (0.1) 2.0
Si 27.6 33.0 s 0.09 0.085
Al 8.8 7.13 Mn 0.09 0.085
Fe 5.1 3.8 p 0.08 0.08
Ca 36 1.37 N 0.01 0.1
Na 2.64 0.63 Cu 0.01 0.002
K 2.6 1.36 Zn 0.005 0.005
Mg 2.1 0.6 Co 0.003 0.008
Ti 0.6 0.46 N 0.0003 0.001
H (0.15) ? Mo 0.0003 0.0003
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Table 2

The average chemistry of terrestrial matter, corn and human body

Average composition of

Chemical terrestrial matter, in per Average composition of Average composition of
element cent, including atmo* acom plant,in per cent the human body, in per
sphere, litosphere and hy- (dry weight) cent (dry weight)

drosphere (the soil mass)

0 46.48 44.57 29.13
Si 27.60 1.17 0.00
Al 8.05 0.11 0.00
Fe 5.03 0.88 0.01
Ca 3.63 0.20 3.75
Na 2.72 0.10 0.40
K 2.56 0.92 0.90
Mg 2.07 0.18 0.10
H 0.145 6.26 8.40
Ti 0.696 0.00 0.00
Cl 0.095 0.14 0.40
p 0.152 0.18 2.50

0.149 43.70 45.00
Mn 0.116 0.00 0.00
S 0.100 0.17 0.60
F 0.030 0.14

these processes must be placed close to the living organisms. The same rule
exists as to the situation of soils in the hierarchy of natural formations.

The periodicity of soil forming processes is similar to that of living sub-
stances. Evidently, a great part of potential energy in the soils is bound to
lattic layers of soil minerals or other non-organic substances. The energy of
hydratation plays a decisive role in this aspect.

In order to supply the plants with the necessary nutrient elements and
with water the soil has to accumulate mass and energy through the photo-
synthetic processes of plants. As it is well-known plants are capable of the
transformation of solar energy sintetizing carbohydrate. After the vegetation
period a great part of the biomassa remains in the soil. The biological and non-
biological transformations of plant tissues are followed by the formation of
humus substances constituting the organic part of soils. Substantially, the mass
and energy ofthis material are the sources of soil fertility. In Table 3 the organ-
ic matter content of different ecosystems is demonstrated.

Table 3 shows that a large quantity of humus can be found in the soils
of different ecosystems, that surpasses with at least one order of magnitude
that of overground phytomass.
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Table 3

Organic matter content in different ecosystems, tjhu

o d
Type phytomaes Humus

Coastal Marshes and terrestrial
swamps 10-20 128
Tundra 3-10 320
Taiga 270 100
Grasslands 16 355

Table 4

Ratio of biomass of the overground parts of plants to the roots (V. A. Kovba; |. Szaboi1cs, 1971)

Vegetation Ratio
Tundra 1:81:6
Taiga 4:1
Forest steppe 3:1
Chernozem Grasslands 1:9
Association of chernozems and meadow
soils 1:6

Solonetz soils 1:20

In Table 4 the ratio of the biomass of the overground parts of plants to
the roots is demonstrated.

The data of Table 4 make it clear that in most ecosystems the ratio
between the biomass of the overground parts of plants and that of the roots
shift to the favour of the latter one.

The principles of soil science were described about a hundred years ago
by Dokuchaev, who distinguished the major factors of soil formation as
follows:

1. Parent material

Climate

Plants and other organisms
Relief

The age of soil

a b w DN

The five factors listed above play an equally important role in the devel-
opment of soils. The mentioned factors cannot be substituted by one another.
The principles described by Dokuchaev are basically true even at present.They
can be applied for studies if investigating the mass and energy flow of soil for-
mation.
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Under the expression “parent material” those litological processes are
understood which take partin the mass and energy system ofsoil forming pro-
cesses. These effects are particularly due to the weathering of minerals and to
the transport of weathering products as it was explained and illustrated pre-
viously in this paper. The effect of plants and other living materials are inter-
preted as the overall influence of biological processes in soil development.

Climate is a decisive factor in the formation of soils. It influences not
only on the velocity of mass and energy flow but by determining the tempera-
ture and moisture regime it often has an effect on the soil forming process as
well including its direction and design, too. W hen talking about climate it must
be emphasized that the limit values of the temperature and moisture in soil
formation are similar to those of life processes.

As a consequence of the fact that soil formation is going on at the surface
of the Earth, topography exercises a great influence on this process. The shape
of geomorphological patterns of the land determines the direction and velocity
of the mass and energy flow not only on the surface but also in some upper
layers of the soils. This is in full accordance with Doktjchaev’s statements on
the importance of topography.

The age of soils determines the time factor of soil formation processes.
It is very difficult to ordinate exact figures as to the age of soils, but no diffi-
ulty arises when talking about the absolute age of soils. With the help of up-
to-date methods (for instance with radiocarbon) it can be identified. It is much
more difficult to determine the relative age of soils with more or less exact
ligures. The term “relative age” is ment for the sequence of the series of soil
transformation.

The yearly cyclicity of climate plays a considerable role in soil formation
as well as the cyclicity of biological processes. For the development of a soil
profile even longer time is necessary than the changes of time interwalls of cli-
matical and biological processes affecting on soils.

Table 5
Aridity — humidity conditions

. precipitation

Hydrothermical zone Index . evaporation
Extremely arid A, AB 0.20
Arid B, BC 0.20-0.40
Semi-arid c, CD 0.40-0.75
Semi-humid D, DE 0.75-1.20
Moderately humid E, EF 1.20-1.95
Humid F, FG 1.95-2.90
Extremely humid G 2.90
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Fig. 1. Thermical belts and bioclimatical regions of the world. 1. Arctic; 2. Boreal; 3. Sub-Boreal, Humid; 4. Sub-Boreal, Semi-Arid;
5. Sub-Boreal, Arid; 6. Sub-Tropical, Humid; 7. Sub-Tropical, Semi-Arid; 8. Sub-Tropical, Arid; 9. Tropical, Humid; 10. Tropical,
Semi-Arid; 11. Tropical, Arid; 12. Cryogen
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According to the above-described the climatical conditions expressively
determine the mass and energy flow in soils. In Table 5 the different aridity-
humidity conditions are reflected in different hydrothermal zones.

The~Tn factor in Table5 is named by Volobuyev as aridity quotient that
has a dominant influence on weathering and on soil-forming processes as well
as on the ecosystem as a whole.

The global distribution of thermical belts and biochemical regions are
reflected on Fig. 1.

The map of Figure 1 shows that the thermical and bioclimatical regions
are characteristic of different parts of the continents. It can be concluded that
the soil cover in the case of similar parent materials and other factors more or
less corresponds to the belts and regions of this map.

Studying the various soil-plant ecosystems in different thermical and
bioclimatical areas considerable differences are found between the climatical
belts as is shown by the figures. The phytomass and territory of soil-plant eco-
systems are demonstrated in Fig. 2 in different areas.

Phytomass
109ton  ton/hectare

Territory
110s km!

Ocean

Fig. 2. Phytomass in ton and territory of soil-plant ecosystems in different thermical- and bio-
climatical areas. 1. Territory in 109km1; 2. Phytomass in 109ton; 3. Phytomass (ton/hectare)
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Figure 2 demonstrates that in different ecosystems the amount of phyto-
mass will be diverse.The figure shows the productivity of practically all climati-
cal belts in comparison with the total bioproductivity of the Ocean. The pro-
duced phytomass in various ecosystems are in different proportion with the
total radiation energy and with the moisture conditions during the vegetation
period.

It is well known that the plants utilize only a part ofthe radiation energy
even under optimal conditions. In Figure 3the rate of exploitation ofradiation
energy in the ecosystems of Azerbaijan steppe isreflected (afterVolobuyev).

Fig. 3 demonstates that only a part ofthe solar energy is utilized, mainly
in the vegetation period that is between March and August in the mentioned
territory. A second peak of energy consumption can be found in November,
December in spite of the low radiation mainly due to the increase in energy
consumption during the soil biological processes.

The processes of soil formation and the mass and energy flow in soils are
in a close relation with the respective values of the quantity and quality of the
biomass. In Fig. 4 the schematical pattern of these interrelations is demon-
strated.

Figure 4. gives a picture of the appearance of various soil associations
remarkably dependent on the radiation balance of the surface, on one hand and
on the quantity of energy consumed by soil forming processes on the other.

A great diversity can be found in the quantity of potential energy of
various soils. This phenomenon is due to the different soil-forming processes
associated with a certain pattern of mass and energy flow. In Fig. 5 the energy
consumption in soil formation is demonstrated.

The data of Fig. 5 confirm the statements that the percentage of con-
sumption of the total radiation energy in biological processes varies with the

Fig. 3. Rate of exploitation of radiation energy in ecosystems of steppe in Azerbaijan (USSR).
1. Balance of radiation of the soil surface; 2. Energy consumed by ecosystems
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Fig. 4. Schematical pattern of soil-forming processes. R = Radiation balance on the surface;
a = Ratio of radiation energy consumed for soil-forming processes; Q, = Sum of energy con-
sumed by different soil formation/time; x = Soil associations

80
70

a0
50 ;‘_
40 «I
o
30 5

Hydro - Belts

Fig. 5. The rate of energy consumption for biological processes in soil formation. The figures
indicate the percentage of this value total energy from of soil forming processes

change of thermical and hydro belts. In general, even under the most advanta-
geous hydro- and thermical conditions only a small part ofthe radiation energy
can be utilized by photosynthesis.

In Table 6 the potential energy of different soils can be seen calculated
on the basis of their humus content.

The data of Table 6 confirm the findings that chernozem soils have the
highest natural productivity. It isremarkable that despite the high quantity of
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Table 6

Potential energy in the organic materials of different soil types

Energy in a soil column with a basic area of 1 cm2 Participation of solar

(cal) energy in soil forma-
Soil type tion per year Qlg
0—20 cm 20—100 em 0—100 cm cal/cm8
() Q
Grey desert soil 1200 2 200 3400 8 000 2.34
Chestnut soil 2900 5700 8 600 12 000 1.39
Chernozem soil 7 200 15 800 23 000 15 000 0.66
Chernozem soil 9.500 28 500 38 000 16 000 0.42
Sod podzolic soil 3900 1500 5400 10 000 1.85
Brown forest soil 5400 6 300 11 800 30 000 2.54
Yellow soil 4 700 5 000 9 700 41000 4.23
Cinnamonic soil 6 400 8900 15 300 30 000 1.94
Smolnica soil 2 000 6 800 8 800 28 000 3.18

solar energy available, the desert soils and those of semi-arid regions can take

up

Q:

only a small part of this source of energy as a poor plant cover. The ratio
g serves as a starting point for estimating the “efficiency” of the transfor-

mation of solar energy into potential energy through the plants in soils. This
ratio is related to the yearly periodicity of mass and energy flow in soils.

a1 w
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OBEMEH MATEPWEW W 3HEPITMEW B MPOLLECCE MOUYBOOBPA3OBAHUSA
n. CABONY

Pe3ome

BONbWMHCTBO BeLECTB W 3HEPTUM, CO3AaHHbIX XUBbIMU OpraHn3mMamu, XpaHuUTCs B NOY-
BaX. BaXHytl ponb B 06pa3oBaHWMW MOYB MTpalT rOfWYHbIE KNNMaTUYeckne n 6uonormyeckune
uuknbl. OAHaKo, nepuoj MONHOrO pa3BUTUS M 06pa3oBaHWMA MOYBEHHOrO pa3pe3a HaMHOTO
ANVHHee, NPUMEPHO Ha ABa NOPAAKa BEIUUYMH.

OcHOBHas Macca Heo6xoAuMOi aHeprun TpebyeTcs ANA GUONOTMYECKUX MNU TOUHOE
6UOLEeHONOTUYECKUX NpoLeccoB. OCHOBHbIM WCTOYHWKOM 3HEPrUKM ABNSETCA CONHEeYHOe M3Ny-
YeHue, ABNAlOLLEECA B CBOK oyepefb YHKLUMeR KnnumaTa.

MopaBnatowan yacTb obLUieli MacCbl PaCTUTENbHOCTU NpefcTaBNeHa KOPHAMMU pacTeHUi.

MouyBeHHbIt NOKPOB COXpaHAeT B cebe onpefeneHHOe YNCNO0 BAXKHbIX A1 XXN3HU 3NeMeH-
TOB, He lONyCcKas UX MepeHoca B OKeaH.

Yenoseyeckas AeATeNbHOCTb 3HAYNTENbHO BAMAET Ha 06OMeH MaTepueid N sHeprueid nous.
B 6yayliem 3Ty AefATeNbHOCTb CreAyeT BecTu 6oneec 0O3HATENbHO C YYeTOM OXpaHbl OKpYXato -
weit cpeabl. Takoil Hay4Hblii noaxon TpebyeT Gonee [eTanbHOro W3yYeHUS LWKAUUYHBIX NpPO-
L4eccoB.
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CYCLIC PHENOMENA IN RECEPTOR GENERATION
BY THE CELL MEMBRANE

By
A. S. Koch

2ND DEPARTMENT OF PATHOLOGY, SEMMELWEIS MEDICAL UNIVERSITY, BUDAPEST

The animal cell comprises a stable linear programme and asetof highly dynamic
functional structures controlled by that programme. The cytoplasmic membrane fur-
nishes the boundary separating the cell interior from the environment and through which
environmental information is mediated to the cell interior and to the central programme.
Some theoretical considerations on these cell membrane functions are discussed.

As an entity the animal cell is like a robot. It comprises a stable, linear
programme (the double-stranded DNA) and a set of highly dynamic functional
structures controlled by the programme. The cytoplasmic membrane furnishes
the boundary which separates the cell interior from the environment, and
through which environmental information is mediated to the cell interior and to
the central programme. Some theoretical considerations of these functions of
the cell membrane are reported in this paper.

The cytoplasmic membrane is a fluid mosaic structure composed essen-
tially of lipids, proteins and water. As a boundary, it separates the highly
ordered complex system of automata representing the cell, from a relatively-
disordered environment.

In addition to its boundary function, the cytoplasmic membrane acts
as a receiver of all kinds of environmental information. The sub-structures in
charge of this function have been termed as receptors. The receptors had been
originally — and occasionally still are — interpreted as preformed static
structures. Recently information has increasingly been accumulated in support
of the implication that the cell surface might be far too small to accommodate
all receptors required for the cell’snormal function and survival, let alone those
involved in special functions, such as virion reception, antigen recognition,
contact inhibition, signal recognition, etc.

As experimental facts have thrown little light upon the apparentcontra-
diction between the qualitative and quantitative aspects of receptors, atheo-
retical approach to the receptor problem was attempted to obtain more infor-
mation on the problem. The theory of dynamic receptors has been advanced as
a working hypothesis.

According to the dynamic receptor theory, practically all receptors more
complex than e.g. a single chemical radical are metastable patterns produced
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at different probabilities by the movements and dynamic transitions of the
microscopic states of membrane components. Since, as a fluid, the membrane
exhibits the average viscosity of a light motor oil at biological temperatures,
the freedom of rotational and translational movements may be considerable
even in a constant average condition of the macroscopic structure. The great
freedom of movements makes possible the appearance of transitory “combina-
tions”, which may represent a wide variety of receptor patterns. As the cyto-
plasmic membrane is essentially a self-assembled structure, only the types and
relative counts of the molecules involved in pattern generation require a genet-
ic coding. In other words, for most receptors only the possibility of generation
is coded, while the actual manifestation of the pattern is probability-controlled.

This hypothetical interpretation of the receptor has emerged from an
analysis of the following aspects:

1. Strength of the intermolecular interactions involved;

2. measured velocities of rotational and translational movements of
different molecules within and across the membrane;

3. possible mechanisms of signal reception.

ad 1.

The average thermal energy of afluid is about 0.6 kcal « mol-1 at 25—35
C°. This implies that the particles of the fluid are held together mainly by van
der Waals type forces (0.5 kcal » mol-1). The average bond energy between
two dipoles is about 3.5 kcal * mol-1, while that between two ions is about
10 kcal « mol-1.

Let us consider the possible role of the above intermolecular interactions
in the formation of a large-scale metastable structure. The time required for the
formation (and/or splitting) of a chemical bond under given conditions, the
so-called time of expectation (i) can he calculated by the formula of Poranyi
and Wigner

t= rewkT

where T is the order of molecular orbital oscillations (» 1014sec-1, W the char-
acteristic energy of interaction, and KT the average thermal energy of the sys-
tem (K is the BoLTZMANN-constant). The values of t for formation (and split-
ting) of the different bond types are shown in Table 1, which also includes the
value for a covalent bond of average (c*; 80 kcal « mol-1) energy.

The data clearly indicate that at so-called physiological temperatures,
spontaneous changes can occur only at the weak bond level. However, such
bonds permit a marked dynamism of events at the microscopic level of mem-
brane structure. The additiveness of the weak interactions and the re-inforcing
effect of certain divalent cations account for the maintenance of the fluid
mosaic membrane’s average macroscopic structure.
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Tabic 1
Characteristic mean expectation time (f) for the formation (or splitting) of certain bond types*

Bond type t
Van der Waals ~2 +10-u Sec
dipole—dipole N2 «10- 12sec
-H - ~6 «10-9sec
ionic ~2 +10-7 sec
covalent 2.5 « 103 years

(1 year ~ 3.2 «107sec)

*The values were calculated for 25—35 °C ambient temperature in a fluid system using
the PolXnyi—W igner equation.

ad 2

The individual lipid molecule components rotate -within the membrane
structure at a frequency of 5 « 108—5 « 1011 « sec-1. In structures consisting
of many lipid molecules, the average frequency of phase transitions in 6 ¢ 101 «

esec-1. The velocity of lateral translation of a lipid molecule in the plane of

the membrane is about 5 » 104A «sec-1. Since the average diameter ofa hydro-
philic lipid head-group is about 50 A, the path covered in one second corre-
sponds to a length of 103diameters (e.g. for a 3 m long car this would mean a
speed of 10.8 « 103km +h-1). The rotation frequency of membrane proteins is
in the range of 4 to 50 « 10® « sec-1, while their lateral translation in the plane
occurs at a velocity of 0.02—0.33 diameters ¢sec-1. Thus, the translational
movements of membrane proteins are very slow as compared to those of
membrane lipids.

It deserves mention that turning of the lipid molecule’s apolar tail to-
wards the polar bulk phase (the so-called flip-flop movement) occurs only once
in 103 seconds. Thus, this event can be regarded as very rare compared to the
other molecular events considered here.

ad 3

A scrutiny ofthe data presented strongly suggests that the still prevailing
interpretation of receptors as preformed stable structures is disputable if not
untenable, at least in the case ofthe more complex receptors. | believe that the
“static receptor” concept stems not only from the innate conservativism of
human thinking, but also from the circumstance that measurements of recep-
tor-ligand interactions usually cover only the diffusion controlled step. This being
the slowest process in the interaction, it may well mask all microscopic events.
Moreover, receptor-ligand interactions are as a rule observed in systems with at
least 103 receptors per cell, and a considerable excess of the ligand added
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(10s molecules per cell for 106 cell sin 0.5 ml represent only about 4 «10~e M
final concentration).

Under such conditions about 100 molecules are presented for each recep-
tor; it is thus not surprising that even “fast moving” (oscillating) receptors
(targets) are hit by the ligand at a fairly high probability. This generally masks
the probability parameters which would “spoil” the pseudo-first-order kinetics
of the interaction and deprive the observer of the very convenient phenomeno-
logical interpretation of the event.

In reality, however, the probability of the hit (succesful collision) depends
less on the velocity of diffusion than on the frequency, length and direction of
the Brownian “jumps” performed by the ligand molecule, as well as on the
frequency of oscillation of the appropriate membrane area between its recep-
tor — non-receptor states.

The frequency of succesful receptor — ligand interaction was studied ear-
lier in my laboratory in a polio virion —scultured monkey kidney cell system.
We found that there was a lag phase between the net (reversible) attachment
of virions and their irreversible interaction with the receptor proper, resulting
in a full viral cycle. The lag phase was identified as a kind of “mating flight”,
characterized by the virion’s Brownian “jumps” and by the flimmering (oscil-
lation) of the receptor pattern. Reduction of the fluidity of the membrane’s
lipid phase by addition of saturated fatty (behenic) acid, or stabilization of the
Mg++ K+ Na+-ATPase by addition of cardioactive glycosides resulted in a
constant ratio between the rates of attachment and infection (i.e. “hit”). In
this case, and only in this case, did the receptors behave as if they had been
stable structures (fixed target).

It follows that under the usual conditions the virions “falling” towards
the surface of a cell which carries many potential receptor sites can successfully
collide with the cell only if so permitted by the Poissonian distribution and by the
actual configuration of the receptors involved. In this lightthe receptors repre-
sent a statistical rather than a static structural category. Receptionofaligand de-
pends equally on the probability of its presence in an appropriate orientation
at the appropriate site, and on the actual, momentary assembly of an appro-
priate receptor pattern. If both probabilities are closetol, the phenomenologi-
cal delusion of the “constant receptor” will emerge.

The parameters of the hypothetical dynamic receptor were modeled in a
computer. Constant average counts of different elements and the rules of their
possible interactions were programmed. In the 100 consecutive pattern gene-
ration cycles run, a wide variety of sub-patterns (receptors) appeared at differ-
ent probabilities, while the average composition of the system as a whole re-
mained unchanged.

Stabilization of given sub-patterns in the system very soon resulted in
modification of the frequency of some or all other sub-patterns. In certain cases
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some sub-patterns disappeared altogether, or “new” ones emerged quite sud-
denly. None of these changes had, however, any measurable effect on the sys-
tem’s average composition. This phenomenon has been regarded as the possible
model of the modification of the cell’s function in consequence of certain irre-
versible cell-cell or cell-ligand (e.g. hormone) interaction.

The experimental observations referred to in this paper and the computer-
ized model equally support the validity of the dynamic receptor concept. In
this interpretation the receptors (at least those larger than a single chemical
group) seem to be “accidental” electrostatic (or quantum-chemical) patterns
arisen through the relatively free rotational, translational and oscillatory move-
ments of the compounds forming the cell’s boundary. Thus, receptors would
continuously appear and disappear, regardless of the presence or absence of
the appropriate ligand. It follows that one can reasonably speak of a receptor
only if the simultaneous presence of both proper pattern and ligand permits an
interaction which results in a signal to the cell.

UMKAWYHBIE 9BNEHWNA B BO3BYXIAEHWW PELUEMNTOPHbLIX WHMPOPMALNN
MEMBPAHAMW KNETOK XWBOTHbIX

A. C. KOX
Pe3ome

KneTKn XNBOTHOTO BKAOYAKOT B ce65 CTabUNbHYIO NUHEHY0 NporpamMmy U psaj BblCOKO-
ANHAMUYECKUX (YHKLWOHaNbHbIX CTPYKTYpP, KOHTONMPYeMbiX TOi nporpammoil. Memb6paHa
unTonnasmbl mpeactaBnseT co6oil rpaHuWLy, pasfenslollyio BHYTPEHHIOI 4acTb KIEeTKU OT ee
OKPYXEHMWA 1 OCYL ecTBNAOLLYIO Nepeady MHMoOpMaLMNiA oKpyXatoLl el cpefbl BO BHYTPb KNeT-
KW M K LeHTpanbHoi nporpamme. PaccmaTpuBaloTCA HEKOTOPble TeoOpeTMYeckne cooGpaxeHns no
NOBOAY 3TUX (YHKLWNIA MeMbpaH KNeTOK XUBOTHbIX.
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COMPLEX EDUCATION AND
THE UNIVERSAL CYCLIC RELATION

By

E. Tusa

Complex education aims at restoring the unity between recognition, intuition and
spiritual elements in a higher unity of science, art and moral. Music is especially suitable
for underlining the motion system, i.e. we can say that “music is the sounding motion”.

According to the interdisciplinary tendency of our days, the complex
education can be a tool to understand the relations between various sciences
and arts, moreover as far as possible, between all the manifestations of the
being, — by this means developing the human personality and moral forces,
too. My complex model of education can be considered a descendant of the
ancient Greek education. It is based on the elaboration of the so-called “key”
problems, which are suitable — also in sense of the General System Theory —
to demonstrate the structural analogies and hidden relations beyond various
things. In this way we acquire a certain amount of qualitative “key” knowl-
edge — which are able to open the doors to other values as well — rather than
accumulate quantitative data. My conception had developed spontaneously
and earlier than | became acquainted with the general system theory. This acci-
dental, or perhaps not really accidental coincidence supports the actual neces-
sity of this idea.

Let me demonstrate this method by an example. Choose the problem of
the unity of thesis-antithesis-synthesis, because it is present in the primary sub-
ject-matter of musical education, namely in the very first piece of Bartok’s
Mikrokosmos.

This piece consists of three units: the first of them represents the thesis
making three steps upwards, the second one the antithesis making three steps
downwards, and finally the synthesis unites the two elements by making three
steps both up- and downwards. This form is called “Bar-FormZT in music,
wherein two little units are followed by a longer one. The little units are called
“Stollen”, the longer one “Abgesang”, hence the whole form: “Stollen, Stollen,
Abgesang” emerges.

Working on this problem, the content, the message of this melody with
the students have been examined together. This line of melody can be viewed
both from below and from above. Both exist, both are true, and so we can see
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that truth has many faces. We call this statue-view. As a statue can he photo-
graphed from several stand-points (and each of them is true), the whole truth,
however, is the totality of all the possible pictures. This view, for example that
the convex is concave from an other side, inspired one of my twelve-year-old
pupils to recognize our responsibility for the effects caused by words and acts
in other persons. All we do or say, leave an impression in other persons, — and
this recognition in itself is a moral success.

According to the line of melody one and the same note may adopt differ-
ent roles. It can serve either as the starting note or the final note, or else it can
he an organic element of a scale leading upwards or downwards. Depending on
the role it actually fulfils, it may have various characters. It can he a goal or a
start, a support or an obstacle, and so on. In the same way, it depends on the
individual, that a given event in his life will turn to he a support or an obstacle.
And this recognition is also a moral success.

The above-mentioned order of interrelations of ideas can also be expressed
by visual representation. It is interesting, that the majority ofthe students and
teachers — including myself — independently of each other drew the relation
thesis-antithesis by sine curves, the synthesis by circles around the sine
curves (Fig. 1). This coincides with the yin-yang symbol of eastern philosophies.

Fig. 1

Most students did not know this figure before, therefore | would suggest that
this symbol of the eternal recurrence of existence may be a psychological
archetype.

The general validity of this scheme is supported by the cyclicity relation.
In the B-strip of the cyclicity diagram, the sound and earthquake waves are
gradually transformed into the rotation and revolution of celestial bodies. The
process can be continued: considering the rotation a new base-wave comple-
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menting with its counterpart produces a new rotation, which is characterized
by a double diameter of the former rotation. In this way the system of hierar-
chies — being manifested in the cyclicity concept — gradually develops from a
given base-wave of alternating phase in all orders of magnitude. It fairly shows
the infinite hut not unlimited character ofthe Universe (because it can be con-
tinued ad inf. to macro- and microdirection, but never oversteps the point of
Origo) (Fig. 1).

Let us see now the mathematical aspect of this problem. The interrelation
between music and mathematics is well known. | have always believed that this
problem may also be formulated in terms of mathematics. But how? First |
tried to putit down in the additive way (e.g. 2 + 2 = 4). Butsoon | recognized
that this was not the proper solution, because | felt that the connection of the
two little parts is not an addition hut rather a proportion. On the other hand,
I also found that the relationship between the two little parts is not an iden-
tity hut a reciprocity. | was happy to realize that in this way | came to the
same result, which reflects the character of synthesis:

2:12=4
expressed algebraically:

X:1l/lx = X2

Inlcidentally, numerous other geometric analogies can he mentioned, which
were collected by my students, thus first of all the PYTHAGORAS-theorem. Now,
we have collected such hierarchic systems in which the series can be continued
ad inf. in both macro- and microdirection, without loosing its character: so
e.g. the periodic alternation of pentagons and pentagrams as well as the divi-
sion of the right triangle by means of diagonals drawn on the hypotenuse
(Fig. 2), the golden section and the Fibonacci sequence.

Fig. 2
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Hierarchic order appears in all closed regular polygons of any side-num -
ber, if the vertices of the next smaller polygon are placed at the half-sides of
the former one. In this case the hierarchic motion system is realized by turning
the polygon. It is clear that when increasing the number of sides we more
and more approach to the circle. The side-length of the next member in the
hierarchic series can be defined by the following formula:

where ox is the original length and n the number of sides. In the subsequent
members cos2 cos3, cosi, etc. are to be applied. Asthe number of sides of the poly-

Fig. 3
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gon increases, the side-length of the next member approaches more and more
the previous one. If the side-length of the starting side is 10, the next side-
lengths will be for a triangle 5, for a quadrangle 7.07, for a heptagon 9.026, for
a decagon 9.511, for a 30-sided polygon 9.945, for a 90-sided polygon 9.994
and for a 180-sided polygon 9.998.

Connecting the intersections of the subsequent members a spiral can be
drawn approaching gradually the circle with increasing the number of sides
(Fig. 3).

Biological analogies can be easily found as well. Let us take the simplest
example: the genes of the parents, as thesis and antithesis result in the child as
a synthesis, similarly to the “Meistersinger von Nirnberg” where David
teaches Walter von Stolzing how to construct the right music Bar-form:
“Ob euch gelang ein rechtes Paar zu finden, das zeigt sich an den Kinden” (The
child will tell, if true and fitly mated, the pair by you created.)

It can be demonstrated that history itself is nothing else than a synthesis
of dialectic oppositions, forces and counter-forces.

It is very important to us to express these relations by motions, by pri-
meval gestures. So we have evolved a series of motions reflecting the idea of
thesis-antithesis-synthesis, we called this exercise “picking of flowers”. In the
first phase, in the thesis, we gather flowers, symbolizing the values on the bor-
der of our path, the path of Life. In the second phase, we embrace and enrich
them by our own values. Finally, we do not keep them in order to decorate our-
selves, but instead of this we offer them for serving higher purposes.

All the three gestures have special moral impacts.

1. The admission and gathering of experience indicate: do not pass in-
differently the values of the environment (flowers).

2. The second phase helps the student to realize the dignity of his own
personality. He will recognize that the special colour which he adds to the
experience, cannot be replaced by anybody else.

3. The third phase helps to supply universal purpuses instead of egoistic
ambitions.

Let us summarize our goals: complex education aims at restoring the
unity between recognition, intuition and spiritual elements (having primarily
formed an inseparable organic unity) now in a higher unity of science, art and
moral.

Music is especially suitable for underlining the motion system. It is motion
even if it takes place in our inner hearing: in this case it is the motion of
thoughts; on the other hand, it is motion necessarily if it is realized on an
instrument or by human voice. Not only motion, butalso cyclicity and period-
icity are its essential elements: breathing in and out, tension and relaxation of
muscles, pulsation of rhythm, peaks and deep-points of formal arcs, etc. We
could say that music is the “sounding motion”.
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KOMIM/IEKCHOE BbICLLUEE OBPA3OBAHUVE W YHUBEPCAJIbHAA LUUMKAWYHAA
CBA3b

E. TYLWA
Pesome

KomnnekcHoe 06pa3oBaHue MpefHasHayeHo 1S TOro, YTOOGbl BOCCTAHOBWTH €AMHCTBO
MO3HAHWUS, UHTYWULMM N YMCTBEHHbIX 3/IEMEHTOB, BOM/IOLLAs UX B GO/ee BbICOKYIO eAuHULY Hayk,
UCKYCCTB 1 MOpa/iu. My3bika 0COGEHHO MPUFOAHA K TOMY, YTOGObI /IeUb B OCHOBE CUCTEMbI [1BUKE-
HWii. LpYrvMW CNIOBaMi, MOXHO CKasaTb, YTO «My3blka —3TO 3Byualllee ABUKEHUE.
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THE OBJECT AND SYSTEM OF EARTH SCIENCES AND
THE “UNIVERSAL CYCLE RELATION*

T. POKA

Accelerated differentiation and specialization of science requires the
scientific definition of the scope, object and social functions of the individual
branches of science. Nowadays, the system theory approach is the most up-to-
date one.

The cycle law diagram set up by E. Szadeczky-Kardoss assigns the
respective fields to the branches (disciplines) within the different sciences.

In the past decades, scientific research revealed a series of relationships
which justify to range the Earth Sciences as a category equivalent to physics,
chemistry and biology.

Earth science disciplines are called those fields of science, which investi-
gate material systems suitable to develop or to support living material systems
in a determined discrete space-time-energy range. They deal with the analysis
of the Earth, as a relatively closed system, including its structural constituents
(elements) and interrelations (functional relationships) as well as its historical
development (evolution). The laws of the Earth sciences are applicable in the
social practice, too. It becomes possible to forecast the processes and properties
of the now still inaccessible spheres of the Earth, the short- and long-term
changes of the Earth, and the occurrence, quality and workability of mineral
raw materials and energy resources.

Earth sciences, along with Biology and Astronomy, may be called Sciences
of Natural History, as opposed to Physics and Chemistry, which are essentially
structural sciences.

At present, no system of the Earth Sciences is generally accepted. In the
most widespread classifications “material testing” disciplines such as mineral-
ogy, petrography, geochemistry, geophysics are contrasted to historical-
genetical disciplines (dynamic geology, historical geology, tectonics, paleonto-
logy, etc.). This distinction, however, is a priori incorrect, because the material
testing and the historical point of view are always present in all of them, only
with varying importance.

Accordingly, the author proposes a coordinate system with the succession
of organization levels (elements) of the object of science on one axis and with
the degrees of successive progress in knowledge (description-quantification-
discovery of universal regularities) on the other.
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CYCLES AND RHYTHMS IN THE ATMOSPHERIC
MOTION SYSTEM

B. Bell

The most important causes of the atmospheric cycles are:

1. Sun-Earth gravity interaction (in the atmospheric tides). Wavelength
cca 20 000 km, period 12 hours. 2. Atmospheric gravitational waves of very
varying wavelength. The usually stable and quasi-horizontal orographic gravi-
tational waves (e.g. above Lake Balaton). 3. Influence of the Earth’s rotation,
generating inertial waves. W avelength 100 km, period: (some) day(s). 4. Hy-
drostatic lability ofthe vertical air columnresulting in the formation of thermic
convection cells. Space parameter: 1—10 km, time parameter: some hours.
5. Vertical changes in the wind vector, giving rise to boundary surface waves.
Space parameter: 102—103 m, time parameter: minutes, resp. hours. 6. Baro-
tropic and baroclinal instability, responsible for the cyclons. Wavelength in-
creasing from a few kms to several thousand of kms, with periods from a few
minutes to 15—40 hours.

The atmospheric part of the hydrological cycle is characterized by the
average time of about 10 days spent by a water particle in the atmosphere.
The same order of magnitude is valid for the atmospheric part of the sulphur
and carbonium cycles as well.

According to the above data the atmospheric motion systems fit well
into the cycle-rhythm pattern of the Universe described by Szadeczky-
Kardoss.

The energy scale is discontinuous, while the space and time parameters
seem to be continuous. This apparent contradiction may be due to the gradual
dissipation of macro-motion system into meso-and micro-ones. (Meso-motion
systems would have parameters as 20—500 kms and 1—48 hours.)

PALEOCLIMATOLOGICAL AND
PALEONTOLOGICAL IMPLICATIONS OF RADIATION
MEASUREMENTS BY SATELLITES

Z. Dobosi and B. Géczy

Relying on the data obtained by the satellites NIMBUS-2 and NIMBUS-3,
Raschke et al. have plotted a radiation balance map of the system Earth-
Atmosphere, the first one based on measurements. (A significant difference as
compared to the former maps based on Simpson’s calculation is that in the sub-
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tropical zone the balance is negative above the continents while positive above
the oceans.)

This permitted to construct models of ocean-continent distribution in
view of their respective radiation balances.

If continents form a ring about the Equator (ranging from 17°iV to
17°S), asomewhat cooler, but more uniform climate than the present one results
(model 1).

An “ocean ring” around the equator between the latitudes 45°N and
45°S would produce a somewhat warmer, but also more uniform climate than
the present one (model II).

For a less uniform climate more continental surfaces would be needed in
the subtropical and the polar regions.

These considerations shed new light on the problem of the uniform and
relatively warm climate ofthe Jurassic and Cretaceous testified to by innumer-
able paleontological data and by oxygen isotope studies, as well. Jurassic and
Cretaceous represent transition between models I. and II.

A decisive role may be attributed to the opening up to the Tethys Sea of
equatorial position, separating northern Laurasia from southern Gondwana.
This favourable situation ended with the closing of the Tethys by moving con-
tinental plates into the subtropical zone.

CYCLIC FLUCTUATIONS OF PRESSURE
IN THE PANNONIAN BASIN AND
THEIR HYDROCHEMICAL IMPLICATIONS

A. Rénai

In earlier papers the author reported on a 14—16-year cycle and a 28-
year cycle observed in groundwater wells in Hungary.

During the years 1967—75, regular observation and automated recording
were done in a series of wells (depth range 232—1060 m) in the Great Hungar-
ian Plain, disclosing the 46 best aquifers of the area.

Along with the annual fluctuation of the static water table another cycle
of several years could be recognized. This is due to the propagation of pressure
waves in the aquifers, controlled by some climatic cycles of the Carpathian
Basin. A first minimum was observed in 1968 and a maximum in 1970, followed
by a gradual sinking resulting in an absolute minimum in the first half of 1974.
In fact, those years were extremely poor in precipitation.

Daily changes in atmospheric pressure as well asthe tidal ones are prompt-
ly reflected by water level oscillations. It should be noted that this effect is
much more expressed in greather depth than near the surface.
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Infiltrating water contains calcium, magnesium and hydrocarbonate
ions while ascending waters are rich in sodium, accompanied by hydrogen car-
bonate and sulfate ions.

The impact of earthquakes was recorded in some wells (the induced
“swing” varying between 9 and 93 mm) while other remained completely un-
affected. Post-seismic water level is situated consequently deeper than the
preseismic one.

PLACE AND ROLE OF THE BIOSPHERE
INTHE MATERIAL AND ENERGY FLOWS

E. Dudich

The biosphere, a very disperse system, is essentially a biosol of global
dimensions, characterized by very high values of specific active surface and of
m atter and energy exchange.

The level of molecular biology in strip C corresponds to the electron and
proton exchange reactions and H bonds in organic macromolecules in strip B
and to UV and X-radiation (of mutagenic effect) in strip A.

There are two hierarchies in the Biosphere. One of them (phylogenesis)
ranges from primitive unicellulars to Man. The other (organization levels)
ranges from organic macromolecules through cellular organs, cells, tissues,
organs, organisms to complex life communities.

Taxa and life communities fit into strip C, their space-time parameters
being commensurable with those of the geological processes. (This fact serves
as the basis for biostratigraphy.) In the two other strips B and A, the corre-
sponding phenomena are the seismic and the radio waves, respectively.

The biosphere played a very important part in the development of the
geospheres of the Earth, being decisive in the circulation of several elements
(C, N, O, P and others). This active interaction can and should be approached
by computer simulation and modelling.

ON THE CYCLIC AND
PERIODICAL PHENOMENA OF LIVING SYSTEM

T. Gjinti

One part of the widely different periodical phenomena to be observed in
the living organisms is directly controlled by the cyclic processes of environ-
ments, through oscillatory autocatalytic biochemical processes. Their frequency
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Is a function of concentration and temperature and their spatial dimensions
are limited by the diffusion and the information transfer.

Life times and body dimensions fit fairly well into strip C of SzXdeczky-
Kardoss’ time-space diagram, ranging from 1.0x10-4 to 6.0x103 cm and
1.2 X 103to 1.5 X 109sec, respectively. Strip C can be split up into “substripes”
Cl—C4, from short-living corns through mammals and insects, birds and fishes
to particularly long-living forms of insects, e.g. the bee queen.

It is imaginable that human life could still considerably prolongated by
studying and applying the decisive mechanisms of bio-chemical inhibition suit-
able to produce low “life-speed”.

HIERARCHICAL CLASSIFICATION OF THE LANDFORMS

AN INTERPRETATION OF THE PERIODICITY OF RELIEF DEVELOPMENT

M. PECSI
Microforms
1. Daily rhythm: frost heaving, sand ripples, etc. (Dimensions > m?2).
2. Seasonal rhythm: snow forms, dunes, bank-slide (< m2).
3. Episodic periodicity: rock- slide, land-slide (~< 10 years > km2).

4. Forms due to periodic disequilibrium stages: meander cutoffs, intra-
zonal soil formations (~ 102 years; < 10 km?2).

Mesoforms

5. Secular (cyclic) periodic formations: zonal soils, floodplain, cirque,
etc. ~ 103—104 years: 102—103 km2

6. Terraced or stepped formations: multi-terrace river valleys, abrasion
terraces (polycyclic terrace formations)2~ 10®years, 103—104km2; local relief,
pediments, or single terrace may form ~ 104—10s years 10—103km 2.

Macro- and Megaforms

7. Areal, stepped, planation, surfaces: peneplanation on a regional scale,
pedimentation; one “denudational cycle” lasts ~ 107 years; 103—10s km*
(dimensions widely differ),

8. Subcontinental peneplanatation (polycyclic peneplain): (ancient
shields, continental platforms, massives in ancient subduction belts) ~ 10®
years; 10® km2

9. Continents or ocean basins (5 ¢« 108—109 years; 107 km?2).
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The rate at which landforms develop is a function of the efficiency of the
endogenic and exogenic forces. Fast developing forms may coexist with forma-
tions that are altered at a slow rate.

CYCLES AND RHYTHM IN THE TRIASSIC OF HUNGARY

E.Végh-Neubrandt

The hierarchy of sedimentation cycles may be summed up as follows (after
Krumbein 1965):

Dimensions of Thickness of the Time offorma-

the scd. basin sediments tion

km=* m million years
Sedimentary megacycle 102— 104 102-10 3 10S-108
Local complete cycle partial cycle, semi-cycle 102-10 3 10— o= 10e-107
Cyclothem group -within one lithologic unit 102-10 3 W -102 100-107
Cyclothem 101— 102 io- ~ iol 101— 10*
Cyclothem member 10 I0"~-101 103-10%
Microlayer within one cyclothem member 10-3-102 io-3-i0-2 10-1-102

The Tethys megacycle culminating in the Triassic has started in the Per-
mian and ended in the Cretaceous. It comprises numerous minor semi-cycles
partial and local cycles.

The Triassic represents no ideal cycle in Hungary. In the Transdanubian
Central Mountains, the Mecsek Mountains and in the Gémdér Karst it begins
with continental sediments passing into near-shore, shallow-water, clastic
marine sediments, while in the Bikk Mountains Permian marine sedimentation
was continued.

The deepest basin conditions prevailed in the Bakony Mountains from
the Middle Anisian through the Middle Karnian, in the Mecsek Mountains in
the Anisian only, and in the Bikk Mts. from the Ladinian through the Norian.

The regressive sediments are well developed in the Mecsek Mts, while in
the Transdanubian Central Mountains the sequence grades into the Jurassic
with sub-marine dissolution phenomena only.

Cyclothems have been most thoroughly studied in the Transdanubian
lagoonal facies from the Ladinian through the Bhaetian. They may eventually
correspond to 25 800 year climatic cycles.

Faunal cycles turned out to be much shorter in the basin facies than in
the platform one (34 Ammonites and 30 Conodont zones opposed to 9 Mega-
lodontidae and 5 Dasycladaceae Zones.)

Acta Geologien Academiae Scientiarum Hungaricae 23, 1980



STRUCTURE OF INNER PLANETS 283

RELATIONSHIP BETWEEN THE STRUCTURE OF THE
INNER PLANETS AND THE HIERARCHY OF THEIR
SURFICIAL PROCESSES

A. Kéhati

The hierarchy of the main processes known to occur at the surface of
the Earth-type bodies of the solar system is presented in:

Table |
Earth Mer- Lana Pbobos
Sphere ar cury (Moon) Deimos
Biogenic sedimentation +
Hydro- . .
Aqueous sedimentation + +
sphere . . .
Glacial sedimentation + +
Atmo- Aeolian sedimentation + ? +
sphere Chemical wathering + + +
Tectonism + + +
Litho- Volcanism + + + + +
sphere Impact crater formation + + + + + +
Physical decomposition of rocks + b + + + +

Some of the characteristic structural parameters are given in:

Table I (after: K uskov)

Pressure Temperature Diameter ratio
(kbar) (K°) (Planet/core)

at the mantle core boudnary

Earth 1400 4000 1.8
Venus 1400 4000 2.0
Mars 250-300 1000-1500 3.4
Mercury 100 1400-2000 1.2
Luna 50 1000-1500 4.3

The “imbrian event” (big asteroid impact) can be traced in all the bodies
under consideration.

The resulting (decreasing) succession of planetological development is
the following: Earth, Mars, Venus, Mercury, Luna, Deimos, Phobos.
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PERIODICAL CHANGES IN THE RADIATION OF STARS

B. SzEIDL

During the life of a star long stages of nuclear fusion (10~5—1010 years)
alternate with much shorter stages of gravitational contraction. The dimension,
effective temperature of the surface (Te) and luminosity (L) of the star vary
accordingly. The physical properties of a star are correlated with its position
on the log L—log Teplane, i.e. on the theoretical Hertzsprung—Russell dia-
gram (HRD).

Certain combinations of parameters (depth of Hell ionization zone,
opacity depending on pressure) make stellar atmospheres pulsationally un-
stable. The range of parameters that allows this instability islimited, therefore,
the pulsating stars are located in a narrow strip of the HRD (so-called instabil-
ity strip). Stars crossing this strip in the course of their evolution become
variable stars.

Actually more than 10 000 stars of periodically changing luminosity are
known, with periods ranging from 0.01 to 300 days.

Multiple periodicity is also common, making possible to determine the
dimension and the mass of the stars in question.

The characteristic basic periods ofthe stars fit into strip B of Szadeczky-
Kardoss’ diagram.

CYCLES OF SUPRAINDIVIDUAL BIOLOGICAL SYSTEMS
AND THE SPIRAL CHARACTER OF BIOLOGICAL CYCLES

T.Jermy

Animal species exist in nature as series of populations. The population is
the totality of individuals between which regular exchange of genetic informa-
tions occur. Therefore, the population isthe unit carrying the genetic changes of
the species.

The space parameter of animal populations depends on the size of the
individuals as well as on their ability of dispersal. It varies between 102 and
107 cm.

The most important cyclic process determining the persistence as well
as the genetic changes (adaptation, evolution) of the species, is the generation
cycle. Its time parameter varies within the limits of 10e and 108sec. These two
parameters putthe animal populations onthe system ofspace/time coordinates
between the strips B and C adjacent to the latter.
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Generation cycles of animal populations can be regarded also as funda-
mental processes of zoocenoses since they represent cyclic changes in the age
structure of populations, i.e. in the relationship of populations and consequently
in the flow of matter and energy within and between the populations. As the
zoocenoses are built up of populations, their space and time parameters are
equal to those of the populations. Thus, animal populations, animal species,
and zoocenoses can be placed on the same area in the system of space/time
coordinates.

It has been pointed out by J. Horvath (in this volume p. Ill) that
biological systems are characterized by irreversible changes. Such changes are
the following: aging on the individual level, evolution (in species), and succes-
sion (in biocenoses) on the supraindividual level. Thus, all cyclic biological
processes are in reality spiral ones.

The spiral is the steeper the more irreversible changes occur in the system
within one cycle. E.g. “spirality” of physiological cycles (respiration, heart
rhythm, etc.) is negligible while cycles of supraindividual biological systems
(generations in populations, etc.) have a much more pronounced spiral char-
acter. The degree of “spirality” can be determined by the quality and
quantity of changes in the information content of the system during one cycle.
E. g. one generation of a microbe or of an insect population means approx-
imately a circular cycle because during it little changes occur in the infor-
mation content harboured in these biological systems. On the contrary, one
generation in human populations containing a huge amount of biological,
cultural, social, etc. informations, means a very steep spiral unit.

THE UNIVERSAL RELATION OF CYCLICITY AND
THE SOCIAL ORGANIZATIONS

A. Ondvari

According to the universal relation of cyclicity (inthe following ULC), the
natural cycles and rhythms are linear functions of the logarithms of space and
time. In the CGS coordinate system the different anorganic phenomena appear
along parallel lines.1
Our aim is to outline whether the statements of the ULG concerning the
anorganic phenomena are valid also for the social phenomena or not and what
is their relation to the biological bridge of the ULC. In this paper a sketch from

1szadeczky-Kaitdoss E.: Az univerzalis ciklustdrvény (The Universal Law of Cyclicity)
MTA X. Oszt. Kozi. 8, 1-2, 1975.
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this viewpoints will be given concerning the organization-like social phenom-
ena.

According to R. L. Ackoff.2

— “An organization is a purposeful system that contains at least two
purposeful elements which have a common purpose.

— An organization consists of elements that have and can exercise their
own wills . ..

— An organization has a functional division of labor in pursuit of the
common purpose(s) of its elements that define it . . .

— The functionally distinct subsets (part of the system) can respond to
each other’s behavior through observation or communication ...

— At least one subset of the system has a system-control function” .

In the case of social organization man is directly or indirectly the basic
element ofthe organization as a purposive system. At the same time, man seems
to be one of the cycle and rhythm phenomena of nature. As the first step it is
to he investigated to what extent can be the man interpreted as a continuous
(reversible) i.e. rhythmic and/or cyclic movement.

The alternation of man’s awake (conscious) and sleeping (subconscious)
states is a rhythmic phenomenon. In the evolution of this rhythm as well as in
its alternation the axial rotation of the Earth and its revolution around the
Sun have great significance.

The joint effect of birth and death represents an other rhythmic motion
tendency that is irreversible from the point of view of the individual but is
reversible when considering the human species.

Regarding the cycles of the individual the space and time parameters of
the human body and of the human activity should be distinguished. The
human body can be characterized by its height and by the age of fertile women.
The parameters of human activity can be most simply determined by the daily
“walking distance” of man (Table 1).

The space and time parameters ofthe rhythmic motion of different social
organization can be explained by their forming and ceasing as follows.

Table 1
Signin the figure and terms Space parameter Time
Human activity M’ 5—20 km 24 hours
Human body3 0.8—2.2m 12 —55 years

2R. L. Ackors: TOwards a system of systems concepts. Management Science, 17, 1971.
3The space parameters change during the individual evolution, the data of baby- and
ch idhood are not considered.
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Denomination of the social
organization

Family-like

Enterprise-like

Party-like

Church-like

“Maffia”-like

Nation-like

Empire-like

Social systems

Social organizations resulted by
the evolution of the terrestrial life

minimum

Table 2

Time parameter (estimated)

maximum

values

several days

several weeks

several days

several years

several years

several centu-
ries

several years

several centu-
ries

several days

several centu-
ries

several centu-
ries

several centu-
ries

several millen-
nia

several centu-
ries

1-2
millennia

several thou-
sand years

several thou-
sand years

ten-thousand
years

interval

(sec)

10" - 1010

10e-1010

10s-1010

108—I010

1010—101

10e- 107

1010—101

10s-3 10"

minimum

several metres

several hun-
dred m

several hun-
dred m

several hun-
dred m

several m

several km

several hun-

dred km

several ten —

several m

Space parameter (estimated)

maximum

values

1000-2000 km

several thou-

sand km

several thou-
sand km

several thou-
sand km

several thou-
sand km

1—2 thou-
sand km

several thou-
sand km

thousand km

40 000 km

interval

(cm)

103-10*

10* - 10»

10¢- 10»

10s- 10»

10s- 10»

10«-10*

5 m107-10*

10»—2 « 10»

103—4 « 10»

SNOILVZINVYOYHO VIOOS ANV ALIDITOAD
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The formation of social organization is the date when the essential fea-
tures have developed and the realization of the goal has started.

Ceasing of the social organization is the duration when those new organi-
zations are already developed within the old one that are going to replace the
recently primarily predominating organization.

The spatial extension of the social organization is represented by the re-
gion in which the members of the organization are active in an organized form
to reach the goal. The space parameter of a social organization equals to the
maximal longitudinal length of the predominating primary epoch of the social
organization.4

Because of the small number of the repetition of time parameters the
continuous (reversible, i.e. rhythmic and cyclic) character of social organizations
should he accepted with reservations. Since the ULC is, however, demonstrated
in a log-log co-ordinate system, this allows estimations within rather wide limits.

Fig. 1. Location of social organizations in the diagram of the universal law of cyclicity. (For
signs /letters/ see Table 2)

4The spatial extension changes during the evolution of organization. Within the sane:
spatial extension there are organizations of different “density”.
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In Table 2 the minimal and maximal values of the space and the time
parameters of social organizations experienced so far are comprehended. These
parameters intervals are represented in the ULC-diagram, too (Fig. 1). It can
be stated from this figure that the general i frame of the space and time param-
eters of social organizations (dotted lines) is enclosed by a semicircular line
determined by the parameters of the revolution of the planetar system, of the
solar rotation, of the terrestrial rotation, of the human activity and of the hu-
man body.

In Figure 1the sites of each social organizations signed by a—h (see Table 2)
are indicated by rectangular fields. They overlap each other to certain extent.
The figure demonstrates also the estimated most frequent space and time param -
eters of social organizations (marked by arrows). The estimated most frequent
space and time parameters of real social organizations are united within the
field “T” (Fig. 2).

Special attention should be attributed to the organization of “maffia”
character demonstrated in Fig. 2 by the two points: maffia of Sicilian type e
and maffia characterized by small number of elements e. The latter one calls

Fig. 2. “T” branch of the universal law of cyclicity
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the attention to the significance of the organizations characterized by the least
number of elements, i.e. to the human pairs, love, friendship, marriage. They
are decisive in the evolution of the social organizations. The shortest “passing
affairs” of human pairs being very frequent during the human evolution can be
characterized by 107sec and 103cm parameters (point sin Fig. 2). The measures
of organizations of small number of elements are seen in Table 3.

Table 3
Time Space
Sign in the figure and term
parameters
Human pair (s) several months to 10-1000 m
70 years,

i. e i. e
107to 2 » 109sec 103—105cm

Figure 2 shows all the estimated space and time parameters of the most
frequent social organizations. Assuming continuous evolution the “T” social
branch of the estimated most frequent space and time parameters of real social
organizations is obtained by complementing the “T” field with the areas marked
by dotted line and uniting with the “S” range. This branch joins the C-strip of
the ULC as an individual section. The social branch partly overlaps the range
of greater time parameters of the biological bridge even surpassing it at the
side of greater time parameters.

In favour of a more exact picture itwould be worth whileto deal with the
relationship ofspace parameters and elementary density of social organizations,
with the “fine-structure’ ’of “T” branch, and with the explanation of the incli-
nation of “T”-branch into the main strike of the strips A, B and C.
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OPTIMIZATION OF DESIGN AND
COMPUTATION OF CONTROL
NETWORKS

Edited by F. Hamlos and J. Somogyi
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